UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/869,164 01/12/2018 Scott LUNDAHL 067286-0399
CONFIRMATION NO. 3488
22428 PUBLICATION NOTICE
FOLEY & LARDNER LLP
3000 K STREET N.W. IR MM
SUITE 600 000000109736825

WASHINGTON, DC 20007-5109

Title:METHODS FOR PHOTODYNAMIC THERAPY

Publication No.US-2019-0216927-A1
Publication Date:07/18/2019

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

Biofrontera Exhibit 1002
page Tof 1 | Bjofrontera Inc. et al. v. DUSA Pharmaceuticals, Inc.
IPR2022-00056
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/869,164 07/23/2019 10357567 067286-0399 3488
22428 7590 07/02/2019
FOLEY & LARDNER LLP
3000 K STREET N.W.
SUITE 600

WASHINGTON, DC 20007-5109

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Scott LUNDAHL, Lexington, MA;
DUSA Pharmaceuticals, Inc., Wilmington, MA;
Michael Guttadauro, Carlisle, MA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Atty. Dkt. No. 067286-0399

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Appl. No.: 15/869,164

Filing Date: 1/12/2018

Examiner: Ahmed M FARAH

Art Unit: 3762

Confirmation Number: 3488

COMMENTS ON STATEMENTS OF REASONS FOR ALLOWANCE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

The allowance is sincerely appreciated. The Applicant understands that the allowance is
based on the actual language of each claim (which were carefully examined) and each individual

claim is limited only by the actual language of that claim.

Respectfully subrjitted,

Date June 6, 2019 By _,

FOLEY & LARDNER LLP Glenn Law

Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5426 Registration No. 34,371

Facsimile: (202) 672-5399

4845-1118-6584.1
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to:  Mail Stop ISSUE FER By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transniitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) 'l{ansmltta}._ This certificate cannot be psed for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must

have its own certificate of mailing or transmission.

22428 7590 06/03/2019 Certificate of Mailing or Transmission
Foley & Lardner LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
B . States Postal Service with sufficient postage for first class mail in an envelope
3000 K STREET N.W. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 600 the USPTO via EES-Web or by facsimile to (571) 273-2885, on the date below.
WASHINGTON, DC 20007-5109 (Typed or printed name)
(Signature)
{Date
I APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. I CONFIRMATION NOJ
15/869,164 01/12/2018 Scott LUNDAHL 067286-0399 3488
TITLE OF INVENTION: METHODS FOR PHOTODYNAMIC THERAPY
l APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE I
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/03/2019

| EXAMINER | ART UNIT l CLASS-SUBCLASS |

FARAH, AHMED M 3792 607-088000
T. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363).

(1) The names of up to 3 registered patent attorneys Foley & Lardner LLP
or agents OR, alternatively, 1

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

- e . \ L - 2 registered patent attorneys or agents. If no name is
Fee Address” indication (or "Fee Address” Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE;: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A)NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
DUSA Pharmaceuticals, Inc. Wilmington, MA

1 Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual é Corporation or other private group entity (1 Government

4a, Fees submitted: Kirssue Fee (_IPublication Fee (if required) {_JAdvance Order - # of Copies
4b, Method of Payment: (Please first reapply any previously paid fee shown above)

& Electronic Payment via EFS-Web [ Enclosed check (X Non-electronic payment by credit card (Attach form PTO-2038)

X The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 1 9"07ﬂ'1

5. Change in Entity Status (from status indicated above) i
3 Appli i . . See 31 CER 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
pplicant certifying micro entity status. Sec ' fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entily status, as applicable.

1 Applicant asserting small entity status. See 37 FR 1.27
; ”

. #
D Applicant changing to regular undlscounteg/f { status. //

NOTE: This form must be signed in accordancg™ witlh 37 CFRf 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature f‘f //Z[ \k ] e —— Date June 6, 201 9
Glenn"‘“Lagiv / 34,371

Registration No.
il

Typed or printed name

Page 2 of 3
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Electronic Patent Application Fee Transmittal

Application Number: 15869164

Filing Date: 12-Jan-2018

Title of Invention: METHODS FOR PHOTODYNAMIC THERAPY
First Named Inventor/Applicant Name: Scott LUNDAHL

Filer: Glenn Law/Effie Hale

Attorney Docket Number: 067286-0399

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 36223769
Application Number: 15869164
International Application Number:
Confirmation Number: 3488
Title of Invention: METHODS FOR PHOTODYNAMIC THERAPY
First Named Inventor/Applicant Name: Scott LUNDAHL
Customer Number: 22428
Filer: Glenn Law/Effie Hale
Filer Authorized By: Glenn Law
Attorney Docket Number: 067286-0399
Receipt Date: 06-JUN-2019
Filing Date: 12-JAN-2018
Time Stamp: 14:53:23
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1000
RAM confirmation Number 060719INTEFSW14542900
Deposit Account 190741
Authorized User Effie Hale

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.20 {Post Issuance fees)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
79162
1 Miscellaneous Incoming Letter Comments.pdf no 1
ba1d7d43a3251c385f096ab234d3382f0a8
27928
Warnings:
Information:
204516
2 Issue Fee Payment (PTO-85B) IssueFee.pdf no 1
7de9d36d3cde6c672f4108f663034f6cd9d 3}
Oa2a
Warnings:
Information:
30201
3 Fee Worksheet (SB06) fee-info.pdf no 2
018d9d85c0c7803271899d4a957€95d01cH|
fdc01
Warnings:
Information:
Total Files Size (in bytes): 313879

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
22428 7590 06/03/2019
Foley & Lardner LLP FARAH, AHMED M
3000 K STREET N.W.
SUITE 600 | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20007-5109 3792
DATE MAILED: 06/03/2019
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/869,164 01/12/2018 Scott LUNDAHL 067286-0399 3488

TITLE OF INVENTION: METHODS FOR PHOTODYNAMIC THERAPY

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/03/2019

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

22428 7590 06/03/2019 Certificate of Mailing or Transmission
Foley & Lardner LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
3000 K STREET N.W. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 600 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
WASHINGTON, DC 20007-5109 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/869,164 01/12/2018 Scott LUNDAHL 067286-0399 3488
TITLE OF INVENTION: METHODS FOR PHOTODYNAMIC THERAPY
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/03/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
FARAH, AHMED M 3792 607-088000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

- e N . L 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3 9 J (Q:
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/869,164 01/12/2018 Scott LUNDAHL 067286-0399 3488
| EXAMINER |
22428 7590 06/03/2019
Foley & Lardner LLP FARAH, AHMED M
3000 K STREET N.W.
SUITE 600 | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20007-5109

3792

DATE MAILED: 06/03/2019

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

Page 3 of 3

PTOL-85 (Rev. 02/11)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
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Application/Control Number: 15/869,164 Page 2
Art Unit: 3792

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, isbeingexamined underthe
first inventorto file provisions of the AlA.

Reasons for Allowance

2. The followingis an examiner's statement of reasons for allowance: the prior art of
record does not teach a photodynamic therapy method for enhancing penetration of a topical
composition of 5-aminolevulinicacid (ALA) into a tissue, the method comprising: topicaily
applving ALA to a treatment area to be treated with photodynamic therapy, afterthe ALATs applied to
the treatment area, covering the treatiment area with a low density polvethylens barrier prior to light
treatment to minimize trans-epidermal water inss from the treatment ares; and removing the ow
density pelyethylene barrier applied to the treatment area prior to appiving light to the treatment araa.
The prior art further faills toteacha method of enhancing penetration of a topical compaosition of 5-
amincisvulinic acid (ALAY into tissus for photodynamic therapy, wherein the traaiment area is locatad
or a hand or aforearm as claimed.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Any inquiry concerning this communication or earliercommunications from the
examinershould be directedto AHMED M FARAH whose telephone numberis (571)272-4765.
The examinercan normally be reached on Mon - Fri. 9:30AM -10:30 PM.

Examinerinterviews are available via telephone, in-person, and video conferencing

using a USPTO supplied web-based collaboration tool. To schedule an interview, applicantis
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Application/Control Number: 15/869,164 Page 3
Art Unit: 3792

encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Gary Jackson can be reached on 571-272-4697. The fax phone number for the
organization where this application or proceedingis assignedis 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for publishedapplications
may be obtained from eitherPrivate PAIR or PublicPAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questionson access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).Ifyou
would like assistance from a USPTO Customer Service Representative oraccess to the
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/AHMED M FARAH/

Primary Examiner, Art Unit 3792
May 13, 2019
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Atty. Docket No. 067286-0399
OK TO ENTER: /A.M.F/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Appl. No.: 15/869,164

371(c) Date: 1/12/2018

Examiner: Ahmed M FARAH

Art Unit: 3792

Conf. No.: 3488

AMENDMENT AND REPLY UNDER 37 C.F.R. §1.116

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This communication is responsive to the final Office Action dated February 25, 2019,

concerning the above-referenced patent application.
Amendments to the Claims begin on page 2 of this document.
Remarks begin on page 5.

Please amend the application as follows:

4844-3350-8746.1
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FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
19:48

S22

S21 and ( (enhanc$3 improv$3 assist$3)
same (body tissue skin) same
(penetration) same topical same
(composition agent))

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
19:48

S23

S21 and ( (penetration) same topical
same (composition agent))

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
19:48

524

187

S6 and ( (enhanc$3 improv$3 assist$3)
same (body tissue skin) same
(penetration) same topical same
(composition agent))

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
21:07

S25

66

S24 and ('ALA' "5-aminolevulinic acid™)

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2018/08/05
21:08

S26
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S25 and (polyethylene same barrier)

US-PGPUB;
USPAT;
USOCR;
FPRS; EPC;

OR

ON

2018/08/05
21:08
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JPO;
DERWENT;
IBM_TDB
S27 {23 ("0000002" | "20030105163" | US-PGPUB; §{OR OFF 2018/08/05
"20040157905" | "20090324727" | USPAT 21:14
"20160317831" | "56079262" | "5211938"
| "5441531" | "5474528" | "5489279" |
"5505726" | "5782895" | "5856566" |
"6231593" | "6335465" | "6559183" |
"8609073" | "9241957" | "9339540" |
"9387341" | "9561276" | "9723991" |
"D613872").PN.
$28 {21 S27 and ('ALA' "5-aminolevulinic acid") US-PGPUB; {{OR ON 2018/08/05
USPAT; 21:17
USOCR,;
FPRS; EPOQ;
JPO;
DERWENT;
IBM_TDB
S29 {0 S28 and (polyethylene same barrier) US-PGPUB; {OR ON 2018/08/05
USPAT; 21:17
USOCR,;
FPRS; EPOQ;
JPO;
DERWENT;
IBM_TDB
S30 {0 528 and (polyethylene same US-PGPUB; #OR ON 2018/08/05
penetration) USPAT; 21:17
USOCR,;
FPRS; EPOQ;
JPO;
DERWENT;
IBM_TDB
S31 {2 $28 and (polyethylene same penetrat$3) {jUS-PGPUB; {OR ON 2018/08/05
USPAT; 21:17
USOCR,;
FPRS; EPOQ;
JPO;
DERWENT;
IBM_TDB
5/13/2019 10:59:57 PM
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Ref i{Hits {iSearch Query DBs {iDefault iPlurals Time
# Operator Stamp
L35 {11030 {((607/88,89,96,100) or (128/898)).CCLS. us- OR OFF 2019/05/13
PGPUB; 22:50
USPAT
L36 {7579 {AB1N5/06.cpc. A61N5/0616.cpc. us- OR OFF 2019/05/13
AB61N5/062.cpc. A61N2005/0662.cpc. PGPUB; 22:51
AB61N2005/0663.cpc. A61N2005/067.cpc. USPAT
L37 {2106 {A61K41/0057.cpc. A61K41/0061.cpc. us- OR OFF 2019/05/13
A61K41/0071.cpc. A61K41/0076.cpc. PGPUB; 22:51
USPAT
L38 {1187 #A61K31/74.cpc. AB1K31/745.¢cpc. us- OR OFF 2019/05/13
A61K31/75.cpc. AB1K31/756.cpc. PGPUB; 22:51
USPAT
L39 {{19286 35 36 37 38 us- OR OFF 2019/05/13
PGPUB; 22:51
USPAT
L40 {602 39 and ((method process technique) with us- OR OFF 2019/05/13
(treat$s enhanc$3 improv$3 assist$3) with PGPUB; 22:52
(body tissue skin) with (photodynamic USPAT

phototherap$5 (photo adj dynamic) (photo
adj therap$7)))

L41 {72 40 and ('ALA' "5-aminolevulinic acid").clm. us- OR ON 2019/05/13
PGPUB; 22:52
USPAT
L42 {43 41 and ((treat$s stimulat$3 activat$3 us- OR ON 2019/05/13
therap$7 illuminat$3) with (light laser beam {PGPUB; 22:53
radiat$3 irradat$3 pulse)).clm. USPAT
L43 #0 42 and ( (enhanc$3 improv$3 assist$3) with  {US- OR OFF 2019/05/13
(body tissue skin) with (penetration) with PGPUB; 22:54
topical with (composition agent)).cim. USPAT
L44 {0 42 and ( (enhanc$3 improv$3 assist$3) same {jUS- OR OFF 2019/05/13
((body tissue skin) with (penetration)) same {{PGPUB; 22:54
(topical with (composition agent))).clm. USPAT
L45 {2 42 and ( (enhanc$3 improv$3 assist$3) same {US- OR OFF 2019/05/13
((body tissue skin) with (penetration)) same {{PGPUB; 22:54
(topical with (composition agent))) USPAT
L47 40 42 and (remov$3 with (polyethlynene adj us- OR ON 2019/05/13
barrier)).clm. PGPUB; 22:58
USPAT
L48 H0 42 and (remov$3 with (polyethlynene adj us- OR ON 2019/05/13
barrier)) PGPUB; 22:58
USPAT
L49 #0 42 and ((remov$3 cover$3) with us- OR ON 2019/05/13
(polyethlynene adj barrier)) PGPUB; 22:59
USPAT
L50 #0 42 and ((remov$3 cover$3) with us- OR ON 2019/05/13
(polyethlynene adj barrier)).clm. PGPUB; 22:59
USPAT
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Atty. Docket No. 067286-0399

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Appl. No.: 15/869,164

371(c) Date: 1/12/2018

Examiner: Ahmed M FARAH

Art Unit: 3792

Conf. No.: 3488

AMENDMENT AND REPLY UNDER 37 C.F.R. §1.116

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This communication is responsive to the final Office Action dated February 25, 2019,

concerning the above-referenced patent application.
Amendments to the Claims begin on page 2 of this document.
Remarks begin on page 5.

Please amend the application as follows:

4844-3350-8746.1
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the application:

1. (Previously Presented) A method of enhancing penetration of a topical
composition of 5-aminolevulinic acid (ALA) into tissue for photodynamic therapy, the method
comprising:

topically applying ALA to a treatment area to be treated with photodynamic
therapy;

after the ALA is applied to the treatment area, covering the treatment area with a
low density polyethylene barrier prior to light treatment to minimize transepidermal water loss
from the treatment area; and

removing the low density polyethylene barrier within 3 hours and then applying

light to the treatment area.

2.-4.  (Cancelled).

5. (Previously Presented) A method of enhancing penetration of a topical
composition of 5-aminolevulinic acid (ALA) into tissue for photodynamic therapy, the method
comprising:

topically applying ALA to a treatment area to be treated with photodynamic
therapy; and

after the ALA is applied to the treatment area, covering the treatment area with a
low density polyethylene barrier prior to light treatment to minimize transepidermal water loss
from the treatment area,

wherein the treatment area is located on a hand or a forearm.

6. (Original) A method as set forth in claim 1, wherein the low density polyethylene
barrier is removed from the treatment area within 3 hours and then blue light is applied to the

treatment area for a 10 J/cm? light dose.

4844-3350-8746.1
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7. (Original) A method as set forth in claim 5, wherein the low density polyethylene
barrier is removed from the treatment area and then red light is applied to the treatment area for a

10 to 75 J/ecm? light dose.

8. (Previously Presented) The method of claim 1, wherein a maximum plasma

concentration of ALA following application of the ALA is less than about 110ng/mL.

9-15. (Cancelled).

16.  (Previously Presented) A method of using S-aminolevulinic acid (ALA) and a low

density polyethylene barrier, comprising:

contacting a treatment site with a composition comprising the ALA so as to wet
the treatment site;

following wetting of the treatment site, covering the wetted treatment site with the
low density polyethylene barrier;

removing the low density polyethylene barrier so as to expose the treatment site;
and

illuminating the exposed treatment site with an illuminator so as to deliver a 10

J/em? dose of blue light.

17-18. (Cancelled).

19. (Original) The method of claim 16, wherein the low density polyethylene barrier

is removed no later than three hours after the treatment site is covered.

20.  (Previously Presented) The method of claim 16, further comprising:
positioning the treatment site between two inches and four inches from a surface

of the illuminator.

4844-3350-8746.1
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21-23. (Cancelled).

24.  (Previously Presented) The method as set forth in claim 5, wherein the treatment

area is a dorsal surface of the hand.

25.  (Previously Presented) The method as set forth in claim 5, wherein the treatment

area is a dorsal surface of the forearm.

4844-3350-8746.1
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REMARKS

Applicant respectfully requests reconsideration of the present application in view of the
foregoing amendments and for at least the reasons that follow.
L Claim Status

Claims 1, 3, 5-8, 16, 19, 20, 24 and 25 were pending. Applicant sincerely appreciates the

allowance of claims 1, 5-8, 16, 19, 20, 24 and 25.

To expedite prosecution, claim 3 is cancelled without prejudice or disclaimer. No other
claims are cancelled, amended, or added. As the amendments are limited to the cancellation of a

rejected claim, entry of the amendments after final rejection is respectfully requested.

Upon entry of the amendments, allowed claims 1, 5-8, 16, 19, 20, 24 and 25 remain
pending.

J IR Claim Rejection under 35 U.S.C. § 112

Claim 3 was rejected under 35 U.S.C. § 112(d) or pre-AIA 35 U.S.C. § 112, 4th
paragraph, as allegedly being of improper dependent form.

Without acquiescing to the propriety of the rejection, claim 3 is cancelled herewith.

Favorable reconsideration and withdrawal of the rejection are respectfully requested.
HI.  Conclusion

Applicant believes that the present application is now in condition for allowance.

Favorable reconsideration of the application is respectfully requested.

The Examiner is invited to contact the undersigned to advance the prosecution of the

present application.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to
Deposit Account No. 19-0741.

4844-3350-8746.1
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If any extensions of time are needed for timely acceptance of papers submitted herewith,
Applicant hereby petitions for such extension under 37 C.F.R. § 1.136 and authorizes payment of

any such extension fees to Deposit Account No. 19-0741.

Respectfully submitted,

Date: April 12, 2019 By /Kiri Lee Sharon/

FOLEY & LARDNER LLP Glenn Law

Customer Number: 22428 Attorney for Applicant
Telephone: (202) 672-5426 Registration No. 34,371

Facsimile: (202) 672-5399

Telephone: (202) 295-4092

imi Kiri Lee Sh
Facsimile: (202) 672-5399 ir1 Lee Sharon

Attorney for Applicant
Registration No. 71,828

4844-3350-8746.1
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Application No. Applicant(s)

15/869,164 LUNDAHL et al.
Office Action .S‘ummary Examiner Art Unit AlA Status
AHMED M FARAH 3792 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)v] Responsive to communication(s) filed on 11/02/2018.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)lv] This action is FINAL. 2b) (J This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1,3,5-8,16,19-20 and 24-25 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6) Claim(s) 1,5-8,16,19-20 and 24-25 is/are allowed.

7) Claim(s) 3 is/are rejected.

8) [ Claim(s) ____is/are objected to.

9) [ Claim(s) ____are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers

10)(J The specification is objected to by the Examiner.

11)}(J The drawing(s) filed on is/are: a)(J accepted or b)(J objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some**  ¢)[J None of the:
1.0 Certified copies of the priority documents have been received.
2.(]J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [7] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:

Paper No(s)/Mail Date 09/27/2018,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190107

042




Application/Control Number: 15/869,164 Page 2
Art Unit: 3792

DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, isbeingexamined underthe
first inventorto file provisions of the AlA.
Claim Rejections - 35 USC § 112

2. The followingis a quotation of 35 U.S.C. 112(d):

(d) REFERENCE IN DEPENDENT FORMS. —Subject to subsection (e}, a claimin dependent form shall
containa referenceto a claim previously set forthandthen specify a further limitation ofthe subject
matter claimed. A claim in dependent form shall be construed to incorporate byreference all the
limitations of the claim to whichit refers.

The followingis a quotation of pre-AlA 35 U.S.C. 112, fourth paragraph:

Subjectto the following paragraph[i.e., the fifth paragraph of pre-AIA 35 U.S.C. 112], a claim in
dependent form shall contain a reference to a claim previously set forth and then s pecify a further
limitation of the subject matter claimed. A claim in dependent form shall be construed to incorporate
byreferenceall thelimitations ofthe claimto which itrefers.

3. Claim 3 rejected under 35 U.S.C. 112(d) or pre-AlA 35 U.S.C. 112, 4th paragraph, as
being of improperdependentform for failing to furtherlimitthe subject matter of the claim
upon which itdepends, or for failingtoinclude all the limitations of the claim upon whichit
depends. Claim 3 recites a step of removingthe ‘low density polyethylene barrier from the
treatment site within 3 hours.” However, such stepis positively recited inits parent claim 1 as
amended. Thus, claim 3 fails to further limitis parent claim. Applicant may cancel the claim(s),
amend the claim(s) to place the claim(s) in proper dependentform, rewrite the claim(s)in
independentform, or present a sufficientshowing thatthe dependentclaim(s) complies with
the statutory requirements.

4, Appropriate correction is required.
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Application/Control Number: 15/869,164 Page 3
Art Unit: 3792

Allowable Subject Matter

5. Claims 1, 5-8, 16, 19, 20, 24 and 25 are allowed.
Conclusion
6. Applicant'samendment necessitated the new ground(s) of rejection presentedin this

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicantis
reminded of the extension of time policy as set forth in37 CFR 1.136(a).

A shortenedstatutory period for reply to this final action is setto expire THREE MONTHS
from the mailingdate of this action. In the eventa firstreply isfiled within TWO MONTHS of
the mailing date of this final action and the advisory action is not mailed until after the end of
the THREE-MONTH shortenedstatutory period, thenthe shortened statutory period will expire
on the date the advisoryaction is mailed, and any extensionfee pursuantto 37 CFR 1.136(a)
will be calculated from the mailing date of the advisoryaction. In no event, however, will the
statutory period for reply expire laterthan SIX MONTHS from the date of this final action.

7. Any inquiry concerning this communication or earliercommunications from the
examinershould be directed to AHMED M FARAH whose telephone numberis (571)272-4765.
The examinercan normally be reached on Mon - Fri. 9:30AM -10:30 PM.

Examinerinterviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicantis
encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/interviewpractice.
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If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Gary Jackson can be reached on 571-272-4697. The fax phone number for the
organization where this application or proceedingis assignedis 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
ApplicationInformation Retrieval (PAIR) system. Status informationfor published applications
may be obtained from eitherPrivate PAIR or PublicPAIR. Status information for unpublished
applicationsis available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).Ifyou
would like assistance from a USPTO Customer Service Representative oraccess to the
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/AHMED M FARAH/
Primary Examiner, Art Unit 3792

February 14, 2019
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Application No. Applicant(s)

, -, ] 15/869,164 LUNDAHL ET AL.
Applicant-Initiated Interview Summary i i
Examiner Art Unit
AHMED FARAH 3792

All participants (applicant, applicant’s representative, PTO personnel):

(1) AHMED FARAH. (3)Kiri Lee Sharon (Reg. No. 71,828).

(2) Glen Law (Reg. No. 34,371). (4)Scott Lundahl (inventor).

Date of Interview: 10 October 2018.

Type: [X Telephonic [] Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [X] Yes I No.
If Yes, brief description: Two NPL references submitted prior the interview by the applicant’s representatives were
discussed.

Issues Discussed []101 X112 [J102 [J103 [JOthers

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: claims 1,5,8, and 16.

Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

See Continuation Sheet.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

/AHMED FARAH/
Primary Examiner, Art Unit 3792

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20181010
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, ho separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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Continuation Sheet (PTOL-413) Application No. 15/869,164

Continuation of Substance of Interview including description of the general nature of what was agreed to if an
agreement was reached, or any other comments:

Proposed amendments to independent claims 1 and 16, and dependent claims 5 and 8 were discussed. The
allowable subject matter of dependent claim 4 was incorporated into independent claim 1, and the allowable subject
matter of dependent claim 17 was incorporated into independent claim 16. Objected but allowable dependent Claim 5
was amended to include all the limitations of its parent claim 1 and presented as an independent form. Insufficient
antecedent basis in the claim language of dependent claim 8 was discussed and corrective term was agreed.

With respect to the rejection of claims 1-8 and 16-20 under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite, the applicant's representative presented and discussed NPL references in order to
obviate the rejection of the claims. Applicant's representatives and the inventor discussed in detail the relevance of the
NPL reference to the claimed invention, and particularly to show that the term "low density polyethylene" recited in the
independent claims 1 and 16 is well known in the polymer science and packaging industry. The examiner indicated that
he will reconsider the indefiniteness rejection of the claims under the 112, 2nd paragraph, and the relevance of the
presented NPL references to the claimed invention.

050



e amealte wd wm s e

R

S HARMFRERTE AN \\A\:\w\x\\\%‘*\\%%&\&\\ R




A
‘m\\\\\\

e
£
rni
%7

Yo
Ve
g

w\\\“\\“

%
e

g,

i

Geerns

b
i
P

44
444
g
o

ey
s

7
2,

"o
774
i
7,
\\\\ d
i

Gprons

7

%,
]

“7

K3

SN
X

Yoo

i
%y,
g
s

Ywen

.\.
s
P 2,

\\\\ \
%

Yy
. 57

%
wnih
2,

%
Lo
L
ey
sy

P
“y

24z
A
e

B
5% 7
5
bt

7
v
ey,

Y
g
2
P
pe %
ez
ey,
%
P
P
s
Tt

%,
o
%
.\\\\\\
z
el
2

77
G

gen
b
Yy
553
G,
iy,
77
2
]
i,
o
b
L
Yy,
77
Yo
Sorrrs

e
5%
i
e,
i
i
7
[
LE

s,

w2
i
>
G
o

%

'y
‘iz
b
7
o d
s
S,
-

%
s,

2
v
)

P
Lo
T
(4
P
g
L
%,

P
%

7%,

Yt

7

“dtr.

gty

g

7
2

"
s
%
275
G
g,
P

)
o

oy
A

g

Iy,

Z

3
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Ve

. 4

Vi
1
77
7

.

N
R

$

7
“
“

R

A
7
A

RS

X

A

\\\§§§

18 .
K )

052



%
7

FAN N SONOICN S SR BTV IIIONTETSONIMIS A RN AT OTTINET AN AW P AN W 2R
§OReANTA ¥ FRSads & AUFIERGY YANAd Y ANRE Y SMIIEAS DR IIRGT IS WH & MaNAs 3 AFFMNY

Since the early 19th cenlury, plasiics have a played a major role i the world's sconomy. From

texctites and bullding matarials, 1o medical applications and packaging.

Plastics are America’s third largest manufacturing industry, smploying over 885,000 workers. Add
in those ernplovees of companies that supply the plastics industry, and you're looking at over 1.4
miiifion Arnericans working in plastics today. In the last thirty years, the ihdustry has grown 2.4%

annually, continually ncreasing in volume and value,

The development of plastics bagan in the 18580 when hillard companies began searching for

art attsrnative To vory for the production of pood balls. The race was on o davelop a sirong,
lightweight syrrthstic that would aliow the game to continus. Researchers and charnists all over the
worid began experimenting with plant resins 1o oraate a new kind of man-made material

in 2015, plastic products and packaging are an $800 billion dollar industry with almost 153,000
companias involvad and iF's common knowledgs in the world of container sales and manufaciuring

that plastics play a key role i the industry.

Because of their diversily and incredibly flexible nature, plastics ave oftan the hest solstion to a
fough packaging problem. They're cost effective, readily availabls, and rellable anough to be the
first and bes! choice for thousands of compardes. Thay're also generally highiy recyalable, with

over a billion pounds being recyeled into new applications every yaar
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Tha purpose of this ebook is {0 provide professionals with a working knowladge of some of the
riost cornmon plastios usad in the container industry, and 1o compars and contrast thelr different
usss, values, strangths, and weaknessss. And maybs most important in today'’s sco-conscious

H b - H SN N ey ey ey 3 W PO S R I S T s RN - N PR Y b
ciimate, we' explors the relative sustainabiiity of § popular plastics in production today. We'll

also cover the best apphcations for sach plastic.

R e T RO AR TR NIRRT SRSy
KEY PLASTIS TR sy
Flle ¥ F Siad § 885 8 ST RIVENIVASRASNSN

Hare ars a faw kay tarms usaed in plastics and ones you may come aorness in this ehook:

ST AR/
FULYRIRRD

Tharmosetling polyrners are also known as plastics. Thay are materials which beoorne Bguid or

malleable at low temperatures and haecome hard and rigid in high termperaturss,

SENRS TUAL N SV SON TS T NTE P SN IR NS MR IS 3R DR ORI N &
Al P AT THAT DO NATE THE i Ty
AFEMA T ACAMAY D I SaE Y YAAMY ASASIVIIINSMI R Y TR SYNRSASS ¥ YR

Thare ars rnany unique varelies of plastic material mads from a diverse range of sources, including
many made from reckaimed or recyoiad material, Bepending on your business, vou may be deeply
infarmed about oneg type of material, bhut be sesking out information on othears o broaden your
knowledge bass, In this book we'lf cover six major matsrials:

HUFE - High-Density Polvethviena

LRPE - Low-Density Polyethyisne
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We'll begin by covering thalr backgrounds and ths basics of the procasses |

_ Y e dag ot E Nl »
thalr refative sustainabiiity.

&

wability diversity of applications, and finally take a ook inte

This last area will bs explorad in depth, bringing you up o spead on this hot button issus and giving
vous an sasy referance for key facts abaout recyaling and the relative sustainabiiity of each material,

First lets taks a look at two varisties of polyethylens, the most comimon plastic in the worlkd, Over
38 million tons of polysthylene are produced a vear in thousands of different forms for a varisty of

applications. The wo most commoen types in production today are HDPE and LDPE,

VI/{IZ
o,

%

7

P
Gt

A

Developad by two rasearchers in 1953 high-density polvetiwiens

is one of the most commeon packaging and construction materials

i use today. Known for its strength and durability, 26% of all

\;\\\@;\\\\ %\\\\ §§§§$\§“\\ HOPE produced worldwidds is usad in the production of rigid

§ \\\§ §\\\\\§ § \§ packaging. in 2014 the giobal capacily for produaction, including
N \ N \\ & 3} \ \ e .

§\\§ §\\\\\ § § facilities which can also be used o oreats other Palyethyiense-

N } N \\ \\\\ . . -

§\§ \ \§ N § based materials, was around six hundred million tons.

Growth In production iz consistent to maet rising demand,

Known for s strength and although oricing can fuctuate along with the naphtha and crude

durability, 269% of all HDPE produced off rarkats as both are precursors for HDPE production. s
worldwide is uzed in the production the second most recycled piastic in the United Siates, with
of rigid paskaging. approximataly 2856 of bottlas and jars reclaimed.

HOPE is a great choice for food and beverage applications as many gradeas of the material ars
UsDA, NSF and FDA approved for divect contact with food, in addition, it has good impact

resistancs, is fightweight, and has very low moisture absorpiion,

HOPE is made from orude olf, but it only takes 49 of the world's annual ¢il production 1o produce
all the plastic made in the world sach year To produce HEPE, petroleumn is heated in a process
known as cracking, which produces sthylene gas. These gas moleculss Hnk togsether 1o form long
chains known as polymers — specifically nolvethyiens. The polyethyvlens is then pushed through

fine holes 1o form long thin strings that are cut 1o formm amall granules,
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Extraction

Sutadiens

Reliability and safsty are two of HDPE’s strongsst valus propositions. Linlike soms other container
materials, HDRE will not dsgrade due 1o axtrems high or low pH, intenss concentrations of salls,
or other common chemical carrosives. i is generally axiremaly nert and a3 a resull makes an ideal
rnatarial for food and beverags applications.

However, there are sorme shortcomings to working with HDPE. it has a high instance of thermal
axpansion, and while it is a strong material it can be subject 1o some stress cracking. s also

difficult 1o bond to other mataerials, and has a relatively low strengthy/stifiness, making it unsuitable
for some of the more rugged applications. Additionadly, Bke many peltrolsum-based plastics, | can

be very flarmmabis and is not sultabis for high-temparature applications.

HOPE's SP Hesin ldentification Code is 2, and it can be recyeled sasily throughout the United
States. The market for, and production of, post-consumer racyaled HDPE products is stable and
growing, and the main use for reclaimed HDPE is in creating a new life for the material as a botlle
or food and beverage packaging.

i you'rs looking for a durable, lightweight, food safs, and sasy-lo-manipulate material for your
packaging neads—and one that comes with reasonably good marks for sustainability —HDRE
might be right for vour project.
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LDPE stands for low density polyathylens, but you might have guessed that already. it was the
first type of polvethylens that was commercially produced. i was devslopad in 1833 by Inperial
Chernical incustries (01, which was for mary vears, the largest manufaciurer of LDPE in Great
Britain. Of nole, 10! is responsible for many other material innovations including the acrvlic plastic

parspex, an sarly cornpeatitor 1o plexiglass.

LOPE has slightly less tensile strength than HOPE but is correspondingly move flexible. s most
commaon application in the modern word is as the material used to make many plastic bags, bt

there are many other applications for LDIFE,

H can be used {0 make shrink filn, overwrap itlm, food safs
packaging film, and strong liquid comdainers, About 75% of all
Folvathylens producad giohally is LDPE
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LDRPE's low density rnakes i highly mallsable and allows for
stretohing—one of s chief strengths-—and makes it a great
choice for Hghlweight, Torm fitting film-type packaging. Unlike
rigid HOPE, LDPE can be used o create lightweight and flaxible
packaging. Kesp in mind however, that iis relatively lower density

About 75% of alf Polystiwlens
produced gichally is LDBPE, doss maks it susceptible to punclurs,

Becauss of s similarily to HOPE| low density polvethviens shaves rany of HDPE s shorlecornings,
inciuding low strangih/stifiness, high thermal expansion, and poor ternperature capability, Liks
HDPE, #t is also subject to siress cracking and is flarmmmabie. B s also more difficull o bond than

othar plastics, Hmiling its applications slighthy.

Another bonus with LDPE is that Bs high durabiiity allows for packaging (like plastic bags) io ba
reused by the consumner many timeas hefore it has 1o be recycled or disposerd of. Emibwacing a
push iowards increased sustainability, somes packaging producers ars designing LDPE praducts

whoae useful ife extends past thelr inftial purposs.
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Unfortunately, in the United Slates LDPE s recyeied at a rate of
only about 5.7% —lower than its denser sibling. i sustainability is
ons of vour chief concarns, LDPE may not s the best material
choice for vour application, Although, recyaled LDPE is avaliable
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P
% %
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and can ba combined with a percentage of virgin material o

’/ﬁ

rajuvenate # for a varisty of uses. Iis resin identification cods is 4,
and while faw curbside programs aceept LDPE for recveling many
stores and some communities will accept plastic bags,

Linforiunatady, in the Urdled

4

g
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i
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States, LDPE is recycled at 3 rate

f only about 5.7% — lower th ;
v oriy R DT IOWRT SR HDPE and LDPE are hoth great materials for food and heverags

s denser sibling. . . . . ;
containers, but when it comaes to plastic botlles there’s one plastic

that leads ths fisld—PET

PET stands for polyathyiane terephthalate, and is the most popular polvaster produced globally,
it s used primarily as a fibar for textile production and as a packaging material for food and
average products.

PET has an especially good moisture barrier and makes a great material for solt drink hottles.
Some Kinds of PET can be treated with a thin layer of metal to malke i refleclive and opague, while
cthers can ba thermoformed inlo blister packs,

Davaloped in England in 1841, PET s one of the mast common polvestars in the world, and ranks
fourth globally in terms of overall polymar production. it also goes by the names PETE and the
srand names Dacren, Terviene, and Lavsan,

it's the material responsible for everything from emergency “space blankels” 1o polar flesce. s
varsatiity and excellent recyclability make it a great choice for many packaging applications.

The production of PET is a faldy complex process, but there are a few basic points 1o keep i miind.
The precursors Tor PET production ars terephthalic acid and sthylsne ghveol, both readily availabis
and redatively low-cost materials. After thase cornponents are combined they undergo a seriss

of controlled reactions in the presencs of specific catalyats and environimental conditions which
determine the characteristics of the final product.

PET can be copolvmerized with other substances to adjust s intarral structure 1o make B mors

suitaiis to cartain Kinds of exttrusion or molding.
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O the flip side, one of PET s main shorfcomings is its high suscaptibility 1o heat degradation.
During the preduction process temperatures musat be carsfully maintained o snsure the resulling
material is clear, and in many applications high heal will fundamentally compromiss packaging and
other products mades from PET. Howaver, comparad 1o other plastics ke HDPE and LDPE, PET is

considerably less flarmmable.

PET is one of the most easily recycled plastics currently

i use today, and consumesr packaging mads frorn 100%
recycled matenal is becoming increasingly comimon in taday’s
sustainahiity-focused markst. In fact, ressarch shows that PET
packaging may be more anvironmentally preferable than many
new Bioplastic materials due 1o its heabhy closed-leep iifecycia,

it has the resin identification code 1, and most curbside programs

accept PET/PETE materials. Thanks 1o its resifiencs, PET can be

recyoled mary times very efficiently. s acceptad in almost alf U8,

PEY is accepted iy almost all racyoling programs, and for every pound of recyoied material used
U.S. recycling programs, and for it place of new plastic, greenhouse gas emissions are reduced by
every pound of recycled matenial a whopping 719%!

used in place of a new plastic,
greenhouse gas enHssions are Lat’s take a ook at anothar sxtremely popular and widaly used
reduced by a whopping 71%! plastic available today—polystyrene.

As one of the oldest plastics still in use, polystyrens was discoversd In 1838 by Gearman
apothecary Johann Edouard Sirmon. The original batches of polystyrene were made from the
natural resins of the Turkish sweetguim tres. Alrnost 100 years later, ressarchars at DOW Chamical
devaiopad a procsss o make a closed-cell, moisture resistant product, and introduced Styrofoam

i the world in 18241,

You may know T by the brand name Styrofoarm and be surprised o lsarn about some of iis other

useful applications.

Folystyrena is one of the mast commandy usad and versatile plastics avaliable today. B can be made
both transparent and opaque, with a variety of densities and sirangths depending on the application.
it can be formed into a solid or a Toam, and Is a relatively inert and non-reactive material,
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Through copolymerization, S can be combined with other raterials (0 expand its range of
properties, For example, so calted “high-impact plastic” is a result of one such proceas. PS can
also be stretched into a clear rigid film called Orientad Polystyrane (OPS) that can be usad o
create comparativaly inexpensive fransparant packaging, though #s durability may suffer greatly.

Paobysiyrenes disadvaniages make it unsuifabls for some applications. |t iz highly flarmimable {hough
flame retardant varisties do exdst), and low Impact varietiss can break very sasily, it has notoriously
poor rasistancs 1o most sobvents, and is not suitabils for containing many types of liquids, s also
worth noting that while the recyelability of polystyrene is on the rise in the LLE., i has a track rsoord
as being one of the least sustainalis plastic materials, and without special treatment is virtually

non-hiodegradabla.

Applications include rigid plastic packaging for things lile computers, as well as {eod containars,
disposaizs ttensils, and even as a bullding material when usad in conjunction with reinforsed
concrete, Additionally, much of today’s conveantional protective packaging materials are made from
PS. A variety of production techninues and technologies allow polystyrens 1o be a strong cholee

for many diverse applications.

s worth noting that there is a rising frend in American municipalities to han PS5 food condainers,
as they are percelved as a major source of non-hiodegradable waste in landfills. Earlier this
yaar, New York City banned single-use expandead polystyrene food containers, citing thelr belief
that these rmalerials could not be recycled sffactively. H sustainabiity is amongst vour primary

CONCENNS, YoU may want 1o consider alternatives 1o PS for your applications.




4
b
I
H
et
e

Cantrary to what many helieve, { is completely possibis 1o racyole polystyrens, including
siyrotoam food service containars. And whils traditionally products mads from polysiyrene have
heen considered non-biodsgradable, new rasearch with hiological agents has led 1o a process by

wiich P8 materials can be converted into more sasily broken down substances.

Ongoing research in this area is improving the relative sustainability of PS over time. Polystyrene
has ths resin idartification code 8 and can be picked up by some curbside recyoling programs in

the U3,
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One of the strongast and most resistant plastics availabis today, Polypropylens has a wide variety
of applications ranging fror packaging o taxdtiles. Developed by Phillips Petroleum chernists J.
Paut Hogan and Roebert L. Banks in 1951, Polypropylens was brought into comercial production
within the decads. More than half of all PP produced today is used in fisxible packaging, and

dermnand continuas 1o rise for this versatile material,

Paolypropylene is produced through a variety of methods, and the resutting materials have

various propertios such as an antl-static nadure to resist dust, or a treatad swiace dasigned to

improve paintabiiity.
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Dus to its great physical durability
when properly oriented, PP canbe
used 1o form strong, long lasting,
fiving hinges in packaging as wall,
s strength also aflows for very
fow density production, which

racluces its environmental impact,

Lilie Polystyrens, PP can be produced in an “oriented” structure
that allows Tor increasad clarity and thinness, without the
brittlenass of PG, Biaxially Oriented PP is commaonly used as
packaging for food products due to it baing easy o coat, print on,

and laminate.

There are many diverse advantages to using polypropylens,
Berauss s unusually strong, PP s a great choice for producing
corfainers meart to packags acid, base, or othar highly corrosive
substancas. Dus 1o #s great physical durability when properly
arientad, FP can be used to forrn shrong, long lasting, living hinges
in packaging as well, s strangth alse allows for very low density
production, which reduces its environimental impact.
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Folypropylens is highly susceptible {o same chiorinated sobvents and aromatics. Without special
treatmar i is highly flammable, and difficult to bond or paird. 1t also oxidizes readily and suffers
from UV degradation. While thers are special processes available o treal PP to deal with these
issues, there are other matarials better suited to applications where weathering and UV exposurs

ave lkehy

PR recycling is quickly on tha rise in the US, more than tripling betwsen 2004 and 2010 s
production rasulls in less solid waste than many alternatives, and it results in much lower CO2
amissions than other similar malerials. Many stales now have programs o acespt polypropylens,

with more joining iy sveary year.

Heoveled PP has uses across many markets, including packaging, consumer goods, and
construction malerials. i has the resin identification code 5, and is accepied i many curbaide

recycling prograrms.
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Whien most peopls hear PVYC (Polyvinyt Chioride) thelr first thougiy
might be the ublguitous white plastic piping used i so many
applications, but PVC s more than just pipes. s the third most
widely produced plastic after polypropylane and polyethyiene and
demand for PVC is expected 1o incraase by 3.29% per vear untit 2021,

Pisoovered accidentally in 1872 by German chemist Fugen Baurnann,

PVC was originally a very rigid and somawhat briitle material that
Derand for P¥C is struggiad 1o find widespread use. In 1826 Waldo Seron and B.F

expected 1o increase by Goaodrich developad a way to plasticize VG, increasing Bs flaxibility

2% per year until 2021, and opening it up to a wide range of applications.

Semon, known as the Tather of the vinyl, is also known for inventing a non-digestibile synthetic

rubber hubble gurm substitule that was so strong i could be used 1o blow enormous bubbles,

PG s formed by combining s chemical components {primarily chiorine from indusirial salt
ard carbon) togsther in @ liquid withits a pressure-tight container. Stirving and agilation causes
the companents 1o polyraerize, forming PV and gensrating heat which must be drawn off the
rezclion. Waler is continuousty added to facilitale the process until i is compets, and individual

spherss of PVYO have bean formad.
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Arnongst the most visible uses of PVYO beyond white pipes are
vinyi records, which ware once a commonplacs itern in the days
batfore Pods and streaming rmusic. Other comman applications
are as a home siding material, a synthetic alternative to leathay,
and ¢ maks plastic bags that are Tar more durable than those
produced from LDPE,

Low cost and Hghtwsight, PYC has many advantages. As a

BYE is highly durable and
non-reactive, making i idaal for

thermoptlastic, it can be recyeled and reformed as needad. it's
applications where contamination or highly durable and non-reactive, making it ideal for applications
degradation are sericus concsms. whare contamination or degradalion are serfous concerns, PV
also has low thermal conductivity and a high resistance o

chamical stress cracking.

Corversely, there are sorme drawbacks to using PYC. Because of how it is made, there is the
possibifity that PYC may refease toxins inlo the environment during production, when i is bumed,
or as it decomposes. This danger of environmantal contarmination has given PVO a somawhat
bhad repuiation.

This is a major reason why | s barned in Europe and California presenthy. in faot, there arg only
a couple bottle makers left in the United States that stilt process this resin, Furthermore, dus
o the many different additives and processes used (o producs PYO, recyoling i efficiantly and

sconomically can often be a major challenge.

That said, PVC can be and s recycled in ths UG, teday, With proper care and the right technology,
PVYD can be reclaimed effsctivaly in two main ways! it can be ground down into small particies
to be reforrned into nasw PVE materials, or it can be chemically broken down inle s component

moleculas so those matarials can be reusaed in other applications,

PVYC has the rasin identification cods 3, and is often accapted by manuiacturers of plastic lumber
for construction,
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Scientists and manufacturers working in plastics are always looking o the futurs o deveiop
now tachnologies that mest the needs of the consumer mavkel New “green” matlerials ave baing
devaiopad svery day, raplacing older, less sustainable materials. By relving on raw materials rather

than petroleurn, these new plastics are helping 1o raduce our reliance on petrochernical energy.

Another big developmernt in the world of plastics is “lightweighting” —finding ways 1o strengthen
materials so less can ba used, while reducing the weight of products and packaging. This has
major implications in the autornotive industry, where lighter weight vehicles can equal higher

fuet afficiency.

Lightwsighting in packaging also reduces the amount of plastic needed to produce commaon ems
fike waler bottlas and reducing the ovarall amourt of wasts rmaterial,

The veraatility and eco-friendly benefits that come with saime plastics make them the packaging
material of choice for most manufacturers. This is why staving ahead of the latest discoveries and
trands in plastics is a top priovity for suppliers and distributors who seek 1o remain on the cutting
sclge of the aver-shifting packaging industry.

For more information on upcoming trends in the container industry, be surs to chaok out owr
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Since the early 19th ceniury, plaslics have a plaved a major role in the world's economy. From

texctibes and bullding msterials, o medical applications and packaging.

Plastics ave America’s third largest manufacturing industry, smploving over 885,000 workers. Add
in those armplovees of companies that supply the plastics industry, and you're looking at over 1.4
riiifion Arnericans working in plastics today. In the fast thirty vears, the industry has growwn 2.4%

annually, continually increasing in volume and value.

The developmant of plastics began in the 1560% when billard companias began searching for

art altsrnative to vory for the production of pool balls. The race was on to develop a strong,
lightweight syrihetic that would zsliow the game to continue. Researchers and charnists alf over the
worid began exparimenting with plant resins o oreate a new kind of man-made material

in 2015, plastic products and packaging are an $800 billion dollar industry with almost 150,000
companies involvad and 's comimon knowledgs in the world of contalner sales and manufaciuring

thet plastics play a key role in the industry.

Because of thew diversily and incradibly flexibls nature, plastics are offan the best solutionio a
tough packaging problem. They're cost effective, readily availabls, and rellable enough to be the
first and bes! choice for thousands of companies. They're also generally highiy recyelable, with

over & billion pounds being recyclad into new applications every year,
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The purposs of this ebook is (o provide professionals with a working knowledge of some of the
riest cornmot plastics usad in the containey Industyy, and to compare and contrast their different
usss, values, strangths, and weaknessss. And maybs most important in 1oday’s eco-conscious
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Tharmaosetting polyimers are also known as plastics. They are materials which become tiquid or
malleable at low temperatires and hecome hard and rigid in high termperaturss,

SHIEE DY ADTIAaDS TIEIAT MRARSIRAI AT TIIT IS IiSTin
SIN FLASTICE THAY DOMINATE THE INDLEYTHY
SEEAN P SRS Tl N YRS F YESTY RSN SIVININSMMIN S Y PNES SYRASYSLSRNRR

There ars rmany unigue varkelies of plastic material made from a diverse range of sources, including
many made from rechimed or recyolad material. Depending on vour husiness, you may be deeply
infarmmed ahout ones type of material, but be sesking out information on others o broaden your
knowledge base, In this book we'll cover six major materials:

HOPE - High-Density Palvethylene

LOPE - Low-Density Polvethviene

PS8 - Polyvstyrane

PV - Polyvirnd Chioride
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We'll begin by covering thelr backgrounds and the basics of the pwocsesses by which sach

o 008 mad B ety dathonand I - H H . PR T X o o ensa ol . H . .
material i preduced, and then offer insight inle the strangths and weaknesses of each in lerms

civerstty of applications, and finally take a look into thelr refative sustalnabiiity.

This last area will be explored in depth, bringing you up o spesd on this hot button issus and giving
you an easy reference or key facts sbout recyaling and the relative sustainability of sach material,

First let’s take a look at two varksties of pelyethylens, the most comimon plastic in the workd, Over
28 million fons of polysthylene are produced a vear in thousands of different forms for a varisty of

applications. The two most common types in production today are HDPE and LDPE.

Developad by two researchers in 18953 high-density polvethyiens

is one of the most cormmon packaging and construction materials

in use today. Known for s strength and durability, 26% of all
\\\\\: Q\\\\\\\\\Q

7

\\\\\\;}\\\\\\1\\ \\\\\\@\Q\\\ %\\g\&\\&\\‘\\ HOPE produced worldwide is ussd in the production of rigid

§ \\\§ i\\\\§ § \§ packaging. in 2014 the giobal capacity for production, including

§\§ §\\\\ §\§ facilities which can also be usad 1o oreats other Polvethyiens-

§\§ N §§ { \\ based materials, was around six hundred million tons,

_ Gironwth in production is consistent to meet rising demand,
Known for s strength and although nricing can fluctuate along with the naphtha and crude
dharability, 26% of all HDPE produced off markats as both are pracursors for HDPE production, s
workdwids Is vsed in the production the second most recycled plastic i the United States, with
of rigid packaging. approximatsly 289¢ of bottles and jars reclaimed.

HEPE is a greatl choice for food and beverage applications as many grades of the malerial are
UsDA, NSF, and FDA approved for direct contact with food. In addition, it has good impact

resistancs, is lightweight, and has very low moisture absorpiion,

HPE is made from crude oil, but # only takes 4% of the world’s annual ol production 1o producse
all the plastic mads in the world sach year. To produce HDPE, petreoleurn is heated in a process
known as cracking, which produces sthylene gas. These gas moleculss Hnk tagether to form long
chains known as polymers — specifically polvethyiens. The polyethviens is then pushed through

fine holes 1o form long thin strings that are cut to form small granules,
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Feliahility and safsily are two of HDPE's strongsst value propositions. Undike some other container
materials, HDPE will not degrade due o extrems high or low pH, intenss connentrations of salls,

or other common chemical corrosives. B s generally extremely inert and a3 a resull makes an idegl
ratarial for food and beverage applications.

However, there arg some shortcomings to working with HOPE. it has a high instance of thermal
sxpansion, and while it is a strong material it can be subject 1o some stress aracking. s also
difficull 1o bond to other materials, and has a relatively low strengthvstifiness, making # unsuitable
for soime of the move rugged applications. Additionadly, Bke marny petrolsum-based plastics, | can
be very flarmmabds and is not sultabis for high-temperature applications.

HEPE's SP Hesin identification Code is 2, and it can be recycled aasily throughout the United
States. The market for, and production of, post-consumer recyveled HIPE products is stable and
growing, and the main use for reclaimed HDPE s in creating a new life for the material as a bottle
or food and baverage packaging.

i vou'rs looking for a durable, lightweight, food safe, and sasy-to-maripulale material for vour
packaging needs—and one that comes with reasonably good marks for sustainability —HDRPE
might be right fur your preject.

070



About 75% of sl Polysthylene
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LDPE stands for low density polyathylene, but you might have guessed that already. B was the
first type of polvethviene that was commercially produced, | was devslopad in 1833 by Imperial
Chermnical industries (O, which was for mary vears, the largest manufacturer of LDPE in Graat
Britain. Of nole, 10! is responsible for many other material innovations including the acrvlic plastic

perspex, an sarly cornpetitor to plekiglass.

LOPE has slightly less tensile strength than HDOPE but is correspondingly more flexible. Hs most

thers are many other applications for LUPE.

H can be used o make shrink filrn, overwrap film, food sals
packaging film, and strong licuid condainers. About 75% of all

Folvethyiens produced globally is LRPE.

EDPE's low density rmakes it highly mallsable and allows for
stretehing— one of s chief strengths -—and makes it g great
chaice for Hghlweight, form fitting film-type packaging. Unlike
rigid HOPE, LDPE can be used 1o create lightweight and flaxible
packaging. Kesep in mind however, that s reladively lower densily

produced globally is LRPE. doss make it susceptible to puncturs,

Becauss of s similarity to HDPE| low density polvethvlene shares many of HDPE's shorlcornings,

inchading low strengih/stifiness, high thermal expansion, and poor temperature capability, Like
atso more difficull to bond than

HDPE, it is also subject (o siress cracking and s flammable. R is

othar plastics, lirniting its applications slightiy.

Ancther bonus with LDPE is that #s high durability aliows for packaging (ke plastic bags) lo be
reused by the consuner mary timeas before it has 1o be recycled or disposed of. Emiwacing a
push iowards increased sustainability, some packaging producers are designing LDPE products

whiose useful ife extends past thelr initial purposs.
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Unfortunately, in the United Slates LDPE is recyoied at a rate of
only about 5.7% —lower than its danser sibling. If sustainability is
one of vour chief conoarns, LDPE may not be the bast material
choice for vour application, Although, recyeled LDPE is avallable
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and can be combined with a percentage of virgin material o

I//

rajuvenate # for a variety of uses. Hs resin identification code is 4,
and while few curbside programs acoapt LDPE for recveling many

stoves and some communities will accept plastic bags.

o

Unforitmataly, in the United
States, LDPE is reoycled at a rate
of only sbout 5.7% — lowsy than .
Y i HOPE and LDPE are hoth great materials for food and heverags
its denser sibling. . . . . .
containers, bt when B comes to plastic botlles there’s one plastic

that leads the fisld—PET.

PET stands for polvethyiene terephthalate, and is the maost popuiar polvester produced globally,
it s used primarily as a fiber for textile production and as & packaging material for food and

heverage products.

PET has an especially good moisture barrier and makes a great material for soft drink hoitles.
Some Kinds of PET can be treated with a thin layer of metal to make it reflective and opague, while
oihers can be thermoformed info biister packs.

Developed in England in 1841, PET is one of the most commoen polvesters in the world, andranks
fourth globally in terms of overall polymer preduction. | also goes by the names PETE and the

it's the material responsible for sverything from emergency “space blanksts” 1o polar fleecs. it's

varsatiity and excellent recyclability make it a great choics for many packaging applications.

The produciion of PET is a Talrly complex process, but there are a few basic points 1o keep iy mind.
The precursors Tor PET production ars terephthalic acid and sthvisne ghveol, both readily avaiiable
arwd relalively low-cost materials. After these cormponents are combined they undergo a series

of controlled reactions in the presences of specific calalysts and ernvironynental conditions which

determine the characteristics of the final product.

PET can be copolvmerized with other substances 1o adjust s intarmal structure 1o make i more

suitabds to cartain Kinds of epttrusion or molding.
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G the flip side, one of PET s main shorfcomings is ks high susceptibility to heat degradation.
During the production process temperatiires must be carsfully maintained to snsure the resulting
material is clear, and it many applications high heal will fundamentally compromise packeging and
other producis mades from PET. Howsaver, comparad to other plastics ke HIPE and LDPE, PET s

considerably less flammable.

PET is one of the most easily recvaled plastics cuirently

it use today, and consumer packaging made from 100%
recycled matenal is becoming increasingly conimon in today’s
sustainabiity-focused market. In fact, ressarch shows that PET
packaging may be more environmentally preferable than many
new Boplastic materials due 1o iis healthy closed-loop fifecyale,

it has the resin identification code 1, and most curbside wograms

accept FET/PETE materials, Thanks 1o fis resilience, PET canbe
recycled many times very efficienthy IV's acceptad in almost alf U5,

FETY is accepted in almost all racyeling programs, and for every pound of recycied material used
U.S. recycling programs, and for irt piace of new plastic, greenhouse gas ermissions are reduced by
every pound of recycled material a whopping 71%!

used in place of a new plastic,
greenhouse gas enmissions are Let's take g look al another extramely popular and widehy used
reduced by a whopping 71%! piastic available today— polystyrene.

As ane of the oldest plastics stift in use, polystyrene was discoversd in 1838 by German
apothecary Johann Edouard Simon. The original batchas of polysiyrene were made from the
natural resins of the Turkish sweetgum tres. Alrmost 100 years later, ressarchaers at DOW Chamical
devalopad a process 1o make a ciosed-cell, moisture resistant praduct, and introduced Styrofoam

io the world in 1841,

You may know it by the brand name Styrofearn and be surprised o lsarn about some of its other

useful applications.

Folvstyrene is one of the most commonly usaed and versatile plastics avaliablke today.  can be made
both transparent and opague, with & variety of densities and shrengths depending on the application.

it can be formed into a solid or a foamn, and is a reletively inert and non-reactive materiad.
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Through copolymerization, PS can be combined with other raterials {0 expand s range of
properties, For example, so called “high-impact plastic” is a result of one such proceas. PS can
aiso be stretched nto a clear rigid film called Oriented Polystyrene (0P8} that can be usad to
create cornparatively inexpensive fransparant packaging, though #s durabilily may suifer greatly.

Polysivrenss disadvaniages make it unsulfable for sorne applications, it is highly flarmmmable (hough
flarne retardant varieties do exist), and low impact varieties can hreak very sasily. it has notariously
poor rasisiance 1o most solvents, and is not suitable for containing many tvpas of liguids, s also
worth noting that while the recyclability of polystyrene is on the rise in the ULS., it has a track record
as being one of the least sustainable plastic materials, and without special treatment is virtually

non-biodegradabls.

Applications include rigid plastic packaging for things ke computers, as well as {ood contalners,
disposalyls utensiis, and sven as a bullding material when ussd in conjunction with reinforced
concrate, Additionally, much of today’s conventional protective packaging materals are made from
P2, A varisty of production techniguss and technologies allow polvstyrene to be g strong choeice

for many diverse applications.

s worth noting that there is a rising frend in American municipalities to ban PS5 food coniainers,
as they are percelved as a major scurce of non-biodegradable waste in landifills. Earlier this
yvear, New York Oty banned single-use expanded polystyrens food comtalners, citing their belief
that thess malerials could not be recyaled effectively.  sustainability is amongst vour primary

concerns, you may want 1o consider alternatives 1o PS {or vour applications.




v
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Cortrary to what many helieve, T is completaly possible o recyale polystyrens, including
siyrofoam food service contalnars. And whils traditionally products mads from polysiyrene have
heen considered non-biodsgradable, new research with biological agents hias led 1o a process by

which S materials can be converied into more easily broken down substances.

Ongoing research in this area is improving the relative sustainabidily of P8 over time. Polystyrene
has the resin iderdification code & and can be picked up by some curbside recyeling programs in

the U3,

One of the strongest and most resistant plastics available today, Polypropylens has » wide variety

of applications ranging from packaging to taxtiles. Developed by Phillips Petroleumn chemists J.
Paul Hogan and Robert L. Banks in 1851, Polypropylene was brought into cammercial production
within the decade. More than half of all PP produced today is used in fisxible packaging, and

dernand condinues 1o rise for this versatile rmalerial,

Pelypropylene is produced through a variety of methods, and the resulting materials have

various properties such as an anti-static nature to resist dust, or a treatsd swiace designed to

improve paintability.
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Due to iy great physical durability
when properly oriented, PP canbe
used to form strong, long lasting,
Hving hinges in packaging as wall
fig strength also allows Yor very
fow density production, which

reduces its environmental impact.

Lilke Polvshyrens, PP can be produced in an “orientad” structire
that allows for increased clarity and thinness, without the
brittleness of PS. Biaxially Oriented PP is commonly used as
packaging for food producis due to it being easy o ceat, print on,

and laminate.

Thiere are many diverse advantages to using pelypropylene.,
Bacauss 1y unusually strong, P s a great cholce for producing
corfainers meant to packags acid, base, or other highly corrosive
substances. Due 1o #Hs great physical durability when pwoperly
oriented, PP can be used to form slrong, long lasting, living hinges
in packaging as well, Hs strength also allows for very low densily

production, which reduces its snvironimental impact.
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Folvpropylene is highly susceptible io some chiorinaled sobvenis and aromatics. Without special
treatmend it is highly flammable, and difficult to bond or pairt. 1 also oxidizes readily and suffers
fram UV degradation. While thers are special processes availahle 1o trext PP 1o deal with these
issues, there are other matarials betier suited to applications where weathering and UV exposurs

are likely

PP recyciing is guickdy on the rise in the US, more than tripling betwsen 2004 and 2010, s
praduction resulls in less solid waste than many allernatives, and it results in much lowser CO2
amissions than other similar rmaterals, Many stales now have programs 10 accept polypropyiens,

with more joining Iy svery year.

Hecveled PP has uses aoross many markets, including packaging, consumer goods, and
construction malerials. i has the rasin identilication code 5, and is accepted in rmany curbsids

recycling prograrms.

g

o
g
e,
o

“

Whien most people hear PVC Polyvinyl Chiloride) thelr first thougdd
rnight be the ublguitous white plastic piping used i se many
applications, but PV is more than just pipes. 1L s the third most
witlsly roduced plastic after polypropylene and polysthylene and

demand for PVC is expected 1o incraase by 3.2%0 per vear urtil 2021,

Phscoverad accidentally in 1872 by German chemist Eugen Baurnann,

‘ PYC was originally a very rigid and somawhat briitle maderial thad
Bemandfor FVCls  guggled to find widespread use. In 1826 Waldo Sermon and B.E

expected to Increase by Goodrich developed a way to plasticize PVC, increasing s flexibility

3.2% per year untl 2021. | and opening it up to a wide range of applications.

Semon, known as the father of the vinyl, is also known for inventing a non-digestibile synthetic

ribber hubble gum substitute that was so strong i could be used to blow enormous bubbles.

FVC s formed by combining iis chamical components {primarily chiorine from industrial salt
and carbory togather in a liould within a pressure-tight container. Stirving and agilation causes
the components 1o polyrnerize, forming PYC and generating heal which must be drawn off the
reachion. Waler is continuousty added lo facilitate the procass untit B s compets, and individual

spherss of PYO have besn formesd.
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Arnongst the most visible uses of PVC beyvond white pipes are
vinyl records, which ware once a commonplace item in the days
before iPods and strearming music. Other common applications
are as ¢ home siding material, a synthetic alternative to legther,
and to make plastic bags that are far more durable than those
produced from LDPE,

Low cost and lghtweight, PVYC has many advantages. As a

PY¥E is highly durable and
nonereacitive, making B idaal for

thermoptastic, it can be recycled and reformed as needad. it's
applications where contamination or highly durable and non-reactive, making it ideal for applications
degradation are SENoUS CONCRTNS. whare contamination or degradalion are serfous concerne, PYC
glso has low thenmal conductivity and a high resistance to

chemical siress cracking.

Corversely, there are some drawbacks to using PVC. Because of how i is mads, there is the
possibility that PYC may release toxing inlo the environment duwring production, when i is bumed,
or gs it decomposes. This danger of environmental contarrination has given PYC & somewhat

bad repuiation.

This is a major reasen why B s barmed in Burope and California presently. in fact, there are only
a couple botlle makers left in the United Stales that still process this resin, Furthermore, dues
o the many different additives and processes used o produce PVC, recyveling i efficiently and

goonomically can often be a major challenge.

That said, PVYC can be and is recycled in the U8, today, With proper care and the right technology,
PVYC can be reclaimead effectively in two main ways! i can be ground down into small particies
to be reforrned into naw PVO materials, or i can be chemically broken down inlo s component

msleculas so those matarials can be reused in other applications,

PVC has the resin identification code 3, and is ofien accepied by manufecturers of plastic kimber

for construction.
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LOOKING TO THE MUTUEE
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Solentists and manufacturers working in plastics are always looking o the future to develop

«“

rumw fechnologies that mest the needs of the consumer marketl. New “green” malerials are being
davaloped evary day, replacing older, less susiainable materials. By relying on raw materials rather

than petroleurn, thase new plastics are helping to reduce our reliance on pelrochernical energy.

Ancther big developmert in the world of plastics is "Hghtweishting™ —finding ways to strengthen
materials so less can be used, while reducing the weight of products and packaging. This has
major inplications in the autornotbive industry, where lighter weight vehicles can equal higher

fuel afficiancy.

Lightwsighting in packaging alse reduces the arnount of plastic needed to produce comimon Hems
fike waler bottles and reducing the overall amourt of waste rmaterial.

The veraatility and sco-fiendly benefits that come with same plastics make them the packaging
material of choice for most menufacturers. This is why staving ahead of the latest discoveries and
trends in plastics is a top priority for suppliers and distributors who seek 1o remain on the cutling
sddge of the ever-shifting packaging industry.

For more information on upeoming trends in the container indusiry, be surs to chack out our

T oy e S arrvdbainas el et
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Excerpt from:
Chapter 2 Structure and Related Properties of Plastic Polymers
Section 2.3 Factors Influencing Polymer Structures and Related Properties
Section 2.3.6 Chemical Structure
Section 2.3.6.1 Polyolefins
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20 Food Packaging: Principles and Practice

even though not excessively large, leads 1o significant intermolecular bonding forces and relatively
high 7 s. For instance, the 7, for PV is 212°C and for PAN (poly(acrylonitrile)y 317°C.
The temperatures 7, and 7, are governed by the strength of the intermolecular forces (Just as in
inorganic materials) and by the degree of flexibility and length of the chains. Thus, polar side groups
such as chloride and hydroxyvl groups favor higher melting and glass transition temperatures because
they enhance the strength of the intermolecular bonds.

In some cases, the 7, can be lowered by as nwich as 100° by the efficient use of plasticizers. For
example, pure PVC has a 7, of 87°C and is quite brittle at room temperatore. The addition of only
| 5% plasticizer lowers this to 60°C, and with the addition of further plasticizer, PVC becomes tough
and fiexible at room temperature.

2.3.6  CHeMmICAL STRUCTURE

Polymer chains can and do align themselves in ordered structures, and the thermodynamics of this
ordered state determines such propertics as the melting point, the glass transition temperature, other
transifion temperatures and the mechanical and electrical properties. However, it is the chemical
nature of the polymer that determines its stability to temperature, light, water and solvents.

In the published literature, it is rare to find many details about a particular plastic packaging
material apart from its name, sometimes the resin supplier and maybe if it has been oriented. This
makes it virtually impossible to replicate the experimental conditions described in the literature
since the range of polymers available is vast. For example, the website www.ides.com contains data
sheets on over 77,000 commercial polymers from 694 resin manufacturers. Of course, many of
these polymers are not approved or suitable for use in food packaging.

2.3.6.1 Polyolefins

Olefin means oil-forming and was originally the name given tw ethylene. Today polyolefin is a com-
mon term in the plastics industry and refers to the family of plastics based on ethylene and propylene.
The term alkene is used for hydrocarbons containing a carbon-carbon double hond, for example,
ethylene, propylene and octene. The formula, MW, density and boiling point of the alkenes impor-
tant in food packaging are given in Table 2.3, Polyolefins form an important class of thermoplastics
and inchude low, very low, lincar, medium and bigh density PEs and polypropylene (PP). Industry
commonly divides PEs into the following broad categories based on density: HDPE 940-975kg m™3,
MDPE 926-940kg m™, LDPE 915-940 kg m, LLDPE 915-925kg m~, VLDPE 880-915kg m.

2.3.6.00  Low Density Polyethyviene

This is the largest volume single polymer used in food packaging in both the film and blow molded
form. It 1s a polymer of ethylene, a hydrocarbon gas available in large quantities as a by product of
petroleurmn refining and other processes. Increasing quantities are now also being produced by the
catalytic dehydration of ethanol produced by the fermentation of biobased materials, especially sug-
arcane (Morschbacker, 2009). PE was first produced by Imperial Chemical Industries (JCI) in 1933

TABLE 2.3
Molecular Details and Some Physical Properties of Common Hydrocarbon Monomers

Name Molecular Formuda  Molecylar Weight Density at 15°C g m %) Boiling Point (°Q)
Eihylene CH, 2805 1.180 ~103.7
Propylene CH, 42.08 1.810 —47.6
Butene-1 CiHg 56.11 2.370 ~-6.3
Hexene-1 CH,, 84.16 0.678 63
Octene-1 CoHg 112.24 0.715 121
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Structure and Related Properties of Plastic Polymers 21

during a research program devoted to the effects of extremely high pressures on chain reactions,
and the basic patent relating to polymerization of ethylene was granted in 1937, It was produced on a
pilot plant scale that same year with full conmumercial-scale production conunencing in 1939, For the
first few years of its production, it was used in the electrical industry, particularly as an insulating
material for underwater cabies.

The polymerization of ethylene can occur over a wide range of temperatures and pressures but
most commercial high pressure processes utilize pressures between 1000 and 3000 atm and tem-
peratures between 100°C and 350°C (higher temperatures cause degradation of the PE).

The simplest stracture for PE is a completely unbranched structure of —CH,— units as shown in
Figure 2.1b. However, the vigorous naturc of the high pressure process leads to a great deal of chain
branching, with both short and long chains being formed. From Figure 2.3a, it can be scen that the
branch contains a terminal methyl (-CH;) group. A convenient way of characterizing branching
is by the number of methyl groups per 1000 carbon atoms. Figure 2.5 is a schematic representa-
tion of lingar and branched polymers of which HDPE short chain branches (SCB) and LDPE with
long-chain branches (LCB) are good examples.

The branch chains prevent close packing of the main polymer chains, resulting in the produc-
tion of PEs of relatively low density (typically 210-940kg m~). MWs also tend to be relatively low.
The great length of the polymer chains results in a certain amount of entanglement that prevents
complete crystallization on cooling. When the polymer melt is cooled slowly, the crystallites may
form spherulites.

The crystallinity of LDPE usually varies between 55% and 70%. The softening point is also
affected by chain branching. The attractive forces between the chains are reduced because they are
unable to approach cach other closely, and, therefore, less encrgy (in the form of heat) is necessary
to cause them to move relative to cach other and thus flow. The softening point of LDPE is just
below 100°C, thus precluding the use of steam to sterilize it in certain food packaging applications.

LDPE is a tough, slightly transhucent material that can be blow exiruded into tubular filim, or
extruded through a shit die and chill-roll cast, the latter process giving a clearer film. It has good ten-
sile strength, burst strength, impact resistance and tear strength, retaining its strength down to —60°C.
While it is an excellent barrier to water and water vapor, it is not a good barrier to gases. One of the
great attributes of LDPE is its ability to be fusion welded to itself to give good, tough, liquid-tight
seals. It cannot be sealed by high-frequency methods. It has excellent chemical resistance, particu-
farby to acids, alkalis and inorganic solutions, but is sensitive to hydrocarbons, halogenated hydrocar-
bous, oils and greases. These latter compounds are absorbed by the LDPE, which then swells.

When a polymer is stressed in air to just below its yield point, stress cracking can occur after
a certain period of time. However, when simultaneously exposed to both stress and a chemical
medium, there i8 a dramatic reduction in the time to failure. This latter type of failure is termed

Branched polymer

Linear polymer

FIGURE 2.5 Schematic representation of branched and linear polymers showing the larger volturne swept out
by the branched structure, resulting in its lower density. Branches of the main backbone are indicated by nar-
rawer fines; they bave no divect propaortional relationship to cross-sectional dimensions. (From Brown, W.E,,
Plastics in Food Packaging: Properties, Design and Fabrication, Marcel Delker, New York, p. 106, 1992))
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22 Food Packaging: Principles and Practice

environmental stress cracking (ESC) and generally manifests itself as surface-initiated cracks or
brittle failure (Scheirs, 2000). The stress may be internal {e.g., due to inbuilt molding stress) or exter-
naf (such as mechanically applied stress). For example, ESC can occur when filled plastic containers
are stacked on pallets in a warchouse or during transportation. Although ESC results from the inter-
action of the polymer with certain chemicals, it is a purely physical mechanism and not a chemical
reaction {i.c., not a degradation in the true sense). Interactions between the fluid, the stress and the
polymer include local yielding, fluid absorption, plasticization, craze initiation, crack growth and
fracture without irreversible chemical change (i.e., without change in MW). The fhuid only acceler-
ates the mechanism. ESC is strongly related to the crystallinity of the polymer: the higher the crys-
tallinity. the lower is the ESCR (environmental stress crack resistance). To reduce the crystallinity
in polyolefing, comonomers such as butene, hexene, or octene can be used at less than 2%.

Hssential oils (a common component of flavorings) and vegetable oils are capable of causing ESC

in PEs and PS, and whenever a new flavor is introduced for an existing product, adequate testing

wst be carried out to ensure that ESC does not result. ASTM D2561 details test methods to mea-
sure the BESCR of containers, which is the summation of the influence of container design, resin,
blow-molding conditions, posttreatment or other factors that can influence ESC. Three procedures
are provided and procedure A can be uscful for determiming the effect of container design on the
ESCR of a blow-molded HDPE package containing a liquid food product. However, any tests have
to be correlated with actual ficld performance to be of practical use. The inability to mecasure the
extent of ESC under controlled laboratory conditions makes it very difficult to understand the role
of any one variable, the intevaction between variables and the mechanisms of ESC.

PE is one of the most inert polymers and counstitutes no hazard in normal handling.

Besides films, LDPE also finds use as a rigid packaging material as it can be casily blow molded
into bottles where its flexibility enables the contents to be squeezed out. It is also widely used in the
form of snap-on caps, collapsible tubes and a variety of spouts and other dispensers. The surface of
PE containers can be treated with fiworine after blow molding to form a very thin, polar, cross-linked
surface that decreases the permeability of the PE to nonpolar penetrants. It also eliminates the need
for treating the surface by corona-arce discharge or flame techniques (see Section 5.3.1.2) to improve
printability properties. The process has been cleared by the U.S. Food and Drug Administration
(FDA) for use with food containers.

At the present time, there are many hundreds of grades of LDPE available, most of which differ
in their properties in one way or another. Differences arise from the following variables:

1. Variation in the degree of short chain branching in the polymer

2. Variation in the degree of long chain branching

3. Variation in the average MW

4. Variation in the MWD (which may in part depend on the long-chain branching)

5. Presence of small amounts of comonomer residues

6. Presence of Unpurities or polymerization residues, some of which may be combined with

the polymer

236,12 lLinear Low Density Polvethylene

The first production of LLDPE was made in a solution process in 1960, Atterapts in the 1970s to
prodace LDPE, either by low pressure gas-phase polymerization or by liguid-phase processes simi-
lar to those used for producing HDPE, led to the development of LLDPE and its comumercialization
in 1977. The term linear in LLDPE is used to imply the absence of LCBs. LLDPE has a similar
molecular structure to HDPE and although virtually free of LCBs, it does contain numerous short
side chains. These arise as a vesult of copolymerizing cthylene with a small amount of a higher
alkene (o-olefiny such as butene. An o-olefin has the chemical formula C, H,, and a double bond
at the primary or alpha (&) position. The general formula for ethylene copolymers with o-olefins
ts —CH,—CHR~, where R is T H; in ethylene-I-butene copolymers, n-C,H, in ethylene-1-hexene
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copolymers and n-C H,; in ethylene-1-octene copolymers (Kissin, 2005). An increase in g-olefin
content results in a decrease in crystallinity and density and a significant reduction of the polymer
mechanical modulus (stiffness). Industry convention is not to indicate the presence of a copolymer
such as octene in PE if its concentration is less than 10%.

Due to the linearity of its molecules, LLDPE is more crystailine and, therefore, stiffer but less
transparent than LDPE, resulting in an tncrease of 10°C-15°C in the melting point of LLDPE com-
pared to LDPE. The linearity provides strength, while the branching provides toughness. LLDFPEs
made with hexene and octene have better puncture resistance, impact strength and tear strength, but
are more costly relative to LLDPE made with butene comonomer. The crystaliinity and, consequently,
the density of PE are controlled by the amount and type of o-olefin incorporated into the backbone.
Decreasing a-olefin content leads to higher densities. The concentration of ¢-olefin in a copolymer
varies from 1mol% in MDPE to 2.5-3.5mol% in LLDPE and 10-15mol% in VLDPE (Kissin, 2005).

LLDPE combines the main featurcs of both LDPE and HDPE, a major feature being that
tts MW is narrower than that of LDPE. Generally, the advantages of LLDPE over LDPE are
improved chemical resistance, improved performance at low and high temperatures, higher surface
gloss, higher strength at a given density, better heat sealing properties and a greater resistance o
ESC. In film form, LLDPE has higher tensile strength, puncture resistance, tear propertics and
clongation than LDPE. High-clarity film produced with LLDPE manufactured with metaliocence
catalysts is widely used for food packaging films and blow molding of bottles. The superior proper-
ties of LLDPE have led to its use in new applications for PE as well as the replacement of LEPE and
HDPE in some areas; LLDPE s also often blended with LDPE.

2.3.6.1.3  Very Low Density Polvethvlene

VLDPE (sometimes referred to as ultralow density polyethylene or ULDPE) is a subclass of LLDPE
with a density <915kg m3. It has an a-olefin content (normally octene) of >4 mol% and a crystal-
linity of <25% (Kissin, 2003). In stretch film applications, VLDPE exhibits excellent stretchability
as well as good physical and cling properties. VLDPE can also be utilized for the production of
blown film requiring a combination of excellent optical propertics, outstanding tear and impact
strength and very good sealability. VLIDPE copolymer is also used as a skin layer in cast film
and has excellent low temperature hot tack properties combined with outstanding tear and impact
strength. VEDPE can be blended with other PE and PP-based vesins to enhance clarity, sealability
and toughness of the materials and can be used as a sealant in multilayer film structures. VLDPE
also offers greater low temperature flexibility and flex crack resistance. VLIPE is mostly used for
the packaging of fresh produce, milk, meat and cheese, as well as for the manofacture of multilayer
coextruded film.

2.3.6.14 High Density Polyethylene
Prior to 1950, the only commercial polymer of ethylene was the highly branched polymer LDPE.
The technique for making a lincar polymer was discovered by Nobel laureate Karl Ziegler of
Germany in the early 1950s. Ziegler prepared HDPE by polymerizing ethylene at low pres-
sure and ambient temperatures using mixtures of wricthylahunimim and titanivm tetrachloride.
Another Nobel laurcate, Giulio Natta of Italy (he shared the Nobel Prize for chomistry with
Zicgler in 1963), used these complex coordination catalysts to produce crystalline PP; these are
now known as Ziegler—Natta (Z-N) catalysts. However, the credit for fivst producing stercospe-
cific olefin polymers and HDPE belongs to J. Paul Hogan and Robert Banks of Phillips Petroleum
Company, who did so in 1952 using chromium trioxide supported on a silica-alumina catalyst
(Carraher, 2010).

HDPE is a nonpolar, linear thermoplastic that possesses a much move linear structure than LDPE.
It has up o 90% crystallinity, whereas LDPE exhibits crystallinities as low as 50%. Although some
branch chains are formed, these are short and few in number. HDPE filim is stiffer and harder than
LDPE and densities range from 940 to 975 kg m™. Because HDPE contains a crystailine phase and
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an amorphous phase, the measured density directly reflects the percentage of cach. Typical homo-
polymer is normally 70% crystalline and has a density of 960-965kg m~. Higher densities can be
achicved by low MW and slow cooling. The MW of typical commercial HDPE grades can vary
from 20,000 to >3,000,000, depending on the application. {ts softening point is about 121°C, and its
low temperatore resistance is about the same as LDPE. Tensile and bursting strengths are higher but
tmpact and tear strengths are both lower than LDPE. Of interest is the fact that due to the linear nature
of the HDPE molecules, they tend to align themselves in the direction of flow and, thus, the tear
strength of the film is much lower in the machine direction (MD) than the transverse direction (TD).
This difference can be accentuated by orientation (o give a built-in tear tape effect.

The chemical resistance of HDPE is also superior to that of LDPE and. in particular, it has betier resis-
tance 10 oils and greases. The film offers excellent moisture protection, a much decreased gas perme-
ability compared with LDPE film, but is much more opaque. Heat sealing is considerably more difficult
compared to LDPE film. The melting point is a function of both MW and branch content. A decrease in
MW from ~1,000,000 to 40,000 is accompanied by a decrease in melting point from 137°C t0 128°C.

HDPE film has a white, translucent appearance and, thercfore, tends to compete more with paper
than transparent films. To be competitive with paper on a price-per-unit-area basis, it must be thin,
and, consequently, much of the HDPE film used is only 1012 jim thick.

HDPE is blow melded into bottles for a varicty of food packaging applications, although its uses
in this area have tended to be taken up by PET bottles that generally have better barrier propertics
than HDPE.

The basic properties of various PE filims ave shown in Table 2.4, The melting point of PEs 1is
primarily a function of their densities, the melting point increasing with density, as does the soften-
ing temperature.

236,15 lradiated Polyethviene

Irradiated PE is produced by passing ordinary LDPE film continuously under an clectron beam
accelerator that produces high-energy 8 rays. This converts it to an infusible film, which causes
cross-linking between the chains and gives it exceptional strength from the point of view of stretch
resistance and shrink tension. Other effects include the evolution of H; and a reduction in crystal-
linity. The process slightly reduces gas and water vapor transmission rates but increases the heat
sealing range to make a practical shrink film from PE. The film has good clarity. It is sealed by
welding the overlaps together on a hot plate and shrunk by passing through a hot aiv tunnel at 220°C.

2.3.6.0.6 Folypropvlene

Early attempts to polymerize propylene using the high pressure process used to make LDPE gave
only oily liguids or rubbery solids of no commercial value. Work by Natta in [taly using Ziegler-type
catalysts led to the development in 1954 of a stereospecific catalyst that controlled the position of
cach monomer vnit as it was added to the growing chain, thus giving a polymer of regular struc-
ture. Today, typical processes take place at about 100atm and 60°C. A significant innovation in PP

TABIE 24
Basic Properties of Various PE Films
Gas

Water Vapor W Tensile Softening  CH, Groups
Type of Polyethylene Transmission O, CO,  Strength (MPa}  Point (°C)  per 10060
Low density (920kg m~) 14 560 1350 9-15 120-180 20-33
Medium density (940kg m™) 0.6 225 500 21 120180 5-7
High density (960kg m~) 0.3 125 350 28 135-180 <15
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production has been the Spherizone process technology, which s based on a multizone circalating
reactor (MZCR). In comparison to traditional multistep technologies, the MZCR provides a step
change in the polymer homogeneity of the final product hy continuously circulating the growing
polymeric granules between two interrelated zones where different gas phase compositions are real-
ized (Mei et al., 2009). The Spherizone process can produce all conventional PP grades as well as
new and improved products including highly meodified random copolymers. In addition to traditional
Z-N catalysts, metallocene catalysts are also being introduced in PP manufacture (scc next section).

PP is a liniear polymer containing little or no ansaturation. Depending on the type of catalyst and
polymerization conditions, the molecular stracture of the resulting polymer consists of the three
different types of stereo configurations: isotactic, syndiotactic and atactic, as shown in Figure 2.6.
Industrial processes are designed to minimize the production of atactic PP (where the methyl
groups are randomly distributed on cither side of the chain), which results when polymerization
occurs in the absence of stercospecific catalysts. This noncrystalline material has a density of about
850kg m~ and is soft, tacky and soluble in many solvents. It is a lower-value product and finds use
mainly in hot-melt adhesives.

The most regular crystalline polymer produced by stercospecific catalysts is known as the iso-
tactic form, the name stermnming from the original idea that the methyl groups were always above or
below the horizontal plane. Isotactic PP, the most common commercial form of PP homopolymer,
is never perfectly stercoregular, the degree of isotacticity varying from 88% to 97%. It is a highly
crystalline material with good chemical and heat resistance but poor transparency. Two other forms
are syndiotactic, where the methyl groups alternate above and below the horizontal plane, and ste-
reoblock, where blocks of methyi groups are alternately above and below the horizontal plane. The
regular helices of the isotactic form can pack closely together, whereas the atactic molecules have a
more random arrangeroent.

While atactic PP i3 an amorphous, rubbery material of little value, tsotactic PP is saiff, highly
crystalline and has a high melting point. In commercial polymers, the greater the amount of isotac-
tic material, the greater is the crystallinity and, thus, the greater the softening point, tensile strength
and hardness, all other structural features being equal (Carraher, 2010). Imopact-resistant PP is a
mixture of isotactic PP and amorphous ethylene—propylene copolymer.

PP has a lower density (900kg m~) and a higher softening point (140°C-150°C) than the PEs,
low water vapor transmission, medium gas permeability, good resistance to greases and chemicals,
good abrasion resistance, high teraperature stability, good gloss and high clarity, with the latter two
factors making it ideal for reverse printing.

PP can be blow molded and injection molded, the latter process being widely used to produce
closures for HDPE, PET and glass bottles, as well as thin-walled pots and crates. The 7, of PP is
placed between 10°C and ~20°C with the result that the polymer can become brittle as subzero
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temperatures are approached. The T is in the range of 160°C-178°C, enabling foods inside PP
containers to be sterilized by heat or reheated in microwave ovens. Copolymerization with 4%-15%
cthylene improves the strength and clarity, reduces stiffness, increases impact resistance and low-
ers the 7, and 7. For example, homopolymer PP with 3%-4% atactic fraction has a 7, of ~1657C,
while a random copolymer with 2% ethylene has a 7, of about 150°C. Such copolymers are often
preferred to the homopolymer in injection molding and bottle blowing applications and also find use
in shrink wrapping where the lower melting point is an advantage.

Although free from ESC problems, PP is more susceptible to oxidative degradation at elevated
emperatures, necessitating the inclusion of antioxidants in all commercial PP compounds. Whereas
PE cross-links on oxidation, PP degrades to form lower MW products. A similar effect is observed
when PP is uradiated.

Nomnoriented PP film is often referred to as cast PP film because it is generally made by the chill-
roll cast process, although other methods can be used. PP film is a very versatile material, being
used as a thermoformable sheet, in cast form for film and bags, and as thin, strong biaxially oriented
films for many applications. Cast and oriented PP are sufficiently different that they do not com-
pete for the same end uses, the cost of cast PP being much lower than that of oriented PP. The cast
form has PE-type uses while the oriented form has regenerated celiulose film (RCF)-type uses and
has largely replaced RCF in food packaging applications. Cast PP use in food packaging is limited
owing to its brittleness at below freezing temperatures, and it is generally not recommended for use
with heavy, sharp or dense products unless laminated to stronger, more puncture-resistant rateri-
als. The relatively high temperature resistance of PP permits i3 use as the seal laver in retortable
pouches, hot-filled bottles and microwavable packaging.

In recent years there has been a large increase in the use of oriented polypropylene (OPP)
for food packaging. Wide variations are possible in the extent of orientation in two direc-
tions, leading to a wide range of properties. However, biaxially oriented polypropylene (BOFPP)
film has a high clarity because layering of the crystalline structures reduces the variations in
refractive index across the thickness of the film and this in turn reduces the amount of light
scattering. OFP can be produced by the blown tubular or high expansion bubble process, or the
tenter frame process.

BOPP film has a tensile strength in each direction roughly equal to four times that of cast PP
film. Although tear initiation is difficult, tear resistance after initiation is low. Biaxial orientation
also immproves the moisture barrier properties of PP film and its low-temperature impact strength.
OPP fiim is not considered to be a gas barrier film but this deficiency can be overcome by coating
with PVA(C copolymer. OPP films often have a stiff feel and tend to audibly crinkle.

If heating scaling is required, PP is normally coated with a lower melting point polymer because
shrinkage tends to occur when highly stretched filim s heated. LDPE, PVAC copolymer and acrylic
polymers are used as fusible coatings for OPP film. LDPE is cheaper, but PVd{C copolymer confers
far better resistance to water vapor and O, permeability; acrylic polymer adds no barrier properties
to OPP film.

Another addition to the family of OPP films is white opague film, generally made by the tenter
frame process and known as cavitated or pearlized film because the diffusion of light gives the
film the visual effect of pearlescence. Homopolymer resin is evenly mixed with a smali amount of
foreign particulate matter stch as starch or titanium dioxide. In one product, when the thick filled
sheet is oriented, the PP pulls away from each particle creating an air-filled void or closed cell. After
heat stabtlization, the OPP film is similar to a micropore foamed product. In the second product, the

raterial produced is a filled film without voids, the opacity being a direct result of the amount of
particulate material included in the film. The primary opacification is caused by light rays bounc-
ing off the PP cell walls and the air within each cell. White opaque OPP film is widely used for
cold seals and finds application in snack food packaging, candy-bar overwraps, ice cream novelties,
beverage bottle labels, soup wrappers and other applications that have traditionally used specialty
papet-based packaging materials (Mount, 2009).

088



Structure and Related Properties of Plastic Polymers 27

Another new technology exploits the unique combination of properties, including melt strength,
of PP grades for use in foam applications. For cxample, foamed PP food packaging trays are used
for meat, fish, poultry, fruits and cheese where the material overcomes the typical expanded poly-
styrene (EPS) limitations, that is, aromatics release and susceptibility to cracking (Mei et al., 2009).

2.3.6.1.7 Metallocenes

Metallocenes are a relatively old class of organometallic complexes fivst discovered in 1951, They
are based on a metal atom such as titaniom, zivconium or hafnium. As early as 1957 Natta reported
the (unsuccessful) polymerization of ethylene with a titanocene catalyst. The current interest in
metallocenes originated with a discovery by Kaminsky at the University of Hamburg in the mid-
1970s. While studying a homogenous polymerization system, water was accidentally introduced
into the reactor, leading to an extremely active ethylene polymerization system. Subsequent stud-
ics revealed that the high activity was due to the hydrolysis of the cocatalyst trimethyl aluminum.
Because of the discovery of this new cocatalyst, metallocenes are sometimes called “Kaminsky”
catalysts (Scheirs and Kaminsky, 2000).

Metallocene-based catalyst technology has revolutionized the pelyolefin industry, particu-
tarly in the PE and PP markets. Metallocenes have been deemed the single-most important
development in catalyst technology since the discovery of Z-N catalysts. Compared to conven-
tional Z—N technology, metallocencs offer some significant process advantages and produce
polymers with very favorable properties. The development of metallocene polymers has brought
forth the concept of single-site catalysis of which metallocencs are just one example, albeit the
first commercial success.

Metallocene catalysts allow the production of consistent, controllable molecular polymer strue-
wires that can be designed to improve toughness, provide excellent finpact resistance, reduced haze
and better clarity (Janiak, 2002). Since 1991, various polyolefins have been produced with the aid
of single-site metallocene catalysts. By aliering the metallocene structure, the types of polymers
produced can be controlled. This characteristic of metallocenes is very important when producing
polymers that can have different side branches such as isotactic and syndiotactic PP. These new
polymers have features such as lower melting points, better optical characteristics, better heat sta-
hility, increased impact strength and toughness, better melt characteristics and improved clarity as
filins. These advantages are obtained through the control of polymer MW, MWD (climination of
both high- and low-MW fractions}, comonomer distribution and content and tacticity.

Metallocenes are important in the production of PE in that they aliow the control of side branch-
ing due to the single activity site found at the metal center. Traditional Z-N catalysts are hard o
control because they have several active sites and polymers are produced by adding monomers to
the end of the chain.

Using traditional catalysts, PP is produced as a mixture of the three forms consisting of 95% iso-
tactic, some undesirable atactic and even less of the syndiotactic PP. With metallocene technology,
the amount of cach type of PP can be controlled through changes in the catalysts stereochemistry.
Isotactic PP made with classical Z-N catalysts still has some atactic fractions. The presence of atac-
tic PP fractions reduces stiffness, heat distortion femperature and cleanliness. The absence of atactic
PP in metallocene isotactic PP means higher stiffness, higher use temperature and lower extractable
content (Janiak, 2002). New isotactic PP resins can be produced with improved stercoregularity and
controfled comonomer content resulting in higher stiffness, clarity and melt strength. Comonomers
employed to produce these enhanced PP resins include ethylene, butene and octene. To differentiate
polymers produced with metallocenes from polymers manufactured using older, conventional cata-
fysts, a lower case m is placed in front of the polymer abbreviation, for example, mLDPE.

Metallocene-catalyzed resins have expanded beyond PEs and PPs to polystyrenes, ethylene—
styrene copolymers and cyclic olefin copolymers, and polymers made using metallocene cata-
tysts have achieved significant market penetration in a wide array of applications including food
packaging films and stretch/shrink films.
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REMARKS

Applicant respectfully requests reconsideration of the present application in view of the

foregoing amendments and for at least the reasons that follow.

L Allowable Subject Matter

Applicant thanks Examiner Farah for indicating in the Office Action that claims 3, 4, 6-8
and 17-20 would be allowable if rewritten to overcome the indefiniteness rejections discussed
below and to include all the limitations of their base claim and any intervening claims. As
discussed in more detail below, independent claims 1 and 16 are rewritten to include allowable
subject matter. Claim 5 is rewritten into independent form, with further revisions as discussed
during the interview summarized below. Applicant therefore respectfully submits that the

amendments place the application in condition for allowance.
IL. Claim Status

Claims 1-23 were pending, with claims 9-15 and 21-23 withdrawn. Claim 1 is amended
to include allowable subject matter relating to claim 4. Claims 2, 4, 9-15, 17, 18 and 21-23 are
cancelled without prejudice or disclaimer. Claim 5 is rewritten into independent form and
revised to include subject matter supported at least by paras. [0022], [0059], [0066] and [0073]
of the specification as filed. New claims 24 and 25 include subject matter also supported by at

least these portions of the disclosure.

Claim 8 is amended for antecedent basis purposes. Claim 16 is amended to include
allowable subject matter relating to claim 17. Claim 20 is amended for consistency with the
amendments to claim 16. The amendments are made without acquiescing to the propriety of any
rejection and without adding new matter. Upon entry of the amendments, claims 1, 3, 5-8, 16,

19, 20, 24 and 25 will be pending.

1I1. Record of Interview Substance

Applicant sincerely thanks Examiner Farah for the courtesy of the telephone interview on
October 10, 2018 with inventor Mr. Scott Lundahl and Applicant’s undersigned representatives.

During the interview, the foregoing amendment to claim 8 was discussed and agreed to

5
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overcome the indefiniteness rejection. The inventor and Applicant’s representatives explained
that the term “low density polyethylene” is a well-known term of art and would not be unclear to
those of skill in the art. The appended evidence to that effect was discussed. Examiner Farah
indicated that these remarks and evidence would be given further consideration. The status of
claim 5 was discussed, in addition to the term “upper extremity,” as previously recited in claim
5. Examiner Farah indicated that amendments to claim 5 would overcome the prior art.

Applicant sincerely appreciates these indications and thanks Examiner Farah for his time.

1V. Requirements for Restriction and Species Election

Applicant acknowledges the comments in section 4 of the Office Action concerning the
species election response filed April 13, 2018. Applicant respectfully disagrees with certain
characterizations in this portion of the Office Action, including that the species recite mutually

exclusive characteristics.

V. Claim Rejections under 35 U.S.C. § 112

Claims 1-8 and 16-20 are rejected under 35 U.S.C. § 112(b) or 35 U.S.C. § 112 (pre-
AIA), second paragraph, as allegedly being indefinite. For at least the following reasons, the

rejections should be withdrawn.

The Office Action states that there is insufficient antecedent basis for “the maximum
plasma” in claim 8. Claim 8 is amended in a manner agreed during the interview of October 10,

2018 to overcome the rejection.

The Office Action states that the term “low” in claim 1, line 5 and claim 16, line 6 is “a
relative term which renders the claim indefinite,” and that “the term “low density” is not defined
by the claim, the specification does not provide a standard for ascertaining the requisite degree,
and one of ordinary skill in the art would not be reasonably apprised of the scope of the

invention.”

Applicant respectfully disagrees that the term “low density” renders indefinite claims 1
and 16 and their dependents. The term “low density” is found in the recitation “a low density

polyethylene barrier” in claims 1 and 16. Per MPEP 2173.02.11L B, in response to an

4812-6632-7673.1
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indefiniteness rejection, an applicant may resolve alleged ambiguity by “showing that a person of
ordinary skill in the relevant art would not consider the claim language unclear” (citing /n re
Packard, 751 F.3d 1307, 1311 (Fed. Cir. 2014)). The skilled artisan would not consider the

recited “low density polyethylene barrier” unclear for at least the following reasons.

The term “low density polyethylene” (LDPE) is a very well-known term in the polymer

science and packaging industry. For example, an industry guide (copy attached) discuses types
of polyethylene and states that “The two most common types in production today are HDPE and
LDPE” (see page 5, emphasis added).!

The Guide further states that “LDPE stands for low density polyethylene” and that “[i]t
was the first type of polyethylene that was commercially produced. It was developed in 1933 by

Imperial Chemical Industries (ICI)” (emphasis added).

Additionally, a food packaging textbook (“Robertson,” excerpt attached) states that
“Polyolefins form an important class of thermoplastics and include low, very low, linear,
medium and high density PEs and polypropylene (PP). Industry commonly divides PEs into
the following broad categories based on density: HDPE 940-975 kg m~®, MDPE 926-940 kg
m~, LDPE 915940 kg m~3, LLDPE 915-925 kg m~>, VLDPE 880-915 kg m™* (emphasis

added).? Robertson further states that LDPE is “the largest volume single polymer used in food

293

packaging in both the film and blow molded form[s].

In view of the examples from relevant technical literature mentioned above, it is clear
that the term “low density polyethylene” is a well-known term of art, and that low density
polyethylene itself was developed in the packaging industry over 80 years ago. Also, the
specification identifies trade names for various brands of low density polyethylene products in
Tables 1 and 2. The skilled artisan would therefore be familiar with this term and would

understand what is meant by “a low density polyethylene barrier” as recited in claims 1 and 16.

! National Association of Container Distributors, “The Definitive Guide to Plastics for the Packaging
Industry,” available at https://www.nacd.net/pdf/07102015 NACD_Guide ToPlastics_1-1.pdf (pdf creation date
July 15, 2015, last accessed September 8, 2018) (attached).

2 Section 2.3.6.1, Chapter 2, G. Robertson, FOOD PACKAGING PRINCIPLES AND PRACTICE, 3™ Ed., CRC
Press: Boca Raton, FL (2013). Applicant is submitting an excerpt of the textbook but would be pleased to provide
additional portions or the entirety of this reference upon request.

3 See the Robertson textbook cited above at Section 2.3.6.1.1.

4812-6632-7673.1
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For at least these reasons, claims 1 and 16 and their dependents are not unclear. For
similar reasons, independent claim 5 is also not unclear. Applicant respectfully solicits favorable

consideration and withdrawal of the rejection.

VI. Claim Rejections under 35 U.S.C. § 102

Claims 1, 2, 5 and 16 are rejected under 35 U.S.C. § 102(a)(1) as allegedly anticipated by
U.S. Patent Publication No. 2009/0324727 (“Foguet Roca”). Claims 1 and 16 are rejected under
35 U.S.C. § 102(a)(1) as allegedly anticipated by U.S. Patent Publication No. 2011/0053965

(“Trigiante”). For at least the following reasons, the rejections should be withdrawn.

Without conceding to the propriety of the rejections, independent claims 1 and 16 are
amended to include indicated allowable subject matter, and claim 2 is cancelled without
prejudice or disclaimer. Claim 1, as amended, includes indicated allowable subject matter
relating to claim 4. Claim 16, as amended, includes indicated allowable subject matter relating

to claim 17.

Claim 5 is amended so as to recite “/a] method of enhancing penetration of a topical
composition of 5-aminolevulinic acid (ALA) into tissue for photodynamic therapy, the method
comprising topically applying ALA to a treatment area to be treated with photodynamic therapy;
and after the ALA is applied to the treatment area, covering the treatment area with a low
density polyethylene barrier prior to light treatment to minimize transepidermal water loss from

the treatment area, wherein the treatment area is located on a hand or a forearm.”

Neither of the cited references discloses or teaches a method including the combination
of features recited in amended claim 5. As noted above, during the interview of October 10,
2018, Examiner Farah indicated that such amendments would overcome the prior art.
Accordingly, Applicant respectfully submits that amended claim 5 is allowable, and that new
claims 24 and 25 are allowable by virtue of their dependence from claim 5, in addition to their

respective recitations.

In view of the foregoing, favorable reconsideration and withdrawal of the rejections are

respectfully requested.

4812-6632-7673.1
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VII. Conclusion

Applicant believes that the present application is now in condition for allowance.

Favorable reconsideration of the application is respectfully requested.

The Examiner is invited to contact the undersigned to advance the prosecution of the

present application.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to
Deposit Account No. 19-0741.

If any extensions of time are needed for timely acceptance of papers submitted herewith,
Applicant hereby petitions for such extension under 37 C.F.R. § 1.136 and authorizes payment of

any such extension fees to Deposit Account No. 19-0741.

Respectfully submitted,

Date: November 2, 2018 By /Kiri Lee Sharon/

FOLEY & LARDNER LLP Glenn Law

Customer Number: 22428 Attorney for Applicant
Telephone: (202) 672-5426 Registration No. 34,371

Facsimile: (202) 672-5399

Kiri Lee Sharon
Attorney for Applicant
Registration No. 71,828

Telephone: (202) 295-4092
Facsimile: (202) 672-5399
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the application:

1. (Currently Amended) A method of enhancing penetration of a topical composition of 5-
aminolevulinic acid (ALA) into tissue for photodynamic therapy, the method comprising:
topically applying ALA to a treatment area to be treated with photodynamic therapy;
[[and]]
after the ALA is applied to the treatment area, covering the treatment area with a low
density polyethylene barrier prior to light treatment to minimize transepidermal water loss from
the treatment area; and

removing the low density polyethylene barrier within 3 hours and then applying light to

the treatment area.

2. (Cancelled).

3. (Original) A method as set forth in claim 1, wherein the low density polyethylene barrier
is removed from the treatment area within 3 hours to avoid excessive irritation while maintaining
therapeutic efficacy.

4. (Cancelled).

5. (Currently Amended) A method as-setforth-+r-elatm35 of enhancing penetration of a

topical composition of 5-aminolevulinic acid (ALA) into tissue for photodynamic therapy. the

method comprising:

topically applving ALA to a treatment area to be treated with photodynamic therapy: and

after the ALA is applied to the treatment area, covering the treatment area with a low

density polyethylene barrier prior to light treatment to minimize transepidermal water loss from

the treatment area,

wherein the treatment area is located on a hand or a forearm an-upperextremity.

4812-6632-7673.1
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6. (Original) A method as set forth in claim 1, wherein the low density polyethylene barrier
is removed from the treatment area within 3 hours and then blue light is applied to the treatment

area for a 10 J/cm? light dose.

7. (Original) A method as set forth in claim 5, wherein the low density polyethylene barrier
is removed from the treatment area and then red light is applied to the treatment area for a 10 to

75 J/em? light dose.

8. (Currently Amended). The method of claim 1, wherein [[the]] a maximum plasma

concentration of ALA following application of the ALA is less than about 110ng/mL.

9.-15. (Cancelled).

16. (Currently Amended) A method of using 5-aminolevulinic acid (ALA) and a low density
polyethylene barrier, comprising:

contacting a treatment site with a composition comprising the ALA so as to wet the
treatment site; [[and]]

following wetting of the treatment site, covering the wetted treatment site with the low
density polyethylene barrier;

removing the low density polyethylene barrier so as to expose the treatment site; and

illuminating the exposed treatment site with an illuminator so as to deliver a 10 J/cm?

dose of blue light.

17.-18. (Cancelled).

19. (Original) The method of claim 16, wherein the low density polyethylene barrier is

removed no later than three hours after the treatment site is covered.

20. (Currently Amended) The method of claim 16, further comprising:
o the low densi Iyethylene barrier: and

4812-6632-7673.1
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positioning the treatment site between two inches and four inches from a surface of

[[an]] the illuminator.

21.-23. (Cancelled).

24.  (New) The method as set forth in claim 5, wherein the treatment area is a dorsal surface
of the hand.
25.  (New) The method as set forth in claim 5, wherein the treatment area is a dorsal surface

of the forearm.
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METHOD AND APPARATUS FOR OPTICAL INHIBITION
OF PHOTODYNAMIC THERAPY

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit of U.S. provisional patent
application number 60/946,536, filed June 27, 2007. The disclosure of which is incorporated

by reference herein in it’s entirety.
FIELD OF THE INVENTION

[0002] The present invention relates to methods and apparatus for protecting non-target

tissue (e.g., epithelial tissue) during photodynamic therapy using optical inhibition.

BACKGROUND

[0003] Photodynamic therapy (“PDT”) generally involves a local or systemic application of
a light-absorbing photosensitive agent, or photosensitizer, which may accumulate selectively in
certain target tissues. Upon irradiation with electromagnetic radiation, such as visible light of
an appropriate wavelength, reactive oxygen species (e.g., singlet oxygen and/or free radicals)
may be produced in cells or other tissue containing the photosensitizer, which promotes cell
damage or death. The oxidative damage from these reactive intermediates is generally
localized to the cells or structures at which the photosensitizer is present. PDT treatments
therefore may be capable of ‘targeting’ specific cells and lesions, for example, if the
photosensitizer is present in significant quantity only at desired target sites and/or light

activation is performed only at such target sites.

[0004] A precursor photosensitizer, such as aminolevulinic acid (“ALA”) or ALA-ester,
which converts into a photosensitizer (e.g., a porphyrin) when it metabolizes, can also be used
in PDT treatments. ALA is an FDA-approved topical PDT agent. ALA can be the first
committed precursor of heme synthesis, and occurs naturally in mammalian cells. When
supplied in excess, ALA can overdrive the heme synthesis pathway until intracellular iron
stores are depleted, after which photosensitizing porphyrins (e.g., protoporphyrin IX) may
accumulate in tissues as described, e.g., in Kennedy et al., “Photodynamic therapy with
endogenous protoporphyrin IX: basic principles and present clinical experience,” J Photochem

Photobiol B (1990), 6:143-148; Kennedy et al., “Endogenous protoporphyrin IX, a clinically

110



10

15

20

25

30

WO 2009/003173 PCT/US2008/068593

-0

useful photosensitizer for photodynamic therapy,” J Photochem Photobiol B: Biol (1992),
14:275-92; and Kennedy et al., “Photodynamic therapy (PDT) and photodiagnosis (PD) using
endogenous photosensitization induced by 5-aminolevulinic acid (ALA): mechanisms and

clinical results,” J Clin Laser Med Surg (1996), 14:289-304.

[0005] PDT has been used to treat various medical conditions, including infectious diseases,
malignant diseases (such as skin cancers, lymphomas, etc), premalignant conditions (as actinic
keratosis), viral warts, hair removal, etc. in many different medical fields, including

dermatology, ophthalmology, oncology, and others.

[0006] For example, ALA-PDT is a potent, long-lasting treatment for severe and scarring
acne vulgaris, a common skin disease caused by abnormalities of sebaceous follicles in skin
that can lead to permanent scars and disfigurement. PDT is observed to have about the same
potency as oral isotretinoin (Accutane®), a very effective treatment. However, isotretinoin,
which suppresses sebaceous (oil) gland function in the skin, is dangerous because it may cause
birth defects if a woman becomes pregnant during or after taking the drug. PDT treatment can
pose a far lower risk than application of oral isotretinoin, is less expensive and has fewer side
effects, does not require blood tests, can be used in women of childbearing potential, and can
efficiently control severe acne. A course of 1-4 PDT treatments given over 3 months typically
inhibits acne for a period varying between several months to permanently. Retreatment can be
performed as needed. However, PDT treatment of acne vulgaris using ALA and/or methyl-
ALA can have undesirable side effects such as epidermal photosensitization, which causes pain
during light exposure, sunburn-like reactions, and/or post-treatment pigmentation as described,
e.g., in Hongcharu et al, “Topical ALA-photodynamic therapy for the treatment of acne
vulgaris,” J Invest Dermatol, 115, 183-192 (2000).

[0007]  Although PDT techniques using a photosensitizer or precursor photosensitizer can be
effective for certain applications, it is often difficult to control application to the treatment area.
For example, the photosensitizer or precursor photosensitizer can be absorbed and/or
accumulate in healthy tissues as well as the target tissue. In hair removal, for example, a
photosensitizer or precursor photosensitizer that is applied to the skin topically may be
absorbed by both the epidermal and dermal layers of the skin. As a result, application of light

can cause phototoxicity to the epidermis, which can lead to long-lasting hyperpigmentation or
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epidermal necrosis. In general, PDT treatments of subepithelial tissue using topically-applied

photosensitizers often leads to unwanted damage to the epithelial tissue.

[0008] Thermal or chemical inhibition of photosensitizer formation in epithelial tissue from
precursors can be used to reduce unwanted damage to such tissue. However, it may be difficult
to accurately control the formation and accumulation of photosensitizers in particular tissues
and/or tissue layers using thermal or chemical techniques. Also, such techniques can further

interfere with the PDT process when using photosensitizers such as ALA.

[0009] Accordingly, there is a need for an improved method and apparatus for photodynamic
therapy that can reduce or eliminate damage to epithelial tissue in a controllable manner while

allowing treatment of underlying targeted tissue.

OBJECTS AND SUMMARY OF THE INVENTION

[0010] Although various photosensitizer and ALA-induced PDT techniques provide an
effective treatment for many conditions, accumulation of precursor photosensitizers and/or
photosensitizers may generally not be selective. Thus, the precursor photosensitizer can
metabolize into a photosensitizer in both surface tissue and underlying targeted tissue, thereby
potentially causing unintended damage to non-targeted, healthy surface tissue during
subsequent PDT treatment. Exemplary embodiments of the present invention provide methods
and devices for preventing or reducing the extent or likelihood of unwanted damage to

epithelial tissue, or other non-targeted tissues, during PDT.

[0011] In one aspect of the present invention, a method is provided for applying a precursor
photosensitizer to an anatomical structure, and then applying a first inhibiting radiation to the
anatomical structure. The first inhibiting radiation is configured to substantially reduce or
eliminate the presence of a photosensitizer within a first region of the anatomical structure,
such as a surface or epithelial region, by inhibiting or preventing formation of the
photosensitizer from the precursor photosensitizer. A second radiation is then applied to the
anatomical structure to produce a phototoxic species from the photosensitizer located in a
second region of the anatomical structure. The first region may be substantially unaffected by
the second radiation, and the second region can contain particular target sites which are to be
damaged by the phototoxic species. Preferably, the first radiation is applied at a lower level

(e.g., lower fluence and/or irradiance) than the second radiation. The first and second radiation
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can be applied at different wavelengths or wavelength bands (e.g., a first wavelength of the first

inhibiting radiation can be shorter than a second wavelength of the second radiation).

[0012] In embodiments of the present invention, the first inhibiting radiation has a
wavelength that is between about 320 nm and about 850 nm, or preferably between about 320
nm and about 450 nm, and the second radiation has a wavelength that is between about 470 nm
and about 700 nm, or more preferably between about 625 nm and about 645 nm if, e.g., ALA,
ALA derivatives, or porphyrins are used. Other wavelengths may be used as appropriate with

different precursor photosensitizers.

[0013] In further embodiments of the present invention, the first inhibiting radiation is
applied with an irradiance that is between about 0.01 mW/cm® and about 30 mW/cm” and a
total fluence that is between about 1 and about 100 J/cm®. The inhibiting radiation is preferably
applied within 30 minutes of application of the precursor photosensitizer (e.g., an ALA
solution) to the tissue, or more preferably less than about 15 minutes after applying the

precursor photosensitizer.

[0014] For example, exemplary embodiments of the present invention may be used for
controlling the application of PDT induced using a precursor photosensitizer, and in particular
for preventing damage to epithelial tissue, such as the epidermis, during PDT. A precursor
photosensitizer, such as a porphyrin precursor, is administered to a targeted treatment site by
topical application or injection. The precursor photosensitizer is absorbed through the
surrounding tissue and into tissue at the targeted site, where it is generally metabolized and
converted into a photosensitizer, such as a porphyin. Formation of the photosensitizer is
inhibited or prevented in epithelial tissue surrounding the targeted treatment site by application
of an inhibiting radiation. The targeted site is then irradiated with a treatment radiation to
activate the photosensitizer and damage tissue at the targeted treatment site, while epithelial
tissue surrounding the targeted treatment site remains substantially unaffected. The treatment
radiation is preferably applied within 30 minutes after exposure to the inhibiting radiation is
stopped, or more preferably less than about 15 minutes after ending the application of the

inhibiting radiation.

[0015] In further embodiments, metabolism of the precursor photosensitizer in non-targeted
epithelial tissue surrounding the targeted treatment site is inhibited by exposing the tissue to

electromagnetic radiation. For example. electromagnetic radiation that is highly absorbed
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and/or scattered by the epithelial tissue can be applied, such that a sufficient exposure dose of
the radiation does not penetrate to the targeted site to any significant degree. Inhibition of the
metabolism of the precursor photosensitizer is thereby confined to regions above a particular
depth of the epithelial tissue, and the photosensitizer may still form and accumulate within the
targeted site. Subsequent PDT treatment with application of a treatment radiation can lead to
cellular damage or death within the targeted site, while leaving the epithelial tissue relatively

undamaged because of a relative lack of photosensitizers therein.

[0016] In another embodiment, a method is provided for treating a disorder of the skin in a
subject by administering 5-aminolevulinic acid to the subject and applying a first inhibiting
radiation to the skin of the subject in an amount and duration sufficient to reduce
protoporphyrin IX accumulation within the epidermis of the skin. A second radiation is then
applied to the skin of the subject an amount and duration sufficient to produce a phototoxic
species from the protoporphyrin IX located in dermis of the skin. The epidermis may be
substantially unaffected by the second radiation, thereby treating the disorder of the skin in the
subject. The first inhibiting radiation can, if desired, be applied continuously during the period
of metabolism which occurs after administration of the 5-aminolevulinic acid or similar

precursor photosensitizer.

[0017] In still further embodiments, a photobleachable compound such as, e.g., a porphyrin,
is used as a photosensitizer. Such photosensitizers can be photobleached in non-targeted tissue
by exposing the non-targeted tissue to electromagnetic radiation having an appropriate
irradiance, fluence and wavelength to photobleach the agent without forming sufficient reactive
oxygen species or otherwise causing cellular damage or death. The photosensitizer is thus
“deactivated” in certain tissue regions and can still accumulate within the targeted site. Again,
subsequent PDT treatment leads to cellular damage or death within the targeted site, while
leaving the epithelial tissue relatively undamaged because of the relative lack of
photosensitizers therein. The radiation used to photobleach a compound is preferably provided
at a lower fluence and/or irradiance than the radiation subsequently applied during PDT
treatment. The wavelength of the photobleaching radiation may also be different than that of
the PDT treatment radiation. For example, the photobleaching radiation may have a shorter
wavelength than the PDT treatment radiation, such that it does not penetrate as deeply into the

tissue, allowing unbleached compounds to remain in higher concentrations at deeper levels
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within the tissue. The delay time between applying the photosensitizer and applying the
photobleaching light can be optimized to allow accumulation of photosensitizer in the target

tissue as compared with the non-target tissue, as described in more detail below.

[0018] Photobleachable photosensitizers that may be used in embodiments of the present
invention include, but are not limited to, a porphyrin, chlorin, porphycene, purpurin,
phthalocyanine, naphthalocyanine, bacteriochlorin, benzophenothiazine, tetracycline,

methylene blue, and/or hypericin.

[0019] In certain embodiments, the first inhibiting radiation has a wavelength between about
320 nm and about 800 nm, or preferably between about 380 nm and about 420 nm. In other
embodiments, the first inhibiting radiation is applied at an irradiance that is between about 0.1
mW/cm® and about 30 mW/cmZ, and a fluence that is between about 1 J/cm? and about 100
J/em®. In further embodiments, the second radiation has a wavelength between about 400 nm
and about 900 nm, preferably between about 600 nm and about 800 nm, or even more

preferably between about 625 nm and about 720 nm.

[0020] In a further aspect, embodiments of the present invention provide an apparatus for
performing PDT treatment that avoids significant damage to epithelial tissue. The apparatus
includes an inhibiting radiation source, which can be configured to prevent or reduce the
formation of photosensitizers in the epithelial tissue above a targeted treatment site or,
alternatively, to photobleach photosensitizers in certain regions of tissue near the targeted site.
A treatment radiation source is provided, where the treatment radiation is configured to activate
the photosensitizers located at the target site while leaving the epithelial tissue essentially
unaffected because of the lack of photosensitizers in that tissue. A controller and delivery
arrangement are also provided to control parameters associated with the inhibiting and
treatment radiation sources, and to direct the radiations toward the tissue being treated. The
apparatus may also include an arrangement configured to cool the surface of the tissue being
treated. Optionally, a sensing device is provided to detect one or more characteristics of the
tissue being treated, and to communicate with the controller such that the controller may vary
one or more parameters of the inhibiting and/or treatment radiations based on the detected

characteristics.
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[0021] The inhibiting radiation can have a wavelength that is shorter than that of the
treatment radiation, e.g., it may be green, blue or near-UV light. The inhibiting radiation may
thus be scattered and absorbed more than the treatment radiation, such that the treatment
radiation penetrates more deeply into the tissue than the inhibiting radiation. This difference in
the radiation characteristics allows formation and accumulation of photosensitizers at target
sites deeper within the tissue. For example, the inhibiting radiation can have a wavelength
between about 320 nm and about 450 nm, or between about 380 and about 430 nm. In certain
embodiments, the inhibiting radiation has a longer wavelength, and may include green, yellow,
orange or even red light at wavelengths, fluences and/or irradiances capable of suppressing
accumulation of photosensitizer during metabolism of the precursor photosensitizer used. For
example, the inhibiting radiation may have a wavelength between about 320 nm and about 850

nm.

[0022] Characteristics of the treatment radiation are generally selected such that it can
penetrate the tissue to a sufficient depth to reach the target sites. The treatment radiation can
thus have, for example, a wavelength between about 630 nm and about 640 nm. The treatment

radiation generally has a higher fluence and/or irradiance than the inhibiting radiation.

[0023] In further embodiments, cooling and/or radiative heating of the tissue being treated is
provided. Cooling can be performed before, during and/or after application of the inhibiting
radiation and/or treatment radiation. Such cooling can reduce discomfort during the PDT
procedure, and may also further inhibit metabolism of pre-photosynthesizers in epithelial
tissue. Radiative heating provided prior to application of the treatment radiation can enhance

accumulation of photosensitizers at target sites to promote more effective treatment.

[0024] Embodiments of the present invention can be used to treat various conditions,
including hair removal, acne, tumors, cysts, malformed blood vessels, cutaneous nevi, adnexal
tumors, syringomas, cutaneous T cell lymphomas, squamous carcinomas, basal cell

carcinomas, or cutaneous warts.

[0025] These and other objects, features and advantages of the present invention will
become apparent upon reading the following detailed description of embodiments of the

invention, when taken in conjunction with the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Further objects, features and advantages of the invention will become apparent from
the following detailed description taken in conjunction with the accompanying figures showing

1llustrative embodiments of the invention, in which:

[0027] Fig. 1 is an exemplary cross-section of a portion of an anatomical structure showing

several features of skin tissue;

[0028] Fig. 2 is a schematic diagram of an exemplary procedure in accordance with

exemplary embodiments of the present invention on the portion of an anatomical structure;

[0029] Fig. 3 is a block diagram of an exemplary apparatus/system which may be used in

accordance with exemplary embodiments of the present invention;

[0030] Fig. 4 is a schematic diagram of a further exemplary system which may be used in

accordance with exemplary embodiments of the present invention;

[0031] Fig. 5 is a flowchart of an exemplary method in accordance with exemplary

embodiments of the present invention;
[0032] Fig. 6 depicts blue light inhibiting ALA-PDT;

[0033] Fig. 7 depicts exemplary clinical photographs taken after 24 hours demonstrating
temperature modulating PDT reaction under two different incubation times (180 minutes and

30 minutes), for 0.1% injected ALA and 20% topical ALA, with 632 nm LED irradiation
® 2
(Omnilux ) applied to all sites (200 J/cm ) after incubation;

[0034] Fig. 8 is an exemplary graph of incubation times observed for metabolization of

precursors photosensitizer;

[0035] Fig. 9a is a schematic illustration of exemplary absorption behavior of a radiation

beam that is approximately normal to a tissue surface; and

[0036] Fig. 9b is a schematic illustration of exemplary absorption behavior of a radiation

beam that is provided at an acute incident angle to the tissue surface shown in Fig. 9a.

[0037] While the present invention will now be described in detail with reference to the

figures, it is done so in connection with the illustrative embodiments.

DETAILED DESCRIPTION
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I. DEFINITIONS

[0038] As used herein, the phrase “anatomical structure” refers to, but is not limited to, a

complex structure or system of the body having multiple layers and/or regions.

[0039] As used herein, the phrase “inhibiting radiation” refers to, but is not limited to,
radiation provided at a suitable wavelength and in an amount and duration sufficient to: 1)
reduce conversion of a precursor photosensitizer into a photosensitizer, or 2) photobleach a
photosensitizer. The effects of such radiation may be more easily controlled by administering

the radiation at a low level of irradiance and fluence.

[0040]  As used herein, the term “photobleach” refers to, but is not limited to, treatment of a
photosensitizer with an optical radiation in a spectrum that can be absorbed by the
photosensitizer, but may not be of a sufficient excitation wavelength (e.g., the optical radiation

causes little or no phototoxic species to be produced).

[0041] As used herein, the term "photosensitizer” refers to, but is not limited to, a
photoactivatable compound that can produce a reactive species (e.g., singlet oxygen, free
radicals, reactive excited state or cleavage products of the photosensitizer) which may have a

toxic effect on a cell, cellular component or biomolecule.

[0042]  As used herein, the phrase “precursor photosensitizer” refers to, but is not limited to,

any agent or prodrug that can be converted in vivo (e.g., metabolically) into a photosensitizer.

[0043] As used herein, the phrase “phototoxic species” refers to, but is not limited to, a
reactive species (e.g., singlet oxygen, free radicals, reactive excited state or cleavage products
of the photosensitizer) which is produced from a photosensitizer in the presence of light
administered at an excitation wavelength, where the reactive species can have a toxic effect on

a cell, cellular component or biomolecule.

[0044] As used herein, to “reduce” as it refers to a photosensitizer, can indicate an at least
about 1-fold (for example 1-, 2-, 3-, 4-, 5-, 10-, 20-, 30-, 40-, 50-, 60-, 70-, 80-, 90-, 100-, 1000-
, 10,000-fold or more) less formation or accumulation of a photosensitizer in a subject upon
treatment with inhibiting radiation as compared to without treatment. “Reduce” as it refers to a
photosensitizer can also mean, e.g., at least about 5% (for example 5, 6, 7, 8, 9, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 99 or 100%) less formation or
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accumulation of a photosensitizer in a subject upon treatment with inhibiting radiation than

without treatment.

[0045] As used herein, the phrase “substantially unaffected” refers to, but is not limited to, a
reduction or absence of damage (e.g., a visually undetectable amount), or non-lethal damage
(e.g., oxidative damage) in a region or layer of an anatomical structure receiving inhibiting

radiation prior to photodynamic therapy.

[0046]  As used herein, the phrase “target tissue” refers to, but is not limited to, abnormal or
unhealthy tissue, or a particular tissue structure such as, e.g., sebaceous glands in the skin,

which may be selected for photodynamic therapy.

[0047]  As used herein, the phrase “non-target tissue” refers to, but is not limited to, normal
or healthy tissue or tissue structures or any other tissue in which photodynamic therapy is

undesirable.

LEIT

[0048] In this disclosure, “comprises,” “comprising,” “containing,” “having,” and the like
have the meaning ascribed to them in U.S. Patent law and can mean * includes,” “including,”
and the like; “consisting essentially of” or “consists essentially” likewise has the meaning
ascribed in U.S. Patent law and the term is open-ended, allowing for the presence of more than
that which is recited so long as basic or novel characteristics of that which is recited is not
changed by the presence of more than that which is recited, but excludes prior art

embodiments.

[0049]  Other definitions may appear in context throughout this disclosure.

IL. EXEMPLARY EMBODIMENTS

[0050] The methods and apparatus according to embodiments of the present invention utilize
electromagnetic radiation to control and/or inhibit formation of a photosensitizer from a

precursor photosensitizer administered to certain tissues for PD'T procedures.

[0051] Fig. 1 shows an exemplary cross-section of a skin tissue 100 which can be treated
using exemplary embodiments according to the present invention. The skin tissue 100 includes
a superficial (e.g., epidermal) layer 110, which further includes a stratum corneum 120 — a
thin, nonliving outer layer of skin — and an epidermis 130, which is a superficial epithelial

layer about 0.1 mm thick. The epidermis 130 is often the location of much of the perceived
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pain and undesirable side-effects that can accompany conventional PDT treatment. The dermal
layer of skin 180 can be about 1-4 mm thick, and is located beneath the epidermis 130. The

dermal layer (or dermis) 180 often contains certain targets which may be treated using PDT.

[0052] For example, a sebaceous gland 140 can be a primary target structure for treating
acne using PDT. The sebaceous glands 140 are approximately 0.1-0.5 mm in diameter and are
generally located about 1-3 mm below the epidermal layer 110. A hair-producing portion of a
hair follicle 150 can be another target for the exemplary PDT treatment which can achieve hair
removal. This portion of a hair follicle 150 can extend about 1-5 mm below the epidermal
layer 110. A cellular structure 160 located within the dermis 180 can also be targeted and
treated using PDT. Such structure 160 can include, e.g., a cutaneous tumor, a cyst, a nevus, a
blood vessel or another biological feature. Cellular infiltrates 170 can represent still further
targets, such as cutaneous T cell lymphoma cancer cells, which may also be treated using PDT.
A fatty layer 190, located below the dermal layer 180, can also be targeted for PDT treatment

in certain applications.

[0053] Fig. 2 is a schematic illustration of an exemplary technique applied to the tissue 100
according to exemplary embodiments of the present invention. A precursor photosensitizer is
applied topically to a region of the tissue 100 to be treated, such that it is absorbed into the
volume of a tissue portion 210 which includes target sites 220 to be treated. The tissue portion
210 containing the precursor photosensitizer generally includes a portion of both epiphelial
tissue (e.g., the epidermal layer 110) and the dermal layer 180 (and, optionally, a portion of the
fatty layer 190).

[0054] For example, a precursor photosensitizer such as the porphyrin precursor ALA, can
be topically applied to the tissue surface, e.g., epidermal tissue 110, above a targeted treatment
site 220. The precursor photosensitizer is absorbed through such epidermal tissue 110 and into
tissue 210 located at and around the targeted treatment site. ALA or other precursor
photosensitizers can also be administered orally or by intravascular injection or by direct

injection into tissue, e.g., by intradermal injection of an ALA solution.

[0055] An inhibiting radiation 250 is then directed onto the tissue portion 210. This
inhibiting radiation 250 can have a relatively short wavelength (e.g., blue light) such that it is
mostly absorbed in the superficial layer 110 and does not penetrate into the volume of tissue

containing the target sites 220. The inhibiting radiation 250 can be applied during the time that
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the precursor photosensitizer is being metabolized to form a photosensitizer. Thus, it may
selectively reduce or prevent formation of a photosensitizer in the superficial layer 110, while
not significantly affecting formation of such photosensitizer in the target sites 220 and adjacent
tissue. The photosensitizer can be selected such that, once formed, it preferentially
accumulates at or around the target sites 220. Although only a single local beam of the
inhibiting radiation 250 is shown in Fig. 2, the inhibiting radiation 250 is preferably applied

over most or all of the area where the precursor photosensitizer was applied.

[0056] Parameters associated with the inhibiting radiation 250 (e.g., wavelength, total
fluence, etc.) can be selected to inhibit formation of the photosensitizer to a particular depth
within the tissue. The precursor photosensitizer located in the target sites 220, which is
preferably exposed to a lower irradiance of the inhibiting radiation that does not substantially
inhibit formation of the photosensitizer in the target sites 220, can metabolize into a

photosensitizer, such as the protoporphyrin IX (PpIX).

[0057] A treatment radiation 260 is then directed onto the tissue portion 210. This treatment
radiation 260 is preferably capable of penetrating the tissue to a depth containing the target
sites 220, interacting with the photosensitizer and generating a reaction that can damage or
destroy cells associated with the target sites 220. Upon the application of the treatment
radiation 260 (e.g., light having an appropriate wavelength, fluence and irradiance), the
photosensitizer absorbs such radiation and becomes phototoxic, releasing singlet oxygen or
other intermediates that alter, damage or destroy cells within the target site. Although only a
single local beam of the treatment radiation 260 is shown in Fig. 2, the treatment radiation 260
is preferably applied over most or all of the area where the precursor photosensitizer was
applied. Because the formation of photosensitizers in the superficial layer 110 can be
suppressed by the inhibiting radiation 250, the treatment radiation 260 may have little effect on
the superficial layer 110, and cellular damage or death may be confined primarily to the target

sites 220, and possibly to a lesser degree in other tissue regions below the superficial layer 110.

[0058] Using this exemplary technique, target sites 220 may be treated using PDT
treatments, and damage to tissue in the superficial layer 110 can be avoided or reduced. This
exemplary technique can also reduce pain experienced by a subject and/or post-treatment

sensitivity of the superficial layer 110 to general exposure to light.
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[0059] Exemplary embodiments of the present invention can be used for various applications
such as, e.g., protection of the epidermis 110 during PDT treatment for removal of hair. For
example, a precursor photosensitizer can be topically applied to the epidermal tissue surface
110 above a targeted treatment site 220, and an inhibiting radiation 250 is then directed to the
targeted site 220. This radiation 250 may inhibit metabolism of the precursor photosensitizer
within the epidermal tissue 110, while allowing the precursor photosensitizer to metabolize into
a photosensitizer at hair follicles located in the target site 220. A treatment radiation 260 is
then applied to the targeted treatment site 220 to destroy the hair follicles without damaging the
epidermis 110. Surface cooling (e.g., contact or spray cooling) may optionally be provided
before or during application of the treatment radiation. Such cooling can have an analgesic or

anesthetic effect on the tissue being treated.

[0060] Parameters associated with the inhibiting radiation 250 and the treatment radiation
260 may be selected based on the precursor photosensitizer and photosensitizer used, the depth
and type of the target sites 220, and other relevant factors. Such parameters can include, for
example, irradiance, frequency, total fluence, pulse or continuous wave duration, and/or pulse
repetition rate (frequency) of the applied radiation. The inhibiting radiation 250, e.g., may be a
green or red light, and/or it can have a lower fluence and irradiance than the treatment radiation

260.

[0061] A flowchart of an exemplary method 500 in accordance with embodiments of the
present invention is shown in Fig. 5. A precursor photosensitizer, such as a porphyrin
precursor, is administered to a targeted treatment site (step 510). This can be achieved, for
example, by topically applying the precursor photosensitizer to epithelial tissue surrounding the
targeted site. The precursor photosensitizer is then absorbed through the surrounding tissue and
into tissue at the targeted site, where it can be metabolized and converted into a photosensitizer,
such as a porphyin. Such metabolism of the photosensitizer is inhibited or prevented in
epithelial tissue surrounding the targeted treatment site by application of an inhibiting radiation
(step 520). The targeted site is then irradiated with a treatment radiation to activate the
photosensitizer, e.g., to cause phototoxicity, at the targeted treatment site such that the
epithelial tissue surrounding the targeted treatment site is substantially unaffected (step 530)

because of a lack of photosensitizers there. The treatment radiation is preferably applied within
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30 minutes after exposure to the inhibiting radiation is stopped, or more preferably less than

about 15 minutes after ending the application of the inhibiting radiation.

[0062] Two significant time intervals relate to embodiments of the present invention. The
first interval (the “inhibiting interval”) is the time between application of the precursor
photosensitizer to the tissue being treated and the initial exposure of the tissue to the inhibiting
radiation. The second interval (the “treatment interval”) is the time between when the
inhibiting radiation exposure is stopped and the exposure of the tissue to the treatment radiation
begins. These time intervals should be selected appropriately to allow the precursor
photosensitizer to reach the target regions and metabolize there, while not allowing significant

formation of photosensitizers in the tissue regions to be protected.

[0063] Studies of ALA metabolism and porphyrin accumulation rates have been performed
in anterior ear skin of swine. Such tissue bears many similarities to facial skin tissue in humans
with respect to size and location of relevant tissue layers and target regions such as hair
follicles and sebaceous glands. Topical 20% ALA in a water/alcohol solution was applied to
the skin tissue, and formation of photosensitizers was analyzed based on quantitative

fluorescence analysis of porphyrins formed from the ALA.

[0064] Overall porphyrin fluorescence was not observed until about 30-45 minutes after
application of the ALA solution, although epidermis fluorescence measurement was
statistically significant after only 15 minutes following the ALA application. Between about 30
and 120 minutes following application of the ALA solution, epidermis, hair follicles, and
sebaceous glands became progressively more fluorescent. Eccrine gland fluorescence was
detected starting at about 30 minutes, and sebaceous glands showed fluorescence starting at
about 45-75 minutes. Fluorescence in all sites reached a maximum intensity between about 75
and 180 minutes after application of the ALA solution. There was a trend for hair follicles and
sebaceous glands to express stronger fluorescence compared with epidermis and eccrine glands.

A summary of these results is presented in Fig. 8.

[0065] Based on these observations, it is generally preferable to apply the inhibiting
radiation to tissue within about 30 minutes after topical application of ALA in accordance with
certain embodiments of the present invention. An inhibition interval longer than about 30
minutes may allow undesirably significant formation of photosensitizers in the epithelial tissue.

Preferably the inhibition interval is less than about 15 minutes to further prevent formation of
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significant amounts of photosensitizers in the epithelial layer. Shorter inhibition intervals may

also be used.

[0066] The treatment interval corresponds to the delay between cessation of exposure of
tissue to the inhibiting radiation and application of the treatment radiation. Based on the ALA
metabolism observations described above and shown in Fig. 8, it is also generally preferable to
apply the treatment radiation to tissue within about 30 minutes after the inhibiting radiation is
stopped. A treatment interval longer than about 30 minutes may allow undesirable formation
of photosensitizers in the epithelial layer from ALA still present in the tissue. Preferably the
treatment interval is less than about 15 minutes to further prevent formation of significant
amounts of photosensitizers in the epithelial layer. Even more preferably, the treatment
radiation may be applied within a few minutes after exposure to inhibiting radiation is stopped,

or even immediately thereafter.

[0067] In certain embodiments of the present invention, a photobleachable photosensitizer
such as, e.g., Photofrin may be used instead of (or in addition to) a precursor photosensitizer.
For example, the inhibiting radiation 250 can be applied to bleach a portion of the
photobleachable photosensitizer. Subsequent application of the treatment radiation 260 can
then induce damage or death in cells and tissue containing the unbleached photosensitizer.
Application of the inhibiting radiation 250 can reduce or eliminate prolonged skin

photosensitivity which can often be a side effect of PDT treatments.

[0068] In further embodiments, superficial porphyrin accumulation resulting from topical
application of ALA may be suppressed by blue light exposure during ALA metabolism. For
example, a topical solution of 20% ALA can be applied to a region of skin. The region of skin
can then be exposed to low level irradiance 410 nm blue light to inhibit accumulation of
porphyrins. This light can be applied during the period of ALA metabolism, e.g., immediately
after the application of the topical ALA solution or later in time. It has been observed that
exposure of skin to such low-intensity blue light (e.g., light having a wavelength of 415 nm) at
an irradiance between about 10 mW/cm® and 30 mW/cm® during the period of ALA
metabolism can provide almost complete clinical suppression of epidermal and/or superficial
porphyrin synthesis, and does not itself induce a PDT reaction. Some suppression of
photosensitizer formation was observed for irradiances between about 60 pW/cm® and 3

mW/cm®, No clinical suppresion was observed at less than about 30 pW/cm’. Here, clinical
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suppression refers to a diminished response of the tissue to treatment radiation in subsequent

PDT procedures.

[0069] Red light inhibiting radiation at a wavelength of 633 nm was observed to be less
effective for clinical suppression of photosensitizer formation. Although such red light did not
provide complete clinical suppression of superficial porphyrin synthesis, some clinical

suppression was observed at irradiances between about 14 mW/cm” and about 40 mW/cm”.

[0070] Other types of light, including but not limited to UV-A, blue, green, yellow and red
light, may also be applied during the metabolism period to suppress porphyrin formation and/or
accumulation, The suppression efficiency may depend in part on the absorption characteristics
of the applied light. Such techniques can also be used with similar porphyrin precursor drugs,

e.g., methyl-ester of ALA, that may also be suitable for photodynamic treatment of skin.

[0071] Several types of radiation or light sources may be used to provide the inhibiting
radiation. Such sources include, for example, a fluorescent narrow-band light source, light
emitting diodes (“LEDs”), lasers, arc lamps, or fluorescent and incandescent filtered lamps. In
addition, pulsed or continuous sources can be used. In addition, the inhibiting radiation can be
applied in various patterns, such that photosensitization is inhibited in only some parts of the
non-target tissue. In some applications, the target tissue may be a fraction of a tissue region,
while adjacent fractions are to be spared. Spatially “fractional” treatments using photothermal
methods have been described, e.g., in Khan, M.H. et al, Lasers Surg Med 2005; 9999:1-11, and
Manstein, D. et al, Lasers Surg Med 2004;34:426-438-. Using inhibiting radiation in a pattern

of exposure can create fractional photodynamic therapy.

[0072] Exemplary embodiments of the present invention may also be used to treat organs
other than skin for which optical suppression of porphyrin synthesis in epithelial tissues may be
useful. For example, when treating internal cancers with PDT, vital organs can be damaged
because of insufficient selectively of the PDT reaction. Thus, the use of an inhibitng radiation
or light during the incubation time can selectively suppress PDT reactions in certain areas,
which may protect vital organs and reduce the generation of undesirable side-effects. The
deeper tissue layer may contain the preferred targets for treatment such as hair follicles,
sebaceous glands, eccrine glands, fat, cancer, blood vessels, nerves or other structures, whereas
the superficial protected layer may be an epithelium such as the epidermis, oral or other

mucosa, gastrointestinal or bladder epithelium, etc.
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[0073] The treatment radiation is preferably selected such that it penetrates the tissue to a
sufficient depth to reach the target sites. The rate of oxidative damage that occurs at target sites
should be sufficient during application of the treatment radiation to cause at least the desired
amount of damage to the target sites. In general, the rate of oxidative damage increases with
the local concentration of photosensitizer in the targets, the local concentration of oxygen in the
targets, and the rate of treatment radiation absorption by photosensitizer in the target sites. The
inhibiting radiation can be administered in an amount and duration such that the concentration
of the photosensitizer in the target sites is sufficient for at least a desired amount of damage to
be produced at the target sites, while damage to the non-target sites should be substantially

inhibited.

[0074] Embodiments of the present invention can be used with a variety of precursor
photosensitizers including, e.g., enzyme-activated pre-photosensitizer constructs such as
protease-sensitive oligopeptide conjugates, caged photosensitizers which are un-caged by an
enzyme action, and porphyrin precursors. For example, ALA and similar compounds may be
used as described in U.S. Patent Publication No. 2002/0099094. ALA can be used in a variety
of forms, including in a pharmacologically equivalent form, such as an amide or ester, or as a
salt, such as hydrochloride salt, and it can be topically applied to a tissue (e.g., skin) surface
surrounding a targeted treatment site which may underlie epithelial tissue at the skin surface.
ALA (e.g., 5-aminolevulinic acid) is converted in vivo to a photoactivatable compound,

protoporphyrin IX (PpIX).

[0075] The wavelength of photoactivating light for protoporphyrin IX is generally in the
range of between about 625 and 670 nm, or more preferably between about 625 and 640 nm.
The fluence and irradiance range appropriate for treatment radiation can depend on the
concentration of the photosensitizer in the target tissue, depth of the targets, and/or sensitivity
of the particular type of targets involved. Fluence generally refers to a delivered optical energy
per unit area, and can represent energy density delivered by an optical exposure. Irradiance
generally refers to optical radiant power incident per unit area upon a surface, and may be
expressed in watts per square meter. Preferred treatment wavelengths for some other
photosensitizers can include, for example: chlorins (about 650 nm); porphycenes (about 635
nm); purpurins (about 630 to about 715 nm); phthalocyanines (about 680 nm),
naphthalocyanines (about 780 to about 8§10 nm); and bacteriochlorins (about 650 to 800 nm).
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[0076] Clinically, after topical application of 20% ALA to skin, followed by a period of
metabolism between about 10 minutes and 24 hours, the range of 635 nm treatment radiation
fluence is preferably between about 20 and about 200 J/cm®, and the range of treatment

radiation irradiance is preferably between about 20 and about 200 mW/cm®.

[0077] In general, longer metabolism times are associated with lower fluence and irradiance
requirements to achieve a therapeutic effect. After local injection of ALA, the local
concentration can greatly exceed the local concentration achieved after topical application of
ALA. TTherefore, treatment fluence and irradiance ranges may generally be lower after
administration of AL A or other pre-photosensitizers or photosensitizers by parenteral or local
injection.

[0078] In other exemplary embodiments, the photosensitizer is photobleached upon exposure
to selected inhibition radiation. For example, many photosensitizers used for PDT can also be
destroyed by the reactive oxygen species produced during light exposure, a process which may
be referred to as photobleaching. Cells may be able to tolerate a certain low dose of oxidative
damage, because cells possess antioxidant and repair mechanisms, For cellular target sites to
be irreversibly damaged during PDT, the rate of oxidative damage should exceed the rate of
oxidative repair in target cells and achieve an amount of damage needed for cell killing by, for
example, necrosis or apoptosis. In contrast, photobleaching is often irreversible. A low rate of
photobleaching can therefore be used to prevent accumulation or reduce the concentration of
the photosensitizer in the non-target sites, by administration of the inhibiting (photobleaching)

radiation at a rate low enough that allows the non-target cells to repair.

[0079] Photobleachable photosensitizers include, for example, porphyrins, chlorins, some
porphycenes, purpurins, phthalocyanines, naphthalocyanines, bacteriochlorins,
benzophencthiazines, tetracyclines, methylene blue, hypericin, flavines, and derivatives
thereof, either as free agents or in combination with specific delivery agents such as in
liposomes or as photosensitizer conjugates with targeting molecules, such as peptides, receptor

ligands or antibodies.

[0080] Accordingly, in one exemplary embodiment, relatively low-level light exposure is
used for photobleaching of a photosensitizer in a non-target tissue, while allowing a sufficient
amount of photosensitizer to remain in the target cells. This can be done, for example, in a

superficial non-target epithelial layer by prolonged exposure to low-level short wavelength
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light, which harmlessly photobleaches in the non-target upper tissue layer but not in a deeper

target layer.

[0081] Across the optical spectrum from about 320 nm to about 1200 nm, shorter
wavelengths tend to penetrate less deeply than longer wavelengths due to optical scattering and
absorption as described, e.g., in Anderson, R.R. et al., J Invest Dermatol 1981:;77:13-19. For
example, the penetration of radiation having wavelengths between about 380 to 420 nm (e.g.,
UVA and deep blue light) into human skin is less than the penetration at wavelengths between
about 620 to 700 nm (e.g., red light), due to relatively stronger scattering by dermal collagen,
stronger absorption by epidermal melanin, and stronger absorption by hemoglobins in blood
vessels. Attenuation by scattering and absorption within tissue can lead to an approximately
exponential overall loss of irradiance with depth. Near the tissue surface, a maximum of
irradiance may be present within the tissue at a depth of approximately 1/us, where us is an
effective scattering coefficient. For example, using ALA or ALA derivatives as a pre-
photosensitizer, and/or using porphyrins and chlorins as photobleachable photosensitizers, a
wave length of about 380 to about 420 nm may be a preferred wavelength for the inhibiting
radiation. These agents involve a photosensitizer with strong Soret absorption band in this

wavelength region.

[0082] In an exemplary embodiment of the present invention, an irradiance of about 1
mW/cm® at a wavelength between about 380 nm to about 420 nm can be used to inhibit
porphyrin accumulation in epidermis (e.g., a superficial epithelium of skin) following topical
application of 20% ALA in both animal and human skin. An irradiance less than about 1
mW/cm® of this wavelength region can also photobleach porphyrin and chlorin
photosensitizers, at a rate which may be tolerable to the epidermis. The 1/e (37%) penetration
depth of 380 to 420 nm radiation in caucasian human skin is about 0.06-0.15 mm, which
corresponds to an approximate thickness of human epidermis. For applications such as acne
therapy, the epidermis is often a non-targeted tissue that is preferably spared from damage,
whereas the target structures include sebaceous glands and sebaceous follicles in the underlying
dermis. Sebaceous glands associated with acne are cellular target structures located about 1
mm below the surface. For example, with a target gland located about 1 mm deep. using an
inhibiting radiation with a wavelength between about 380 to about 420 nm that has a 1/e

penetration depth of about 0.1 mm, the target is about 10 times the 1/e penetration depth. The
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inhibiting radiation in this example is therefore attenuated by a factor of up to e’ (e.g., about
0.00005 times the original intensity) by the time it reaches the target gland. The inhibiting
radiation therefore can produce an irradiance in the epidermis (e.g., non-target tissue) which
may be thousands of times greater than the irradiance in the sebaceous gland (e.g., target
tissue). The inhibiting radiation can inhibit accumulation and/or photobleach a photosensitizer
in the epidermis at a rate which may be tolerable for the non-target epidermal tissue, while
having a very small effect on accumulation of photosensitizer in the deeper target tissue. In
contrast, the I/e penetration depth of the treatment radiation having a wavelength between
about 620 to 700 nm is about 0.5 to 0.75 mm in human skin. This depth corresponds roughly to
the depth of the target tissue. Such treatment radiation may be attenuated by a factor of only
about 5 (and not, e.g., by orders of magnitude) before reaching the target. Because the
inhibiting radiation step is used to greatly reduce or eliminate photosensitizer in the epidermis,
the epidermis can be spared from significant damage during application of the treatment

radiation.

[0083] Fig. 9a shows an application of a beam of radiation 900 that is approximately normal
to the tissue surface 910. This corresponds to an incident angle @ of about 90°. The penetration
depth D, 920 associated with the beam 900 can refer to, e.g., a maximum depth at which at
least a pre-defined amount of energy is locally absorbed by tissue. As described herein above,
the depth D, 920 can depend on the wavelength of the radiation beam 900. For example, a
desired depth D, 920 can be specified for a particular treatment by appropriate selection of a

wavelength for the inhibiting and/or treatment radiation.

[0084] An effective penetration depth can also be controlled by varying the incident angle of
applied radiation beam relative to the tissue surface. For example, Fig. 9b shows an exemplary
application of an angled beam of radiation 950 that is provided at an incident angle 4 of about
60° relative to the direction 980 normal to the tissue surface 910. The penetration depth Dg 960
corresponding to the angled beam 950 will generally be smaller than the depth D, 920
associated with a normally incident beam 900 as shown in Fig. 9a. The depth Dy can be
expressed approximately as Dy~ Dy sin(#) based on Snell’s law, where n is the index of
refraction of skin tissue relative to air. In skin, the value of n is approximately 1.3, which is
similar to the value for water. Thus, the absorption path 970 within the tissue is generally not

parallel to the incident angled beam 950, and can project at a slightly steeper angle into the
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tissue due to refraction. The approximate relationship D¢ ~ Don sin(f)) also assumes that the
local absorption behavior within the tissue along the path 970 is similar to the local absorption
behavior along the path 940 in Fig. 9a, e.g., the tissue along each path has similar absorption

characteristics.

[0085] When applying an incident radiation at some angle incident angle @ with respect to a
tissue surface, the fluence and/or irradiance of the applied radiation may be reduced
appropriately to provide a volumetric density of absorbed energy that is comparable to that of a
beam that is normal to the tissue surface. For example, if the beams 900, 950 shown in Figs. 9a
and 9b have the same fluence, then the amount of energy absorbed by the tissue within a depth
D, 920 in Fig. 9a would be absorbed within a shallower depth Dy shown in Fig. 9b. To provide
a comparable local density of energy absorption within the tissue, the fluence and irradiation of
the incident angled beam 950 may be reduced by a factor of approximately nsin(d). Although
depth variations of tissue composition and/or presence of target structures within the tissue may
affect local absorption characteristics, the factor of nsin(d) provides a basis for predicting
effective penetration depth Dy 960 and for maintaining a relatively constant density of energy
absorption when applying a radiation beam 950 at an incident angle #, as shown in Fig. 9b.
Other factors such as, e.g., focusing of the radiation beam 950 can also affect the penetration

depth Dg 960.

[0086] Photosensitizers and precursor photosensitizers can be administered in a
pharmaceutically acceptable excipient, such as water, saline, aqueous dextrose, glycerol, or
ethanol. The compositions may also contain other medicinal agents, pharmaceutical agents,
carriers, and/or auxiliary substances such as wetting or emulsifying agents, and/or pH buffering
agents. The photosensitizer or pre-photosensitizer can also be delivered by nanoparticles,

microsponges, or other drug carriers.

[0087] Standard texts, such as Remington: The Science and Practice of Pharmacy, 17th
edition, Mack Publishing Company, incorporated herein by reference, can be consulted to
prepare suitable compositions and formulations for administration, without undue
experimentation. Suitable dosages can also be based upon the text and documents cited herein.
A determination of the appropriate dosages can be provided by one of ordinary skill in the art

based on the parameters and criteria described herein.
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[0088] A “therapeutically effective amount” refers to, but is not limited to, an amount
sufficient to effect a beneficial or desired clinical result. In terms of treatment, an effective
amount generally refers to an amount that may be sufficient to palliate, ameliorate, stabilize,
reverse or slow the progression of a disorder (e.g., a skin disorder). A therapeutically effective
amount can be provided in one or a series of administrations or doses. The effective amount

may generally be determined by a physician on a case-by-case basis.

[0089] Several factors are typically taken into account when determining an appropriate
dosage for in vivo therapeutics or diagnostics. These factors can include, for example, age, sex
and weight of the patient, the condition being treated, the severity of the condition and/or the

form of the antibody being administered.

[0090] The dosage of photosensitizer compositions for systemic administration typically
range from about 0.1 to about 10 mg/kg. Methods for administering photosensitizer
compositions are described, for example, in U.S. Patent Nos. 5,952,329, 5,807,881, 5,798,349,
5.776,966, 5,789,433, 5,736,563, 5,484,803, 5,234,940 and by Sperduto et al. (1991) Int. J.
Radiat. Oncol. Biol. Phys. 21:441-6; and Walther et al. (1997) Urology 50:199-206. Such
dosages may vary, for example, depending on whether multiple administrations are given,
tissue type and route of administration, the condition of the individual, the desired objective
and other factors. Administrations can be conducted infrequently, or on a regular (e.g., weekly)
basis until a desired, measurable parameter is detected, such as diminution of disease
symptoms. Administration can then be diminished, such as to a biweekly or monthly basis, as

appropriate.

[0091] Photosensitizers used in accordance with embodiments of the present invention can
be administered by a mode appropriate for the form of the composition. Available routes of
administration include, e.g., subcutaneous, intramuscular, intraperitoneal, intradermal, oral,
intranasal, intrapulmonary {e.g., by aerosol), intravenously, intramuscularly, subcutaneously,
intracavity, intrathecally or transdermally, alone or in combination with other pharmaceutical
agents. Therapeutic compositions of photosensitizers can be administered by injection or by
gradual perfusion. Compositions for oral, intranasal, or topical administration can be supplied
in solid, semisolid or liquid forms, including tablets, capsules, powders, liquids, and
suspensions. Compositions for injection can be supplied as liquid sclutions or suspensions, as

emulsions, or as solid forms suitable for dissolution or suspension in liquid prior to injection.
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For administration via the respiratory tract, a preferred composition can be one that provides a
solid, powder, or liquid aerosol when used with an appropriate aerosolizer device. Although
not required, compositions may preferably be supplied in unit dosage form suitable for
administration of a precise amount. Slow release or sustained release forms of such
compositions may also be used, whereby a relatively consistent level of the active compound

can be provided over an extended period.

[0092] Cooling of the epithelial tissue can also be applied in certain embodiments of the
present invention. For example, the skin surface can be cooled after application of a precursor
photosensitizer such that the epidermis has a temperature that is less than the temperature of the
underlying targeted tissue. Cooling can be performed using conventional techniques and
arrangements such as, e.g., cryogen spray cooling or conductive contact cooling. A lower
surface temperature can further inhibit the precursor photosensitizer from metabolizing into a
photosensitizer in the epithelial tissue as described, e.g., in U.S. Patent Publication No.
2004/0259855. Epithelial cooling can greatly reduce the metabolism rate in the epithelial tissue

(e.g., in non-targeted tissue).

[0093] In further exemplary embodiments of the present invention, the inhibiting radiation
may be applied in patterns to reduce or prevent formation of photosensitizers in certain regions
of tissue. Such patterns may be provided across a portion of the epithelial tissue and/or can
include different exposure depths within the tissue to be treated, e.g., by varying the
wavelength and/or intensity or fluence of the inhibiting radiation. In this manner, certain
regions of tissue can be spared from the effects of a subsequent PDT procedure which involves

application of a treatment radiation.

[0094] In yet further embodiments of the present invention, formation and/or accumulation
of porphyrin or other photosensitizing metabolite accumulation are optically suppressed prior
to photodynamic therapy light exposure, e.g., during conversion of ALA, ALA-esters or other
pre-photosensitizer drugs which may be applied topically, orally or systemically to tissue. A
light source is used to provide inhibiting radiation at one or more wavelengths between, e.g.,
about 320 nm and 850 nm. Over this spectral range, shorter wavelengths tend to penetrate
tissue to a lesser extent than longer wavelengths. Thus, wavelength can be one factor which
may be varied to control the depth of a superficial tissue layer to be limited or protected from

damage during PDT treatment. For epidermal protection, wavelengths from about 320 to 450
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nm may be preferred. Sources of radiation providing such wavelengths can include, for

example, LEDs, lamps, filtered lamps, or lasers.

[0095] The depth of a superficial layer or other tissue region in which photosensitizers are to
be suppressed can also depend on the fluence of the inhibiting radiation applied. A very low
irradiance and fluence of blue light, for example, may be sufficient to suppress prophyrin
accumulation during metabolism of topically applied 20% aminolevulinic acid, ALA. An
irradiance of about 0.1 mW/cm® of blue light (e.g., 400-430 nm) can provide a suppressing
effect. Typical irradiance values for inhibiting radiation procedures using blue light are
between about | mW/cm?® and about 30 mW/cm®. Typical fluence values which may be used
for inhibiting radiation procedures are between about 1 J/cm® and about 100 J/em®. Such
irradiance and fluence values chosen for a particular PDT procedure can vary with wavelength

and the precursor photosensitizer used.

[0096] In a further aspect, embodiments of the present invention provide a PDT treatment
apparatus/system 300 which can be used to treat a tissue 380, as shown in Fig. 3. The PDT
system 300 includes a control system 310 which is provided in communication with an
inhibiting energy source 320 and a treatment energy source 330. The control system 310 can
include a user interface for selecting and reviewing parameters of a treatment procedure, such
as activation times, pulse rate and duration, radiation wavelength and/or fluence associated with
the inhibiting and treatment energy sources 320, 330. Further control parameters may include
timing and extent of cooling which may be provided by optional cooling device 350,
positioning (including translational speed) of delivery device 340, and activation and/or

feedback characteristics of optional sensing device 360.

[0097] The inhibiting energy source 320 is configured to generate an appropriate inhibiting
radiation, as described herein. Such radiation can be provided, e.g., by a laser, one or more
LEDs (such as an array of near-UV or blue LEDs), etc. The treatment energy source 330 is
configured to generate an appropriate treatment radiation, as described herein. Such radiation
can be provided, e.g., by a laser, one or more LEDs (such as an array of red or near-IR LEDs),
etc. The inhibiting and treatment energy sources 320, 330 can be the same source, which may
be configured with different parameters such as fluence, pulse frequency and duration, etc., and

optionally with different wavelengths if the radiation source has a variable wavelength or
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filterable energy output. Alternatively, the inhibiting and treatment energy sources 320, 330

can be different sources as described above and may also be provided in separate enclosures.

[0098] The delivery device 340 may include optical components such as, e.g., optical fibers
and/or mirrors which are configured to direct radiation from the inhibiting and treatment energy
sources 320, 330 towards the tissue 380 to be treated. The delivery device 340 is optionally
provided in a housing together with the inhibiting and treatment energy sources 320, 330 or
otherwise integrated with one or both of them. For example, the delivery device 340 can
include a reflective surface located behind or adjacent to one or more LEDs which may be

provided as part of the energy sources 320, 330.

[0099]  An optional cooling device 350 can also be provided with the exemplary PDT system
300. Such cooling device 350 can be integrated with the delivery device 340, or it may be a
separate component. The cooling device 350 effectuates cooling of the tissue 380 to be treated
using conventional cooling techniques including, for example, contact or conductive cooling,

spray cooling (e.g., cryogenic spray) or convective cooling (e.g., a fan).

[0100] The exemplary PDT system 300 optionally includes a sensing device 360 that is
configured to detect, for example, temperature and/or fluorescence of the tissue 380 being
treated. The sensing device 360 can also be configured to detect a relative translational speed
of the delivery device 340 with respect to the tissue surface 380, if the delivery device 340 is
scanned or otherwise translated over the tissue 380 during the PDT procedure. The sensing
device 360 is provided in communication with the control system 310, such that adjustment of
various parameters (e.g., duration and timing intervals, pulse rate and/or fluence of the
inhibiting and/or treatment radiation) can be affected by one or more conditions sensed by the

sensing device 360.

[0101] In further embodiments, the exemplary PDT system 300 is powered by a portable
electrical source such as a battery pack, which allows the entire PDT treatment to be performed

at various locations within or outside of a clinical setting.

[0102] In a further embodiment, an exemplary apparatus/system 400 configured to provide
PDT treatment of facial skin 410 with optical photosensitizer inhibition is shown in Fig. 4. A
topical solution of ALA, methyl ester of ALA, a similar photosensitizing precursor drug, or any
photobleachable PDT agent is first applied to the skin 410 to be treated. The apparatus/system

400 includes a support structure 420 which partially or completely surrounds the skin 410 to be
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treated. Several treatment energy sources 430 may be located on the supporting structure 420.
These treatment sources 430 can include, for example, an array of LEDs (e.g., LEDs having a
wavelength between about 630 and 640 nm) or similar radiation sources. The apparatus/system
400 also includes one or more photoinhibition sources 450 affixed to the support structure 420,
which may include an array of near-UV or blue LEDs (e.g., LEDs having a wavelength
between about 380 and 430 nm).

[0103] The apparatus/system 400 optionally includes one or more cooling and/or warming
devices 440 such as, e.g., a fan, a cooling spray, a filtered incandescent lamp and/or an infrared
LED. Such cooling and/or warming devices 440 may be mounted onto support structure 420
above and/or below the level of the sources 430, 450. Warming devices 440 may be used, e.g.,
to enhance absorption and accumulation of photosensitizers at targeted treatment sites (e.g..

hair follicles or sebaceous glands).

[0104] The exemplary apparatus/system 400 can also include vision portals 460, which can
allow a patient to view content displayed on entertainment panel 480 during treatment. One or
more sensors 470 are optionally provided to detect skin temperature and/or fluorescence during
PDT treatment. Such sensors 470 can include, for example, discrete detectors or camera
detectors. The PDT apparatus/system 400 may further include other subunits 490 such as, e.g.,
a user interface for selecting and displaying treatment parameters, a control arrangement for
controlling the parameters of the various components, etc. The physical layout of the various
components in the exemplary apparatus/system 400 can be modified for treatment of other
body sites, by providing certain components in separate housings and/or by articulation and/or

placement of such components as needed.

[0105] 1In an exemplary PDT treatment procedure in accordance with certain embodiments
of the present invention, the superficial layer to be protected is the epidermis, which may be
about 0.1 mm thick. The target sebaceous glands to be treated (e.g., thermally damaged) are
located on a patient’s face, between about 1 to 3 mm deep in the underlying dermis layer of
skin. First, the face is washed to remove oil and dirt. Various cleansers may be used including,
e.g., abrasive cleansers that can increase uptake of topical medications by degreasing and

scratching the skin surface.
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[0106] A topical form of aminolevulinic acid (e.g., Levulan Kerastick®), a methyl ester of
aminolevulinic acid (e.g. Metvx®), or another analog and/or PDT drug is then applied to at
least one affected skin area. An occlusive, transparent plastic mask or covering such as, e.g.,
Saran® wrap or a transparent occlusive ointment may optionally be placed, sprayed or spread
on the skin to further enhance penetration and uptake of the drug(s) to the intended target sites,
e.g., sebaceous follicles. The occlusive ointment may contain volatile components such as

water that can cool the skin surface.

[0107] The patient is positioned in front of (e.g., while sitting) or beneath (while lying down)
an integrated exemplary treatment apparatus, such as those shown in Figs. 3 and 4. The
treatment apparatus can be programmed for “phase I” (e.g., pre-phototreatment) parameters.
Such phase I parameters can include, for example, uptake and incubation time for the precursor
photosensitizer, energy source settings for photoinhibition of epidermal porphyrin
accumulation, surface cooling settings for temperature-based suppression of epidermal
porphyrin accumulation, radiant tissue heating settings to enhance porphryin accumulation in
the targeted sites, monitoring characteristics of skin temperature to control the cooling/heating
devices for achieving a desired skin surface temperature, and/or monitoring of porphyrin

fluorescence during or after it accumulates, etc.

[0108] The inhibiting radiation applied during phase I is preferably provided after an interval
of less than about 30 minutes following application of the ALA or other PDT drug, or more
preferably less than about 15 minutes following application of the precursor photosensitizer.
Still shorter intervals may be even more preferable. As described above, longer intervals may
allow initial metabolizing of the precursor photosensitizer to form photosensitizers in epithelial

tissue regions where protection from PDT effects is desired.

[0109] *“Phase II” (e.g., phototreatment) parameters may also be selected for a particular
PDT treatment. Such phase Il parameters can include, for example, fluences, irradiances,
exposure times and/or wavelengths of the treatment energy to be delivered. Wavelength
variation, if desired, may be achieved by using, for example, a mixed LED array, by filtering of
a single broadband source, or by using multiple light sources including sources that can be
delivered by fiber optics or fiber optic bundles. The treatment energy may be delivered with or

without skin cooling; such exemplary cooling (e.g., by flowing air) can provide added comfort.
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[0110] “Phase III” (e.g., post-phototreatment) parameters and conditions may also be
selected. For example, during phase III, skin cooling may be continued for comfort and to
reduce swelling, and post-treatment porphyrin fluorescence may be monitored to assess

epidermal or target viability.

[0111] In accordance with certain exemplary embodiments, phase I is typically configured to
be activated for about 30-240 minutes, or preferably about 90-180 minutes, but the duration
may range from about 0-300 minutes or more. Radiation sources which may be used for
photoinhibition of photosensitizer formation/accumulation in phase I include, for example, one
or more near-UV or blue (e.g., 320-450 nm) LEDs, a filtered lamp or array, one or more diode
lasers, etc. The photoinhibition radiation source may optionally be the same source used to
generate radiation for PDT treatment during phase 1I, but with a lower fluence or irradiance
being provided during Phase I as compared to phase 1I. For example, irradiance during Phase 1
using an array of 635 nm LEDs can be between about 0.01 and 1 mW/cm®, whereas during
phase II the irradiance using the same LEDs can be between about 50 and 100 mW/cm’,

However, it may be preferable to use different radiation sources for phase I and phase II.

[0112] A variety of techniques in addition to photoinhibition may be used during phase I to
control or optimize the PDT treatment, For example, skin surface cooling may alsc be
provided to increase comfort and/or to further suppress formation and/or accumulation of
photosensitizers such as porphyrins near the skin surface, by partial inhibition of enzymes that
convert ALA or methyl ALA to porphyrins. Such cooling can be provided, e.g., by a cooling
fan with or without a heat exchanger, and/or by evaporative techniques. Skin warming may
also be provided during phase I using, e.g., a near infrared source such as filtered incandescent
lamps or LEDs, or warmed air. Such warming during phase I may increase metabolism of
ALA or methyl ALA to porphyrins in the targeted tissue sites, e.g., in sebaceous glands. Skin
surface cooling, radiant skin warming, and photoinhibition may be used simultaneously or

sequentially during phase L.

[0113] The treatment energy sources activated during phase II are preferably applied after an
interval of less than about 30 minutes following application of the inhibiting radiation, or more
preferably less than about 15 minutes following completion of the inhibiting radiation. Still

shorter intervals may be even more preferable. As described above, longer intervals may allow
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further spreading and metabolizing of the precursor photosensitizer to form photosensitizers in

tissue regions where protection from PDT effects is desired.

[0114] The radiation sources used to provide treatment radiation can include LED arrays,
which may be preferable because of their simplicity, power, lifetime, and electrical and optical
safety. The exemplary PDT system can also provide audio and/or visual indicators for
procedure progress and/or warning signals such as speech indicating time, progress during each
phase, and events that are about to occur. These indicators can also be used to request
information such as degree of discomfort being experienced, and responses can be provided
using manual inputs, voice-activated inputs or both. An entertainment device may also be
provided to reduce patient boredom and/or to query the patient for information about treatment

progress, sensations, preferences, etc.

[0115] During phase II, treatment exposure can often generate a tingling, burning, or painful
sensation after a brief delay. An interface can be provided which includes the ability to reduce
the treatment source irradiance, pause the treatment, increase skin cooling and/or air circulation
on the skin, or distract the patient, based on input provided by a patient and/or operator.
Treatment exposure time during phase II is typically in the range of about 10-45 minutes, but it

may range from about 1 minute to about 120 minutes.

[0116] Other types of apparatus for PDT can be provided in accordance with embodiments
of the present invention. For example, a portable treatment “patch” which includes a
programmable photoinhibition device with or without cooling or warming (phase I), followed
by a treatment light source activation device (phase II) with or without cooling can be
constructed. Such a patch-based system can allow a patient complete mobility after
application, injection or ingestion of the ALA, methyl-ALA, or other precursor photosensitizer.
The patch-based system includes an energy supply, one or more radiation sources (such as
LEDs), a processor or other device to control timing and application of the inhibition and
treatment radiations, etc. These components can be provided in a small housing which can be

affixed to the body over the area to be treated after application of the precursor photosensitizer.

[0117] For example, PDT procedures to treat acne can be provided by apparatus, systems
and methods according to embodiments of the present invention in a physician’s office, a
treatment center, as a prescription home-use device, or as a non-prescription home use device.

PDT treatment can be a labor-intensive office procedure. The embodiments of the present
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invention as described herein can allow a simpler and more flexible way to provide PDT

treatment.

[0118] Optimized PDT techniques according to embodiments of the present invention can be
practiced for skin diseases including acne, skin cancer, hair removal, nevus sebaceous,
cutaneous nevi, adnexal tumors including syringomas, cutaneous T cell lymphoma, squamous
and basal cell carcinomas, abnormal blood vessels, melanocytic and other cutaneous nevi,
dysfunctional nerves, unwanted subcutaneous fat, and infections including fungal disease such
as onychomycosis and viral disease such as cutaneous warts. For non-cutaneous applications,
the methods and systems can be modified to fit the anatomical features involved. For example,
the exemplary methods and apparatus/systems according to exemplary embodiments of the
present invention may be used in gynecology for cervical and vaginal diseases, to treat oral and
airway diseases, or gastrointestinal and internal diseases including neural tissues,

cardiovascular, heart, endocrine, and muscle.

[0119] Embodiments of the present invention may also be used to treat skin cancer. For
example, a precursor photosensitizer can applied to the skin and an inhibiting radiation can be
applied to epidermal tissue above the targeted tumor site. The photoinhibition technique can
allow the precursor photosensitizer to metabolize into a photosensitizer at the tumor site,
thereby allowing the PDT to destroy the tumor cells while preventing damage to healthy non-

cancerous epidermal tissue.

EXAMPLES

Example 1

[0120] Suppression of epidermal porphyrin accumulation by blue light exposure during ALA
metabolism, in accordance with exemplary embodiments of the present invention, was tested in

humans. A 20% topical ALA solution was applied to human skin, covered with aluminum foil,

2
while only some uncovered areas received 410-nm blue light (1.47mW/cm ) during the

incubation time (See Figs. 6A-C). A fluorescent photo was taken after 2 hours of incubation, as

2
shown in Fig. 6D, and 632-nm light (100J/cm ) was then applied to all areas as shown in Fig.

6E. A clinical photograph, shown in Fig. 6F, was taken after PDT treatment.
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[0121] Blue light exposure during the period of ALA metabolism was observed to
suppressed porphyrin accumulation and subsequent PDT reactions. Inactivation of porphyrin
synthetic enzymes or the pre-porphyrin metabolites, concurrent repair of oxidative damage
during blue light exposure, and/or changes in cell signaling may contribute to this observed
effect. Such findings indicate that exemplary embodiments of the present invention can
provide a method to suppress porphyrin accumulation as a technique for controlling ALA-PDT.
Low intensity blue light exposure during the period of ALA metabolism can suppress epidermal

porphyrin synthesis, thus allowing for PDT of acne with less pain and/or fewer side effects.

[0122] When a skin surface is cooled, there can be a gradient of temperature such that ALA
metabolism might favor the warm dermis. To examine this effect, cooling and heating plates
were applied to skin after topical and injected AL A administration, and porphryin synthesis and
skin photosensitization were then determined. Skin cooling to a temperature less than about
20°C was observed to significantly suppress conversion of epidermal ALA to porphyrins,
thereby limiting the phototoxicity reaction of epidermis. Dermal porphyrin synthesis was
observed to be partially suppressed when the skin surface temperature was 20°C, as shown,
e.g., in Fig. 7. These results indicate that a device that cools the epidermis while
simultaneously warming the dermis can selectively suppress unwanted epidermal porphyrins
and could be used together with other porphyrin suppression methods in accordance with

exemplary embodiments of the invention.

Example 2

[0123] 1In accordance with embodiments of the present invention, 20% topical ALA was
applied to the skin of a pig. Nine different areas were divided and different attenuating films
were placed over the skin during the entire incubation time (or the metabolism period). The
attenuating films reduced the light transmittance allowing a range of irradiance varying from

100%, 56%, 44%., 35%, 26%, 21%, 19% to 17% of light during the incubation period.

[0124] Immediately after the drug application, a 410 nm blue light was irradiated through all
the experiment sites at an irradiance of 2.6 mW/cm® for 3 hours. During this period, porphyrin
accumulation was measured in each test area by digital fluorescence photography (~410 nm
excitation, >600 nm emission), and microscopically determined by fluorescence microscopy of
skin biopsies (8 mm diameter) obtained prior to light exposure. After the 3 hours of incubation,

red light at 635 nm exposure with 200 J/cm” fluence was delivered at 100 mW/cm” irradiance,
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provided by an LED array source (Omnilux, PhotoTherapeutics LTD, Cheshire UK).

Measurements and biopsies were repeated after 24 hours, prior to euthanasia.

[0125] The results show inhibition of porphyrin accumulation in all sites down to 17% light

transmittance (0.4 mW/cm®), but for the site that was covered during the blue light exposure.

Example 3

[0126] Embodiments of the present invention were used to treat a 23 year old female Asian
patient exhibiting moderate to severe inflammatory acne (acne HI-IV). The patient’s
recalcitrant acne was resistant to conventional treatments (oral and topical antibiotics, topic
retinoids and benzoyl peroxide), and failed to respond to Accutane treatment (2 cycles). A
20% ALA solution (Dusa Pharmaceutics) was applied topically to the patient’s face. The right
side of the patient’s face was covered with saran wrap and aluminum foil for 3 hours of
incubation (to provide a conventional PDT treatment), while blue light at very low intensity (an
inhibiting radiation) was applied to the left side of the patient’s face for 3 hours (using a

Clearlight at 90W/cm®, provided about 2 meters from the patient).

[0127]  After the incubation period, both sides of the face were irradiated with red light
treatment radiation (635 nm wavelength, at about 180 J/cm”, using an Aktilite). During the red
light irradiation, the patient indicated a subjective pain score of about 9-10 (on a 0-10 scale,
with 0 being no pain, 5 being moderate pain, and 10 being maximum pain) on the right side of
her face receiving conventional PDT treatment. On the optically inhibited (left) side, the
patient indicated subjective pain scores of 3-4 during application of the same treatment

radiation.

[0128] Immediately after the treatment, the patient exhibited a significant inflammatory
reaction and persistent pain on the conventionally-treated (right) side, while the optically
inhibited (left) side only exhibited mild inflammation and no pain. The conventionally-treated
side evolved with areas of exudative and exulcerated lesions, especially near the nose, and
crusting was observed. In contrast, the optically inhibited (left) side only exhibited mild

hyperpigmentation.

[0129] After four weeks, both sides of the patient’s face showed no new inflammatory acne,

with subjective reduction of sebum noticed by the patient. Hyperpigmentation was observed on
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the right side treated with the conventional PDT technique, while no negative side effects were
observed on the left side of the face, which was treated with an inhibiting radiation prior to
application of the treatment radiation, in accordance with embodiments of the present

invention.

[0130] The reduction in perceived pain during PDT treatment, and reduction or elimination
of short-term and long-term adverse side effects which were observed by application of the
inhibiting radiation prior to PDT treatment clearly suggest the advantages of such methods and

apparatus for PDT techniques.

[0131] The foregoing merely illustrates the principles of the invention.  Various
modifications and alterations to the described embodiments will be apparent to those skilled in
the art in view of the teachings herein. It will thus be appreciated that those skilled in the art
will be able to devise numerous systems, arrangements and methods which, although not
explicitly shown or described herein, embody the principles of the invention and are thus
within the spirit and scope of the present invention. In addition, all publications, patents and

patent applications referenced herein are incorporated herein by reference in their entireties.

[0132] What is claimed is:
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1. An apparatus for applying radiation to an anatomical structure, comprising:

a first radiation source configured to provide a first radiation to the anatomical
structure, wherein the first radiation is configured to at least one of reduce or eliminate
formation of a photosensitizer from a precursor photosensitizer within a first region of the
anatomical structure; and

a second radiation source configured to provide a second radiation to the
anatomical structure, wherein the second radiation is configured to interact with the
photosensitizer to damage at least a portion of the second region, and wherein the first region is

substantially unaffected by the second radiation.

2. The apparatus of claim 1, further comprising a controller arrangement configured to
control at least one parameter associated with at least one of the first radiation source or the
second radiation source, wherein the at least one parameter includes at least one of a

wavelength, a fluence, an irradiance, a pulse rate, an angle of incidence, or a duration of

application.
3. The apparatus of claim 1, wherein the anatomical structure comprises skin.
4, The apparatus of claim 1, wherein the precursor photosensitizer comprises at least one

of ALA or a methyl-ester of ALA.

5. The apparatus of claim 1, wherein the photosensitizer comprises a porphyrin.
6. The apparatus of claim 1, wherein the first region comprises an epithelial layer of tissue.
7. The apparatus of claim 1, wherein the first radiation is provided by at least one of an

LED, a laser or a filtered light source.
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8. The apparatus of claim 1, wherein the first radiation has a wavelength that is between

about 320 nm and about 8§50 nm.

9. The apparatus of claim 1, wherein the first radiation has a wavelength that is between

about 320 nm and about 450 nm.

10. The apparatus of claim 1, wherein the second radiation is provided by at least one of an

LED, a laser or a filtered light source.

11. The apparatus of claim 1, wherein the second radiation has a wavelength that is between

about 470 nm and about 700 nm.

12. The apparatus of claim 1, wherein the second radiation has a wavelength that is between

about 625 nm and about 645 nm.

13. The apparatus of claim 1, wherein the first radiation is applied at an irradiance that is

between about 0.01 mW/cm? and about 30 mW/cm?>.,

14. The apparatus of claim 1, wherein the first radiation is applied at a fluence that is

between about 1 J/cm” and about 100 J/cm?.

15. The apparatus of claim 1, wherein a first wavelength of the first radiation is shorter than

a second wavelength of the second radiation.

16. The apparatus of claim 1, further comprising a cooling arrangement configured to cool

at least a portion of the first region.

17. The apparatus of claim 1, wherein the portion of the second region comprises at least

one sebaceous gland.

18. The apparatus of claim 1, wherein the portion of the second region comprises at least a

portion of a hair follicle.
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19. The apparatus of claim 1, further comprising a detecting arrangement configured to
detect at least one characteristic of at least a portion of the anatomical structure, and selecting at

least one parameter associated with at least one of the first radiation or the second radiation

based on the at least one characteristic.

20. An apparatus for applying radiation to an anatomical structure, comprising:

a first radiation source configured to provide a first radiation to the anatomical
structure, wherein the first radiation is configured to photobleach a photosensitizer within a first
region of the anatomical structure; and

a second radiation source configured to provide a second radiation to the
anatomical structure, wherein the second radiation is configured to interact with the
photosensitizer located in a second region of the anatomical structure to produce a phototoxic
species so as to damage at least a portion of the second region, and wherein the first region is

substantially unaffected by the second radiation.

21. The apparatus of claim 20, further comprising a controller arrangement configured to
control at least one parameter associated with at least one of the first radiation source or the
second radiation source, wherein the at least one parameter includes at least one of a
wavelength, a fluence, an irradiance, a pulse rate, an angle of incidence, or a duration of

application.

22. The apparatus of claim 20, wherein the photobleachable photosensitizer includes at least
one of a porphyrin, chlorin, porphycene, purpurin, phthalocyanine, naphthalocyanine,

bacteriochlorin, benzophenothiazine, tetracycline, methylene blue, or hypericin.

23. The apparatus of claim 20, wherein the first radiation has a wavelength between about

320 nm and about 800 nm.
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24, The apparatus of claim 20, wherein the first radiation has a wavelength between about
380 nm and 420 nm.
25. The apparatus of claim 20, wherein the first radiation is applied at an irradiance that is

between about 0.1 mW/cm? and about 100 mW/cm?.

26. The apparatus of claim 20, wherein the first radiation is applied at a fluence that is

between about 1 J/cm?® and about 100 J/cm?.

27. The apparatus of claim 20, wherein the second radiation has a wavelength between

about 400 nm and about 900 nm.

28. The apparatus of claim 20, wherein the second radiation has a wavelength between

about 600 and about 800 nm.

29. The apparatus of claim 20, wherein the second radiation has a wavelength between

about 625 and about 720 nm.

30. A method for applying radiation to an anatomical structure, comprising:

providing at least one precursor photosensitizer to an anatomical structure;

applying a first radiation to the anatomical structure, wherein the first radiation
is configured to at least one of reduce or eliminate formation of a photosensitizer from the
precursor photosensitizer within a first region of the anatomical structure; and

applying a second radiation to the anatomical structure which is configured to
interact with the photosensitizer located in a second region of the anatomical structure to
damage at least a portion of the second region, wherein at least a portion of the first region is

substantially unaffected by the second radiation.
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31. The method of claim 30, wherein a time interval between providing the at least one
precursor photosensitizer and applying the first radiation is less than about 30 minutes, and
wherein a time interval between applying the first radiation and applying the second radiation is

less than about 30 minutes.

32. A method for applying radiation to an anatomical structure, comprising:

providing at least one photobleachable photosensitizer to an anatomical
structure;

applying a first radiation to the anatomical structure, wherein the first radiation
is configured to photobleach the photosensitizer within a first region of the anatomical
structure; and

applying a second radiation to the anatomical structure which is configured to
interact with the photosensitizer located in a second region of the anatomical structure to
produce a phototoxic species, wherein at least a portion of the second region is damaged and at

least a portion of the first region is substantially unaffected by the second radiation.

33. A method for treating a disorder of the skin in a subject, comprising:

administering a therapeutically effective amount of 5-aminolevulinic acid to the
subject;

applying a first radiation to the skin of the subject in an amount and duration
sufficient to reduce protoporphyrin IX accumulation within the epidermis of the skin; and

applying a second radiation to the skin of the subject to produce a phototoxic
species from the protoporphyrin IX located in dermis of the skin, wherein the epidermis is
substantially unaffected by the second radiation, thereby treating the disorder of the skin in the

subject.
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34. The method of claim 33, wherein the first inhibiting radiation has a wavelength between
about 320 nm and about 450 nm.

35. The method of claim 33, wherein the first inhibiting radiation is applied at an irradiance

that is between about 0.01 mW/cm? and about 30 mW/cm”.

36. The method of claim 33, wherein the first inhibiting radiation is applied at a fluence that

is between about 1 100 J/cm” and about 100 J/cm?.

37. The method of claim 33, wherein the second radiation has a wavelength between about
625 nm and about 670 nm.
38. A computer-readable medium, comprising:

a first set of executable instructions which, when executed by a processing arrangement,
configure the processing arrangement to control a first radiation source to provide a first
radiation to the anatomical structure, wherein the first radiation is configured to at least one of
reduce or eliminate a formation of a photosensitizer from a precursor photosensitizer within a
first region of the anatomical structure; and

a second set of executable instructions which, when executed by a processing
arrangement, configure the processing arrangement to control a second radiation source to
provide a second radiation to the anatomical structure, wherein the second radiation is
configured to interact with the photosensitizer to produce a phototoxic species located in a
second region of the anatomical structure so as to damage at least a portion of the second

region, and wherein the first region is substantially unaffected by the second radiation.
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PROVISIONAL OPINION
ACCOMPANYING THE Application No: T /US2018/027070
PARTIAL SEARGH RESULT

1 The methods defined in claims 13-22 relate to therapeutic treatment of the
human or animal body, thus being considered to be covered by the provisions
of Article 17(2){a)(i) PCT and Rule 39.1(iv) PCT.

Moreover, according to Article 34(4)(a)(i) PCT and Rule 67.1(iv) PCT, no exa-
mination is required to be carried out on these claims.

This Authority considers that the application does not meet the requirements
of unity of invention:

2 There are two inventions covered by the claims indicated as follows:

Group 1: claims 1-12

An illuminator for photodynamically diagnosing or treating a surface, compri-
sing a plurality of panels, a plurality of light sources, each mounted to one of
the plurality of panels, the plurality of light sources configured to irradiate the
surface with visible light, and a heat source configured to emit heattc a
patient between outer panels of the plurality of panels.

Group 2: claims 23-25

An illuminator for photodynamically diagnosing or treating a surface, compri-
sing a plurality of panels, a plurality of light sources, each mounted to one of
the plurality of panels, the plurality of light sources configured to irradiate the
surface with visible light, and at least one sensor configured to detect an
orientation of at least one of the plurality of panels.

3 The reasons for which the inventions are not so linked as to form a single
general inventive concept, as required by Rule 13.1 PCT, are as follows:

EPQC Form 1707 04.17 sheet 1
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An illuminator for photodynamically diagnosing or treating a surface, compri-
sing a plurality of panels, a plurality of light sources, each mounted to one of
the plurality of panels, the plurality of light sources configured to irradiate the
surface with visible light, is known from several documents, such as

US 2014/0067024 A1 (cited as D1 below; see e.g. par. [0070]-[0074]).

The heat source according to group 1 solves the problem of enhancing a pho-
todynamic sensitizer's efficiency.

The at least one sensor according to group 2 allow for adaptation of the treat-
ment protocol according to the panels’ orientation.

Since the problems solved by the distinct features are not technically inter-
linked, the inventions (or groups of inventions) as defined above therefore do
not share a single general inventive concept. Therefore, the application does
not meet the requirements of unity of invention as defined in Rules 13.1 and
13.2 PCT.

Re ltem V.
4 Reference is made to the following documents:
D1 US 2014/067024 A1 (JONES R P ET AL) 6 March 2014 (2014-03-06)
D2 WO 2009/003173 A1 (GEN HOSPITAL CORP) 31 December 2008
(2008-12-31)
D3 US 2015/162109 A1 (NAGER Z) 11 June 2015 (2015-06-11)
D4 US 2006/287696 A1 (WRIGHT D W ET AL) 21 December 2006
(2006-12-21).
5 INDEPENDENT CLAIM 1
5.1 The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claim 1 is not new in the sense of Article 33(2)
PCT.
Document D2 discloses an illuminator for photodynamically diagnosing or
treating a surface (see par. [0102]) having the foliowing features:
EPO Form 1707 04.17 sheet 2
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o a plurality of panels (par. [0102] and Fig. 4)

o a plurality of light sources, each mounted to one of the plurality of
panels, the plurality of light sources configured to irradiate the surface
with substantially uniform intensity visible light (par. [0102] and Fig. 4)

o a heat source configured to emit heat to a patient between outer panels
of the plurality of panels (par. [0103], [0112] and Fig. 4).

52 It is indicated, that the subject-matter of claim 1 is also anticipated by docu-
ment D3 (see the passages cited in the Search Report).

6 DEPENDENT CLAIMS 2-12

Dependent claims 2-12 do not contain any features which, in combination
with the features of any claim to which they refer, meet the requirements of
the PCT in respect of novelty and/or inventive step (Aricle 33(2) and (3)
PCT):

o re. cl. 2: see e.g. par. [0104]-[0107] in D2

> re. cl. 3: see par. [0044] in D3

° re.cl. 4:see e.g. par. [0102] in D2

> re. cl. 5, 6: see par. [0068] and [0102] in D2

> re. cl. 7, 9, 10: tailoring of an appropriate light field, including
determination of an appropriate number of LEDs, comes within the
standard knowledge of a skilled person

o re. cl. 8: see par. [0050], [0051] in D4

> re. cl. 11, 12: dose based on area and time amount to standard control
parameters; also see e.g. par. [0111] and [0112] in D2.

EPQ Form 1707 04.17 sheet 3
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Application/Control Number: 15/869,164 Page 2
Art Unit: 3762

1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
DETAILED ACTION

Election/Restrictions
2. Applicant’s election without traverse of the invention of Group I, claims 1-8 and
16-23 in the reply filed on 04/13/2018 is acknowledged.
3. Claims 9-15 are withdrawn from further consideration pursuant to 37 CFR
1.142(b) as being drawn to a nonelected invention, there being no allowable generic or
linking claim. Election was made without traverse in the reply filed on 04/13/2018.
4. With respect to the requirement for election of one of species A and species B,
the applicant elected species A with traverse. Claims 1-8 and 16-20 encompass the
elected species (note: the applicant erroneously or inadvertently lists claims 9-12 of the
non-elected invention as part of the elected species). The applicant traverses the
election of species requirement and argues that there is no serious examination burden.
Applicant further argues that "z search for S-aminolevidinic aclkd would visld resulls including
S-aminclevulinic acid hydrochionide.” In responsea 1o the applicant’s argument, the claims in
species A reguire for patentabllity application of S-aminglevulinic acid imalecular formula
CsHaNOs) composition o the body, whereas the claims of species B require for patentability
application of composition characterized by a combination of S-aminclevulinie aeid mixed
with hydrochloric acid as described in paragraphs 0011 and 0050 -0051 of the
specification. The species recite mutually exclusive characteristics of the chemical

compositions used for the different embodiments. A search {g.g., searching differant
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classes /fsubclasses or elachronic resources, or emploving differsni search sirategies or
search gueries) required for a single chemical composition is different than 3 search
required for a combingtion of mixed chemical compositions. Hence, the examiner
mairtains the election reguirament between spacias A and B,
5. Note: if and when the claims of the elected species A become allowable, any
claim of the withdrawn species that requires all the limitations of an allowable generic
claim will be considered for rejoinder.

Claim Rejections - 35 USC § 112

6. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

7. Claims 1-8 and 16-20 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-
AlA), second paragraph, as being indefinite for failing to particularly point out and
distinctly claim the subject matter which the inventor or a joint inventor, or for pre-AlA
the applicant regards as the invention.

o The term "low" in claim 1 line 5 is a relative term which renders the claim
indefinite. The term "low density" is not defined by the claim, the specification does not
provide a standard for ascertaining the requisite degree, and one of ordinary skill in the
art would not be reasonably apprised of the scope of the invention. Hence, this term

renders claims 1-8 indefinite.
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o The term "low" in claim 16 line 6 is a relative term which renders the claim
indefinite. The term "low density" is not defined by the claim, the specification does not
provide a standard for ascertaining the requisite degree, and one of ordinary skill in the
art would not be reasonably apprised of the scope of the invention. Hence, this term
renders indefinite claims 16-20.
o Claim 8 recites the limitation "the maximum plasma" in line 1. There is
insufficient antecedent basis for this limitation in the claim.

Appropriate corrections are required.

Claim Rejections - 35 USC § 102

8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effective filing date of the claimed
invention.

(a2)(2) the claimed invention was described in a patent issued under section 151, or in an
application for patent published or deemed published under section 122(b), in which the
patent or application, as the case may be, names another inventor and was effectively filed
before the effective filing date of the claimed invention.

9. Claims 1, 2, 5 and 16 are rejected under 35 U.S.C. 102(a)(1) as being
anticipated by Foguet Roca, Pub. No. U.S. 2009/0324727.

Foguet Roca discloses compositions for photodynamic treatment (see Pars.
0027 -0028 and 0065) and methods of use, the method comprising: the step of topically
apply a composition of 5-aminolevulinic acid (ALA) to a treatment area to be treated
with photodynamic therapy (see Example 5 and claims 1, 64 and 76). Foguet Roca

teaches that, according to the invention, the "composition preferably comprises an
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active agent which is selected from 5-aminolevulinic acid, or a derivative, a precursor
and/or a metabolite thereof,” see Par. 0045 .Foguet Roca further teach the step of
applying/covering polyethylene barrier to the treatment area after the ALA composition
is applied to the treatment area as claimed (see Par. 0053).

10.  With respect to claim 2, Foguet Roca discloses that the treatment area includes
actinic keratosis (see Par. 00140).

Note: in the Background section of the instant application, the applicant
describes the use of ALA composition for photodynamic therapy is well known in the art.
The applicant further indicates that the inventors found ‘coving polyethylene for a period
of time over a treatment area is effective to minimize trans-epidermal water loss from
the treatment area (see Par. 006 of the specification). The examiner further notes that
the use of surfactants such as polyethylene for coating on a surface to minimize water
loss for a period of time, or on a surface of a medical capsule to minimize water
absorption is well known in the art (see Pars. 0004 and 0208 of Parent et al., Pub. No.
U.S. 2014/0010761; and Pars. 0090 and 0106 of Bonasera et al., Pub. No. U.S>

2005/0090429).

11.  Claims 1 and 16 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by
Trigiante, Pub. No. U.S. 2011/0053965.

Trigiante discloses pharmaceutical compositions and methods for photodynamic
treatment of skin, comprising: topically applying 5-aminolevuline acid (ALA) to a
treatment area (see Pars. 0009; and covering the treatment area with polyethylene

barrier to the treatment area in combination with the ALA or after the application of the
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ALA to the treatment area to enhance penetration of the topical application (see Pars.
0036 — 0037).

Allowable Subject Matter
12.  Claims 3-8 and 17-20 would be allowable if rewritten to overcome the rejection(s)
under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), 2nd paragraph, set forth in this
Office action and to include all of the limitations of the base claim and any intervening
claims.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to AHMED FARAH whose telephone number is (571)272-
4765. The examiner can normally be reached on Mon - Fri between 9:30 AM 10:30 PM,
multi-flex.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Gary Jackson can be reached on (571) 272-4697. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
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USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/AHMED FARAH/

Primary Examiner, Art Unit 3762

August 5, 2018
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with topical with (composition agent)) USOCR;
FPRS; EPO;
JPO;
DERWENT;
|BM_TDB
L1140 8 and ( (enhanc$3 improv$3 assist$3) US-PGPUB; OR OFF 2018/08/05
same (body tissue skin) same USPAT; 19:38
(penetration) same topical same USOCR;
(composition agent)) FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
L12 {0 8 and ( (enhanc$3 improv$3 assist$3) US-PGPUB; OR OFF 2018/08/05
same (penetration) same topical same USPAT; 19:39
(composition agent)) USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
L13 {0 8 and ( (enhanc$3 improv$3 assist$3) US-PGPUB; {OR OFF 2018/08/05
same (penetration) same (composition USPAT; 19:39
agent)) USOCR;
FPRS; EPO;
JPO;
DERWENT;
|BM_TDB
L14 40 8 and ( (penetration) same topical same {US-PGPUB; i{{OR OFF 2018/08/05
(composition agent)) USPAT; 19:39
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
L15 i1 8 not 9 US-PGPUB; {OR OFF 2018/08/05
USPAT,; 19:40
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
|BM_TDB
L16 {742 6 and ((method process technique) with {US-PGPUB; #OR OFF 2018/08/05
(treat$s enhanc$3 improv$3 assist$3) USPAT,; 19:45
with (body tissue skin) with USOCR;
(photodynamic phototherap$5 (photo adj {{FPRS; EPO;
dynamic) (photo adj therap$7))) JPO;
DERWENT;
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|

{1BV_TDB

L17

181

16 and ('ALA" "5-aminolevulinic acid")

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2018/08/05

19:46

L18

17 and (polyethylene near3 barrier)

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2018/08/05
19:47

L19

17 and (polyethylene with barrier)

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2018/08/05
19:48

20

17 and (polyethylene same barrier)

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2018/08/05
19:48

L21

20 and ((method process technique) with
(treat$s enhanc$3 improv$3 assist$3)
with (body tissue skin) with
(photodynamic phototherap$5 (photo adj
dynamic) (photo adj therap$7)))

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
19:48

22

21 and ( (enhanc$3 improv$3 assist$3)
same (body tissue skin) same
(penetration) same topical same
(composition agent))

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
19:48

23

21 and ( (penetration) same topical same
(composition agent))

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
19:48

24

187

6 and ( (enhanc$3 improv$3 assist$3)
same (body tissue skin) same
(penetration) same topical same
(composition agent))

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/08/05
21:07

25

66

24 and ('ALA' "5-aminolevulinic acid")

US-PGPUB;
USPAT;
USOCR,;
FPRS; EPO;

OR

ON

2018/08/05
21:08
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JPO;
DERWENT;
IBM_TDB

L26 {4 25 and (polyethylene same barrier) US-PGPUB; {OR ON 2018/08/05
USPAT; 21:08
USOCR;
FPRS; EPO;
JPO;
DERWENT;
|BVI_TDB

27§23 {("0000002" | "20030105163" | US-PGPUB; |OR OFF  2018/08/05
"20040157905" | "20090324727" | USPAT 21:14
"20160317831" | "5079262" | "5211938"
| "5441531" | "5474528" | "5489279" |
"5505726" | "5782895" | "5856566" |
"6231593" | "6335465" | "6559183" |
"8609073" | "9241957" | "9339540" |
"9387341" | "9561276" | "9723991" |
"D613872").PN.

L28 {21 27 and ("ALA' "5-aminolevulinic acid") US-PGPUB; {OR ON 2018/08/05
USPAT; 21:17
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

L29 {0 28 and (polyethylene same barrier) US-PGPUB; #OR ON 2018/08/05
USPAT; 21:17
USOCR;
FPRS; EPO;
JPO;
DERWENT;
|BVI_TDB

L30 {0 28 and (polyethylene same penetration) {{US-PGPUB; iOR ON 2018/08/05
USPAT; 21:17
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

L31 §2 28 and (polyethylene same penetrat$3) {{US-PGPUB; i{jOR ON 2018/08/05
USPAT; 21:17
USOCR,;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

8/5/2018 9:20:51 PM
C:\ Users\ afarah.USPTO\ Documents\ EAST\ Workspaces\ 15869164.wsp
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Incubation Period, Journal of Drugs in Dermatology, Volume 11, Issue 12, December 2012, pp. 1483-
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1970, 82, pp.458-462.
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Issue 9, pp.1049-1056.

Examiner Date
Signature |  /BHMED M FARAH/ Considered 08/05/2018
4844-0378-9413 1 192

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /A.M.F/



UNITED STATES PATENT AND TRADEMARK OFFICE

USPTO Automated Interview Request (AIR)

Aug 7 2018

This paper requesting to schedule and/or conduct an interview is appropriate because:

This submission is requested to be accepted as an authorization for this
interview to communicate via the internet. Recognizing that Internet
communications are not secure, I hereby authorize the USPTO to communicate with
the undersigned concerning scheduling of the interview wvia video conference,
instant messaging, or electronic mail, and to conduct the interview in accordance
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Application No.: 15/869,164

Filing Date: 1/12/2018

Examiner: Ahmed M. Farah

Art Unit: 3769

Confirmation No.: 3488

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.56

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

Applicant submits herewith documents for the Examiner’s consideration in accordance

with 37 CFR §§1.56, 1.97 and 1.98.

Applicant respectfully requests that each listed document be considered by the Examiner
and be made of record in the present application and that an initialed copy of Form PTO/SB/08
be returned in accordance with MPEP §609.

The submission of any document herewith is not an admission that such document
constitutes prior art against the claims of the present application or that such document is
considered material to patentability as defined in 37 CFR §1.56(b). Applicant does not waive
any rights to take any action which would be appropriate to antedate or otherwise remove as a

competent reference any document submitted herewith.

4823-9773-2197.v1 -1-
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TIMING OF THE DISCLOSURE
The listed documents are being submitted in compliance with 37 CFR §1.97(b), before

the mailing date of the first Office Action on the merits.

CONCISE EXPLANATION OF RELEVANCE

The cited documents are in English.

Although Applicant believes that no fee is required, the Commissioner is hereby

authorized to charge any additional fees which may be due to Deposit Account No. 19-0741.

Respectfully submitted,

Date May 10, 2018 By /Kiri Lee Sharon/

FOLEY & LARDNER LLP Glenn Law

Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5426 Registration No. 34,371

Facsimile: (202) 672-5399

Kiri Lee Sharon
Attorney for Applicant
Registration No. 71,828

4823-9773-2197.v1 -2-

200



Atty. Dkt. No. 067286-0399

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Appl. No.: 15/869,164

Filing Date: 1/12/2018

Examiner: Ahmed M. Farah

Art Unit: 3769

Confirmation No.: 3488

RESPONSE TO RESTRICTION REQUIREMENT

Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

This communication responds to the requirements for restriction and species election set

forth in the Office Action mailed April 3, 2018.

Requirement for Restriction

The Office Action requires election of one of the following groups, as set forth on page 2

of the Office Action:

(1) Group I — claims 1-8 and 16-23, drawn to alternative methods of enhancing penetration
of a topical composition into a tissue for photodynamic therapy, classified in
A61K41/0061.

(2) Group II - claims 9-15, drawn to a method of photodynamic therapy of a body/skin
tissue, classified in A61N 5/062.

4816-0908-6305.1
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Without acquiescing to the propriety of the restriction requirement, Applicant hereby

elects Group I, claims 1-8 and 16-23, without traverse.

Requirement for Election of Species

The Office Action requires election of one of the following species, as set forth on page 4

of the Office Action:

(A)Species A — claims directed to a method of enhancing penetration of a topical
composition into a tissue, characterized by applying S-aminolevulinic acid (molecular
formula CsHoNOs) to a body tissue to be treated, see paras. [0007] and [0010] of the
specification.

(B) Species B — claims directed to a method of enhancing penetration of a topical
composition into a skin tissue, characterized by applying 5-aminolevulinic acid
hydrochloride (molecular formula CsH;oCINO;) to a body tissue to be treated, see para.
[0011] of the specification.

Without acquiescing to the propriety of the requirement for election of species, Applicant
hereby elects Species A, claims directed to a method of enhancing penetration of a topical
composition into a tissue, characterized by applying S-aminolevulinic acid (molecular formula
CsHoNOs), with traverse. At least claims 1-13 and 15-20 encompass the elected species, with at

least claims 1, 9 and 16 being generic.

Applicant respectfully traverses the requirement for species election for the following
reasons. Applicant submits that the assertion in the Office Action that “[t]here is a search and/or
examination burden . . . because at least the following reason(s) apply: the species or groupings
of patentably indistinct species require a different field of search (e.g., searching different classes
/subclasses or electronic resources, or employing different search strategies or search queries”
does not support that there is in fact a serious burden. The Office Action provides no
explanation or reasoning about why the species would require a different field of search.
Applicant respectfully submits that there would be no serious burden to search both species, at

2-
4816-0908-6305.1

202



Atty. Dkt. No. 067286-0399

least because a search for S-aminolevulinic acid would yield results including S-aminolevulinic
acid hydrochloride. See para. [0050] of the specification, showing the structural formula of ALA
HCI and describing the hydrochloride salt of aminolevulinic acid as an example of anhydrous
ALA. For at least these reasons, Applicant respectfully submits that the requirement for election

of species should be withdrawn.

4816-0908-6305.1
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Conclusion

Applicant reserves the right to pursue non-elected subject matter in one or more

divisional applications.
Receipt of an Office Action on the merits is awaited.

The Examiner is invited to contact the undersigned if it is believed that a telephone

discussion would be helpful to advance prosecution.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to
Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, the
Commissioner is authorized to charge the unpaid amount to Deposit Account No. 19-0741. If
any extensions of time are needed for timely acceptance of papers submitted herewith, Applicant
hereby petitions for such extension under 37 C.F.R. § 1.136 and authorizes payment of any such

extension fees to Deposit Account No. 19-0741.

Respectfully submitted,

Date: April 13, 2018 By /Kiri Lee Sharon/

FOLEY & LARDNER LLP Glenn Law

Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5426 Registration No. 34,371
Facsimile: (202) 672-5399

Telephone: (202) 295-4092 Kiri Lee Sharon
Facsimile: (202) 672-5399 Attorney for Applicant

Registration No. 71,828
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Total Files Size (in bytes): 117684

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
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national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
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the application.

211




Atty. Dkt. No. 067286-0399

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Application No.: 15/869,164

Filing Date: 1/12/2018

Examiner: Ahmed M. Farah

Art Unit: 3769

Confirmation No.: 3488

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR §1.56

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

Applicant submits herewith documents for the Examiner’s consideration in accordance

with 37 CFR §§1.56, 1.97 and 1.98.

Applicant respectfully request that each listed document be considered by the Examiner
and be made of record in the present application and that an initialed copy of Form PTO/SB/08
be returned in accordance with MPEP §609.

The submission of any document herewith is not an admission that such document
constitutes prior art against the claims of the present application or that such document is
considered material to patentability as defined in 37 CFR §1.56(b). Applicant does not waive
any rights to take any action which would be appropriate to antedate or otherwise remove as a

competent reference any document submitted herewith.
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TIMING OF THE DISCLOSURE
The listed documents are being submitted in compliance with 37 CFR §1.97(b), before

the mailing date of the first Office Action on the merits.

CONCISE EXPLLANATION OF RELEVANCE

The cited documents are in English.

Although Applicant believes that no fee is required, the Commissioner is hereby

authorized to charge any additional fees which may be due to Deposit Account No. 19-0741.

Respectfully submitted,

Date April 12, 2018 By /Kiri Lee Sharon/

FOLEY & LARDNER LLP Glenn Law

Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5426 Registration No. 34,371
Facsimile: (202) 672-5399

Telephone: (202) 295-4092 Kiri Lee Sharon
Facsimile: (202) 672-5399 Attorney for Applicant

Registration No. 71,828
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3000 K STREET N.W. FARAH, AHMED M
SUITE 600
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ipdocketing @foley.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
15/869,164 LUNDAHL ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
AHMED FARAH 3769 f(‘;g‘s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 01/12/2018.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 1-23 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) Claim(s) ____is/are rejected.
8)[] Claim(s) _____is/are objected to.
9 Claim(s) 1-23 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.

2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) l:l Other-

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Dathq@)szs



Application/Control Number: 15/869,164 Page 2
Art Unit: 3769

1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
DETAILED ACTION
Election/Restrictions

2. Restriction to one of the following inventions is required under 35 U.S.C. 121:

|. Claims 1-8 and 16-23, drawn to alternative methods of enhancing penetration
of a topical composition into a tissue for photodynamic therapy, classified in A61K
41/0061.

Il. Claims 9-15, drawn to a method of photodynamic treatment of a body/skin
tissue, classified in A61N 5/062.
The inventions are distinct, each from the other because of the following reasons:
3. Inventions | and Il are related as subcombinations disclosed as usable together
in a single combination. The subcombinations are distinct if they do not overlap in
scope and are not obvious variants, and if it is shown that at least one subcombination
is separately usable. In the instant case, subcombination |l has separate utility such as
photodynamic treatment of a patient's skin. Furthermore, photodynamic treatment of the
skin tissue can be performed without first enhancing penetration of the topical agent into
the skin, e.g., by injecting the composition into the skin tissue . See MPEP § 806.05(d).

The examiner has required restriction between subcombinations usable together.
Where applicant elects a subcombination and claims thereto are subsequently found
allowable, any claim(s) depending from or otherwise requiring all the limitations of the

allowable subcombination will be examined for patentability in accordance with 37 CFR
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Art Unit: 3769

1.104. See MPEP § 821.04(a). Applicant is advised that if any claim presented in a
continuation or divisional application is anticipated by, or includes all the limitations of, a
claim that is allowable in the present application, such claim may be subject to
provisional statutory and/or nonstatutory double patenting rejections over the claims of
the instant application.

4. Restriction for examination purposes as indicated is proper because all the
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and/or examination burden if restriction were not
required because one or more of the following reasons apply: the inventions require a
different field of search (e.g., searching different classes /subclasses or electronic
resources, or employing different search strategies or search queries).

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of an invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
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the election, applicant must indicate which of these claims are readable upon the
elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103 or pre-AlA 35 U.S.C. 103(a) of the other invention.

5. This application contains claims directed a patentably distinct specie. The
invention of Group | contains claims directed to the following patentably distinct species:
e Species A (claims directed to a method of enhancing penetration of a topical
composition into tissue characterized by applying 5-aminolevulinic acid

(molecular formula CsHgNOs3) to a body tissue to be treated, see Par. 0007 and

0010 of the specification), and

e Specie B (claims directed to method of enhancing penetration of a topical
composition to a skin tissue characterized by applying 5-aminolevulinic acid
hydrochloride (molecular formula: CsH1,CINO3) to a body tissue to be treated,

see Par. 0011).

6. The species are independent or distinct because the claims to the different
species recite the mutually exclusive characteristics of such species. In addition, these

species are not obvious variants of each other based on the current record.
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Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or
a single grouping of patentably indistinct species, for prosecution on the merits to which
the claims shall be restricted if no generic claim is finally held to be allowable. Currently,
no claim is generic.

Note: if the applicant elects the invention of Group I, he/she is required to elect

one of the species A or B for the prosecution on the merits.

There is a search and/or examination burden for the patentably distinct species
as set forth above because at least the following reason(s) apply: the species or
groupings of patentably indistinct species require a different field of search (e.g.,
searching different classes /subclasses or electronic resources, or employing different
search strategies or search queries).

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a species to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected species or grouping of patentably indistinct species, including any
claims subsequently added. An argument that a claim is allowable or that all claims are
generic is considered nonresponsive unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and
specifically point out supposed errors in the election of species requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time

of election in order to be considered timely. Failure to timely traverse the requirement

219



Application/Control Number: 15/869,164 Page 6
Art Unit: 3769

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable on the elected
species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of
patentably indistinct species from which election is required, are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing them
to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the species unpatentable over the prior art, the
evidence or admission may be used in a rejection under 35 U.S.C. 103 or pre-AlA 35
U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration

of claims to additional species which depend from or otherwise require all the limitations
of an allowable generic claim as provided by 37 CFR 1.141.
7. Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be corrected in compliance with 37 CFR 1.48(a) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. A request to correct inventorship under 37 CFR 1.48(a)
must be accompanied by an application data sheet in accordance with 37 CFR 1.76 that
identifies each inventor by his or her legal name and by the processing fee required
under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to AHMED FARAH whose telephone number is (571)272-
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4765. The examiner can normally be reached on Mon, Tues, Thurs, and Fr. between
9:30 AM 7:30 PM.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thomson William can be reached on (571) 272-3718. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/AHMED FARAH/
Primary Examiner, Art Unit 3769

March 28, 2018
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO.
15/869,164 01/12/2018 Scott LUNDAHL 067286-0399 3488
22428 7590 03/20/2018

EXAMINER
Foley & Lardner LLP |
3000 K STREET N.W.
SUITE 600
WASHINGTON, DC 20007-5109 | ART UNIT | PAPER NUMBER
3763
| NOTIFICATION DATE | DELIVERY MODE
03/20/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ipdocketing @foley.com

PTOL-90A (Rev. 04/07)
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Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspfo.gov

Doc Code:
TRACK1.GRANT

Decision Granting Request for
Prioritized Examination
(Track | or After RCE)

Application No.: 15/869,164

THE REQUEST FILED January 12, 2018 IS GRANTED.

The above-identified application has met the requirements for prioritized examination
A. [ foran original nonprovisional application (Track ).
B. |:| for an application undergoing continued examination (RCE).

The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;
B. filing an amendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multiple dependent claim;

filing a notice of appeal;

T o mmoOo

mailing of a notice of allowance;

mailing of a final Office action;

abandonment of the application.

filing a request for continued examination;

filing a request for suspension of action;

completion of examination as defined in 37 CFR 41.102; or

Telephone inquiries with regard to this decision should be directed to Cheryl Gibson-Baylor at
(571)272-3213, Office of Petitions. In his/her absence, calls may be directed to Brian W. Brown,

(571)272-5338.

Cheryl Gibson-Baylor
/Cheryl Gibson-Baylor/
[Signature]

Petitions Paralegal Specialist
(Title)

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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Office of Petitions: Routing Sheet

4700

Application No. 15869164

This application is being forwarded to your office for
further processing. A decision has been rendered on a
petition filed in this application, as indicated below.
For details of this decision, please see the document
PET.OP.DEC filed on the same date as this document.

' X GRANTED
~ DISMISSED
. DENIED
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Office of Petitions: Decision Count Sheet Mailing Month | 3

Appliation No. 15869164 UL RINFRTATO AR
586 1 4

For US serial numbers: enter number only, no slashes or commas. Ex: 10123456

* 1 *
For PCT: enter "51+single digit of year of filing+last 5 numbers", Ex. for PCT/US05/12345, enter 51512345

Deciding Official: GIBSON-BAYLOR, CHERYL

9 6

Count (1) - Palm Credit 15869164
GRANT awnceworcneeoeo == |11 {INIIFKAVVN
* G RANT %

{1 Select Check Box for YES
6 4 3

Decision:

PRI,

Decision Type: 643 - Track One request ‘

pIXTITIXINS

* *
Notes:
Count (2)
L. g R FINANCE WORK NEEDED !
Decision: | n/a v |
: {1 Select Check Box for YES
Decision Type: i NONE -i
Notes:
Count (3)
. FINANCE WORK NEEDED ™
Decision: { n/a i f
§ i1 Select Check Box for YES
Decision Type: | NONE -3
Notes:
. . L . If more than 3 decisions, attach
, -
Initials of Approving Official (if required) ond count sheet & mark this box o
Printed on: 3/15/2018

Office of Petitions Internal Document - Ver. 5.0
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/869,164
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 760
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 23 minus 20= 3 OR |« 100 - 300
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 4 minus 3 = 1 x 460 - 460
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2480
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.

226




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
15/869,164 01/12/2018 1629 2420 067286-0399 23 4
CONFIRMATION NO. 3488
22428 UPDATED FILING RECEIPT
Foley & Lardner LLP
3000 K STREET N.W. AR AL AL
SUITE 600

WASHINGTON, DC 20007-5109
Date Mailed: 03/06/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Scott LUNDAHL, Lexington, MA;

Michael Guttadauro, Carlisle, MA;
Applicant(s)

DUSA Pharmaceuticals, Inc., Wilmington, MA;
Assignment For Published Patent Application

DUSA Pharmaceuticals, Inc., Wilmington, MA

Power of Attorney: The patent practitioners associated with Customer Number 22428

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

page 1 of 3
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If Required, Foreign Filing License Granted: 02/05/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/869,164

Projected Publication Date: 07/18/2019
Non-Publication Request: No

Early Publication Request: No
Title

METHODS FOR PHOTODYNAMIC THERAPY
Preliminary Class
514
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3

228



LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Atty. Dkt. No. 067286-0399

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Application No.: 15/869,164

Filing Date: 1/12/2018

Examiner: Unassigned

Art Unit: 1629

Confirmation No.: 3488

TRANSMITTAL OF FEES

Convnissioner for Patents
P.G, Box 1450
Alexandria, VA 22313-1450

Commissioner:

Applicant filed a response to Notice To File Corrected Application Papers on February
28, 2018, along with a Declaration. The surcharge for filing of the Declaration was inadvertently
omitted. Applicant hereby submits a payment in the amount of $160.00 to cover the fee

associated with filing the Declaration by credit card via EFS-Web.

Respectfully submitted,

Date Mareh 1, 2018 By /Kirh Leg Sharon/

FOLEY & LARDNER LLP Glenn Law

Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5426 Registration No. 34,371
Facsimile: (202} 672-5399

Telephone:  (202) 295-4092 Kiri Lee Sharon
Facsimile: (202) 672-5399 Attorney for Applicant

Registration No. 71,828

4851-7570-4414.1
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Electronic Patent Application Fee Transmittal

Application Number:

15869164

Filing Date:

12-Jan-2018

Title of Invention:

METHODS FOR PHOTODYNAMIC THERAPY

First Named Inventor/Applicant Name:

Scott LUNDAHL

Filer:

Kiri Lee Sharon/Effie Hale

Attorney Docket Number:

067286-0399

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Electronic Acknowledgement Receipt

EFS ID: 31932009
Application Number: 15869164
International Application Number:
Confirmation Number: 3488
Title of Invention: METHODS FOR PHOTODYNAMIC THERAPY
First Named Inventor/Applicant Name: Scott LUNDAHL
Customer Number: 22428
Filer: Kiri Lee Sharon/Effie Hale
Filer Authorized By: Kiri Lee Sharon
Attorney Docket Number: 067286-0399
Receipt Date: 01-MAR-2018
Filing Date: 12-JAN-2018
Time Stamp: 13:58:28
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $160
RAM confirmation Number 030218INTEFSW14001101
Deposit Account 190741
Authorized User Effie Hale

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.21 {Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
139260
1 Transmittal Letter TransmittalDeclFee.pdf no 1
4c67441bad4e145c78f4e889203c7630%¢1
c8dca
Warnings:
Information:
30327
2 Fee Worksheet (SB06) fee-info.pdf no 2
372728eeb42648de4d279ddcdd8ddf7071
5467a7
Warnings:
Information:
Total Files Size (in bytes): 169587

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Atty, Dkt. No. 067286-0399

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Application No. 15/869,164

Filing Date: 1/12/2018

Examiner: Unassigned

Axt Unit: 1629

Confirmation No.: 3488

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

This communication responds to the Notice to File Corrected Application Papers mailed

February 7, 2018, in the above-identified patent application.

Amendments to the Drawings begin on page 2 of this document, and include the

attached replacement drawing sheets and annotated sheets showing changes.
Remarks begin on page 3.

Please amend the application as follows:

4838-7753-8418.1 -1-
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Atty. Dkt. No. 067286-0399

AMENDMENTS TO THE DRAWINGS

The drawing sheets attached in connection with the above-identified application
containing FIGS. 4-8 are being presented as new formal drawing sheets to be substituted for the
previously submitted drawing sheets. Appended to this amendment are annotated copies of the
previous drawing sheets which have been marked to show changes presented in the replacement
sheets of the drawing. The specific changes made to the drawings are as follows. FIGS. 5-8 are
amended. FIGS. 5-8, as previously presented, were not in the form of line drawings, These
figures have been converted to line drawings, as reflected in the accompanying replacement

drawing sheets. No new matter is added.

4838-7753-8418.1 g
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Atty. Dkt. No. 067286-0399

REMAREKS

Favorable consideration of the foregoing amendments to the drawings is respectfully

requested.,

The Notice to File Corrected Application Papers dated February 7, 2018 states that: “The
drawings submiited to the Office are not electronically reproducible because portions of figures
5-8 are missing and/or blurry.” In order to resolve the concerns stated in the Notice, the
foregoing replacement drawings submitted herewith. The replacement drawing sheets contain
FIGS. 5-8 in line drawing form, so as to be readily electronically reproducible. For at least these
reasons, Applicant respectfully submits that the figures of the application as amended comply

with applicable drawing requirements. No new matter has been added.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 10
Deposit Account No, 19-0741. Should no proper payment be enclosed, the Commissioner is
authorized to charge the unpaid amount to Deposit Account No. 19-0741. If any extensions of
time are needed for timely acceptance of papers submitted herewith, applicant hereby petitions
for such extension under 37 C.F.R. § 1,136 and authorizes payment of any such extension fees to

Deposit Account No, 19-0741.

Respectfully submitted,

Date Februgry 26,2018 By /Kirt Lee Sharon/

FOLEY & LARDNERLLP Glenn Law

Customer Number: 22423 Attorney for Applicant
Telephone:  (202) 672-5426 Registration No. 34,37
Facsimile: (202) 672-5399

Telephone:  (202) 255-4092 Kiri Lee Sharon
Facsimile: (202) 672-5399 Attorney for Applicant

Registration No. 71,828

4336-7753-8418.1 -3
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1 AP ITATION MUMBER | } FILY YDATE } TIRST NAM XNT T NGUTITLE i
15/868,164 T 01/12/2018 Scott LUNDAHL 067286-0399
CONFIRMATION NO. 3488
%’2428 FORMALITIES LETTER
oley & Lardner LLP T —— N
3000 K STREET N.W. THBIERRRN T L
SUITE 600 R

WASHINGTON, DC 20007-5109
Date Mailed: 02/07/2018

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application nimber and filing date have been ancorded to this application. The application is Informal since
it does notcomply with the reguiations for the feason(s) indicatad helow. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informaiities ndicated below. Extensions of tine may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitied to avoid abandonment:

» Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121{d) are required. The drawings
submitted are not acceptable because:
» The drawings submitted to the Office are not electronically reproducible because portions of figures 5-8
are missing and/or blurry.

Applicant is cautionad that correction of the above items may causs the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages. applicant will need to submitihe required
application size fse.

« Surcharge as set forth in 37 CFR 1.18(7) must be submitted.
The surcharge is dus for any cne of;
« late submission of the basic filing fee, search fee, or examination fee,
«late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
- submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:
The fee(s) required within TWO MONTHS from the:date of this Notize th avold atandonment is/are emized
below. No entity status discount is i effest. If applioant is-qualifisd for small enfity rio of

amal sty status must e submiiedt 1o establish small entity status. {See 37 UFR 1.27). If applicant is quatified
o rcre evdity slatus,an acesptable Cartification of Kiaro Entity Status must be submitted to establish micro
stity status, (See 37 CFR 1,29 and forms PTCYEB/18A and 15B.)

- § 160 surcharge.

« {0} pravious uhapplisd payment amoyol,

+$ 160 TOTAL FEE BALANCE DUE.

e Required To Aveld Processing Delays:

page t of 2
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Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the invenior's
oath or deciaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no laer than the
expiration of the time pericd set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(1).

« A properly exscuted inventor's oath or declaration has not been received for the following inventor(s):
Scott LUNDAHL
Michael Guttadauro

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PT0O/SB/G2 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.C. Box 1450

Alexandria VA 22313-1450

Registerad users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description “Applicant response to Pre-Exam Formalities Notice".
Rtpespaialuspio.go natevAutbenticateUserlocalEFE.himt

For more information about EFS-Web please call the USPTO Electronic Busingss Center at 1-866-217-9167 or
visit our website at Blipyiwww uapto.govebe

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Managemeni, Application Assistance Unit, at
571) 272-4000 or (571) 272-4208 or 1-888-786-8101.

fmhaile/

page 2 of 2
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Atty, Dkt. No. 067286-0399

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Appl. No.: 15/869,164

Filing Date: 1/12/2018

Examiner: Unassigned

Art Unit: 1629

Confirmation No.: 3488

TRANSMITTAL OF DECLARATION

Commissioner for Patents
B.(. Box 1450
Alexandria, VA 223131450

Commissioner:
In response to the Notice to File Corrected Application Papers mailed February 7, 2018 in

the above-identified patent application, transmitted herewith is an executed Declaration (3 pages)

regarding the subject patent application.

Although Applicant believes that no fee is required, the Commissioner is hereby

authorized to charge any additional fees which may be due to Deposit Account No. 19-0741.

4831-2750-4478 1
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Atty. Dkt. No. 067286-0399

Respectfully submitted,

Date Pebrugry 28,2018 By /Kisi Loe Sharon!

FOLEY & LARDNERLLP Glenn Law

Customer Number: 22423 Attorney for Applicant
Telephone:  (202) 672-5426 Registration No. 34,371
Facsimile: {202) 672-5399

Telephone:  (202) 295-4092 Kiri Lee Sharon
Facsimile: (202) 672-3399 Attorney for Applicant

Registration No. 71,828

4831-2750-4478.1
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PTO/AIA/OR (modified)
RitoFrey Dockat Numbar -

DESIGN First Named Inventor Scott LUNDAHL
PATENT APPLICATION COMPLETE IF KNOWN
(37 CFR ’5053) Application Number 15/889,164
... Reclaration Submitted With Initiat Filing Filing Date T3PS
OR Art Unit Unassigned
N T ik K y,

METHODS FOR PHOTODYNAMIC THERARY

{Title of the Invention)
As a below named inventor, | hereby declare that;

This declaration is directed to:

[ The attached application,

OoR

B4 United States Application Number or PCT International application number 15/869,164 filed on 1/12/2018.

The above-identified application was made or authorized to be made by me.
I befieve | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false staternent made in this declaration is punishable under 18 U.8.C, 1001
by fine or imprisonment of not mera than five (5) vears, or both.

Authorization To Permit Access To Application by Participating Office

] i checked, the undersigned hereby grants the USFTO authority to provide the European Patent Office (EPQ), the
Japan Patent Office (IPO), the Korean Intellectual Property Office (KIPQ), the World Intellectual Property Office
(WIPQ), and any other intellectual property offices in which a foreign application claiming priority to the above-identified
patent application is filed access to the above-identified patent application, See 37 CFR 1,14(c) and (h). This box
should not be checked if the applicant does nat wish the ERO, JRQ, KIPQ, WIPQ, or other intellectual property office in
which a foreign application claiming priority {o the above-identified patent application is filed to have access to the
above-identified patent application.

in accordance with 37 CFR 1.14(h)(3), access will be provided o a copy of the above-identified patent applicatian with
respect to: 1) the above-identified patent application-as-filed; 2)-any foreign application fo which the above-identified
patent application.claims priority under 38 U.8.C, 119(a)-(0) if a copy of the foreign application that satisfies the
certified copy requirement of 37 CFR 1.56 has been filed in the abova-identified patert application; and 3) any U.S.
application-as-filed from which benefit is sought in the above-identified patent application,

In accordance with 37 CFR 1.14(c), sccess may be provided to infarmation concerning the date of filing the
Authorization to Permit Access to Application by Participating Offices,

4830-7885-4682.1
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PTO/AIAOE (modified

DECLARATION — Utility or Design Patent Application
Docket Number: (67286-03499 Application No: 15/869,164

The address

Direct all oy : : Correspondence
B4 g 2242 R
correspondence to: - ?:is?s(gg;frdf\mﬁben 8 e address below

Name

Address

City State Zip
Country Telephone Email

WARNING:

Petitioner/applicant is cautionad to avoid submitting personal information in documents filed in a patent application that
may contribute to identity thefi. Personal information such as social sscurily numbers, bank account numbers, or credit
card numbers {other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is
never required by the USPTO to support a petition or an application. If this type of personal information is included in
documents submitted to the USPTO, petitioners/applicants should consider redacting such personal Information from
the documents before submitting them to the USPTQ. Petitioner/applicant is advised that the record of a patent
application is available 1o the public after publication of the application (unfess a non-publication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned
application may also be available 1o the public if the application is referenced in a publishied application or an issued
patent (see 37 GFR 1.14). Checks and cradit card authorization farms PTQ-2038 submitted far payment purposes-are
not retained in the application file and therefore are not publicly available. Petittoner/applicant is advised that
docurnants which forn the record of a patent application (such as the PTQ/SB/0T) are placed into the Privacy Act
systeny of records DEPARTMENT OF COMMERCE, COMMERCE-RPAT-7, Systern name: Patent Application

Files . Dovuments not ratained in an application file (such as the PTQ-2038) are placed inio the Privacy Act system of
COMMERCE/PAT-TM-10, System name: Deposit Accounts and Electronic Funds Transfer Profiles .

LEGAL NAME OF SOLE OR FIRST INVENTOR:
(E.9.,Given Name (first and middle (if any)) and Family Name or Surnamae)

Scott LUNDAHL

o 5
Inventor's Signature w‘,.-«s %»\{j.{g ’ }Jm{& Date (optional) {i3s g i g?sf’
Residence: City Lexington State MA Coun{try UfS,A.

Malling Address
cfo DUSA Pharmaceuticals, Inc, 25 Upton Drive

Chy Wilmington State Massachusetts Zip 01887 Caountry United States of
, America

Additional inventors are being named on the 1 supplemantal sheet(s)y PTO/AIAMO attached hersto

4830-7885-3682.1
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PTQIAIANQ (modified)

ADDITIONAL INVENTOR(S
$UPPL§MENTAL SHEET FOR Supplemental Sheet {for PTO!A{!A;OB,QS) :
DECLARATION Page 1of 1

Legal Name of Additional Joint Inventor, if any:

(E.g..Given Name (first and riddie (if any)} and Family Name or Sumame)

Michael GUTTADAURD
£

tnventor's Signature §§«m{{§§*§ P A Date (optional) SR8 iy
k3 &
Residence: City Carliste State MA Country U.S.A.

Mailing Address
¢/o DUSA Pharmaceuticals, Ine. 25 Upton Drive

City Wilmington Slate Massachusetts Zip 01887 Country United States of
Amerlca

4830-7985-4682 .1
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Electronic Acknowledgement Receipt

EFS ID: 31914448
Application Number: 15869164
International Application Number:
Confirmation Number: 3488

Title of Invention:

METHODS FOR PHOTODYNAMIC THERAPY

First Named Inventor/Applicant Name:

Scott LUNDAHL

Customer Number:

22428

Filer:

Kiri Lee Sharon/Effie Hale

Filer Authorized By:

Kiri Lee Sharon

Attorney Docket Number:

067286-0399

Receipt Date: 28-FEB-2018
Filing Date: 12-JAN-2018
Time Stamp: 14:30:02

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
890099
1 Applicant Respgnse to.Pre—Exam Resp._ NFCAP.pdf no 5
Formalities Notice
bd3404f0390ceb63aaf0ca59c49acc8762c2
ed4c

Warnings:
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Information:

373067
Drawings-only black and white line
2 9 y bla ReplacementDrwgs.pdf no 3
drawings
7c87a2f3f9469c614db05c26d06eff444 1a6d
465
Warnings:
Information:
3264472
Drawings-only black and white line
3 9 y bla AnnotatedDrwgs.pdf no 3
drawings
162862f255ab0614dbd54ad783042669137
f575e
Warnings:
Information:
197176
4 Transmittal Letter TransmittalDeclaration.pdf no 2
38eledea6969c83f28abaab4e89eb1dadbal
S5dd1e
Warnings:
Information:
4079444
5 Oath or Declaration filed Declaration.pdf no 3
4f7166615ce8d65678b557312a6beae4d 38b|
ac753
Warnings:
Information:
Total Files Size (in bytes): 8804258

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
15/869,164 01/12/2018 1629 2260 067286-0399 23 4
CONFIRMATION NO. 3488
22428 FILING RECEIPT
Foley & Lardner LLP
3000 K STREET N.W. A0 AT
SUITE 600

WASHINGTON, DC 20007-5109
Date Mailed: 02/07/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Scott LUNDAHL, Lexington, MA;

Michael Guttadauro, Carlisle, MA;
Applicant(s)

DUSA Pharmaceuticals, Inc., Wilmington, MA;
Assignment For Published Patent Application

DUSA Pharmaceuticals, Inc., Wilmington, MA

Power of Attorney: The patent practitioners associated with Customer Number 22428

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

page 1 of 3

253



If Required, Foreign Filing License Granted: 02/05/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/869,164

Projected Publication Date: To Be Determined - pending completion of Corrected Papers
Non-Publication Request: No

Early Publication Request: No
Title

METHODS FOR PHOTODYNAMIC THERAPY
Preliminary Class
514
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3

254



LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/869,164
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 760
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 23 minus 20= 3 OR |« 100 - 300
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 4 minus 3 = 1 x 460 - 460
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2480
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/869,164 01/12/2018 Scott LUNDAHL 067286-0399
CONFIRMATION NO. 3488
22428 FORMALITIES LETTER
Foley & Lardner LLP
3000 K STREET N.W. O L
SUITE 600 8377

WASHINGTON, DC 20007-5109
Date Mailed: 02/07/2018

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
+ The drawings submitted to the Office are not electronically reproducible because portions of figures 5-8
are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 160 surcharge.

+ $( 0) previous unapplied payment amount.

+$ 160 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:
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Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Scott LUNDAHL
Michael Guttadauro

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/mhaile/
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Doc Code: PA. STOAAIA (0743

~rindian: ¥ ; BTO/AIAB24 (0713)
Document Description: Powsr of Aftomney Appraved for use through 11/30/2014. OMB (651-0051
U8, Patent and Trademark Offics; U8, DEPARTMENT OF COMMERCE
Undar the Papanvork Raducion Act of 1885, o parsons are required fo respond te a colection of information unless ¥ displays a valid OMB control number,

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is io be submitted with the Power of Attorney by Applicant form (PTO/AIA/B2ZE) to identify the application o which the
Power of Aftorney is directed, in accordance with 37 CFR 1.5, uniess the application number and filing date are identified in the Powar of
Attorney by Applicant form. if neither form PTO/AIAIS2A nor form PTO/AIAS2B identifies the application to which the Power of Atlorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number Unassigned

o

Filing Date 1/12/2018

First Named inventor

- Title METHODS FOR PHOTODYNAMIC THERAPY

Art Unit ijnasgigned

 Exarniner Name Umaggﬁgﬂ@ﬁ

Aitorney Docket Number 19672%@399

—— ST s oste Optona) | 1/12/2018

SIGNATURE of Applicant of Patent Practitioner

Name 3 enh“'ﬁlwaw Registration 34 371
Number

Title (if Applicantis a | Attorney for Applicant
juristic antity)

Applicant Name (if Appiicaﬁt is a juristic antity} DL} SA PHARMASEUTE GALS, E N C .

ROTE: This form must ba sianed in accordance with 57 GER 1.33. Ses 37 CFR 1.44d) for signaturd requirsments and natitications. §f
- more than one applitant, use riulliphs forms,

D “Total of e forms are submitted.

This collection of information is requirad by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a bensfit by
the public which is to file (and B he USRTQ to provess) an apiifisstion. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR
1,44 and 1.14. This colection s estimales fo take ¥ miriutes io tormplete, including gathering, preparing, i submilting the completed
application form to the USPTO. Time will vasy digsnding tpon the individual case. Any comments an tha arnount of time you reguire
to complets this form and/or suggaytions far raduging this fnsden, should be sent te the Chief information Officer, U8, Patent and
Trademark Office, 1.5, Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1480, Alexandria, VA 22313-1480.

if you need sssistasice In completing the form, call 1-800-PTQ-31989 and select option Z.
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Doc Codet FAL PO §7-18)

P 3 LA

Document Description: Power of Attornay Agprovad for use hraugh $1U0IR0TA. OME 088108
U.8. Patent and Trademeark Oftes; (L8, DEFARTH OF Q’A-’vl

uUnder tha Paserwork Raduciicn At of 1983, no pereons ars required i ressond @ o sollsetion of infarmatiun usless { duplays 2 valld GMB contiol numbar
i * ¥

POWER OF ATTORNEY BY APPLICANT

ither the attached transmittal lefter or

{ hareby revoks ail previeus powers of atlorney given int the application identified m
the boxes oalow,

Applisation Number Filing Date

information |8 provided on form PTOMAIAEZA.

{hNote The Doxes above may de left blank

' y’ | harely appoint the Patent Practitionens) assosiziad with tha foliowing Cusiomer Mumber as myfour afarney{s) of agentis), and
Rrates ?Jrste-n aned radﬂmarx Office connected therawith for the ap‘ﬂi ation referanced it

to ransact aif business in the Unlted 8
the attachad transmial lotter (form PYO/AINEZA

OR

i — . . . - ;

{;__ i | haraby appoint &1, c*-hmar(s‘ named in the aflached figt (form PTO/AIABEC) a3 my/cur altomey(s] or agentis), and 1o ransact
Trademark OFice connacted therawith for the patent epplication refaranced in tha

A

iNote: Compiste form PTOAIAGRC)

Yorigantified above: ‘

sl busingss in the Unlted Siales Falent and T
aftachad ransmital letlar (fuf-?‘. RN Aiw&’?»’k,‘- or hantified abova,

Pleass recognize or c?‘ange ihe cosrespondenae addrass for the application dentified in the attsched transmittal

tafter or the boxes above to!

The acdrass associated with the gbove-mantionad Cusiomar Numbsar

Y oR
«’} The atdress agsoniatad with Qustomer Numbar: | 22428 S
aR U SRR |
Flrm or [ ‘ )
gndi"’iduai Narﬂa : S “- R AT s e >
Addrgss f
City T | Siste i Pz
Sountry ‘
 Telephons 1 Emal {

!nvavtsf ar Joint Inventor {title not required below)
Legst Rapresentative of  Decsesed or Legally incapacitaled invanior (ttle nol reguired batows
Urnider an Om‘gatzr‘n to Assign {provide signer's titie if applisant is 3 juristic entity)
Barson Who Otherwiss Shows Sufficiant Froprisiary interast (8.9, & pelition under 37 CFR 14850} was granied in the
application o s conour ently being fiad with this donument) {provids signer's dile if appicant is 8 juristis enting

Azzignea of Parson o Whom the invantor s

SIGNATURE of Applicant for Patent
The undarsignad pabass ditls 18 5 o Balowl K Suthortesd 45 8¢t on ma‘m:‘ of the applicant tig., where tha sppifesnt’s a ju shic antiyn
pon Nl SRR ~ ¥ ‘
Signature i &,m{fef RN 7 | Data {Opt Jna!) §
Narms RN .

Titie MR e L ASE G A ‘Xm&g M2 Qer%.&
NRTE: Signaiure - This form enust b s L.r*etﬁ}by the pppiiafm in aeoordance with 37 GFR 1,33, See 37 GFR 1.4 for signlature requirements
and cerifications, if rnore thar ong apphisant, use mulliple forms.

forms are submitted,

f.?am}"ass_sérsﬁw»z aoenoing S ey onl
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Atty. Dkt. No. 067286-035%

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Scott LUNDAHL

Title: METHODS FOR PHOTODYNAMIC THERAPY
Application No.: {inassigned

Filing Date: 1/12/2018

Examinen Unassigned

Art Unit: Unassigned

Confirmation No.; Unassigned

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR §1.56

Commissioner for Patents
P.O, Box 1450
Alexandria, VA 22313-1450

Commissioner:

Applicant submits herewith documents for the Examiner’s consideration in accordance

with 37 CFR §§1.56, 1.97 and 1.98.

Applicant respectfully requests that each listed document be considered by the Examiner
and be made of record in the present application and that an initialed copy of Form PTO/SB/OY

be returned in accordance with MPEP §609,

The submission of any document herewith is not an admission that such document
constitutes prior art against the claims of the present application or that such document is
considered material to patentability as defined in 37 CFR §1.56(b). Applicants do not waive any
rights to take any action which would be appropriate 10 antedate or otherwise remove as a
competent reference any document submitted herewith. However, in accordance with MPEP §

609.04(2)(1), Applicant hereby states that for iterns for which the date of publication supplied

4838-7753-8418.1 o I
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4838~
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7

Atty. Dkt. No. 067286-038%

does not include the month of publication, the year of publication is sufficiently earlier than the
effective U.S. filing date and any foreign priority date so that the particular month of publication

is not in issue.

TIMING OF THE DISCLOSURE

The listed documents are being submitted in comphance with 37 CFR §1.97(b), within

three (3) months of the filing date of the application,

CONCISE EXPLANATION OF RELEVANCE

The cited documents are in English,

Although Applicant believes that no fee is required, the Commissioner is hereby

authorized to charge any additional fees which may be due to Dieposit Account Number 19-0741,

Respectfully submitted,

Date . January 12, 2017 - By

FOLEY & LARDNER LLF G‘i:‘::mg Law

Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-3426 Registration No, 34,371

Facsimile: (202) 672-5399

-8418.1 -

3]
15
[ O]
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O D B A O DDA, DDA DON
§ Substitute for form 1449/PTO i Complete if Known
INFORMATION DISCLOSURE Application Number Unassigned
STATEMENT BY ARPPLICANT Filing Date 171212018
\ ” . First Named inventor Scott LUNDAHL
Date Submitied: January 12, 2017 bbb el oS B A e R ———
Y ArtUnit Unassigned
{use as many shesls as necessary) Examiner Name L Unasgsigned
woheet 1 of i1 Attormey Docket Number 067286-0389 &
B
U.8. PATENT DOCUMENTS
, . Document Number o ) | Pages, Columns, Lines,
Examiner | Citg cesss < Publication Date Name of Patentee or Applicant of Where Relevant
Initizls™ | No. Number-Kind Code” (f MM-DD-YYYY Cited Document Passages or Relevant
Knowny ‘ - Figures Appesr
17/0106205-A1 04-20-2017 BOYAJIAN ET AL '
2017/0157379-A1 06-08-2017 BOYAJIANET AL,
A3 1 2017/0218616-A1 08-03-2017  BOYAJIAN ET AL,
A4 | 5954703 (9-21-1989 GOLUB

P AR 18,223 071-B1

UNPUBLISHED U8, PATENT APPLICATION DOCUMENTS
1.8, Patent Application Filing Date of T Pages, Columns, Lines,
Exariner Cited %gc:ur}bent Name of Pateniee or Applicant of ! Where Relevant
iitiale” : Cited Document i Passages or Relevant
MM-DD-YYYY : ik
....................................................................................... Figures Appear
""""""""""""""""""""""""""""" FOREIGN PATENT DOCUMENTS B
\ _ Pages, Columns, Linas,
s Examiner | Cite Ffﬁre‘g{n F’aten&d_Docqmai‘i_t Publication Date Name of Patentee or Where Relevant
¥ Initiais” No.’ Countiy Gode™ Numbar™ | MM-DD-YYYY Applicant of Cited Documents Passages of Relevant
B i King Gnde” (Fiaw F"igures Appaar 7
AB WO-2017/066270-A1 04-20-2017 DUSA PHARMACEUTICALS,
___________ NG,
£ NON PATENT LITERATURE DOCUMENTS g

Examiner | Cite

Initiale® Mo ! item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue

number(s), publisher, city and/or country where published.

A7 GEORGE J. SCHMIEDER DO ET AL, A Muiticenter, Randomized, Vehicle-Controlled Phase 2 Study
of Blue Light Photodynamic Therapy With Aminolevulinic Acid HC1 20% Topical Solution for the
Treatment of Actinic Keratoses on the Upper Extremities: The Effect of Occiusion During the Drug
incubation Period, Journal of Drugs in Dermatology, Volume 11, Issue 12, Decerber 2012, 10 pages

Cancerization. A Randomized Placebo-Controlied Study, British Journal of Darmatology, 2010, 182,
N T R T e

Examiner Date
Signature | Considered

4838-7078-9210.1
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WO 2017/066270 A1 I A0E 000 OO YOO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

é
g

(10) International Publication Number

(43) International Publication Date WO 201 7/066270 Al
20 April 2017 (20.04.2017) WIPOIPCT
(51) International Patent Classification: BZ, CA,CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
AG6IN 5/06 (2006.01) DO, DZ, EC, LL, LG, LS, FI, GB, GD, GL, GII, GM, GT,
. L HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: e KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
PCT/US2016/056572 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PA, IE, PG, PH, PL, T, QA, RO, RS, RU, RW, SA,
12 October 2016 (12.10.2016) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(25) Filing Language: English W,
(26) Publication Language: English (84) Designated States (unless otherwise indicated. for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
62/241.902 15 October 2015 (15.10.2015) Us GM, KE, LR, LS, MW, MZ, NA, RW., 8D, SL, ST, S,
TZ, UG, £ZM, £ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: DUSA PHARMACEUTICALS, INC. TI, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
[US/US]; 25 Upton Drive, Wilmington, Massachusetts DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
01887 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Tnventors: BOYAJIAN, Thomas; ¢/o Dusa Pharmaceutic- 2}“\;[, EI{V)[ ;)A";P{VI(EF{\IEJ’S;F’TLD(”TCL}I’ CM, GA, GN, GQ,
als, Inc., 25 Upton Drive, Wilmington, Massachusetts i > i -NE, SN, TD, TG).
01887 (US). CAROTA, Mark; c/o Dusa Pharmaceuticals, Declarations under Rule 4.17:
Tnc., 25 Upton Drive, Wilmington, Massachusetts 01887 as to applicant’s entitlement to apply for and be granted a
(US). MAZEJKA, Brian; ¢/o Dusa Pharmaceuticals, Inc., atent?]péule 4 1,,(;.)) ’ PP &
25 Upton Drive, Wilmington, Massachusetts 01887 (US). p e
— as to the applicant's entitlement to claim the priority of the
(74) Agents: LAW, Glenn et al.; Foley & Lardner LLP, 3000 K earlier application (Rule 4.17(iii))
Street NW, Suite 600, Washington, District of Columbia '
20007 (US). Published:
(81) Designated States (unless otherwise indicated, for every —  With international search report (Art. 21(3))

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: ADJUSTABLE ILLUMINATOR FOR PHOTODYNAMIC THERAPY AND DIAGNOSIS

FIG. 2A

(57) Abstract: An adjustable illuminator for photodynamically diagnosing or treating a surface includes a plurality of first panels
and at least one second panel. The plurality of first panels have wider widths and the at least one second panel has a narrower width.
The narrower width is less than the wider widths. The illuminator further includes a plurality of light sources, each mounted to one
of the plurality of first panels or the at least one second panel and configured to irradiate the surface with substantially uniform in -
tensity visible light. The plurality of first panels and the at least one second panel are rotatably connected. The at least one second
panel is connected on each side to one of the plurality of first panels. The second panel acts as a "lighted hinge" to reduce or elimin -
ate optical dead spaces between adjacent panels when the illuminator is bent into a certain configuration.
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ADJUSTABLE ILLUMINATOR FOR PHOTODYNAMIC THERAPY
AND DIAGNOSIS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority to U.S. Provisional Application No.
62/241,902 filed on October 15, 2015, which is hereby incorporated by reference in its

entirety.
FIELD

[0002] The invention relates generally to an adjustable illuminator that provides a uniform
distribution of visible light in a number of configurations and is suitable for use in

photodynamic therapy and diagnosis.
BACKGROUND

[0003] Photodynamic therapy (PDT), photodynamic diagnosis (PD), or photochemotherapy
is generally used to treat and/or diagnose several types of ailments in or near the skin or other
tissues, such as those in a body cavity. For example, PDT or PD may be used for treatment
or diagnosis of actinic keratosis of the scalp or facial areas of a patient. In addition, PDT and
PD may be used for treatment and diagnosis of other indications (e.g., acne, warts, psoriasis,

photo-damaged skin, cancer) and other areas of the patient (e.g., arms, legs).

[0004] During one form of PDT or PD, a patient is first administered a photoactivatable
agent or a precursor of a photoactivatable agent that accumulates in the tissue to be treated or
diagnosed. The area in which the photoactivatable agent is administered is then exposed to
visible light, which causes chemical and/or biological changes in the agent. These changes
allow the agent to then selectively locate, destroy, or alter the target tissue while, at the same
time, causing only mild and reversible damage to other tissues in the treatment area. One
example of a precursor of a photoactivatable agent is S-aminolevulinic acid (“ALA”), which
1s commonly used in PDT of actinic keratosis. As they are used here, the terms ALA or 5-
aminolevulinic acid refer to ALA itself, precursors thereof and pharmaceutically acceptable

salts of the same.

[000S] For effective treatment, it is desirable to have a power output that is uniform in

intensity and color. llluminators, such as those disclosed in U.S. Patent Nos. 8,758,418,
1
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8,216,289; 8,030,836; 7,723,910, 7,190,109, 6,709,446; 6,223,071, which are incorporated by
reference in their entireties for the techniques, methods, compositions, and devices related to
PDT and PD, are typically used to provide the proper uniformity of light for treatment
purposes. These devices generally include a light source (e.g., a fluorescent tube), coupling
elements that direct, filter or otherwise conduct emitted light so that it arrives at its intended
target in a usable form, and a control system that starts and stops the production of light when

necessary.
SUMMARY

[0006] Because PDT can be used to treat a variety of treatment areas, some illuminators
utilize two or more panels, each panel having a light source to emit light at the intended target
area. These panels are coupled together so as to be rotatable relative to each other. By
incorporating multiple, rotatable panels, the overall size and shape of the area that is

illuminated can be changed according to the intended treatment area.

[0007] In conventional adjustable illuminators, the panels are equally sized by width and
length and are typically driven at the same power level. The panels are further joined at their
edges by hinges so as to be rotatable to achieve a desired configuration. However, due to the
edges of the panels and the presence of the hinges, the light source(s) of one panel does not
immediately adjoin the light source(s) of an adjacent panel. As a result, light is not emitted
from a “gap” between the light sources. The lack of light emitting from such areas, together
with the uniform supply of power to the panels, can cause optical “dead space” in certain
portions of the target treatment area. These portions, in turn, receive less overall light,
resulting in a lower dose of treatment in those portions. In some instances, the dose of
treatment can be lowered by as much as a factor of five when compared with those areas

receiving an optimal amount of light.

[0008] Generally, these conventional illuminators are used for phototherapy of acne, which
typically does not require the administration of a photoactivatable agent for effective
treatment. Thus, exposure to the light alone is generally sufficient treatment. Moreover,
because multiple treatment sessions can be utilized to effectively treat the condition,
uniformity of light across the target area during a given treatment is less of a concern in some
situations. However, some forms of treatment involving PDT, such as the use of ALA to

treat actinic keratosis, require specific and highly uniform intensity and color of light to

2
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achieve effectiveness. In these instances, successful PDT relies on the targeted delivery of
both the correct quantity of the photoactivatable agent and the correct quantity (i.e., power
and wavelength) of light to produce the desired photochemical reactions in the target cells.
Thus, to achieve this, the light source must provide illumination to the target area and this
illumination must be uniform with respect to both wavelength and power. The optical dead
space that can occur at or near the hinges of conventional adjustable illuminators reduces the
uniformity of the light along the treatment area, thereby reducing the effectiveness of PDT
for these specific treatments. Moreover, these illuminators are also configured to adjust
within a limited range, such that only a limited amount of surfaces on a patient’s body may be
treated, such as a patient’s face and scalp. In addition, due to the various contours of a
patient’s body, the uniformity of light delivered by these conventional illuminators may vary

substantially depending on the treatment area of the patient.

[0009] Therefore, it is an object of some embodiments of the present invention to reduce or
eliminate these dead spaces and provide for a more uniform light distribution in an adjustable
illuminator designed for PDT or PD of a variety of targeted areas. In addition, it is an object
of some embodiments of the present invention to provide an infinitely adjustable illuminator
that can effectively deliver a uniformity of light across various areas of a patient’s body, such
as a patient’s extremities (e.g., arms and legs) or torso, in addition to a patient’s face and
scalp. Thus, a uniform light may be delivered to a targeted treatment area regardless of the

shape and location of the contoured surface of the patient’s body.

[0010] One embodiment of the present invention uses a plurality of panels, wherein at least
one panel is of a different width than the other panels. This panel is positioned between two
other panels and, in a way, acts as a “lighted hinge” to provide enough “fill-in” light to
reduce or eliminate the optical dead spaces when the panels are bent into a certain
configuration. Preferably, five panels in total are used to provide for an optimal increase in
the total size of possible treatment areas. Two of the panels are preferably of a smaller width
than the other three larger panels. These panels are positioned in an alternating manner such
that each of the smaller-width panels is situated in between two of the three larger panels to
allow for both adjustability and increased uniformity. Furthermore, to further reduce or
eliminate optical dead spaces, the panels are preferably coupled together using nested hinges,
thereby reducing the area in which no light source is present on the illuminator. In order to

even further reduce or eliminate optical dead spaces, it is preferable that the light sources on
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each of the panels are individually configurable to provide specific power output to certain
areas of the light sources on the panels to compensate for decreased uniformity. For
example, the power outputted to each individual diode in an array of light emitting diodes

(LED) may be individually adjusted.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Features, aspects, and advantages of the present invention will become apparent
from the following description and the accompanying exemplary embodiments shown in the

drawings, which are briefly described below.

[0012] FIGS. 1A-1B show top views of a main body of an illuminator according to an

exemplary embodiment.

[0013] FIGS. 2A-2B show perspective views of the main body of the illuminator of FIGS.
1A-1B.

[0014] FIGS. 3A-3B show detailed views of the nested hinges of the main body of the
illuminator of FIGS. 1A-1B.

[0015] FIG. 4 shows a perspective view of the illuminator having the main body of FIGS.
1A-1B mounted to a stand.

[0016] FIG. S shows a schematic view illustrating an addressable configuration of LEDs
mounted on the main body of the illuminator of FIGS. 1A-1B.

[0017] FIG. 6 shows a schematic view illustrating widths and lengths of individual panels
of the main body of the illuminator of FIGS. 1A-1B.

[0018] FIG. 7 shows a graph illustrating light dosage across a treatment area according to a

conventional paneled illuminator.

[0019] FIG. 8 shows a graph illustrating light dosage across the same treatment area as FIG.

7 using an illuminator according to one embodiment of the present invention.
DETAILED DESCRIPTION

[0020] FIGS. 1A-1B and 2A-2B illustrate one embodiment of a configurable illuminator

according to the present invention. The illuminator includes a main body 100, which
4
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preferably has five individual panels 10a-10e, each of which are connected in a rotatable
manner via nested hinges 50. Each panel contains an array of light emitting diodes (LED) 60,
which may be configured in an evenly spaced pattern across the face of the panel. The
number of individual LEDs arranged in a given array is not particularly limited.

Alternatively, other types of light sources may be used, such as fluorescent or halogen lamps.

[0021] Preferably, each LED array 60 extends as far to the edges as possible. In addition,
the LED arrays 60 are preferably dimensioned to provide an overall lighted area for a given
treatment area based on a range from the Sth percentile of corresponding female sizes to the
95th percentile of corresponding male sizes for that particular treatment area. The LED
arrays 60 emit light at an appropriate wavelength according to the intended treatment or to
activate the particular photoactivatable agent used in treatment or diagnosis. For example,
when ALA is used as a precursor of a photoactivatable agent for the treatment of actinic
keratosis, the LED arrays 60 preferably emit blue light having wavelengths at or above 400
nanometers (nm), for example, about 430 nm, about 420 nm or, for example, 417 nm.
However, the LED arrays 60 may also emit visible light in other ranges of the spectrum, such
as in the green and/or red ranges between 400 and 700 nm, for example, about 625 nm to 640
nm or, for example, 635 nm. For example, the LED arrays 60 may also emit light having
wavelengths of 510 nm, 540 nm, 575 nm, 630 nm, or 635 nm. In addition, the LED arrays 60
may be configured to emit light continuously or the LED arrays 60 may be configured to
flash the diodes on and off based on a predetermined interval. Furthermore, the LED arrays
60 may be configured such that only one wavelength of light (e.g., blue) is emitted.
Alternatively, the LED arrays 60 may be configured such that two or more wavelengths of
light are emitted from the arrays. For example, the LED arrays 60 may be configured to

alternately emit blue light and red light for treatment purposes.

[0022] As shown in FIGS. 1A-1B and 2A-2B, the five panels 10a-10¢ are of different
widths relative to one another. In particular, in certain embodiments, three panels 10a, 10c,
10e are configured to have wider widths, while two panels 10b, 10d have smaller, narrower
widths, each of the narrower widths of the two panels 10b, 10d being less than each of the
wider widths of the three panels 10a, 10c, 10e. In some embodiments, the wider widths of
the three larger panels 10a, 10c, 10e are approximately equal. In other embodiments, the
wider widths of the three larger panels 10a, 10c, 10e are ditferent relative to one another. In

addition, the narrower widths of the two panels 10b, 10d may be approximately equal or may
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be different relative to one another. The panels are further arranged in an alternating
configuration, with the narrower panels (e.g., 10b) positioned in between two wider panels
(e.g., 10a, 10c). As shown in FIG. 6, in some embodiments, the narrower panels 10b, 10d are
configured to have a width that is about 30% to 60% less than the width of the wider panels
10a, 10c, 10e. In other embodiments, the narrower panels 10b, 10d are configured to have a

width that is about 30% to 50% less than the width of the wider panels 10a, 10c, 10e.

[0023] As shown in FIGS. 1A-1B and 2A-2B, the panels 10a-10e are rotatably connected
by hinges 50. The hinges 50 may take the form of nested hinges, which may include hinges
that substantially reduce or eliminate optical dead spaces. As shown in FIGS. 2A-2B, on at
least one side of a panel, a tab 23 may extend out from both the top and bottom of the panel.
The tabs 23 are configured such that a side of an adjacent panel may be received between the
tabs 23, as shown in FIG. 2A. Thus, as best seen in FIGS. 2A-2B and 6, the height of the
adjacent panel (e.g., panel 10a) is slightly smaller than the height of the tabbed panel (e.g.,
panel 10b) into which the adjacent panel is received. As shown in FIG. 6, the middle panel
(i.e., panel 10c¢) is preferably configured as having the largest height, such that it is tabbed on
both sides and may receive the sides of adjacent panels on each side. As seen in FIGS. 1A-
1B, each of the tabs 23 further includes an opening to receive a bolt to connect adjacent

panels together.

[0024] As shown in further detail in FIGS. 3A-3B, between the tabs 23 are the nested
hinges 50, which are mounted to the inner side surfaces of adjacent panels (e.g., 10a, 10b) to
allow for rotation of the panels. A flange 51 of the hinge 50 is mounted to the inner side
surface of a panel via bolts 53. The inner side surface of a pancl may include a recess in
which the flange 51 may be placed. The inner side surface of the panel may also include an
additional recess to accommodate the joint of the hinge 50 such that the joint of the hinge 50
becomes substantially flush with an outer front surface of the panel. Such configurations
may allow for the outside vertical edges of adjoining panels to be positioned closer to one
another. By spacing the vertical edges of adjoining panels closer, optical dead spaces may be
further reduced or eliminated. In addition, the hinges 50 together with the tabs 23 may

reduce the number of pinch points present in the system.

[0025] As shown in FIGS. 1A-1B, the main body 100 of the illuminator may include a
mounting head 40. The mounting head 40 may allow for the main body 100 to be mounted to
a movable stand 80, which is shown in FIG. 4, to allow a user to easily move the main body

6
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100 to the appropriate treatment position. The stand 80 includes a base 81 and a vertical
pillar 82. The base 81 may further include wheels 87 at its bottom in order to allow the user
to horizontally move the illuminator to an appropriate position. The wheels 87 may include
locks, such that the stand 80 is prevented from further horizontal movement once positioned.
In addition, the vertical pillar 82 may be attached to the base 81 at a pivot point 83. The pivot
point 83 allows the vertical pillar 82 to be rotated to increase the range of positioning for the
illuminator. At a top end, the vertical pillar 82 includes a connecting arm 85, which may
serve as a mounting structure for the main body 100. The connecting arm 85 includes a hinge
point 86 such that the main body 100 can be moved vertically relative to the stand 80. The
vertical pillar 82 may also be configured as a telescopic structure, such that the user can
change the height of the vertical pillar 82. This allows for an increased range of vertical
movement for the main body 100, which can allow the user to position the main body 100 at
lower portions of a treatment area, such as a patient’s legs or feet. The stand 80 may also
include a stabilization arm 84. Once the stand 80 and main body 100 is positioned, the
stabilization arm 84 may be attached to the main body 100 to prevent unwanted movement of
the main body 100 during treatment. As further shown in FIG. 4, a controller and power
supply 90 is mounted to the stand 80 in order to supply electrical power to the main body 100
and allow the user to control the main body 100 for treatment purposes. Alternatively, the
controller and power supply 90 may be directly mounted to the main body 100. In order to
provide a cooling system for the LED arrays 60, one or more fans 70 may be mounted onto

each of the panels, as shown in FIG. 4.

[0026] At least one control unit is also connected to the panels to regulate power to the
lights to achieve the required uniformity and intensity for the target treatment. The control
unit may be implemented as hardware, software, or a combination of both, such as a memory
device storing a computer program and a processor to execute the program. Alternatively,
each panel may have a dedicated control unit to regulate power to the individual LED array
on a given panel to allow for more particular fine-tuning of the illuminator, which may
further enhance uniformity and increase efficiency. For example, under Lambert’s cosine
law, light intensity at a given point on a “Lambertian” surface (such as skin) is directly
proportional to the cosine of the angle between the incoming ray of light and the normal to
the surface. Thus, a ray of light that is directed to the front of a curved surface (e.g., a head
of a patient) will arrive in a substantially perpendicular manner to that area and will result in

100% absorbance. However, a ray of light that arrives at a side edge of the curved surface

7
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will arrive in a substantially parallel manner. According to Lambert’s cosine law, the
intensity, and thus absorption, of the light at the side edge will approach zero, making
treatment at that area ineffective. Thus, a “fall off” of light exposure tends to occur at the
edges of a curved surface. In addition, “fall off” increases as the distance between the light

source and the point on the surface increases.

[0027] Configuring an illuminator to conform to the curved surface (e.g., a U-shaped
configuration designed to “wrap around” the curvature of the surface) aids in reducing this
effect and increases overall uniformity. However, to sufficiently increase uniformity, the
light source should be larger relative to the target treatment area in order to fully encompass
the body part to be treated and also provide light from all angles to any target point on the
treatment area. In order to increase the uniformity of light exposure to the treatment area
while maintaining a practical size of the illuminator, the LED arrays 60 may be individually
configured to increase the intensity of light emitting from certain diodes to compensate for
this fall-off effect.

[0028] An example in which the LED arrays 60 may be individually configured is shown
in FIG. 5. Here, the LED arrays 60 are divided into three general areas, which may be
described as “addressable strings.” Areas 1, 3, and 5 correspond to an addressable string
configuration that may be included in the wider panels 10a, 10c, and 10e, while areas 2, 4,
and 6 correspond to an addressable string configuration that may be included in the narrower
panels 10b and 10d. The current to each area is adjusted in order to adjust the intensity of
light emitting from each of the areas. For example, a higher current may be supplied to areas
1 and 2 than the current supplied to arcas 3 and 4 such that areas 1 and 2 emit a higher
intensity of light than arcas 3 and 4. Similarly, a higher current may be supplied to arcas 3
and 4 than the current supplied to areas 5 and 6. Thus, a higher intensity of light is emitted
overall from the edges, which may allow for a reduction in any fall-off effect. Alternatively,
the illuminator may be configured to adjust each individual diode present in a given LED
array 60, allowing for an even greater fine-tuning effect. Furthermore, by using either pre-
programmed settings or sensors to detect the curvature of the surface to be treated, the LED
arrays 60 can be individually configured to emit more intense light to only those areas that
require it. This allows for an increase in uniformity of light exposure in an efficient manner
as power output and/or light intensity is increased to only certain diodes, in accordance with

need.
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[0029] The addressable strings of the LED arrays 60 may also include varying amounts of
individual diodes mounted within the particular area. For example, for the wider panels 10a,
10c, and 10e, 12 diodes may be mounted in each of areas 1, while 9 diodes may be mounted
in each of areas 3 and 41 diodes may be mounted in area 5, resulting in a total of 83
individual diodes included within each of the wider panels 10a, 10c, and 10e. For the
narrower panels 10b and 10d, 8 diodes may be mounted in each of areas 2, while 9 diodes
may be mounted in each of areas 4, and 23 diodes may be mounted in area 6, resulting in a
total of 57 individual diodes included within each of the narrower panels 10b and 10d.
However, the number and arrangement of diodes included within each of the LED arrays 60
is not particularly limited. For example, the wider panels 10a, 10¢, and 10e may each contain
a total amount of diodes that ranges from about 80 diodes to about 350 diodes. Similarly, the
narrower panels 10b and 10d may each contain a total amount of diodes that ranges from
about 50 diodes to about 250 diodes. By varying the arrangement of the diodes within each
of the addressable strings of the LED arrays 60, power output and/or the intensity of light

emitted from a given array may be better controlled and fine-tuned.

[0030] In addition, individually regulating power to the LED arrays 60 can also contribute
to the reduction or elimination of the optical dead spaces that may otherwise occur at the
hinge points. Specifically, power output and/or the emitted light intensity may be increased
close to the edges of the array that are closest to the nested hinges to compensate for the lack
of light emitting from the meeting point of panels. The narrower panels 10b, 10d are also
preferably operated at a higher power level and/or at a higher emitted light intensity
compared to the wider panels 10a, 10c, 10e in order to provide additional fill-in light.
Furthermore, individual power regulation may aid in compensating for manutacturing
variance that can occur in individual diodes. Finally, by fine-tuning each array 60, the panels
can be easily deployed for other applications as each array is specifically configurable to

address the lighting needs of the specific application.

[0031] The illuminator may further include a timer, which can indicate to the user the
appropriate length of exposure time for the particular treatment. The illuminator may also be
programmed with pre-stored light dosing parameters to allow the user to select a desired
treatment type. The pre-stored parameters may include, for example, pre-stored settings for
exposure time, light intensity, and outputted wavelength. Based on the selected treatment,

the illuminator is automatically configured to provide the correct lighting dosage by being
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supplied with the appropriate power output to achieve the required uniformity for the
treatment. Alternatively, the illuminator can be provided with sensors that detect the size of
the treatment area positioned in front of the illuminator. The sensors then determine the
correct light dosing parameters based on the sensed treatment area. The illuminator may also
further include actuators and may be programmed to be moved automatically depending on
the selected treatment. Once a treatment is selected, the illuminator may be automatically
positioned into the proper configuration by the actuators without requiring the user to move
the system by hand. Alternatively, the sensors may detect the adjusted position of the
illuminator manually set by the user. The detected position of the illuminator may then be
used to indicate the intended treatment area. Correct light dosing parameters for the specific

treatment area may then be provided based on the detected position set by the user.

[0032] The adjustable illuminator of the present invention allows for an infinite amount of
configurations that can be adapted for the targeted treatment area. The configurations may
range from a flat-plane emitter (as shown in FIGS. 1B and 2B) to a substantially U-shaped
configuration (as shown in FIGS. 1A and 2A). The adjustable illuminator may also be
configured such that the two end panels 10a, 10e can be pulled back relative to the three
middle panels 10b, 10¢, 10d, such that a smaller U-shaped configuration may be created by
the middle panels. Thus, the adjustable illuminator allows for the treatment of additional
arcas of a patient’s body. In other words, not only can the adjustable illuminator effectively
deliver a uniform light intensity to traditional surfaces such as the face or scalp, but the
adjustable illuminator can also provide a device that can easily be configured to treat other
portions of a patient’s body, in particular, those having smaller curved surfaces, such as the
arms and legs. Moreover, the adjustable illuminator may also be easily positioned to deliver

a uniform light intensity to larger treatment areas, such as the back or chest.

[0033] As described above, the narrower panels 10b, 10d are dimensioned such that the
panels act as “lighted hinges.” Thus, when the wider panels 10a, 10c, 10e are adjusted into
the desired form, the illuminator “bends” at the narrower panels 10b, 10d, where traditionally
the “bend” would occur substantially at the hinge itself. Thus, instead of an unlighted “bent”
portion as would occur in the conventional illuminator, the present illuminator provides a
“bent” portion that is also configured to emit light, thereby helping to reduce optical dead
space without requiring large amounts of power ditfferentiation among the light sources of

each panel to provide the required fill-in light. The effects of this configuration can be best
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seen in a comparison of FIGS. 7 and 8. FIG. 7 illustrates the light uniformity produced by a
conventional illuminator, measured with a cosine response detector, which mimics the
response of a patient’s skin to the incident of light as described above, at a distance of two
inches. Total light dose, in terms of J/em?, was measured based on emitted irradiance
(W/cm?) over time (in seconds). The targeted treatment area shown is a patient’s head, where
height is shown as the y-axis and rotation angle from the center of the emitting surface is
shown as the x-axis. As can be seen in FIG. 7, higher light doses of about 10 J/cm? occur at
the center of the face (for example, at region A), near the patient’s nose, where the patient is
facing closest to, and substantially perpendicular to, the middle-most panel. Total light dose
then begins to drop as movement away from the center of the face occurs where the effects of
cosine “fall-off” and optical dead spaces are more prevalent. For example, light dose is
reduced by about 20% at the patient’s cheek areas (for example, at region B), and by about
80% toward the outer boundaries of the patient’s face (for example, at region E), such as the
ears and forehead. Thus, as shown in FIG. 7, conventional adjustable illuminators utilizing
equally-sized panels operating at the same power output level produce a varying field of light
uniformity, making it undesirable and ineffective for those treatments requiring highly

specific light uniformity.

[0034] FIG. 8, on the other hand, illustrates the light uniformity produced by an
embodiment of the present invention. The targeted treatment area is the same as that
measured in FIG. 7. However, compared to FIG. 7, the light output uniformity produced by
the illuminator is greatly enhanced across the patient’s face and exhibits little to no deviation
from the light output measured in the center of the patient’s face to the light output measured
at the edges of the patient’s face. For example, as shown in FIG. 8, total light doses of about
10 J/em? (for example, at region A’) occur across all regions of the face, including the center
of the face (for example, the patient’s nose), the patient’s check areas, and the outer
boundaries of the patient’s cheek areas, such as the ears and forehead. Moreover, total light
dose drops off minimally (for example, at region B’) at the extreme outer boundaries ot the
patient’s face. In one embodiment, the measured output over the active emitting area (over
the entire active emitting area) is within 60% of the measured maximum (over the entire
active emitting area) measured with a cosine response detector over all operation distances.
More preferably, the measured output over the emitting area is within 70% of the measured

maximum over a distance of two and four inches. Even more preferably, the measured
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output over the emitting area is within 80% of the measured maximum over a distance of two

and four inches.

[0035] One example of a treatment method for precancerous lesions, such as actinic
keratosis, by PDT utilizing an adjustable illuminator described above in conjunction with

ALA will now be described.

[0036] Essentially anhydrous ALA is admixed with a liquid diluent just prior to its use.
The AL A admixture is topically applied to the lesions using a point applicator to control
dispersion of the ALA admixture. After the initial application of the ALA admixture has
dried, one or more subsequent applications may be similarly applied. Approximately 2
mg/cm’ of ALA is administered. Formation of photosensitive porphyrin and
photosensitization of the treated lesions occurs over the next 14-18 hours, during which time
exposure to direct sunlight or other bright light sources should be minimized. Between 14
and 18 hours after administration of the AL A, the lesions are irradiated by the adjustable
illuminator according to the present invention. The illuminator irradiates the lesions with a
uniform blue light for a prescribed period. According to a preferred treatment, the visible
light has a nominal wavelength of 417 nm. The illuminator may irradiate the lesions with a
uniform red light for a prescribed period. In certain embodiments, the illuminator irradiates
the lesions with a uniform blue light for a first prescribed period and then irradiates the
lesions with a uniform red light for a second prescribed period. For example, in some
embodiments, the illuminator is configured to irradiate the lesions with a uniform blue light
(e.g., 417 nm) at a low intensity (e.g., about 0.1 J/cm? to about 2 J/ecm?) to photobleach, for
example, protoporphyrin IX (PpIX) present at the surface of the patient’s skin, and irradiate
the lesions with a uniform red light (e.g., 635 nm) at a high intensity (e.g., about 30 J/cm? to
about 150 J/em®) to activate PpIX present at deeper layers of the patient’s skin, thus avoiding
potential damage to the upper layers of the patient’s skin. The illuminator may be configured
to simultaneously irradiate the patient’s skin with the low intensity blue light and the high
intensity red light or sequentially irradiate the patient’s skin with the low intensity blue light
and the high intensity red light. In certain embodiments, the illuminator is configured to
irradiate the patient’s skin with the low intensity blue light for about one hour to about three
hours and irradiate the patient’s skin with the high intensity red light for about 20 minutes to

about 30 or 40 minutes, either at the same time the patient’s skin is irradiated with the low
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intensity blue light or after the patient’s skin has been irradiated with the low intensity blue

light.

[0037] The invention thus provides a method for photodynamically diagnosing or treating a
contoured surface of a patient, which includes providing the adjustable illuminator described
above, placing the patient in the illuminator, and illuminating the patient to diagnose or treat
the patient. The patient may be illuminated to treat actinic keratosis, acne, photo-damaged
skin, cancer, warts, psoriasis, or other dermatological conditions. The method may also be

used to remove hair and diagnose cancer.

[0038] Since the total light dose (J/cm®) is equal to irradiance (W/cm®”) multiplied by time
(sec), the only additional parameter that needs to be controlled for delivery of the correct
treatment light dose is exposure time. This may be accomplished by the timer described
above, which can control the electrical power supplied to the LED arrays 60 appropriately,
and which can be set by the physician. Data has shown that 10 J/cm” delivered from a source
with an irradiance density of 10 mW/cm®, or an irradiance density of about 9.3 to about 10.7
mW/cm?, produces clinically acceptable results for desired treatment areas (e.g., face, scalp,
extremities). From the equation above, this light dose will require an exposure time of 1000
seconds (16 min. 40 sec). In addition, due to the addressable nature of the adjustable
illuminator, the illuminator may be used to treat a patient at higher power such that less time
is required for effective treatment. For example, the adjustable illuminator may deliver an
irradiance density of 20 mW/cm? for an exposure time of 500 seconds (8 min. 20 sec) to
deliver a clinically acceptable light dose of 10 J/em®. Alternatively, the adjustable
illuminator may include higher power ranges, such as 30 mW/cm®, over an exposure time
resulting in a light dose of 10 J/em®. A selected light dose may also be administered by

additionally or alternatively varying the irradiance density over treatment time.

[0039] Additional advantages and modifications will readily occur to those skilled in the
art. Therefore, the invention in its broader aspects is not limited to the specific details and
representative devices and methods, shown and described herein. Accordingly, various
modifications may be made without departing from the spirit and scope of the general

inventive concept as defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. An adjustable illuminator for photodynamically diagnosing or treating a surface,

comprising:
a plurality of first panels, the plurality of first panels having wider widths;

at least one second panel, the at least one second panel having narrower width,
wherein the narrower width is less than each of the wider widths of the plurality of first

panels; and

a plurality of light sources, each mounted to one of the plurality of first panels or the
at least one second panel, the plurality of light sources configured to irradiate the surface with

substantially uniform intensity visible light;

wherein the plurality of first panels and the at least one second panel are rotatably

connected, and

wherein the at least one second panel is connected on each side to one of the plurality

of first panels.

2. The adjustable illuminator of claim 1, wherein the narrower width of the at least one

second panel is about 30% to 60% less than the wider widths of the plurality of first panels.

3. The adjustable illuminator of claim 1, wherein the wider widths of the plurality of

first panels are approximately equal.

4. The adjustable illuminator of claim 1, wherein the plurality of light sources are light-

emitting diodes.

5. The adjustable illuminator of claim 1, wherein the plurality of light sources are

configured to emit light having a wavelength from 400 nanometers to 430 nanometers.

6. The adjustable illuminator of claim 5, wherein the plurality of light sources are

configured to emit light having a wavelength of 417 nanometers.

7. The adjustable illuminator of claim 1, wherein the plurality of light sources are

configured to emit light having a wavelength of 625 nanometers to 640 nanometers.
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8. The adjustable illuminator of claim 7, wherein the plurality of light sources are

configured to emit light having a wavelength of 635 nanometers.

9. The adjustable illuminator of claim 5, wherein the plurality of light sources are further

configured to emit light having a wavelength of 625 nanometers to 640 nanometers.

10.  The adjustable illuminator of claim 4, wherein each of the plurality of first panels
includes a light source having about 80 to about 350 individual light-emitting diodes, and
wherein the at least one second panel includes a light source having about 50 to about 250

individual light-emitting diodes.

11. The adjustable illuminator of claim 1, wherein the plurality of first panels and the at
least one second panel are connected by nested hinges configured to reduce optical dead

space.

12.  The adjustable illuminator of claim 11, wherein the nested hinges are mounted to

inner side surfaces of adjacent panels.

13.  The adjustable illuminator of claim 12, wherein at least one of the plurality of first
panels and the at least one second panel includes tabs outwardly extending from a top side

and a bottom side, the tabs being configured to receive an adjacent panel therein.

14.  The adjustable illuminator of claim 1, wherein a power output to a light source of the
at least one second panel is greater than a power output to light sources of the plurality of first

panels.

15.  The adjustable illuminator of claim 1, wherein a measured output of the adjustable
illuminator over an active emitting area is at least 60% of the measured maximum over all

operation distances.

16.  The adjustable illuminator of claim 1, wherein power output to light sources at
perimeters of the plurality of light sources is greater than power output to light sources at

central regions of the plurality of light sources.

17.  The adjustable illuminator of claim 1, further comprising a plurality of control units,
each of the control units configured to regulate power output to a respective one of the

plurality of first panels or the at least one second panel.
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18. The adjustable illuminator of claim 1, wherein the plurality of first panels includes

three first panels.

19.  The adjustable illuminator of claim 18, wherein the at least one second panel includes

two second panels having narrower widths.

20.  The adjustable illuminator of claim 19, wherein the narrower widths of the two

second panels are approximately equal.

21. The adjustable illuminator of claim 1, further comprising a controller, wherein the

controller is configured to adjust an overall light dose based on a selected treatment area.

22, The adjustable illuminator of claim 1, further comprising a controller, wherein the
controller is configured to cause the adjustable illuminator to emit a light dose based on a

selected treatment time period.

23.  The adjustable illuminator of claim 1, further comprising at least one sensor, wherein

the at least one sensor is configured to detect a size and/or shape of the surface.

24.  The adjustable illuminator of claim 23, further comprising a controller, wherein the
controller is configured to adjust an overall light dose based on the detected size and/or shape

of the surface.

25.  The adjustable illuminator of claim 23, further comprising a plurality of actuators,
wherein the actuators are configured to adjust a positioning of the plurality of first panels and

the at least one second panel based on the detected size and/or shape of the surface.

26.  The adjustable illuminator of claim 1, wherein the illuminator is configured such that
a measured output over an active emitting area is at least 60% of a measured maximum over

all operation distances.

27.  An adjustable illuminator for photodynamically diagnosing or treating a patient,

comprising:

at least three first panels having wider widths;
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at least two second panels having narrower widths, wherein each of the narrower
widths of the at least two second panels is less than each of the wider widths of the at least

three first panels;

wherein the at least three first panels and the at least two second panels are connected
in an alternative manner such that the at least two second panels are connected at each side to

one of the at least three first panels.

28.  The adjustable illuminator of claim 27, wherein the wider widths of the at least three

first panels are approximately equal.

29.  The adjustable illuminator of claim 27, wherein the narrower widths of the at least

two second panels are approximately equal.
30. A method of photodynamically diagnosing or treating a patient, comprising:

illuminating the patient with an adjustable illuminator having a plurality of first panels
having wider widths and at least one second panel having a narrower width, wherein the

narrower width is less than each of the wider widths;

varying outputs of the plurality of first panels and the at least one second panel such
that a measured output over an active emitting area is at least 60% of the measured maximum

over all operation distances.
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METHODS FOR PHOTODYNAMIC THERAPY

FIELD
(60611 The present disclosure relates generally to methods for photodynamic therapy.
BACKGROUND

(60621 Photodynamic therapy (PDT), photodynamic diagnosis (PD), or photochemotherapy
is generally used to treat and/or diagnose several types of ailments in or near the skin or other
tissues, such as those in a body cavity. For example, photodynamic therapy or photodynamic
diagnosis may be used for treatment or diagnosis of actinic keratosis of the upper exiremities
{(e.g., the dorsal surface of the hand or forearms), scalp or facial areas of a patient, In
addition, such techniques may be used for treatment and diagnosis of other indications {(e.g.,
gene, warts, psoriasis, photo-damaged skin, cancer) and other areas of the patient (e.g., the

tegs or portions of the arms other than the forearms}).

{90831 During one form of photodynamic therapy, a patient is first administered a
photoactivatable agent or a precursor of a photoactivatable agent that accumulates in the
tissue to be treated. The area in which the photoactivatable agent is administered is then
exposed to visible light, which causes chemical and/or binlogical changes in the agent. These
changes allow the agent to then selectively locate, destroy, or alter the target tissue while, at
the same time, causing at most only mild and reversible damage to other tissues in the
ireatment area. One example of a precursor of a photoactivatable agent is S-ammmnolevulinic
acid (“ALA™), which is comumonly used in photodynamie therapy of actinic keratosis. As
they ave used here, the terms ALA or S-aminolevalinic acid refer to ALA itself, precursors
thereot, esters thereof and pharmaceutically acceptable salts of the same. Photosensitization
following application of a topical composition {¢.g., a topical solution or eynulsion)
containing ALA occurs through the metabolic conversion of aminolevulinie acid to
protoporphyrin IX (PpiX), as discussed in more detail below. PpiXis a photoseusitizer

which accumulates in the skin.

G804]  For photodynamic therapy to be effective, i is desirable to have a power outpt that
can be controlied for Intensity and duration, among other factors. [Hluminators are typically

used to provide the proper uniformity of light for treatment purposes. These devices
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generally include a light source {e.g., a fluorescent tube or LED), coupling elementis that
direct, filter or otherwise conduct evnitted hight so that it arrives al its intended targetin a
usable form, and a control system that starts and stops the production of light when

necessary.

(06051 Photodynamic therapy may be carried out using certain compositions, such as ALA,
in connection with illuminators as described above. Such compositions and/or devices are
disciosed, for example, in (1) ULS, Patent No. 5,954,703 to Golub, entitied "Method and
apparatus for applying 5-aminoclevulinic acid,” issued on September 21, 1999, (2} UL, Patent
No. 6,223,071 to Lundahl ef /., entitled "THuminator for photodynamic therapy and
diagnosis which produces substantiaily uniform intensity visible light,” issued on April 24,
2001, (3) U.S. Patent Application No. 15/371,363 to Bovajian ef «/., entitled "Method And
Apparatus For Applving A Topical Solution,” published on June 8, 2017 as U.S. Pub. No.
2017/06157379, (4) International Application No., PCT/US2016/056572 to Boyajian er o/,
entitled "Adjustable Hluminator For Photodynamic Therapy Aund Diagnosis,” published on
April 20, 2017 as WO 2017/066270, (5) U.S. Patent Application No. 15/292,731 to Boyajian
ef al., entitled "Adjustable Hluminator For Photodynamic Therapy And Diagnosis,” published
on April 20, 2017 as U.S. Pub. No. 2017/0106205, and (6) U.S. Patent Application No.
15/487.,991 to Boyajian ef al., entitled "Adjustable Hluminators And Methods For
Photodynamic Therapy And Diagnosis,” published on August 3, 2017 as UK. Pub. No.
2017/0216616. The entire contents of the foregoing patents and/or patent applications (13-(6)
are incorporated herein by reference for background information and the compositions,
devices, processes and techniques relating to photodynamic therapy and diagnosis disclosed

therein.
SUMMARY

[8006] Through research and experimentation in photodynamic therapeutic technigues, the
inventors have found that covering a treatment area with polyvethylene (such as low density
polyethylene (LDPE)) for a period of time prior to light treatrnent is particularly effective to
minimize transepidermal water loss from the treatment area. Surprisingly, it was found that a
polymeric barrier baving a degree of ceclusion more than 65% (such as LDPE) was superior
to other materials such as polyurethane and polyvinylidene chloride (PVAC). The low

density polyethylene can be applied to a wide variety of treatment areas, such as the arms,

V]
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fegs, chest, back, portions of the head, and the like, and can be used with drugs other than

ALA.

(66671 According to one aspect of the disclosure, a method of enhancing penetration of a
topical compesition of S-aminelevulinic acid (AL A) into tissue for photodynamic therapy is
disclosed. The method includes topically applying ALA to a treatment area o be treated with
photodynamic therapy. The method further includes, after the ALA 19 applied to the
freatnent area, covering the treatment arca with a polymaeric barrier have a degree of

acclusion of 63% or more.

[3808] According to another aspect of the disclosure, a method of enhancing penetration of
a topical composition of S-aminelevulinie acid (ALA) into tissue for photodynamic therapy is
disclosed. The method includes topically applying ALA to a treatment area to be treated with
photodynamic therapy. The method further includes, after the ALA is applied fo the
freatment arca, covering the treatroent area with a low density polyethylene barrier. The
treatment area is covered with the low density polvethvlens barrier prior to light treatment to

minimize transepidermal water loss from the treatment area.

[3809] According to still another aspect of the diselosure, a method of photodynamic
treatment of the siratum corneum is diselosed. The method includes applying 5-
aminolevulinic acld {(ALA) t0 a lesion on the stratum corneum and reducing evaporation from
a portion of the stratum corneum including an area where the lesion is present. The method
further inciudes heating the area where the lesion is present before or during illumination of

the area where the lesion 1s present.

(68101  According to a further aspect of the disclosure, a method of using 5-aminolevulinic
acid (ALA) and 2 tow density polyethylene barrier is disclosed. The method inciudes
contacting a treatment site with a composition comprising the AL A so as to wet the treatment
site, and, following wetting of the {reatment site, covering the wetted treatment site with the

fow denstty polyethylene barrier.

f0811]  According to an additional aspect of the disclosure, a method of enhancing
penetration of a topical composition of S~aminclevulinic acid (ALAY HCI into tissue for

photodynamic therapy is disclosed. The method includes topically applying the composition

{4
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1o a treatment area to be ireated with photedynamic therapy. The method further includes,
after the compesition is applied to the treatment area, covering the reatment area with a low
density polysthylene barrier prior to light treatment to minimize transepidermal water loss
from the treatment area. The composition exhibits a mean plasma concentration {Coua) value

of ALA less than about 110 ng/ml when the ALA HCI is applied in an amount of 354 mg.
BRIEF DESCRIPTION OF THE DRAWINGS

[B012]  The details of one or more embodiments are set forth in the accormpanying drawings
and the deseription below, Other features, aspects, and advantages will become apparent
from the description, the drawings, and the claims. In the drawings, like reference rumerals
are used throughout the various views to designate like components. The drawings are

briefly described below,

(80131 FIGS. 1A-18 show top views of a main body of an illuminator according to an

exemplary embodiment,

[8014] FIGS. 2A-2B show perspective views of the main body of the illuminator of FIGSE,
1A-1B.

{8915] FIG. 3 shows a perspective view of the illuminator having the main body of TIGS.

1A-1B mounted to a stand.

{8816} FIG. 4 shows a representative region {o be treated in accordance with an exemplary

embodiment.

[8017] FIG. S depicts evaporative water loss rates for a plurality of materials, in accordance

with at least one embodiment.

[8018] FIG. 6 depicts the degree of oeclusion for a plurality of materials, in accordance

with at least one embodiment.

[#019] FIG. 7 depicts evaporative water loss rates for a plurality of materials, in accordance

with at feast one embodiment.

[6928] FIG. 8 depicts the degree of occlusion for a plurality of materials, in accordance

with at least one embodiment.
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{8021) FIG. 9 is a table containing baseline water Joss data for the materials referred to in

FIGS. 5-6.

{60221 FIG. 10 is a table containing water loss data following three hours of wear time for

the materials referred to in FIGS. 5-6,

{0023] FIG. 11 is a table containing occlusion data for the materials referred to in FIGS. 5-

6.

{8024} FIG. 12 is a table containing baseline water loss data for the materials referred to in

FEGS. 7-8.

[BG25] FIG. 13 is a table containing water loss data following three hours of wear time for

the materials referred to in FIGS. 7-8.

3
i~

[8026] FIG. 14 is & table containing occlusion data for the materials referred to in FIGS.

8.

[9027] It will be recognized that some or all of the figures are schematic representations for
purposes of illusiration. The figures are provided for the purpose of illustrating one or more
embodiments with the explicit understanding that they will not be used to limit the scope or

the meaning of the claims.
DETAILED DESCRIPTION

[0028] Various embodiments are described hereinafter, It should be noted that the specific
embodiments are not intended as an exhaustive description or as a Hmitation {o the broader
aspects discussed herein. One aspect described in conjunction with a particular embodiment
is not necessarily limited to that emnbodiment and can be practiced with any othe

embodiment(s).
{6028} The following terms are used throughout and are as defined below.

{00361  As used herein and in the appended claims, singular articles such as “a” and “an”
and “the” and similar references in the context of describing the elements (cspeeially in the
context of the following claims) are to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by context. Recitation of ranges of
values herein are merely intended to serve as a shorthand method of referring individually to

5
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each separate value falling within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it were individually recited herein.
All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicied by context. The use of any and all
examples, or exemplary language (e g, “such as”} provided herein, 13 intended merely to
better illusirate the embodiments and does not pose a limitation on the scope of the claims
unless otherwise stated. No language in the specification should be construed as indicating

any non-claimed element as essential.

{60311  The cmbodiments, lustratively described herein may suitably be practiced in the
absence of any element or elements, Hmitation or limitations, not specifically disclosed

I L6

herein. Thus, for example, the teros “comprising,” “including,” “containing,” ete. shall be
read expansively and without limitation, Additionally, the terms and expressions employed
herein have been used as terms of desceription and not of lmitation, and there 13 no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the claimed technology. Additionally, the phrase “consisting essentially
of” will be understoond to include those elements specifically recited and those additional
elements that do not materially affect the basic and novel characteristics of the claimed

9

technology. The expression “comprising” means “including, but not limited t0.” Thus, other

o

non-mentioned substances, additives, devices or steps may be present. Unless otherwise

54 2%

specified, “a” or “an’” roeans one or MOre.

{00321 Unless otherwise indicated, all numbers expressing quautities of properties,
parameters, conditions, and so forth, used in the specification and clairs are to be understood
as being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are approximations. Any numerical parameter should at least be construed in light of
the number reported significant digits and by applying ordinary rounding techniques. The
term “about” when used before a numerical designation, e g, temperature, time, amount, and
concentration inchuding range, indicates approximations which may vary by (+ }or { - ) 10%,

5% or 1%.

{60331  As will be undersiood by one of skill in the art, for any and all purposes, particularly

in terms of providing a written description, all ranges disclosed herein also encompass any

&
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and all pessible subranges and combinations of subranges thereof. Any listed range can be
easily recognized as sufficiently describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifths, teoths, ete. As a non-luniting example, each
range discussed herein can be readily broken down indo a lower thued, roiddle third and upper
third, eic. As will also be understcod by one skilled in the art all language such as “up to,”
“at least,” “greater than,” “less than,” and the ke include the number recited and refer to
ranges which can be subsequently broken down into subranges as discussed above. Fisally,

as will be understood by one skilled in the art, a range includes each individual member,
EXEMPLARY ILLUMINATOR

10034] FIGS. 1A-1B and 2A-2B illustrate one embodiment of a configurable illurinator as
may be used in accordance with the present disclosure. The Huwminator includes g main body
100, which preferably has a plurality of individual panels {e.g., panels 1{a-10e, each of which
are connected in a rotatable manner via nosted hinges 503, As shown in FIGS, 24-2B, on al
least one side of a panel, a tab 23 may extend out from both the top and bottom of the panel.
The tabs 23 are configured such that a side of an adjacent panel may be received betwesn the
tabs 23, as shown in FIG. 2A, and the hinges 50 are between the tabs 23, Fach panel containg
an array of light emitting diodes {LED} 60. The number of individual LEDs amvanged in 2
given array is not particularly imtted. Alternatively, other types of light sources may be
used, such as fluorescent or halogen lamps, The LED arravs 60 emit Hght at an appropriate
wavelength according to the intended treatment or 1o activate the particular photoactivatable

agent used in Wreatment or diagnosis.

IB038]  In at least one embodiment, when ALA 15 used as a precursor of a photeactivaiable
agent for the wreatment of actinic keratosis, the LED arvays 60 preferably emit bine Hght
having wavelengths at or above 400 nanometers {(nm}, for example, about 430 nm, about 420
nin or, for example, 417 nm. However, the LED sivays 60 may also emit visible light in
other ranges of the spectrum, such as in the green andf/or red ranges between 400 and 700 nm,
for example, about 625 nm to 640 nn or, for example, 635 nm. For example, the LED arrays
60 may also emit light having wavelengths of S10 mm, 5340 nmy, 373 nm, 630 nm, or 635 nm.
In addition, the LED arrays 60 may be configured to emit light continuously or the LED
arrays 60 may be configured to flash the diodes on and off based on a predetermined interval.
Furthermore, the LED arrays 60 may be configured such that oniy one wavelength of light
{e.g., blue} is emitted. Alternatively, the LED arrays 60 may be configured such that two ar

7
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more wavelengths of light are emitted from the arrays. For exarnple, the LED arrays 60 may
be configured to alternately emit blue light and red light for treatment purposes. In one

embodiment, the LED arrays may also emit red Hight having wavelengths of 570 t0 670 nm.

[3036] In onc embodiment of the present disclosure, blue light baving a wavelength of
approximately 417 nm is applied atf an intensity of 10 mW/iem? for 1000 seconds to provide a
dose of 10 Jem®. However, the intensity may be increased (for example, doubled) to reduce
the treatment time. For example, the intensity may be increased so as to reduce the treatment
time by about one~half. In other embodiments, red light (such as red light generated by light
emitting diodes {LEs) at, for example, 635 nm) may be used. The red light can provide a

) P 2 ~ oy 2 s e .
dose of, for example, 18 {0 75 Fom™ (such a3 37 Jem™), e.g., within 10 minutes.

{80371 The ALA can be applied using an applicator as described below, using, for example,
a 20% sohution of ALA, or can be applied by other means such as glove protected fingers or a
spatula. The ALA can be applied in, for example, liquid or gel form and can be apphed
bevond the lesions to be treated. In certain applications, materials other than low density
polyethylene may be used as long as they have a degree of occlusion of 65% or more. In
certain applications, certain materials may be used as loug as they have a degree of veclusion

of 75% or more.

[G838] Referring again to the exemplary lluminator shown in FIGS. 1A-18, the main body
100 of the ilhmminator may include a mounting head 40, The mounting head 40 may allow
for the main body 100 to be mounted to a movable stand 80, which 1s shown in FIG. 3, to
allow g user to easily move the main body 100 {o the appropriate treatrent position. The
stand 80 includes a base 81 and a vertical pillar 82, The base §1 may further include wheels
87 at its bottom in order to allow the user to horizontally move the illuminaior (o an
appropriate position. The wheels §7 may include locks, sach that the stand 80 is prevented
from further horizontal movement once positioned. In addition, the vertical pillar 82 may be

attached to the base &1 at a pivot point 83.

(00391 At atop end, the vertical pillar 82 includes a connecting arm 85, which may serve as
a mouniing structure for the main body 100, The connecting arm 85 inchides a hinge point
86 such that the main body 100 can be moved vertically relative to the stand 80. The stand
80 may also include a stabilization arm B4, Once the stand 80 and main body 100 is

positioned, the stabilization arm 84 may be attached to the main body 104 to prevent

g
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unwanted movement of the main body 100 doring treatment. As further shown in FIG. 3, a
controller and power supply 90 is mounted to the stand 80 in order to supply electrical power
to the main body 100 and allow the user to control the main body 100 for treatment purposes,
Alternatively, the controller and power supply 30 may be divectly mounted to the main body
100. In order to provide a cooling system for the LED arrays 60, one or more fans 70 may be

nounted onto each of the panels, as shown in FIG. 3.

{80481  The controller and power supply 99 may be also connected to the panels to regulate
power to the light source to achieve a desived uniformity and intensity for the target
treatment. The control unit may be implemented as hardware, software, or a combination of
both, such as a2 memory device storing a computer program and a processor to execute the
program. Alternatively, sach panel may have a dedicated control unit to regulate power io
the individual LED array on a given panel to allow for fine-tuning of the illuminator, which
may further enhance uniformity and increase efficiency. The LED arrays 60 may be
individually cenfigured to increase the intensity of Hght emitted from certain diodes to

achieve particular tHlumination effects.

[0641] The illuminator may further include a timer tncluded in the controlier and power
supply 90, which can indicate to the user the appropriate length of exposure time ior the
particular treatment. The ilhuminator may also be programmed with pre-stored light dosing
parameters to allow the user to select a desired treatment type. The pre-stored parameters
may include, for example, pre-stored settings for exposure time, light intensity, and outputied
wavelength. Based on the selected treatment, the illumivator is automatically configured to
provide the correct lighting dosage by being supplied with the appropriate power output to

achieve the required uniformity for the treatment.

[6042] Alernatively, the illuminator can be provided with sensors that detect the size of the
{reatment area positioned in front of the thuminator. The sensors then determine the correct
light dosing parameters based on the sensed treatment area. The sensors may detect the
adjusted position of the illuminator manually set by the user. The detected position of the
illuminator may then be used to indicate the intended treatment area. Appropriate light
dosing parameters for the specific treatment ares may then be provided based on the detected

position set by the user.
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[0043] Adiustable {lhoninators as described above allow for an infinite amount of
configurations that can be adapted for the targeted treatment area. The configurations may
range from a flat~-plane emitter (as shown in FIGS. 1B and 2B) to a substantially U-shaped
configuration {as shown in FIGS. 1A and 2A}. Not only can the adjustable ifluminator
effectively deliver a uniform light intensity to surfaces such as the face or scalp, but the
adjustable illuminator can also provide a device that can easily be configured to treat other
portions of a patient’s body, in particular, those having smaller curved surfaces, such as the
arms and legs, and in particular, the upper extremities Moreover, the adjustable Hluminator
may also be easily positioned to deliver a unaform fight intensity {o larger treatment areas,

such as the back or chest.

{0044] The lluminator may irradiate the lesions with a untform intensity red light for a
prescribed period. In certain embodiments, the illuminator irradiates the lesions with a
uniform intensity blue light for a fivst prescribed period and then trradiates the lesions with a
uniform intensity red Hght for a second prescribed period, For example, in some
embodiments, the ilurninator (s configured to frradiate the lesions with a uniform intensity
blue light {e.g., 417 nwn) at a low intensity (e.g., about .1 Fem® to about 2 Jem™) to
photobleach, for example, protoporphyrin IX (PpIX) present at the surface of the patient’s
skin, and frradiate the lesions with a uniform intensity red light {e.g., 635 nm) at a high
intensity {e.g., about 30 Hom? to about 150 Fem®) to activate PpIX present at deeper layers of

the patient’s skin, thus avoiding potential damage to the upper layers of the patient’s skin,

{0045] Fuwthermors, since the total light dose (¥/em?) is equal to irradiance (mW/em®)
multiplied by time (sec), an additional parameter to be controlled for delivery of the correct
treatment light dose is exposure time. This may be accornplished by the timer described
above, which can control the electrical power supplied to the LED arrays 60 appropriately,
and which can be set by the physician. Data has shown that 10 Jem” delivered from a source
with an irradiance density of 10 mW/em?, or an irradiance density of about 9.3 to about 10.7
mW/en®, produces clinically acceptable results for desired treatment areas {e.g., face, scalp,
extremities). An adjustable lluminator may deliver an irradiance density of 20 mW/em® for
an exposure time of 500 seconds (8 min. 20 sec) to deliver a clinically acceptable light dose
of 10 Jem?. In certain embodiments, a lower intensity may be used with a longer exposure
fime (e.g., 1,000 seconds of exposure time for a light dose of 10 Jem®). Alicenatively, the

adjustable illuminator may include higher power ranges, such as 30 mW/em®, over an

10
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exposure time resulting in a light dose of 10 Jem®. A sclected light dose may also be
administered by additionally or alternatively varying the trradiance density over treatment

time,

{346] In at lcast one embodiment, a heating element (a8 heat sowree) may be provided. The
heat source may be used to heat the region to be treated. According to one embodiment, a
method of treatment includes warming up an iluminator so ag to cause heat to be erntited
from the Hhuminator, and exposing a treatment site to the Hluminator. The heat accelerates
the conversion of the ALA to porphyrin {e.g., photosensitive porphyrin or

proto porphyrin). The relationship between temperature exposure and ALA conversion is
non-linear, and the enzymatic pathways responsible for the conversion are highly sensitive to
femperature. In at least one embodiment, increasing the temperature by approximately 2 °C

may approximately double the rate of production of protoporphyrin IX FplX), for example.

{8047} The heat may be applied before or during lumination with the illominator. For
example, first, the ALA may be applied. Nexi, the heating element may be activated, to
apply heat o the patient’s skin for a first treatment period for a thermal soak, which may be
20-30 minutes, for example. During the heating, the treatment site may or may not be

sechuded. In other words, the treatment site may be heated while being occluded.

[0648] Following the first treatment period, lght may be applied for a second treatment
period, e.g., about 8-15 minutes. In at least one ernbodiment, the heat source may be an
infrared quartz heater. In at least one embodiment, the heat source may comprise frame
mounted resistance tape heaters or a phurality of heaters, including at least one selected from
the group including IR LEDs, resistance cartridge heaters, positive

temperature coefficient hegters, or IR guartz heaters, as mentioned above. The heat may be
deliberately generated and divected towards the area o be treated, as opposed to ambient heat
in the clinical seiting or byproduct heat from one or rore operating mechanisms of the

illuminator.
ADMINISTRATION OF ALA

[0049]  As indicated above, during photodynamic therapy, a total light dose 1s received by a
patient over the course of treatment. The total hight dose, in terms of Jem®, may be measured

based on emitted irradiance (m‘«‘y’,’cn’lz) over ime (In seconds). One example of 2 treatment

11
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method for precancerous lesions, such gs actinic keratosis, by photodynamsic therapy utilizing

an adjustable illuminator described above in conjunction with ALA will now be described.

[0058]  Essentially anhydrous ALA is admixed with a liguid diluent just prior to ifs use.
The anhydrous ALA may be, for example, the hydrochloride salt of aminclevulinic acid
{ALA), an endogenous S-carbon aminoketone. The chemical name for ALA HCL, as
employed in the embodiments disclosed herein, is S-amino-4-oxopentanoic acid
hydrochloride (molecular weight = 167.59),  ALA HCl is highly soluble in water. The
structural formula of ALA HCI ia represented below:
T
(N\C //C\_C ’/C\"‘c INHaY OF

[0651]  In at least one embodiment, the ALA is contained in powderized form inside a first
ampude. In the first ampule, the amount of ALA as a dry solid may be between 300-400 mg.
In at least one embodiment, the amount of ALA HCl is 354 mg. A second amipule contains a
solution vehicle. The second ampule contains 1.5 mL of the solution vehicle. The solution
vehicle comprises alcohol {i.e., alcohel as defined by the United States Pharmacopeia
Convention) {ethanol content = 48% v/v), water, laureth-4, isopropyl alcohol, and

polyethylene glycol.

FO0S2]  The first and second ampules are contained inside a plastic applicator. The first and
second ampules may be crushed, e.g., by applving finger pressure, or inside a device
configured to exert prescurs on the ampule. Once the ampules are crushed, the ALA
formerly contained in the fivst ampule contacts the solution formerly contained in the second
ampule, and dissolves in the solution vehicle. The applivator in which the ampules were
provided may be shaken so as to disperse and dissolve the powdersd ALA in the solution
vehicle. Once combined, the resulting solution is applied to the patient within 2 hours of

preparation.

I6683]  In some embodiments, the ALA may be provided in a composition such as a ready-
to-use solution or a veconstiivted powder for solution, gel, crearn or lotion formulation, In

another embodiment, the composition comprises S-aminclevulinic acid hydrochloride in an

,..,
3
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amount of about 10% to ahout 70% wiw hased on the total weight of the composition,
prefevably from about 20% to about 50% w/w based oun the total weight of the composition,
more preferably from about 30% to about 40% w/w based on the total weight of the

composition.

(805341  In one embodiment, ALA may be applied in a topical composilion with a
concentration of 20%, The ALA admixture is topically applied to the lesions using a point
applicator 1o control dispersion of the ALA admixture, in at least one embodiment, 50 as o
achieve a substantially uniform wetting of the lesion surface with the ALA by contacting the
ALA with the lesion surfyce. The term “substantial,” or “substantially”™ as used herein, may
refer to any value which les within the range as defined by a variation of up to +15 from the
average value. However, in other emnbodiments, the ALA may be applied digitally (e, by
first disposing the ALA on the gloved fingertips of a practitioner, who then dabs the ALA on

the region to be treated), or with a tool such as a spatula,
GCUCLURION WITH BARRIER

[8335] Following application of the ALA to the region o be treated (i.e., the lesion}, the
region to be treated may be occluded with a polymer barrier. For example, as shown in FIG.
3, a polymer barrier 200 is wrapped around a region to be freated 300, While the exemplary
embadiment shown in FIG. 3 depicts the barrier 200 as encircling the region 300, it should be
understood that in certain embodiments, the barrier 200 may only occlude a portion of the
region 300, Further, while barrier 200 is depicted as substantially eylindrical {e.g., s0 as o

form z sleeve around region 300), the barvier 200 may have a variety of shapes.

[6056]  The barrier 200 i3 shown with a clearance from the region 300 purely for ease of
illustration in FIGE, 3 and 4. In at least one embodiment, however, the barrier 200 clings or
adheres to the region 300 such that there is effeciively no clearance betwesn the barrier 200
and the region 300. The polyethylene barrier may have glectrostatic properties that provide
an adhesive clinging effect such that the barvier tends 1o stay close w the surface of the skin,
aven for prolonged pericds. Such an effect may be particularly enbanced when the skin s
watted with the topical sclution, i.e., when the treatment site is first wetted with the topical

solution, and the barrier 200 is then applied directly on the wetted reatmeant site.

(60587 Experimental results confirnmned that employing low density polyethylene (LDPE)

for barrier 200 resulted in lower water 1088 rates and a superior degree of occlusion. In
13
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particular, embodiments with low density polyethylene barriers 200 were particularly

effective for photodynamic therapy.

[6858] FIG. S depicts evaporative water loss rates for a plurality of materials A-E as
summarized below in Table 1. The LDPE barriers were found to be especiaily conducive to

retaining water and allowing for greater penetration of the ALA into the region 1o be treated.

Material | Name o Distributor or T Material Description
Code Manufacturer
A ’I‘egaderanM, Style 1629 M Polyurethane
R (Glad® Press’n Seal® The Glad Products LDPE
: Company
c Glad® Cling Wrap The Glad Products LDPE
Company
D Stretoh-Tite® Polyvinyl Films, Inc. Polyvinylidene
chloride
(PVAC)
E | Saran' ™ Premium W rap SC Johnson LDPHE

Table 1. Barrier Materials A-E

[09358] The measured water loss rates shown in FIG. 5 {and FIG. 7, discussed below) are
transepidermal water loss rates measured on the dorsal forearms, roeasuved both before and
after the barrier 200 had been worn for 3 howrs. The baseline water loss was measured for
approximately 30 subjects, after a minimum 25-minute acclimation period in a controlled
environment with less than 50% relative humidity and a temperature between 19-22 deg.
Celsiuy. Such measurements correspond to the bar plots labeled “pre” in FIGS. S and 7. The
subjects had mild to moderate photodamage on their dorsal forearms. The measurements
were made using a calibrated RG1 Evaporimeter System {made by cyberDERM, Inc. of
Broomall, PA} with Dermalab® transepidermal water foss probes (made by Cortex

Technology of Hadsund, Denmark).

(68601 A vapor pressure gradient estimation raethod was used. The probes measure the
temperature and relative humidity at fixed points along the skin, allowing derivation of a

. . . 2 " .
value corresponding 10 evaporative water loss in go/m hr. Sampling was performed at 4

14
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inputs/second. The baseline measurements indicate the barrier propesties of the stratum
corneum of each subject, prior to applying barrier 200 to the stratum comeum. The
measurements taken 3 hours after application of the barrier 200 are indicative of the barrier
properties of the materials shown in Tables 1-2. Such measurements correspond to the bar
plots labeled “post” in FIGS, 5 and 7. Each barrier 200 was cut so as to cover a test site arca
of 5 crn by 5 om prior to application. The barrier 200 was secured with hypoaliergenic
medical tape for the purpose of testing. An area of the subjects’ skin without the barrier 200

was measured as a control,

100611 FIG. 6 depicts degrees of occlusion for a plurality of materials in accordance with at
least one embodiment. More specifically, FIG. 6 depicts the degree of occlusion for the
materials shown in FIG. 5 and summarized above in Table 1. The degree of occlusion
corresponds to the decrease in evaporative water loss rate when the subject wore the barrier
200 as compared to the baseline evaporative water loss rate. As indicated in FIG. 6, barrier
material E, for example, blocked approximately 5% or more of the water vapor from
evaporating from the skin surface. In one embodiment, a polymeric barrier having a degree
of ccclusion more than 65% is particularly effective for photodynamic therapy. Inone
embodiment, a polymeric barrier having a degree of occlusion more than 75% is particularly
effective for photodynamic therapy. Greater occlusivity of LDPE materials such as materal
E enhances the penetration of ALA into the tissue by minimizing transepidermal water loss
from the treatment area. The tissue may be skin, in particular, the stratum corncum, or other

tissue of a human subject.

[0062] Similar to material E, materials B and C blocked approximately 75% of the water
vapor from cvaporating from the skin surface. Materials A and D, on the other hand,

appeared o be semi-occlusive barriers.

[8063] FIG. 7 depicts evaporative water loss rates for a plurality of materials in accordance
with at least one embodiment. More specifically, FIG. 7 depicts evaporative water 1oss rates
for a plurality of materials W-7 and E as summarized below in Table 2. Barrier material E
was the same material as shown in Table 1 and discussed above. Materials W-2 included

LDPE and polyvinylidene chloride.

oy
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Material Mame Distributor or  Material Description
Code , Manufacturer
""""" W Best-Yet Clear Plastic Wrap - C&S Wholesale . T LDPE
E | Grocers, Inc.
X Boardwalk® PVC Food Wrap Boardwalk PVAC
Filtn, BWEK7204
Y Shurfine® Strong and ‘\«Vestefﬁ%&miiy LDPE
Stretchy ® Plastic Wrap Foods, Inc,
Z Premium Plastic Wrap Foodhold USA, LLC PVaC
B Saran'™ Premivm Wrap SC Johnson LDPE

Table 2. Barrier Materials W-& and B

{06641 FIG. 8 depicts degrees of ceclusion for a plurality of materials in accordance with at
least one embodiment. More specifically, FIG. 8 depicts the degree of occlusion for the
materials shown in FIG. 7 and summarized above in Table 2. As seen in FIG. §, materiais B,
W, and ¥ were significantly more occlusive than materials X and Z. Materials X and Z block
only approximately 35% of water vapor from evaporating and are thus semi-occlusive in
pature. Material B, due to its flexible nature, easily wraps around the treatment site, which

may promote water refention.

(60681 FIG. 9 is a table containing baseline water loss data for the materials referred to
FIGS. 5-6. In particular, FIG. ¢ provides the baseline measurements for each subject for each
material A-E shown in Table 1, including mean and standard deviation values. FIG, 1015 a
table containing water loss data following twee howrs of wear time for the materials referred
to in FIGR, 3-6. FIG. 171 is a table containing occlusion data for the materials referred to in
FIGS. 5-6, FIG. 12 is a table containing bascline water loss data for the materials referred to
in FIGS. 7-8. FIG. 13 is a table containing water loss data following three hours of wear time
for the materials referred to in FIGS. 7-8. FIG. 14 is a table containing occlusion data for the

maierials referred to in FIGS. 7-8.

[0066] As discussed above, the barrier 200 is used to ccclude at least a portion of the region

to be treated, e.g., all or part of the dorsal surface of the hand. In some embodiments, and
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particularly for larger treatment areas, such as the forearm, an additional structure may be
provided to secure the barrier 200 in place. The low density polyethylene wrap may be
secured in place with a dressing 210, shown in FIG. 4. In one embodiment, the dressing 210
is a surgical netiing such as Sorgilast® Tubular Elastie Dressing Retainer mads by Derma
Sciences Inc. of Plainsboro, New Jersey. The dressing 210 may be a tubular elastic stretch
net designed to serve as a secondary dressing, which applies a relatively hight pressure to
keep barrier 200 securely in place without adhesive tape. That is, the secondary dressing 210
may exert shight compressive pressure on the barrier 200, The dressing 210 mway be a sleeve
which fits over and around barrier 200, In some embodiments, the secondary dressing and/or
tape may be applied. Following application of the ALA and occlusion, treatroent may be

carried out in accordance with the exemplary implementations described below.
TREATMENT PROTOCOLS

{06671 Oncethe ALA is applied to the upper extremities, the upper extremities may be
occluded for no more than three hours prior to light treatment. For example, the extremities
may be cccluded for 2-3 howrs. As indicated above, the ALA is a porphyrin precursor which,
when used as part of photodynamic therapy, may treat various conditions including
minimally to moderately thick actinic keratoses of the face, scalp or the upper extremities.
Accordingly, in at least one embodiment, one ¢r more of a portion of the face, a portion or all
of the secalp, or a portion or all of oue or more of the upper extremities may be covered m an

occlusive barrier.

[0868] Where the ALA is used 1o ireat lesions of the face and scalp without the application
of an occlusive barrier, following appiication of the ALA, formation of photosensitive
porphyrin and photosensitization of the treated lesions occurs afier 14-18 hours, Between 14
and 18 hours after admuinistration of the AL A, the lesions are irradiated by an illuminator.
The {lluminator may, for example, irvadiate the lesions with a uniform intensity blue light for
a prescribed period. According to a preferred treatment, the visible light has a nominal

wavelength of 417 £ 5 nrn.

{08691  The time period for llumination where the ALA Is used to treat a lesion on an upper
extremity can be significantly shorter when performed with the application of an occlusive
barrier than for the face or scalp sites. The tinme period is approximately 3 hours between (1)

application of ALA to the upper extremities and occlusion, and (2} the illumination of the
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upper extremities. If the occlusion time exceeds three hours for some treatment areas, then
the skin where the ALA is applied may experience Irritation. Excessive uritation may be
marked by the presence of itching spots, wheals, flaves, or other 1ndicia, including symptoms
persisting after the treatment session has ended. In particular, excessive iritation is marked

by adverse cutaneous events such as scaling

2

crusting, uleeration, rashes, scabbing, tenderness
and itching, for example. Three hours represents the nominal maximum tivae under which
the upper exiremity should be occluded following application of ALA, 50 as to avoid such
excessive irritation while maintaining therapeutic efficacy. Therapeutic efficacy is the
clearance of actinic keratosis lesion 12 weeks after PDDT. The time period between the
application of ALA to other body parts {other than the face, scalp and upper extremities) and

tumination may be 3 howrs, 1o some embodiments.

80781  Once the ocelusive barrier 200 is removed, light treatment as described above may
be performed, e.g., application of red and/or blue light for a ight dose of 10 Jem®. For
example, once the barrier 200 is removed within 3 hours of being apphed, blue light may be
applied to the exposed treatment area to deliver a light dose of 10 Jem?, or red light may be
applied fora 10 Jom® to 75 Jom® light dose.  In some embodiments, the light may be
delivered while the treatment site is still cocluded. In some ernbodiments, light and heat may

be delivered while the treatiment site is sfil occluded.

{80711  To treat facial lesions, an illuminator as described above may be positioned such
that the region to be treated is between 2 to 4 inches from a surface of the illuminator, with
the patient’s nose not less than 2 inches from the iluminator surface, and the forehead and
cheasks no more than 4 inches from the surface. The sides of the patient’s face and the

patient’s ears should be no closer than 2 inches from the illuminator surface.

[8672] To treat scalp lesions, an Hluminator as described above may be positioned such that
the region to be treated is between 2 to 4 inches from a surface of the illuminator, with the
patient’s scalp not less than 2 inches from the iHuminator surface, and vo more than 4 mches
from the swrface. The sides of the patient’s face and the patient’s ears should be no closer

than 2 inches from the iHluminator surface.

I0073] To treat lesions on the upper extremities, such as the dovsal surface of the hand or
the forearms, an iluminator as described above may be positioned such that the region io be

treated is between 2 to 4 inches from a surface of the {Hluminator.  Equipment (e.g., a table}

i3
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may be used o support the upper extremity during light freatment so as {o enhance the

patient’s comfort and stabilize the region to be treated,

[8074] Two open-label, pharmacokinetic studies were carried out to evaluate the potential
for systemic exposure of ALA and ALA and protoporphyrin 12{ (PplX} when applied
topically under ceclusion, in 8 maximal use setting in patients with multiple actinic keratoses
{AX) lesions on the upper extremities. In accordance with at least one embodiment, a 20%
wiw topical composition of S-aminolevulinic acid {ALA) was directly applied topically via
an applicator to the upper extremities of the patients followed by covering with an ccclusive,
polyethylene film for a 3 hour incubation period. Light treatment was administered after the
incubation peried. Each subject received 10 Jfera” of visible blue light delivered at 10

2
mWiom®.

[B373]  In the first of the two studies, a tofal of 29 participants were enrolled. The
participants were males and pon-pregnant fomales, aged 18 years or older. Hach eligible
subject had at least six Grade 1 or Grade 2 AK lesions on one upper extrendty treatment area
and at least 12 Grade 1 or Grade 2 AK lesions on the other upper exiremity treatment avea.
The subjects received one treatment and were followed until week four after treatiment. The
treatruent area, designated at baseline for the duration of the study, was the extevsor surface
of both distal upper extremitics, as defined in the protocol {i.e,, the dorsal hands/forearms).
In the second of the two studies, a total of 14 participsnts were enrolled. Males and non-
pregnant famales, aged 18 vears or older, with at least six Grade 1 or Grade 2 AK lesions on
one upper extremity treatment area and at least 12 Grade 1 or Grade 2 AK lesions on the

other upper extremity treatment area, were eligible for the study.

(30761 The topical application of the ALA to the upper extremitics resulied m lower
aysternic exposure o ALA and PpiX than intravenous and oral dosing. The method
according to at least one embodiment includes application of up to two topical solution
composiiions each containing about 354 mg ALA, The dosing using the topical sohution was
compared o intravenous and oral dosing in an amount of about 100 mg ALA. As indicated
above, strength of the ALA was about 20% by weight. The topical dosing was observed 1o
result in a mean plasma concentration (Cma ) value of ALA of less than about 110 ng/mL.
The term U, as used herein refers to maximunn observed plasma concentrations based on

actual values measured following study medication application.
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{06771 1o particular, following topical applications, the geomelric mean maximum plasma
concentration was about 98 ng/ml at a median of 2 hours following application, with the

7
i

geometric mean area~under-the-curve (AUC) of 377 ng*h/ml, with variability from about
94% ta about 170%. Following a haseline correction, the ALA geometric mean maximum
plasma concentration was 80 ng/ml at a median of 2 hours, with a geometric mean AUC, of
282 ng*h/mL. In an embodiment, the topical solution, when applied in a strength of about
20% by weight, exhibits a geometric mean area under curve {AUC,) value of ALA less than
about 3530 ngehr/mL. The term “AUC,” as used herein, refers to the area under the plasma

concentration-time curve up to the last quantifiable/aon-negative plasma concentration.

(06781  In another experiment, following topical applications, the geometric mean
maximurn plasma concentration was about 61 ng/ml at a median of 2 hours following
application, with the geometric mean AUC, of 727 ng*h/ml, with variability from about 30%
to about 152%,. Following a baseline correction, the ALA geomeiric mean maximum plasma
concentration was 39 np/ml at a median of 2 hours, and a geometric mean AUC, of 182
ng*b/ml. The estimated bicavailability following topical application of 354 mg ALA with
acclustion was about 1.0%. In one embodiment, the systemic bivavailability following topical
application of 354 mg ALA HCI is less than about 5%. The term “bioavatlability” as used

4

herein vefers to the rate and extent of absorption and is determined by AUC, and Cx values.

(30791 In accordance with at least one embodiment, a method of photodynamic therapy was
carried out to (reat lesions on the upper extremities in a multi-center randomized, parailel-
group, evaluator-blinded and vehicle-controlied study of 269 patients with 4-15 mild 1o
moderaie actinic keratoses. The actinic keratoses were present on the upper extremities,
more specifically, on the dorsal surface of the hands and/or the forearm area between the
elbow and the base of the fingers. Subjects ranged frovn 45 to 90 years of age (mean 68
vears) and 90% had Fitzpatrick Skin Type [, T or LI, Subjects were randomized to treatment
ina 1:1 ratio. ALA was applied to lesions on the dorsal surface of one hand or the forearm
for each subject, and the dorsal surface of the hand or the forearm was then occluded with
low density polyethylene barrier for three hours. Following removal of the low density
polyethylene barrier, a 10 Jjem?® dose of blue light was delivered at 10 v Wiem®, with

treatment repeated after § weeks it any lesion{s) rernained in the treatment area.

(33881 Complete clearance (i.¢., resolution of the actinic keratoses) was achieved by 31%

of the subjects {that is, 42 out of 135 subjects) receiving ALA. Complete clearance was
243
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achieved at twelve weeks after initial treatment, as compared to [3% of subjects {that is, 17
out of 134 subjects) receiving only the solution vehicle (without the ALA). Of the subjects
who achieved complete clearance at twelve weeks, a twelve-month follow-up evaluation was
performed, which indicated that those subjects had a recurrence rate of 58%. The recurrence
rate corresponds 1o the percentage of subjects with at least one recurrent lesion during the 12
month foliow up period following the evaluation at twelve weeks whe had previously

achicved complete clearance at twelve weeks following treatment.

{3681] The present disclosure thus provides a method for photedynanucally treating a
surface of a patient, and occluding the patient’s skin as part of treatment. The patient mway be
ithuminated to treat actinic keratosis, acne, photo-damaged skin, cancer, warts, psoriasis, of

other dermatological conditions.

{80831 While this specification cordains certain specific implementation details, these
should not be construed as limitations on the scope of what may be claimed, but rather as
descriptions of featuras specific to particular implementations. Certain features described in
this specification in the context of separate implementations can also be implemented in
combination in a single implementation. Conversely, various features described in the
context of a single implementation can alse be implemented in multiple implamentations
separately or in any suitable subcombination. Morgover, although features may be described
ahove as acting in certain combinations and even initially claimed as such, one or more
features from a claimed combination can in sorae cases be excised from the combination, and
the claimed combination may be directed to a subcombination or variation of a

subcombination.

{00831 It i3 important to note that the construction and arrangement of the illuminator
system shown in the various example tmplementations are ilhustrative only and not restrictive
in character. All changes and modifications that come within the spirit aud/or scope of the
described implementations are desired to be protected. It should be understood that some
features may not be necessary and implementations lacking the various features may be
contemplated as within the scope of the disclosure, the scope belng defined by the claims that
follow. When the language “a portion” is used the itern can include a portion and/or the

entire itemn unless specifically stated to the contrary.
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(00847 Additional advantages and modifications will readily cccur to those skilled in the
art. Therefore, the invention in its broader aspects is not limited to the specific details and
representative devices and methods, shown and described herein. Accordingly, various
modificaiions may be mads withowrt departing from the spirtt and scope of the general

inventive concept as defined by the appended claims and their equivalents,

]
D
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WHAT IS CLAIMED IS

I. A method of enhancing penctration of a topical composition of S-aminolevulinic acid
{ALA} into tissue for photodynamic therapy, the method comprising:

topically applying ALA {0 a treatment area to be treated with photodynamic therapy;
and

after the ALA Is applied to the treatment area, covering the treatment area with a low
density polvethylene barrier prior to light treatment to minimize transepidermal water loss

from the reatment avea.

2. A method as set forth in claim 1, wherein the treatment area includes actinic keratosis,
3. A method as set forth in claim 1, wherein the low density polyethylene barrier is

removed from the treatment area within 3 howurs to avoid excessive irritation while

maintaining therapeutic efficacy.

4. A method as set forth in claim 1, wherein the low density polyethylene barrier is

removed from the treatment area within 3 hours and then light is applied to the treatment

area.

5. A method as set forth in claim 1, wherein the treatment area is located on an upper
exiremity.

6. A method as set forth in claim 1, wherein the low density polvethviene barrier is

removed from the {reatment area within 3 howrs and then blue light is applied to the treatinent

area for a 10 Jem® light dose.

7. A method as set forth in claim 5, wherein the low density polyethylene barrier is
remaoved from the treatment area and then red Light 1s applied to the freatment area fora 10 1o

75 Yom® fight dose.

8. The method of claim 1, wherein the maximum plasma concentration of ALA

following application of the ALA 1s less than about 110 ng/ml.

. A method of photodynamic treatment of the stratumn corneum, comprising!

applying S3-aminolevulinic acid (ALA) to a lesion on the stratum corneum;
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333



Atty. Dkt No. G67236-0309

reducing evaporation from a portion of the stratuin corneum including an area where
the lesion is present; and
heating the area where the lesion is present before or during illumination of the area

where the lesion is present.

10, The method of ¢laim 9, wherein reducing evaporation from the portion of the stratum

comewn comprises occluding the portion with a low density polyethylene barrier.

i1, The method of claim 10, further comprising:
removing the low density polyethylene barrier, and
positioning the arca where the lesion is present between two inches and four inches

from a surface of an illuminator.

12. The method of claim 14, further comprising:

securing the low density pelyvethylene barrier with a netting,

13. The method of claim 11, further comprising:

iluminating the area where the lesion is present following removal of the low density
polyethylene barricr, and heating the area where the lesion is present prior 1o or during
illumination,

wherein the illumination is performed within about 3 hours from a time when the area

where the lesion is present is occluded with a low density polyethylene barrier,

14. The method of claim 9, wherein the ALA is applied in an ALA composition prepared

with 300-400 mg ALA HCL

15, The method of claim 10, further comprising:
reducing transepidermal water loss from the area where the losion is present by

causing the low density polyethylene barrier to adhere 1o the area where the lesion is present.

16. A method of using S-aminolevulinic acid (ALA) and a low density polyethylene
barrier, comprising:
contacting a treatment site with a composition comprising the ALA so as to wet the

treatment stte; and
24
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foliowing wetting of the lreatment site, covering the wetied freatiment site with the

low density polyethylene barrier,

i7. The method of claim 16, further compprising:
remaoving the low density polyethylene barrier 30 as to expose the treatment site; and
. . . . . . . . - s 2
illuminating the exposed treatment site with an illuminator o as to deliver a 10 J/om

dose of blue Hight.

15. The method of claim 16, further comprising:
removing the low density polyethylene barrier so as 1o expose the trestment site; and
. . . ) . s . . . .
Hluminating the exposed treatment site with an illuminator 50 as to deliver g 10 Jom

b 75 Jom® dose of red Hyght.

19. The method of claim 16, whersin the low density polyethyiene barrier is removed no

fater than three hours afier the treabmen! site s covered,

20 The method of ¢laim 16, further comprising:
removing the low density polyethylene barrier; and
positioning the treatment site between two inches and four inches from a surface of

an Hhwomator.

21, & method of enhancing penetration of a topical composition of S-aminolevulinic acid
{ALA)Y HCI inlo tissue for phoiodynamic therapy, the method conprising:

topically applying the composition to a treatment area o be treated with
photodynamic therapy; and

afier the composition is applied to the treatment area, covering the reatment area with
a low density polyethylene barrier prior to light treatment to minimize transepidermal water
{oss from the treatment area,

wherein the composition exhibits & mean plasma concentration {Cnax) vahie ol ALA

7

22, The method of claim 21, wherein the topical composition, when applied in a strength
of about 20% by weight, exhibits a mean area under curve (AUC,) value of ALA less than

about 350 ngshr/mL.

b2
i
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23, The method of claim 21, firther comprising removing the low density polysthylene

barrier prior to light treatment,
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ABSTRACT

A method of enhancing penetration of a topical composition of S-aminolevulinic acid
{ALA) into tissue for photodynamic therapy includes topicsily applying ALA to a treatment
area to be treated with photodynamic therapy., The method further includes, after the ALA 15
applied to the treatment area, covering the treatment area with a low density polyethylene
barrier. The treatment area is covered with the low density polyethylene barrier prior to light

freatiment to minimize transepidermal water loss from the treatment area.

O]
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FIG. 9

Water Loss Baseline

# SN# A B C D E Control
1 SNO00O4 3.4 3.2 4.0 53 43 45
2 SNO002 3.9 52 3.4 57 3.1 4.5
3 SNOO1 4.7 3.6 4.1 4.1 3.9 3.1
4 SNOO06 6.5 6.8 7.2 6.6 56 7.3
5 SNO10 6.7 6.0 6.2 7.2 6.3 6.3
6 SNO12 3.9 3.6 3.9 46 4.1 43
7 SNO020 7.9 8.2 6.8 6.0 9.2 7.9
8 SNO025 3.1 3.8 3.3 3.7 4.0 3.4
9 SNO13 50 3.4 52 3.9 52 3.8
10 SNO003 4.0 3.8 3.1 3.8 3.8 51
11 SNO026 8.6 6.6 6.4 6.6 8.0 8.2
12 SNO015 3.5 3.1 6.3 4.9 3.5 2.9
13 SNO11 2.1 3.7 1.3 2.7 2.8 2.3
14 SNO14 6.1 50 4.0 4.9 43 7.3
15 SNOO7 3.7 4.0 3.3 46 3.6 3.4
16 SNOO09 4.5 4.1 3.1 3.3 3.9 4.7
17 SNO31 3.4 46 50 4.3 2.6 55
18 SNOO8 56 4.4 59 6.9 56 6.3
19 SNO17 8.1 6.1 6.0 9.4 6.8 7.5
20 SNO035 8.3 7.7 7.9 7.3 9.2 8.4
21 SNO018 4.4 4.7 4.7 3.2 4.7 54
22 SN024 4.5 6.1 56 2.7 4.9 3.6
23 SNO029 41 4.2 59 3.7 53 6.0
24 SNO19 2.2 57 2.4 3.6 49 3.3
25 SNO021 58 6.0 4.1 54 6.5 58
26 SNO027 4.3 6.3 56 59 50 43
27 SNO028 55 3.8 2.9 4.3 4.0 2.4
28 SNO033 2.4 3.9 1.2 3.3 1.9 1.7
29 SNO030 6.0 4.4 4.9 58 4.0 52
30 SN023 46 8.8 4.3 59 7.2 7.1
Mean 4.88 5.02 4.60 4.99 4.93 5.06

SD 1.78 1.54 1.67 1.58 1.79 1.88
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Water Loss Post 3 Hours

FIG. 10

Wear Time

# SN# A B C D E Control
1 SNOO4 2.7 0.4 0.6 2.7 0.5 3.6
2 SNO002 3.0 1.2 1.9 1.5 0.5 4.7
3 SNOO1 2.8 0.1 1.2 2.7 0.3 3.3
4 SNOO06 2.4 1.5 0.9 4.1 0.4 57
5 SNO10 51 1.8 0.5 3.8 0.2 55
6 SNO12 29 0.8 0.8 2.7 0.2 4.0
7 SNO020 46 0.3 1.8 4.5 0.7 6.0
8 SNO025 0.6 0.8 1.1 2.7 0.4 3.0
9 SNO13 7.0 1.8 3.3 7.5 1.2 3.6
10 SNO003 1.9 0.6 0.2 1.6 0.9 2.8
11 SNO026 6.5 9.1 1.3 4.5 0.2 8.3
12 SNO015 0.9 0.6 1.7 1.0 0.5 54
13 SNO11 1.6 0.6 0.6 1.2 2.5 0.6
14 SNO14 3.7 0.1 0.9 2.2 0.6 2.9
15 SNOO7 3.5 6.0 0.9 3.7 0.0 1.7
16 SNOO09 2.4 0.2 0.3 4.3 0.5 4.3
17 SNO31 1.1 0.4 1.9 4.4 0.5 2.0
18 SNOO8 3.5 0.6 1.5 1.0 0.5 6.1
19 SNO17 41 0.3 0.8 6.1 3.8 4.8
20 SNO035 1.9 0.1 0.7 50 0.1 3.9
21 SNO018 3.5 0.6 -0.8 1.8 0.3 54
22 SN024 2.6 0.0 1.5 3.7 0.2 2.0
23 SNO029 3.3 -0.1 0.3 2.5 1.1 52
24 SNO019 2.8 0.2 0.1 2.3 1.1 56
25 SNO021 3.8 1.0 0.9 3.3 0.1 6.2
26 SNO027 0.9 0.7 1.0 3.4 0.9 4.0
27 SNO028 4.3 0.2 1.3 3.6 0.5 3.2
28 SNO033 0.9 1.9 0.4 1.1 0.7 3.1
29 SNO030 4.3 0.8 0.8 4.7 0.0 3.1
30 SNO023 55 0.8 0.3 1.9 0.7 6.8
Mean 3.14 1.1 0.96 3.18 0.67 4.22

SD 1.61 1.88 0.73 1.57 0.76 1.69
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FIG. 11

Degree of Occlusion at Post 3 Hours Wear Time

# SN# A B C D E Control
1 SNO00O4 214 89.1 84.4 48.3 88.0 21.3
2 SNOO02 21.7 77.4 431 73.9 84.1 -4.9
3 SNOO1 39.0 97.4 71.1 35.6 93.3 8.7
4 SNOO06 63.0 78.1 87.4 37.0 93.0 226
5 SNO10 247 69.6 913 46.8 96.8 12.8
6 SNO12 247 78.5 80.5 401 94.4 55
7 SNO020 41.9 96.9 73.6 24.5 92.7 24 .4
8 SNO025 79.8 79.7 68.2 27.2 89.5 12.1
9 SNO13 -40.4 477 37.0 -92.5 76.8 6.1
10 SNOO3 522 84.7 93.6 58.6 77.6 447
11 SNO026 241 -37.8 79.8 32.3 97.9 -0.4
12 SNO15 74.0 81.2 72.6 80.2 84.8 -82.6
13 SNO11 22.5 85.2 515 56.0 12.3 73.5
14 SNO14 39.3 98.3 77.8 55.7 85.0 60.0
15 SNOO7 3.7 -51.5 73.1 20.0 98.8 49.9
16 SNO009 46.0 94.5 90.0 -32.0 86.8 8.3
17 SNO031 66.8 91.9 62.5 -1.2 80.2 63.8
18 SNO008 37.7 85.7 74.0 85.3 91.8 2.9
19 SNO17 49.3 94.8 86.1 35.0 45.0 36.1
20 SNO035 76.9 98.2 90.6 31.4 98.8 53.6
21 SNO18 19.7 88.2 115.9 43.9 93.6 -1.0
22 SNO024 42.8 100.2 73.9 -34.4 96.5 449
23 SNO029 18.7 101.6 94.4 32.6 80.1 13.7
24 SNO19 -31.4 96.4 94.3 37.7 77.4 -68.8
25 SNO021 34.5 83.2 77.5 39.3 97.9 -7.9
26 SNO027 78.8 88.2 82.7 417 82.0 7.5
27 SNO028 22.4 93.9 57.0 15.7 88.3 -34.6
28 SNO033 60.8 522 64.4 67.6 61.9 -76.7
29 SNO030 29.6 80.7 83.5 18.6 99.3 40.1
30 SNO023 -20.9 91.1 929 68.3 90.8 54
Mean 34.10 77.18 77.50 33.11 84.51 10.85

SD 30.03 35.45 16.48 36.20 17.92 38.45
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FIG. 12

Water Loss Baseline

# SN# Code E | CodeW | Code X | CodeY | CodeZ | Control
1 SNOO7 3.6 56 6.3 58 6.0 56
2 SNO12 50 4.3 3.3 4.0 4.2 3.4
3 SNOO1 3.5 1.4 2.1 1.3 2.5 1.1
4 SN002 2.0 1.8 2.1 1.3 2.2 4.0
5 SNO008 6.1 58 41 4.4 58 6.3
6 SNO11 58 3.6 34 2.6 4.3 3.6
7 SNOO6 2.5 2.6 2.1 3.2 1.2 2.0
8 SNOO03 3.1 4.8 2.8 3.8 2.8 24
8 SNOO05 4.7 8.0 58 6.2 6.4 6.2
10 SNO10 41 4.6 4.7 3.8 3.6 4.2
11 SNO16 1.8 2.1 1.2 34 1.7 3.0
12 SN038 2.6 2.7 2.8 34 3.5 3.0
13 SNO013 3.5 4.7 6.7 51 4.1 4.6
14 SNO31 2.3 1.7 1.2 2.4 2.3 2.3
15 SN024 3.5 3.5 3.3 3.8 2.6 4.0
16 SN023 7.5 7.6 8.0 58 7.6 7.8
17 SN025 53 50 51 3.8 6.1 6.5
18 SN014 4.0 2.0 2.7 54 3.3 3.8
18 SNO026 2.4 2.4 2.7 2.3 3.4 3.1
20 SNO015 2.1 1.8 2.8 1.7 2.3 2.1
21 SNO37 53 48 42 58 51 54
22 SNO21 42 3.7 4.6 3.1 4.3 4.3
23 SN022 4.0 3.0 52 2.3 3.3 4.0
24 SNO033 58 55 46 4.0 4.4 55
25 SN018 41 42 4.6 3.6 52 4.4
26 SN020 3.8 51 42 4.0 4.4 3.8
27 SN034 3.3 3.6 41 3.6 4.8 4.3
28 SN028 51 3.6 6.5 53 51 4.7
28 SNO27 4.7 6.1 56 3.3 3.8 3.4
30 SN028 53 54 3.5 41 4.8 4.7
Mean | 4.04 4.04 4.04 3.76 4.04 4.11
SD| 1.38 1.71 1.76 1.33 1.50 1.49
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FIG. 13

Water Loss
Post 3 Hours Wear Time

# SN# CodeE | CodeW | Code X | CodeY | Code Z | Control
1 SNOO7 0.3 0.2 2.6 0.7 2.2 4.4
2 SNO12 0.5 -0.1 1.1 0.1 0.7 41
3 SNOO1 -0.2 1.1 2.2 1.2 2.3 1.1
4 SNO002 0.3 1.2 1.3 0.8 0.5 4.6
5 SNOO08 0.7 0.5 1.0 0.1 3.6 51
6 SNO11 1.1 1.1 1.2 0.7 1.2 41
7 SNOO6 0.6 0.5 1.6 1.2 1.4 2.0
8 SNO003 1.1 0.6 1.4 1.0 41 3.8
8 SNO05 0.4 -0.6 2.0 -0.2 2.3 3.4
10 SNO10 0.1 0.4 2.5 0.3 2.8 4.0
11 SNO16 -0.2 -0.3 1.0 -0.3 1.1 2.1
12 SN038 2.5 0.5 2.2 -0.1 2.6 4.5
13 SNO013 0.2 -0.1 3.7 -0.1 3.1 48
14 SNO31 0.1 0.2 1.2 0.2 1.8 2.4
15 SN024 -0.6 0.6 2.8 -0.2 2.4 4.0
16 SN023 0.0 -0.2 52 0.2 3.8 7.8
17 SN025 -04 0.4 52 0.1 4.7 82
18 SN014 0.4 0.6 1.7 0.2 2.6 41
18 SN026 -0.7 0.3 1.4 0.6 2.0 2.5
20 SNO015 -0.2 -0.3 1.4 -0.1 1.7 3.1
21 SNO37 0.8 -04 3.0 0.1 2.6 71
22 SNO21 0.7 1.0 3.0 0.8 1.8 51
23 SN022 0.8 0.8 1.8 0.7 2.5 3.8
24 SNO033 0.0 0.8 3.8 0.2 4.3 54
25 SN018 1.0 0.8 1.1 0.5 2.8 46
26 SN020 1.2 1.2 3.5 0.6 1.2 3.8
27 SN034 0.2 04 3.6 -0.1 2.6 4.7
28 SN028 0.0 0.3 3.0 1.1 4.5 56
28 SNO27 04 04 4.7 1.0 1.6 4.8
30 SN028 0.3 04 2.8 0.1 2.0 4.6
Mean | 0.39 0.41 2.43 0.37 2.42 4.36
SD| 0.63 0.49 1.25 0.45 1.09 1.67
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FIG. 14

Degree of Occlusion at Post 3 Hours Wear Time

# SN# CodeE | CodeW | Code X | CodeY | Code Z | Control
1 SNOO7 81.3 86.2 58.2 88.7 62.5 22.0
2 SNO12 80.3 102.7 66.4 87.6 82.7 -21.3
3 SNOO1 104.5 20.3 -7.5 124 88 2.8
4 SN002 85.7 35.8 38.8 40.3 78.7 -14.4
5 SNO008 88.0 81.3 74.3 87.8 37.3 18.8
6 SNO11 81.4 68.1 64.7 73.0 7126 -13.0
7 SNOO6 77.8 81.6 23.2 63.3 -18.5 2.2
8 SNOO03 65.3 871 50.8 74.3 -41.4 -63.6
8 SNOO05 81.5 107.7 64.8 102.8 64.8 451
10 SNO10 87.7 81.2 46.3 82.6 22.3 4.7
11 SNO16 110.8 115.3 22.8 110.0 33.6 31.0
12 SN038 48 82.8 22.5 103.8 26.3 -52.8
13 SNO013 84.7 101.2 45.0 102.8 24.5 -4.5
14 SNO31 84.8 88.8 0.8 82.1 184 -3.3
15 SN024 116.7 82.7 13.1 1041 10.3 -0.6
16 SN023 88.5 1031 42 .2 86.3 48.5 -1.8
17 SN025 106.8 81.8 -3.0 87 .1 22.8 -42 .4
18 SN014 81.0 71.2 38.0 87.0 20.0 6.7
18 SNO026 128.0 88.4 46.4 72.8 41.2 18.1
20 SNO015 107.5 115.3 51.8 106.8 284 -50.5
21 SNO37 84.3 108.3 28.8 88.0 48.8 -32.8
22 SNO21 83.2 73.3 33.8 761 55.8 -18.3
23 SN022 717.2 731 66.3 67.8 255 3.8
24 SNO033 88.5 85.5 18.1 84.0 3.0 2.0
25 SN018 75.2 78.7 76.5 86.5 453 -3.5
26 SN020 67.6 77.3 17.6 85.5 72.7 -0.3
27 SN034 82.6 87.7 12.3 101.8 46.8 -88
28 SN028 88.8 80.5 54.4 781 11.5 -18.7
28 SNO27 82.3 84.1 15.5 70.8 58.4 -43.8
30 SN028 85.1 83.4 18.7 86.5 58.4 1.2
Mean | 89.87 | 86.22 | 36.80 | 86.11 35.78 -8.39
SD| 21.07 | 20.06 | 23.45 | 20.97 | 28.59 | 24.95
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