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1 INTRODUCTION

This review evaluates the proposed vial labels, carton, package insert and Instructions for
Use for Lymphoseek, NDA 202207, for areas of vulnerability that could lead to
medication errors.

1.1 REGULATORY HISTORY

The original Application for this product was submitted to the FDA on August 10, 2011.
The container labels and carton labeling were previously reviewed in OSE

Review #2011-3173, dated June 22, 2012. On September 10, 2012 the Division of
Medical Imaging Products issued a Complete Response to the Applicant based on
manufacturing deficiencies. On October 30, 2012, the Applicant submitted class 2
resubmission. As part of the resubmission, in addition to previous vial labels, carton and
package insert labeling, the Applicant submitted preparation instructions (i.e.,
Instructions for Use) of Lymphoseek.

1.2 PRODUCT INFORMATION
The following product information is provided in the October 30, 2012 resubmission.
e Active Ingredient: Technetium Tc 99m Tilmanocept for Injection

e Indication of Use: radioactive diagnostic agent used in the R

localization of lymph nodes in patients with breast cancer or melanoma. o

e Route of Administration: Intradermal or Subareolar
e Dosage Form: Powder for Injection
e Strength: 18.5 MBq (0.5 mCi in 50 mcg)
e Dose and Frequency:
e How Supplied: Kit (each kit contains)
o five 0.25 mg Tilmanocept vials
o five Diluent vials
o five radiolabeled product shield labels

(b) (4)

e Storage: Store Lymphoseek in original packaging at USP controlled room
temperature 25°C (77°F), excursions permitted to 15°C to 30°C (59°F to 86°F).
Store technetium Tc 99m tilmanocept radiolabeled product in radiation shielding
at room temperature.

Use radiolabeled Lymphoseek (technetium Tc 99m tilmanocept) injection within
6 hours of preparation.

e Container and Closure System:
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o Tilmanocept and diluent are individually packaged in glass vials

2 METHODSAND MATERIALSREVIEWED

We reviewed the Lymphoseek’s vial labels, carton and package insert labeling, as well as
preparation instructions submitted by the Applicant.

2.1 LABELSANDLABELING

Using the principles of human factors and Failure Mode and Effects Analysis,' along
with post marketing medication error data, the Division of Medication Error Prevention
and Analysis (DMEPA) evaluated the following:

o Instructions for Use submitted September 21, 2012 (Appendix A)

e Tilmanocept Container Label submitted August 31, 2012 (Appendix B)
e Diluent Container Label submitted August 31, 2012 (Appendix C)

e (Carton Labeling submitted August 31, 2012 (Appendix D)

o Radioassay Information Label submitted August 31, 2012
(Appendix E)

(b) 4)

o Insert Labeling submitted September 6, 2012 (no image)

2.2 PreviousLy COMPLETED REVIEWS

DMEPA had previously reviewed OSE Review 2011-3173 and we evaluated the review
to ensure all our recommendations were implemented.

3 CONCLUSIONS

DMEPA reviewed that the proposed container labels, carton and package insert labeling
and determined that these labels and labeling are acceptable based on the revisions that
have been implemented after OSE Review 2011-3173. Thus, we have no additional
revisions regarding these labels and labeling.

However, DMEPA concludes that the proposed instructions for use (IFU) can be
improved to increase the readability and prominence of important information in the IFU
to promote the safe use of the product to mitigate any confusion.

4 RECOMMENDATIONS

Based on this review, DMEPA recommends the following be implemented prior to
approval of this NDA:

! Institute for Healthcare Improvement (IHI). Failure Modes and Effects Analysis. Boston. THI:2004.
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A. Preparation Instructions for Lymphoseek

1. Dangerous abbreviations, symbols, and dose designations that are included on
the Institute of Safe Medication Practice’s List of Error-Prone Abbreviations,
Symbols, and Dose Designations appear throughout the package insert.” As
part of a national campaign to avoid the use of dangerous abbreviations and
dose designations, FDA agreed not to approve such error prone abbreviations
in the approved labeling of products. Thus, please revise the those
abbreviations, symbols, and dose designations as follows:

e Revise all instances of trailing zeroes appearing in the text or tables of the
preparation instructions. Trailing zeros are dangerous dose designations that
could be misinterpreted as a 10 fold dose if the trailing zero is not seen (e.g.,
1.0 mL as the final injection volume may be misinterpreted as 10 mL final
injection volume).

e Revise the >’ and ‘>’symbols appearing in the instructions for use to read
“greater than” or “greater than or equal” respectively. The “greater than” and
“less than” signs have been misinterpreted to have the opposite meaning. For
example, the “greater than” sign has been misinterpreted to mean “less than”.

2. Before Step 1 of the preparation instructions, instruct the end user to carefully
read the instructions prior to attempting to prepare this product.

3. In Table 1, reorganize the order of the columns as follows: 1) Desired
Number of Injections, 2) Volume per Syringe, and 3) Total Injection Volume
(mL). This presentation is more consistent with the insert labeling and may
mitigate possible confusion between the instructions for use and insert
labeling.

4. In step 2, revise the second bullet, so the end user can easily determine the
radioactive concentration needed based on the reconstituted volume of the
vial.

5. Move Table 2 to appear adjacent to Step 2 and Step 3, so the end user can
easily find reference to the Table.
(b) (4)

If you have further questions or need clarifications, please contact Sandra Rimmel,
project manager, at 301-796-2445.

6 Page(spf Draft LabelinghavebeenWithheldin Full asb4 (CCI/TS)immediatelyfollowing this page

2 http://www.ismp.org/Tools/errorproneabbreviations.pdf, Last accessed 10/28/2009.
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1 INTRODUCTION

Thisreview evaluates the proposed container label, carton, and insert labeling for
Lymphoseek NDA 202207 for areas of vulnerability that could lead to medication errors.

1.1 REGULATORY HISTORY

The Applicant submitted the original labels and labeling on August 10, 2011. The
Applicants submitted updated container label and carton labeling on February 13, 2012
and updated insert labeling on April 5, 2012.

1.2 PRODUCT INFORMATION

The following product information is provided in the proprietary name submission.

Reference ID: 3149683

Active Ingredient: Technetium Tc 99m Tilmanocept for Injection

Indication of Use: radioactive diagnostic agent used in the R

locdlization of lymph nodes in patients with breast cancer or melanoma. o

Route of Administration: intradermal or subareolar
Dosage Form: for injection
Strength: 0.25 mg
Dose and Frequency: 18.5 MBq (0.5 mCi in 50 mcg)
How Supplied: Each Kit contains

o five0.25 mg Tilmanocept vials

o fiveDiluent vials

o fiveradiolabeled product shield labels

(b) 4)

Storage: Store Lymphoseek in original packaging at USP controlled room
temperature 25°C (77°F), excursions permitted to 15°C to 30°C (59°F to 86°F).
Store technetium Tc 99m tilmanocept radiolabeled product in radiation shielding
at room temperature.

Use radiolabeled Lymphoseek (technetium Tc 99m tilmanocept) injection within
6 hours of preparation.

Container and Closure System:
o Tilmanocept is packaged in aglass via
o Diluent ispackaged in aglassvial



2 METHODSAND MATERIALSREVIEWED
DMEPA reviewed the Lymphoseek label and labeling submitted by the Applicant.

2.1 LABELSAND LABELING

Using the principals of human factors and Failure Mode and Effects Analysis," along
with post marketing medication error data, the Division of Medication Error Prevention
and Analysis (DMEPA) evaluated the following:

o Tilmanocept Container Label submitted February 13, 2012 (Appendix B)
e Diluent Container Label submitted February 13, 2012 (Appendix C)
o Carton Labeling submitted February 13, 2012 (Appendix D)

e Radioassay Information Label submitted August 10, 2011

(Appendix E)
(b) @)

e Insert Labeling submitted April 5, 2012

3 INTEGRATED SUMMARY OF MEDICATION ERROR RISK
ASSESSMENT

Lymphoseek can be administered in one to five injections depending on the administering
physicians preference and injection technique. This affects the preparation because there
are limits to the volume of solution, radioactivity, and mass of Tilmanocept injected into
the patient. The preparation instructions involve determining the number of injections to
be given, the total injection volume, and the total reconstitution volume. There are
numerous steps in this process, however, this product is prepared by nuclear pharmacists
that are certified to prepare products with numerous steps.  Additionally, the nuclear
pharmacist must perform quality control check for each preparation, which minimizes the
risk of incorrect preparation of this Lymphoseek.

Lymphoseek will be prepared by a nuclear pharmacist with the end product being drawn
up inasyringe. Currently, the Lymphoseek Kit does not contain syringe labels to ensure
proper identification and prevent wrong drug errors. Inclusion of these labelsin the
packaging may prevent wrong drug errors.

4 CONCLUSIONSAND RECOMMENDATIONS

DMEPA concludes that the proposed labels and labeling are unacceptabl e because the
labels lack standard labeling requirements such as NDC number and manufacturer
information. Additionally, the Dosage and Administration section of the insert labeling
contains dangerous abbreviations that have led to medication errors with other products.

! Institute for Healthcare Improvement (IHI). Failure Modes and Effects Analysis. Boston. IHI:2004.
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If you have further questions or need clarifications, please contact Sandra Griffith, OSE
project manager, at 301-796-2445.

41 COMMENTSTO THE DIVISION
A. General Comments for the Insert Labeling
1. Replace the punctuation, - , with the word, to, in all areas of the labeling.

2. Revisethe abbreviation, g, to read, mcg. The abbreviation, g , has been
misinterpreted as milligram. Additionally, this abbreviation appears on
the Ingtitute of Safe Medication Practices’ List of Error-Prone
Abbreviations, Symbols and Dose Designations.” FDA agreed to not use
error-prone abbreviations in approved labeling.

3. Remove trailing zeros as they have been misinterpreted and resulted in ten
fold overdose. Additionally, trailing zeros are considered dangerous dose
designations and appear on the Institute of Safe Medication Practices List
of Error-Prone Abbreviations, Symbols and Dose Designations FDA
agreed to not use error-prone dose designations in approved labeling.

4. Revisethe abbreviation, uL, to read microliters.

B. Dosage and Administration - section 2
(b) (4)

4.2 COMMENTSTO THE APPLICANT

Based on this review, DMEPA recommends the following be implemented prior to
approval of thisNDA:

A. General Comments

Include twenty-five syringe labels for the nuclear pharmaciststo label the
syringes once they are prepared. The syringe labels should include the
product name and a space for the preparer to note the radioactivity amount,
date and time of assay, and expiration date.

B. Container Label — Tilmanocept (Appendix B)

1. Add aNDC number on the upper third portion of the principal display
panel.

2. Relocate the company logo, Navidea, and decrease its prominence.
Currently, Navidea appears on the |eft side of the proprietary and
established names. While reading left to right, it appears the name of the
product is Navidea. Additionally thislabel israther small and the space

2 |ISMP'sList of Error-Prone Abbreviations, Symbols, and Dose Designations.
http://www.ismp.org/tool Serrorproneabbreviations.pdf . Last accessed June 19, 2012
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should be used to display important information needed for nuclear
pharmacist to prepare the product safely.

Revise the presentation of the proprietary and established name to read as
follows:

Tilmanocept Powder for preparation of Lymphoseek (technetium
Tc 99m tilmanocept) injection

Revise the strength from 0.25 mg to 250 mcg so the strength statement and
dosing information utilize the identical units of measure. The strength
should appears as follows:

250 mcg per vid
Add the statements:

For Use with Lymphoseek Kit Only
Administer only after radiolabeling with technetium Tc 99m

See insert for preparation and administration instructions

Revise the statement, ® (4)t0 read as follows

Store at 25°C (77 °F) (USP controlled room temperature);
excursions permitted to 15°C to 30°C (59°F to 86°F) in original
package.

Container Label — Diluent (Appendix C)

1.

Include aNDC number on the upper third portion of the principal display
panel and the statement, Rx Only.

Include the following statements:

For diluting radiolabeled Lymphoseek only
Not for direct administration
See package insert for preparation and administration instructions

Single Use Via - Discard unused portion

Revise the statement ?® 0 read as follows
Store at 25°C (77 °F) (USP controlled room temperature);
excursions permitted to 15°C to 30°C (59°F to 86°F) in original
package.

4. Add thelot and expiration date to the side panel.

Relocate the distributor information toward the lower portion of the |abel
so that nuclear pharmacists can easily read the important information on
the label to safely use the product.

Carton Labeling (Appendix D)

1.

Relocate the list of kit contents from the side panel to the principal display
panel.
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Revise the strength statement, 0.25 mg, to read, 250 mcg, so the strength
statement and dosing information utilize the identical units of measure.

Decrease the prominence of the strength statement by decreasing the width
of the background.

Relocate the statement, Rx Only toward the bottom of the principal
display panel
Revise the statement, Sore at ?%10 read as follows

Store at 25°C (77 °F) (USP controlled room temperature);
excursions permitted to 15°C to 30°C (59°F to 86°F) in original
package.

Relocate the company logo/graphic from the principal display panel to the
rear panel.

Remove the O®@ 2t the top of the rear panel.

These numbers do not provide useful information to nuclear pharmacists.

Radioassay Information Label (Appendix E)

1.

Revise the strength statement, Tilmanocept 50 g, to read
Tilmanocept 50 mcg.

Revise the vertical lines for writing the MB(Q, volume, time/date and

expiration time to a horizontal presentation.

. (b) (4)
Revise the statement, ’ to read as follows

Store at 25°C (77 °F) (USP controlled room temperature);
excursions permitted to 15°C to 30°C (59°F to 86°F) in original
package.



APPENDICES

APPENDIX A. DATABASE DESCRIPTIONS
Adver se Event Reporting System (AERS)

The Adverse Event Reporting System (AERS) is a computerized information database
designed to support the FDA's post-marketing safety surveillance program for drug and
therapeutic biologic products. The FDA uses AERS to monitor adverse events and
medication errors that might occur with these marketed products. The structure of AERS
complies with the international safety reporting guidance (1CH E2B) issued by the
International Conference on Harmonisation. Adverse eventsin AERS are coded to terms
in the Medical Dictionary for Regulatory Activities terminology (MedDRA).

AERS data do have limitations. First, there is no certainty that the reported event was
actually dueto the product. FDA does not require that a causal relationship between a
product and event be proven, and reports do not always contain enough detail to properly
evaluate an event. Further, FDA does not receive all adverse event reports that occur with
aproduct. Many factors can influence whether or not an event will be reported, such as
the time a product has been marketed and publicity about an event. Therefore, AERS
cannot be used to calculate the incidence of an adverse event in the U.S. population.

Appendix B: Tilmanocept Container Label

(b) (4)

3 Page(spf Draft LabelinghavebeenWithheldin Full asb4 (CCI/TS)immediatelyfollowing this page
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Foob AND DRUG ADMINISTRATION
Center for Drug Evaluation and Research
Office of Prescription Drug Promotion
Division of Professional Promotion

****Pre-decisional Agency Infor mation****

Memorandum
Date: 4/3/2012
To: Alberta Davis-Warren, Regulatory Project Manager

Division of Medical Imaging Products

From: James Dvorsky, Regulatory Reviewer
Division of Professional Promotion

Subject: Comments on draft labeling (Package Insert) for NDA 202207, Lymphoseek (technetium Tc
99m tilmanocept) Injection

In response to your labeling consult request on August 19, 2011, we have reviewed the draft Package Insert
for Lymphoseek and offer the following comments. Note that these comments are based upon the March 26,
2012 version of the label.

See attached label sections for grammatical changes.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Pediatric and Maternal Health Staff
Office of New Drugs

Center for Drug Evaluation and Research
Food and Drug Administration

Silver Spring, MD 20993

Tel 301-796-2200

FAX 301-796-9744

Addendum Pediatric and Maternal Health Staff Memorandum

Date: April 2, 2011 Date Consulted: November 22, 2011

From: Jeanine Best, MSN, RN, PNP, Senior Clinical Analyst
Pediatric and Maternal Health Staff

Through: Hari Cheryl Sachs, MD, Team Leader — Pediatric Team
Pediatric and Maternal Health Staff

Lisa Mathis, MD, OND Associate Director,
Pediatric and Maternal Health Staff

To: Division of Medical Imaging Products (DMIP)

Drug: Lymphoseek Kit for the Preparation of Technetium Tc 99m Tilmanocept for
Injection, NDA 202207

Subject: PREA Studies and Pediatric Use Labeling

DISCUSSION AND CONCLUSIONS
This memorandum is an addendum to the Pediatric and Maternal Health Memorandum dated

December 20, 2011, regarding the Sponsor’s failure to adequately address PREA study
requirements in their initial new drug application submission. The Sponsor subsequently
submitted a revised Pediatric Plan on February 2, 201 ks

Reference ID: 3110164



Since the re-submission of the Pediatric Plan for Lymphoseek, DMIP has revised the proposed
indication for Lymphoseek, and is limiting the indication to include only breast cancers and
melanomas. These cancers are considered adult indications and qualify products for a full
waiver of pediatric studies under PREA because studies would be impossible or impractacable in
the pediatric population. PMHS agrees that a waiver of pediatric studies is appropriate for the
revised Lymphoseek indication. DMIP could consider issuing a Written Request for
Lymphoseek if they believe there is a public health benefit of obtaining studies in children.

Lymphoseek pediatric use labeling should reflect that safety and effectiveness have not been
established. ®) @)

1Ss10n.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Date:

From:

Through:

Through:

To:

Drug:

Sponsor:

Subject:

Pediatric and Maternal Health Staff
Office of New Drugs

Center for Drug Evaluation and Research
Food and Drug Administration

Silver Spring, MD 20993

Tel 301-796-0700

FAX 301-796-9744

Maternal Health Team Review

March 28, 2012 Date Consulted: October 13, 2011
Upasana Bhatnagar, M.D.

Medical Officer, Maternal Health Team
Pediatric and Maternal Health Staff

Melissa S. Tassinari, Ph.D.

Acting Team Leader, Maternal Health Team
Pediatric and Maternal Health Staff

Lisa Mathis, M.D.

Associate Director, Office of New Drugs
Pediatric and Maternal Health Staff

Division of Medical Imaging Products (DMIP)

Lymphoseek (Technetium Tc99m Tilmanocept for Injection)-
NDA 202207

Neoprobe Corporation

Pregnancy and Nursing Mothers Labeling

Materials Reviewed: Pregnancy and Nursing Mothers subsections of Lymphoseek labeling,

PubMed literature search

Consult Question:  Please review the Pregnancy and Nursing Mothers subsections of
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INTRODUCTION

On August 10, 2011, Neoprobe Corporation submitted a New Drug Application (NDA) to
the Division of Medical Imaging (DMIP) for a radiopharmaceutical called Lymphoseek
(Technetium Tc99m Tilmanocept for Injection). The Sponsor proposed indication is for the
use of Lymphoseek as a diagnostic agent to be used to ®® Jocalize lymph nodes
intraoperatively. DMIP consulted the Pediatric and Maternal Health Staff’s Maternal Health
Team (PMHS-MHT) on October 13, 2011 to review the Pregnancy and Nursing Mothers
subsections of the Sponsor proposed labeling. This review includes PMHS-MHT
recommendations for revisions to the proposed labeling for Lymphoseek.

BACKGROUND

Lymphoseek (Technetium Tc99m Tilmanocept for Injection) is a diagnostic agent to be used
intraoperatively to image tumor-draining lymph nodes. Tilmanocept has multiple units of
diethylenetriaminepentacetic acid (DTPA) and mannose attached to a dextran core. DTPA is
a chelating agent for Tc99m. The mannose component of the molecule interacts with
mannose binding receptors on macrophages and dentritic cells in lymphatic tissue.

Lymphoseek has a half-life of 3 hours, and is cleared from the injection site with <1% of the
drug entering systemic circulation.” The proposed dose for same day surgery to be
administered within 15 hours of surgery is 50 pg Lymphoseek radiolabeled with 18.5 MBq
(Megabequerals) or 0.5 mCi (millicuries) of Technetium Tc99m. me

In pregnant women, breast cancer is the most common cancer occurring in an estimated
1:3000 women.” Because regional lymph node metastasis is a vital prognostic factor in
breast cancer, lymphatic mapping and sentinel lymph node biopsy procedures are central to
staging breast cancer. In comparison to traditional lymph node dissection, the minimally
mvasive nature of the procedure make lymphatic mapping a preferable option for patients
with breast cancer. The pregnant and post-partum patient population would particularly
benefit from a minimally invasive diagnostic procedure. Therefore, it 1s likely that
Lymphoseek could be administered to pregnant and lactating women who require lymphatic

mapping.

! March 14, 2012, personal communication with Christy John of Clinical Pharmacology
2 National Cancer Institute, http://www.cancer.gov/cancertopics/pdqg/treatment/breast-cancer-and-
pregnancy/HealthProfessional/pagel, website accessed 3/21/2012.
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REVIEWED MATERIALS

Sponsors Proposed Pregnancy and Nursing Mothers Labeling

REVIEW OF LITERATURE AND PRACTICE GUIDELINES

The likelihood of fetal harm is related to the dose of the radiopharmaceutical and the stage of
fetal development when the exposure occurs. lonizing radiation from radiopharmaceuticals
can result in harmful fetal effects such as cell death and teratogenic effects, carcinogenesis,
and genetic effects or mutations in germ cells.® For the period two weeks after conception,

¥ ACOG Committee Opinion. Sept 2004. Guidelines for Imaging During Pregnancy
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exposure to a radiopharmaceutical will have an “all or none” impact on the fetus, causing no
effect or causing fetal demise. Organogenesis starts three to five weeks post conception.”
Throughout gestation, doses less than 0.05 gray (50mGy) have no measurable noncancer risk
to the embryo/fetus at any stage. The threshold for the absorbed dose resulting in adverse
fetal effects during early embryogenesis is >0.1 gray but during major organogenesis likely
lies between 0.1-0.2 gray.>® In doses from 0.05-0.5 gray, exposure from 2-15 weeks
gestation may result in growth retardation, reduction of 1Q, and increased incidence of severe
mental retardation. Radiation exposures greater than 0.5 gray have multiple implications for
both the mother and the fetus. The lifetime risk of cancer due to perinatal exposure is
estim4at(3d to be 0.3-1% with less than 0.05 gray exposure or 0.4% per 10mGy dose to the
fetus.™

Most of the data available regarding placental transfer of radiopharmaceuticals during
pregnancy is based on estimates derived from animal studies. In a study of free technetium
by Gilbert et al in 1996, 19 fetal sheep were studied after maternal injection with free
technetium.® Although the mechanism of transport through the placenta was uncertain,
technetium was detected in the fetal circulation and peaked at one hour post maternal
injection.

Reviewer comment: Because free technetium does cross the placenta, exposure in utero to
technetium based radiopharmaceuticals such as Lymphoseek can potentially cause fetal
harm. To minimize fetal exposure especially in early gestation, imaging studies using
radiopharmaceuticals should be performed early in the menstrual cycle, within the first 10
days. Patients who are unsure of their menses should be tested for pregnancy.

Technetium Tc99m DTPA and Pregnancy

No studies were found in a PubMed literature search performed to obtain data regarding
Lymphoseek use during pregnancy and lactation. However, because Tilmanocept is a
composed of multiple units of DTPA and mannose, guidelines and studies regarding Tc99m
DTPA, a renal imaging agent, were reviewed.

In 1997, Russell et al published a study to estimate the fetal radiation exposure from maternal
administered doses by surveying 26 medical institutions regarding the most commonly used
diagnostic nuclear medicine procedures used in women of childbearing age.® The study
used the Medical Internal Radiation Dosimetry (MIRD) program to estimate the absorbed

* Pregnancy and Medical Radiation, ICRP Publication 84, Annals ICRP 2000, 30(1). 9-12.

> Centers for Disease Control and Prevention, Radiation and Pregnancy: A Fact Sheet for Clinicians,
www.bt.cdc.gov/radiation/prenatalphysician.asp, accessed, 2/28/2011

® National Council of Radiation Protection and Measurement Report 128: Radionuclide Exposure of the
Embryo/Fetus, 41-48.

" American College of Radiology, Practice Guideline for Imaging Pregnant or Potentially Pregnant Adolescents
and Women with lonizing Radiation, 2008

& Gilbert WM, Newman PS, et al. Technetium Tc99m rapidly crosses the ovine placenta and intermembranous
pathway. Am J Obstet Gynecol. 1996; 175:1557-62.

° Russell JR, Stabin MG, et al. Radiation Absorbed dose to the Embryo/Fetus from Radiopharmaceuticals.
Health Phys.1997. 73(5): 756-769
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dose to the embryo/fetus per unit of activity of radiopharmaceutical administered to the
mother in typical doses. The investigators estimated fetal radiation exposure at multiple
times during gestation (early in the pregnancy, at six months, and at nine months) following
use of Tc99m-DTPA in the mother for common procedures. Table 1 below includes the
indicated procedures using Tc99m-DTPA, particularly those procedures requiring the highest
administered doses, and the estimated exposure at these doses to a fetus.

Table 1. Estimated Fetal Absorbed Dose for Procedures using Tc99m DTPA
Administered Early 3 months 6months 9 months
Dose MBq mG mG mG mG
(mCi) y y y y
Kidney
1maging, 750 MBq
Brain (20 mCi) 9.0 mGy 6.5 mGy 3.1 mGy 3.5 mGy
imaging
: 800 MBq
Hypertension (22 mCi) 9.6 mGy 7.0 mGy 3.3 mGy 3.8 mGy
Residual
urine 350MBq 5 Gy | 3.0mGy 14mGy | 0.16 mGy
. (9.5 mCy)
determination
Gastric 10 MBq
Reflux (027 mCi) 0.12 mGy 0.087 mGy 0.041 mGy 0.047 mGy

Adapted from Table 4b. Russell et al. ’

Reviewer comment: Even at the highest doses, the estimated fetal radiation exposure from
maternal use of Tc 99m DTPA are substantially less than the threshold for teratogenic effects
of 50 mGy.

Technetium Tc99m DTPA and Lactation

A review of literature and guidelines was performed to determine whether maternal radiation
exposure from use of Tc99m DTPA affects lactation and whether infants exposed through
human milk and/or close contact experience adverse effects. The annual background
radiation at sea level is approximately 3.1 millisievert (mSv).'® According to the Nuclear
Regulatory Commission, the regulatory limit for the effective dose to an embryo, fetus, or
nursing child is 5 mSv (0.5 rem)."" If a lactating individual has received a radionuclide and
the total effective dose equivalent (TEDE) to a nursing infant or child could exceed 0.1 rem
(1mSv), mstructions to the mother must be provided, assuming that breastfeeding is not
mterrupted.

19 US Nuclear Regulatory Commission, Biologic Effects of Radiation, http://www nrc.gov/reading-rm/doc-
collections/fact-sheets/bio-effects-radiation ,updated January 2011, accessed 3/2011

1 Siegel, 2002, Guide for Diagnostic Nuclear Medicine, Nuclear Regulatory Commission Regulation of
Nuclear Medicine, p 9-10.
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In the United States Nuclear Regulatory Commission (NRC) guidelines, set forth in NUREG
1556, volume 9, Appendix U, no interruption of breastfeeding is necessary after maternal
treatment with Tc 99m-DTPA for doses up to 1000 MBg (30mCi) to achieve an infant
effective dose level below 1 mSv.** The LactMed Database was queried for Tc99m DTPA.
The recommendation referred to the NRC guidelines for interruption of breastfeeding, and
noted that some experts, applying the principle of as low as reasonably achievable (ALARA),
recommended breastfeeding should be interrupted for 3 to 6 hours after a dose and that the
milk be expressed and discarded.

Lactation Studies

Rubow et al studied the excretion of commonly used radiopharmaceuticals in human breast
milk 60 patients.’* The authors acknowledged the wide variation in data from patients
receiving the same dose of a radiopharmaceutical, and this was particularly the case with
Tc99m DTPA in this study. Using the worst case scenario of transfer of
radiopharmaceuticals into human milk, the investigators obtained milk samples from patients
after administration of radionuclides at regular intervals for at least 24 hours after
administration. The calculation of activity ingested by the infant included variables such as
the frequency of feeding, volume per feed, and the decay of the radiopharmaceutical.
Among the five patients receiving a 600 MBq dose of Tc99m DTPA, the highest effective
dose for the infant was 0.48 mSv in four patients, but one patient had an effective dose of
16.12 mSv. However, for all five of the patients, the average effective half life of
Tc99MDTPA in the breast milk was 4.5 hours. The authors noted that radiochemical purity
of the radiopharmaceutical could have affected the levels of drug in the patient who was the
outlier.

In 2000, Stabin and Breitz calculated the possible radiation dose to an infant from ingestion
of common radiopharmaceuticals including Tc99m DTPA.** Because individual
concentration into breast milk varies, they used typical doses, the lowest doses, and highest
doses in literature to estimate the exposure of an infant through human milk. The
investigators assumed that the drug reached peak concentration three hours after
administration and that the infant breastfed starting at three hours after administration of the
radiopharmaceutical and every breastfed every four hours subsequently. The total amount of
milk with radiopharmaceutical present was calculated by summing all of the dose until the
concentration dropped to negligible values. They also assumed that the dose ingested by the
infant would be absorbed in the gastrointestinal tract and behave pharmacologically as it
would in an adult. In their discussion, the authors noted that the highest concentration into
breast milk of most radiopharmaceuticals was seen within fours hours of administration. The
data regarding Tc99m DTPA from three studies of seven total patients indicated that no

12 US Nuclear Regulatory Commission NUREG 1556, VVolume 9, Appendix U, October 2002

3 Rubow S, Klopper J, et al. The excretion of radiopharmaceuticals in human breast milk: additional data and
dosimetry. Eur J of Nuc Med. 1994:21(2):144-153.

14 Stabin MG, Breitz HB. Breast milk excretion of Radiopharmaceuticals:Mechanisms, Findings, & Radiation
Dosimetry. J Nucl Med. 2000; 41:863-873.
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interruption of breast feeding was necessary to limit the estimated dose to an infant to less
than 1 mSv.

Reviewer comment: The majority of patients had similar levels of Tc DTPA in breast milk
with the concentration in milk decreasing exponentially with a half-life of approximately four
hours. Therefore, to interrupt breastfeeding for four hours and to discard the milk would be
appropriate after administration of Tc99m DTPA.

Close contact infant exposure

Theoretically, exposure of a mother to a radioactive compound may pose a risk to her infant
from proximity to the mother who is emitting radioactivity. This exposure occurs through
close contact with the mother during cuddling even if the mother interrupts breastfeeding or
is not currently breastfeeding but caring for an infant. The dose to the infant should not
exceed 1mSv, the annual public dose limit.*®

Mountford et al. estimated the close contact dose to infants from technetium based
compounds by multiplying the dose rate measured on or near the surface of the patient by an
effective exposure time. For their calculation of effective exposure time, they assumed that
contact between parent and infant occurred as follows: the first 20 minutes of each hour for
eight hours post injection, the first 20 min of every fourth hour for the next 12 hours, and the
first 20 min of each hour for the remaining 4 hours.*® The authors grouped all of the
technetium based compounds, and noted that interruption of close contact was not essential
but could be recommended for maternal reassurance.

Reviewer comment: The Mountford study included technetium based compounds that are
used at doses that are much higher than the proposed dose for Lymphoseek. Therefore, it is
unlikely that close contact between an infant and mother needs to be limited after
Lymphoseek administration. In a communication with Brenda Ye, M.D., medical officer from
DMIP, she noted that based on the dosimetry of Lymphoseek, an interruption in close contact
would not be needed.

DISCUSSION

Lymphoseek (Technetium Tc99m Tilmanocept for Injection) is a diagnostic agent to be used
intraoperatively to image tumor-draining lymph nodes mostly likely for staging of breast
cancer and melanoma. The Division of Medical Imaging (DMIP) consulted the Pediatric and
Maternal Health Staff’s Maternal Health Team (PMHS-MHT) to review the Sponsor
proposed labeling for the pregnancy and nursing mothers subsections.

Because no studies during pregnancy have been conducted in humans and animal
reproduction studies were not conducted, PMHS-MHT recommends labeling Lymphoseek

> Mountford PJ. Estimation of close contact doses to young infants from surface dose rates on radioactive
adults. Nuclear Medicine Communications. 1987;8:857-863.
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pregnancy category C. Placental studies indicate that free technetium, such as that in
technetium based radiopharmaceuticals, crosses the placenta.

In the Nursing Mothers subsection of labeling, PMHS-MHT recommends that nursing
mothers pump and discard milk for the first four hours after receiving Lymphoseek. Based on
the half life of Lymphoseek, its limited systemic absorption, and the limited nature of
treatment needed to perform lymphatic mapping, the Sponsor proposed labeling
recommendation for @@ However, because
multiple variables influence the degree of transfer of a radiopharmaceutical into breast milk
and applying the principle of ALARA (as low as reasonably achievable), interruption for four
hours would minimize risk to the infant without placing an undue burden on a nursing
mother.

Additionally, including section 8.6 Females of Reproductive Potential in labeling for
Lymphoseek will inform prescribers who must balance the benefits gained from the
diagnostic procedure for pregnant women or female of reproductive potential against the
impact of radiation exposure to a fetus. By conducting imaging studies early in the menstrual
cycle, within the first 10 days, or testing patients for pregnancy who are unsure of their
menses, providers can limit inadvertent exposures to Lymphoseek.

Pregnancy and Nursing Mothers Labeling

The Proposed Pregnancy and Lactation Labeling Rule published in May 2008. While the
Final Rule is in clearance, PMHS-MHT is structuring the Pregnancy and Nursing mothers
label information in the spirit of the Proposed Rule while still complying with current
regulations. The first paragraph in the pregnancy subsection of labeling summarizes
available data from published literature, outcomes of studies conducted in pregnant women
(when available), and outcomes of studies conducted in animals, as well as the required
regulatory language for the designated pregnancy category. The paragraphs that follow
provide more detailed descriptions of the available human and animal data, and when
appropriate, clinical information that may affect patient management. For nursing mothers,
when animal data are available, only the presence or absence of drug in milk is considered
relevant and presented in the label, not the amount. The goal of this restructuring is to make
the pregnancy and lactation section of labeling a more effective communication tool for
clinicians.

RECOMMENDATIONS

e Technetium Tc 99m Lymphoseek Injection should be labeled as pregnancy category
C.

e Nursing mothers should be advised to pump and discard breast milk for the first four
hours after administration of Technetium Tc 99m Lymphoseek Injection. Labeling for
patient counseling regarding breast feeding should be included in section 17 as well.
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e Section 8.6 Females of Reproductive Potential should be added to labeling. To
prevent inadvertent exposures, Technetium Tc 99m Lymphoseek Injection should be
given in the first ten days of the menstrual cycle or a pregnancy test should be done
within the 48 hours prior to use of Technetium Tc 99m Lymphoseek Injection.

e MHT recommended revisions to the Sponsor’s proposed labeling are below. A track
changes version has been included in Appendix A.

PMHS - Maternal Health Labeling Recommendations

e Pregnancy Category C: Use only if clearly needed. (8.1)
e Nursing mothers: express and discard milk for the first 4 hours following administration
of Technetium Tc 99m Lymphoseek. (8.3)

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Pregnancy Category C: There are no adequate or well-controlled studies of Technetium
Tc99m Lymphoseek Injection in pregnant women. Unbound technetium crosses the placenta.
All radiopharmaceuticals, including Technetium Tc 99m Lymphoseek Injection have a
potential to cause fetal harm. The likelihood of fetal harm depends on the stage of fetal
development and the ®®@ radiopharmaceutical dose. No reproduction and
development studies in animals have been conducted with Technetium Tc 99m Lymphoseek
Injection. Technetium Tc 99m Lymphoseek Injection should be given to a pregnant woman
only if clearly needed.

8.3 Nursing Mothers

It is not known whether Technetium Tc 99m Lymphoseek Injection is in human milk.
Based on the clearance of this drug, advise patients to express and discard milk during the
first four hours after administration of Technetium 99m Lymphoseek Injection. Exercise
caution when administering Technetium 99m Lymphoseek Injection to a nursing mother.

(b) (4)

8.6  Females of Reproductive Potential

In females of reproductive potential, administration of Technetium Tc 99m Lymphoseek
Injection should be performed within the ten days following the onset of menses or a
pregnancy test should be performed within 48 hours prior to the administration.
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17 PATIENT COUNSELING INFORMATION
e Instruct patients to inform their physician or healthcare provider if they:
1. are pregnant or breast feeding.
2. are sensitive to technetium-containing contrast agents. o
3.
e Inform nursing mothers to express and discard milk for the first four hours following
administration of Technetium Tc 99m Lymphoseek Injection

1 page of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following
this page

10

Reference ID: 3111592



This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

UPASANA BHATNAGAR
04/04/2012

MELISSA S TASSINARI
04/05/2012

LISA L MATHIS
04/10/2012

Reference ID: 3111592



Clinical Consultation

FROM: Amir Shahlaee, M.D.
Medical Reviewer
Division of Oncology Products 2
OHOP/OND/CDER/FDA

Joseph Gootenberg, M.D.

Medical Team Leader and Deputy Division Director,
Division of Oncology Products 2
OHOP/OND/CDER/FDA

TO: Dr. BrendaYe,
ODEIV/DMIP/CDER/FDA

SUBJECT: Use of Technetium Tc 99m Lymphoseek® Injection
(abbreviated Tc 99m Lymphoseek) to for intra-operative
lymph node mapping in pediatric oncol ogy
IND 202,207

DATE CONSULT RECEIVED: February 27, 2012
DATE CONSULT COMPLETED: March 14, 2012

MATERIAL REVIEWED

Original NDA 202,207 application

Thelist of questions generated by DMIP and PMHS Review Teams
The formal consultation form

Previous consultation performed by PMHS

Denial of Pediatric Waiver Letter

Applicants proposed pediatric development plan

e~ E

Requested Action and DDOP answers:
DMIP requests DOP2/OHOP to help answer the following questions:

1. In the adult population, besides breast cancer and melanoma, ar e there other
cancer typesthelymphatic mapping procedureisused?
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OHOP response: Although multiple publications can be found in the literature regarding
the use of ILM, the only diseases where ILM iswidely used include malignant melanoma
and breast cancer. Other indications where the use of ILM has been reported but remains
situational, experimental or controversial include gastric cancer, colon cancer, Merkel

cell carcinoma, GU tumors, head and neck cancer, non-small cell lung cancer, soft tissue
sarcomas and thyroid tumors.

2. Please comment on the-study proposals presented in the Sponsor's pediatric
Plan.
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(b) (4)

Consultant review:

BACKGROUND

Intra-operative Lymphnode Mapping (ILM) with a radiopharmaceutical isan intra-
operative examination wherein the surgeon utilizes a handheld gamma detection device
that aids in the identification and localization of gamma emitting

isotopically-labeled lymphatic detection agents. This process identifies for the surgeon
the first lymph node(s) to receive lymphatic flow from the primary tumor site or tumor
bed. Technetium Tc 99m Lymphoseek® Injection (abbreviated Tc 99m Lymphoseek) isa
radiotracer that accumulates in lymphatic tissue by binding to a mannose binding receptor
(MBR) protein that resides on the surface of macrophages and dendritic cells.

Chemically, Tc 99m Lymphoseek (drug substance: tilmanocept) is technetium-99m
|abeled diethylenetriaminepentaacetic acid (DTPA) mannosy| dextran.

Navidea Biopharmaceuticals on August 22, 2011 submitted NDA 202207. The indication
sought by the applicant was:
(b) (4)

The applicant had previously requested afull waiver from performing any pediatric
studies required by PREA arguing that “the available pediatric populations will not
provide adequate patient accrual 