
 
  

 

 

  

  

   
  
  
  
  
  
  

 
  

   
  
   
  
  

 
  

  
  

 

 
 

 

 
   

 
  

  
 

    
  

 
  

 
 

  

  

NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

NDA/BLA Multidisciplinary Review and Evaluation 

Application Type NDA Efficacy Supplement 
Application Number(s) NDA 202207 S012 

Priority or Standard Standard 
Submit Date(s) July 22, 2020 

Received Date(s) July 22, 2020 
PDUFA Goal Date May 22, 2021 

Division/Office Division of Imaging and Radiation Medicine/Office of Specialty 
Medicine 

Review Completion Date 
Established/Proper Name Technetium 99m Tilmanocept 

(Proposed) Trade Name Lymphoseek 
Pharmacologic Class Radioactive diagnostic agent 

Applicant Cardinal Health 414, LLC 
Dosage form Kit for preparation of Lymphoseek injection 

Applicant Proposed 
Indication(s)/Population(s) 

Lymphatic mapping using a handheld gamma counter to locate 
lymph nodes draining a primary tumor site in adult and 
pediatric patients with solid tumors for which this procedure is 
a component of intraoperative management. 

Applicant Proposed 
SNOMED CT Indication 
Disease Term for each 

Proposed Indication 

396487001 |Sentinel lymph node biopsy (procedure) 

Recommendation on 
Regulatory Action Approval 

Recommended 
Indication(s)/Population(s) 

Lymphatic mapping using a handheld gamma counter to locate 
lymph nodes draining a primary tumor site in adult and 
pediatric patients age 1 month and older with solid tumors for 
which this procedure is a component of intraoperative 
management. 

Recommended SNOMED 
CT Indication Disease 

Term for each Indication 
178292004 |Sampling of lymph node (procedure) 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Table 1. Listing of Clinical Trials Relevant to this NDA 

Trial 
Identity 

NCT 
No. Trial Design Regimen/ schedule/ route Study Endpoints 

Treatment 
Duration/ 
Follow Up 

No. of 
patients 
enrolled 

Study 
Population 

No. of 
Centers and 

Countries 

Controlled Studies to Support Efficacy and Safety 

NAV318 

A prospective, open label, 
nonrandomized, multicenter, blinded 
pathology assessment study to 
evaluate the tolerabil ity and the 
diagnostic util ity of Lymphoseek in 
pediatric subjects from neonatal to 
less than 18 years of age with 
melanoma, rhabdomyosarcoma, or 
other solid tumors where ILM and 
SLNB is appropriate and tumor 
resection or biopsy is planned. 

Lymphoseek with 18.5 MBq (0.5 
mCi). For those subjects 
diagnosed with melanoma, 
Lymphoseek was to be 
administered as 1, 2, or 4 
intradermal, peritumoral 
injections at or around the 
excision biopsy site. For those 
subjects with 
rhabdomyosarcoma or other 
solid tumors, Lymphoseek was 

•  Subject localization rate (defined as the 
proportion of subjects with Lymphoseek-
identified LNs) 
•  Number of LNs identified intraoperatively by 
Lymphoseek per subject 
•  Proportion of subjects who underwent 
preoperative SPECT or SPECT/CT imaging 
•  Proportion of subjects with LNs identified 
preoperatively using SPECT or SPECT/CT imaging 
•  Number of LNs identified preoperatively using 
SPECT or SPECT/CT imaging 

 A baseline visit 
on the day of 
surgery, and a 4-
to 14-day (in 
person) safety 
follow-up visit 
to assess AEs 
and subject 
disease 
management. 24 23 

6 centers 
and 1 

country 
3 visits: A screening for initial 
determination of eligibil ity and 
evaluation of cl inical status, a 
baseline visit on the day of surgery, 
and a 4- to 14-day (in person) safety 
follow-up visit to assess subject 
disease management. 

to be administered as 
intradermal peritumoral 
injection(s) if anatomically 
appropriate or, if not possible, 
injection was to be performed 
as determined clinically 
appropriate by the surgeon. 

•  Agreement of the number of nodes identified by 
preoperative SPECT or SPECT/CT imaging to 
intraoperative localization 
•  Subject and nodal agreement of central 

pathology assessment with local pathology 
assessment of the excised LN(s) to confirm the 
presence/absence of tumor metastases

(USA) 

Studies to Support Safety 
-

Other studies pertinent to the review of efficacy or safety (e.g., clinical pharmacological studies) 
-

Source: “Table 5.2-1. Tabular Listing of Newly Submitted Clinical Studies” from submission 5.2 Tabular Listing of All Clinical Studies, p. 3/44. 
Abbreviations: AE, adverse event; ILM, intraoperative lymphocyte mapping; LN, lymph node; NCT, National Clinical Trials Register; NDA, new drug application; SPECT/CT, single 
photon emission computed tomography/computed tomography 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Table 2. Schedule of Events 

Source: NAV3-18 Protocol Amendment 4 (date 9/1/2017) 
a Body weight and height will only be collected at screening. 
b Blood and urine may be collected on day 1 if performed before Lymphoseek injection. 
c Pregnancy testing should be performed within 48 hours before Lymphoseek injection. 
d Imaging may begin at the time of injection when performing dynamic imaging. STATIC planar imaging should begin approximately 
15 minutes postinjection. 
e When used, vital blue dye will be administered at the start of or during surgery in accordance with the standard of care at the 
clinical site. 
f Surgery, node probing, and harvesting should occur between 15 minutes and 8 hours after Lymphoseek injection. 
Abbreviations: ECG, electrocardiogram; SLNB, sentinel lymph node biopsy; SPECT/CT, single photon emission computed 
tomography/computed tomography 

According to the protocol, a total of 0.5 mCi±20% of Lymphoseek was administrated 
intradermally or subcutaneously as a single injection or as multiple injections. Surgery, node 
probing, and harvesting were to occur between 30 minutes and 8 hours after Lymphoseek 
injection. 

Study Endpoints 

• Subject localization rate (defined as the proportion of subjects with Lymphoseek identified 
LNs) 

• Number of LNs identified intraoperatively by Lymphoseek per subject 
• Proportion of subjects who underwent preoperative single photon emission computed 

tomography (SPECT) or SPECT/computed tomography (CT) imaging 
• Proportion of subjects with LNs identified preoperatively using SPECT or SPECT/CT imaging 
• Number of LNs identified preoperatively using SPECT or SPECT/CT imaging 
• Agreement of the number of nodes identified by preoperative SPECT or SPECT/CT imaging 

to intraoperative localization 
• Subject and nodal agreement of central pathology assessment with local pathology 

assessment of the excised LN(s) to confirm the presence/absence of tumor metastases 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Patient Disposition 

The disposition of subjects by age group and tumor type is listed in Table 3 and Table 4, 
respectively, and a flow chart is provided in Figure 1. 

Table 3. Subject Disposition by Age Group, Study NAV3-18 

Source: “Table 4. Subject Disposition by Age Group. Study NAV3-18” from NAV3-18 Clinical Study Report, p. 61/316. 

Table 4. Subject Disposition by Tumor Type, Study NAV3-18 

Source: “Table 5. Subject Disposition by Tumor Type. Study NAV3-18” from NAV3-18 Clinical Study Report, p. 62/316. 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

The age of the 23 subjects ranged from 1.65 to 17 years. There were two subjects in the 
youngest group of age 1 month to <2 years in the trial, and both were around 1.7 years old 
(Table 7). The demographics and baseline data of the subjects are summarized in Table 8. 

Table 7. Subjects in the Age Group of 1 Month to <2 Years 

Subject # Tumor Age Gender Race 
Pre- Surgical 
TNM Staging 

RHABDOMYO-
SARCOMA 

1.65 M White 
T1B, N0, M1, S 

TAGE 4 

Other solid 
tumor 

1.7 F White 1, 0, 0, 1 

(b) (6) 

Source: “Table 4. Subject Disposition by Age Group. Study NAV3-18” from NAV3-18 Clinical Study Report, p. 61/316. 

Table 8. Demographics and Baseline Data Summary by Tumor Type, Age Group, and Overall— 
Categorical Variables, Study NAV3-18, Safety Population (N=23) 

Source: “Table 10. Demographics and Baseline Data Summary by Tumor Type, Age Group, and Overall - Categorical Variables. 
Study NAV3-18. Safety Population (N = 23)” from NAV3-18 Clinical Study Report, p. 68/316. 

Disease Characteristics (N=23) 

Disease characteristics by tumor type are listed in Table 9. 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Table 9. Disease Characteristics by Tumor Type 
Tumor type N % 

Melanoma 5 21.7 

Rhabdomyosarcoma 4 17.4 

Other Solid Tumor 14 60.9 

atypical spitz 2 

squamous cell 2 

synovial sarcoma 2 

high-grade undifferentiated sarcoma 1 

Ewing's sarcoma 2 

low-grade sarcoma 1 

epitheliod sarcoma 1 

low-grade fibromyxoid sarcoma 1 

Dabska tumor angiosarcoma 1 

fibrohistiocytoma 1 
Source: Generated by clinical reviewer based on the description “Tumor types being treated in this study were divided between 
melanoma (21.7%), rhabdomyosarcoma (17.4%), and other solid tumor types (60.9%). The other solid tumors breakdown as 
follows: atypical spitz (2), squamous cell (2), synovial sarcoma (2), high-grade undifferentiated sarcoma (1), Ewing's sarcoma (2), 
low-grade sarcoma (1), epitheliod sarcoma (1), low-grade f bromyxoid sarcoma (1), Dabska tumor angiosarcoma (1), and 
fibrohistiocytoma (1).” From 10.4.2 Disease Characteristics, NAV3-18 Clinical Study Report, p. 68/316. 

Treatment Compliance, Concomitant Medications, and Rescue Medication Use 

The radiation dose administered ranged from 0.19 mCi (b) (6) to 0.83 mCi (b) (6) and 
the duration between the Lymphoseek administration and LN mapping surgery ranged from 

(b) (6) (b) (6) 25 minutes (Subject  to 5.31 hours (Subject . The treatments are listed in 
Table 10. 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Table 10. Patient Treatment Information 
Time Time 

Injection at Planar/SPECT LN Mapping From A From A to 
Line Patient Dose Time Time Surgery Time* to B C 
No. Code Tumor Type (mCi) Route (date, hr:min) (date, hr:min) (date, hr:min (hr:min) (hr:min) 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

30 

Melanoma 0.19 ID 0:00 2:01 

Other-Low grade 
fibromyxoid sarcoma 

0.71 ID NA, Lymphazurin 
not administered 

0:06 NA 

Melanoma 0.42 ID NA 1:19 

Melanoma 0.48 ID 0:35 2:34 

Rhabdomyosarcoma 0.40 SubC 0:13 2:11 

Other-Synovial sarcoma 0.33 SubC 0:12 1:36 

Melanoma 0.25 SubC 0:05 1:57 

Other-Squamous Cell 0.76 SubC 1:42 2:26 

Other-High grade 
undifferentiated sarcoma 

0.83 ID 1:17 2:27 

Other-Ewing sarcoma 0.57 ID 0:22 2:00 

Other-Fibrohistiocytoma 0.50 SubC 0:13 2:58 

Other-Epithelioid sarcoma 0.72 SubC 0:10 2:24 

Other-Squamous cell 0.51 SubC NA, Lymphazurin NA NA 
carcinoma not administered 
Rhabdomyosarcoma 0.71 SubC 0:02 3:00 

Rhabdomyosarcoma 0.49 SubC 0:14 2:21 

Other-Dabska tumor 0.56 SubC 0:13 5:31 

(b) (6) (b) (6) (b) (6)

(b) (6)

(b) (6) 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Table 12. LN Number Localized by Lymphoseek and Lymphazurin by Individual Subject 

Subject Tumor Type Age Number of Nodes Localized 
by Lymphoseek 

Number of Nodes Localized 
by Lymphazurin 

1 MELANOMA 14 4 3 

2 OTHER 13 2 0 

3 MELANOMA 17 3 2 

4 MELANOMA 17 7 0 

5 RHABDOMYO SARCOMA 1.65 8 7 

6 OTHER 15 14 14 

7 MELANOMA 13 2 1 

8 OTHER 12 1 1 

9 OTHER 13 2 2 

10 OTHER 13 2 1 

11 OTHER 12 4 4 

12 OTHER 15 2 2 

13 OTHER 15 0 0 

14 RHABDOMYO SARCOMA 14 2 2 

15 RHABDOMYO SARCOMA 16 1 0 

16 OTHER 10 2 2 

17 OTHER 1.7 1 1 

18 RHABDOMYO SARCOMA 4 1 1 

19 OTHER 13 1 1 

20 OTHER 4 4 1 

21 OTHER 14 2 2 

22 OTHER 15 6 0 

23 MELANOMA 4 5 0 

(b) (6)

Source: Based on “Subject-Level Results Data (Data Listing 24)” of the NAV3-18 Clinical Study Report. 

Of the 23 subjects in the ITT population, a total of 76 LNs were identified intraoperatively by 
Lymphoseek. The overall degree of Lymphoseek localization was approximately three LNs per 
subject (Table 13). 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Table 13. Degree of Lymphoseek Localization, Study NAV3-18, ITT Population (N=23) 

Source: “Table 12. Degree of Lymphoseek Localization. Study NAV3-18. ITT Population (N = 23)” from NAV3-18 Clinical Study 
Report, p 73/316. 
Abbreviations: Av., average; CI, confidence interval; ITT, intent-to-treat; LN, lymph node(s) 

For reference, (refer to the studies summarized in the Lymphoseek labeling), the average 
number of lymph nodes identified in  adults ranged from two to four per subject. 

2. Per-subject Lymphoseek localization rate 

Of the 23 subjects in the ITT population, 22 had LNs localized using Lymphoseek (Table 14). The 
localization rate by subject in the ITT population was 0.96 (0.781, 0.999; exact two-sided 95% 
confidence interval). No clinically meaningful differences in the by subject Lymphoseek 
localization rate were noted between tumor types (range from 0.93 to 1.00) or by subject age 
(range from 0.94 to 1.00). 

Table 14. Per-Subject Lymphoseek Localization Rate, Study NAV3-18, ITT Population (N=23) 

Source: “Table 13. Per Subject Lymphoseek Localization Rate. Study NAV3-18. ITT Population (N = 23)” from NAV3-18 Clinical 
Study Report, p 74/316. 
Abbreviations: CI, confidence interval; ITT, intent-to-treat 

For reference, (referto the studies summarized in the Lymphoseek labeling), the overall rate of 
LN detection by Lymphoseek at the adult patient level ranged from 97% to 98%. 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

3. Proportion of subjects who underwent SPECT or SPECT/CT imaging, agreement with 
intraoperative findings 

In the ITT population, the overall proportion of subjects who underwent preoperative SPECT/CT 
was 21/23 (0.91); the findings are listed in Table 15. 

Table 15. Preoperative With SPECT/CT Findings, Study NAV3-18, ITT Population (N=23) 

Source: “Table 14. Preoperative with SPECT/CT Findings. Study NAV3-18. ITT Population (N = 23)” from NAV3-18 Clinical Study 
Report, p 76/316. 
a Denominator is all subjects who underwent preoperative SPECT/CT. 
b Average computed relative to all subjects who underwent preoperative SPECT/CT 
Abbreviations: Av., average; CI, confidence interval; ITT, intent-to-treat; LN, lymph node(s); NA, not applicable; SPECT/CT, single 
photon emission computed tomography/computed tomography 

4. Upstaging rate 

The upstaging rate reported for the overall ITT population was 0.09 . The two subjects with 
pathology-positive LNs identified after ILM, were upstaged by Lymphoseek (Table 16). One 
subject (b) (6) converted from cN0 to pN1, and another subject (b) (6) converted from 
cN0 to pN3.The two pathology-positive subjects had additional treatment plans. 

Table 16. Subjects With Pathology-Positive Nodes and Upstaged Post Surgery 
Total LN Identified by Identified by Pos by Local Pos by Central Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery Subject Tumor type Age 
Detected Lymphoseek? Lymphazurin? Pathology Pathology Nodal Staging Nodal Staging TNM Staging TNM Staging 

(b) (6) RHABDOMYO- T1A, N0, M0, T2A, N1, M1, 16 1 Y N Y Y N0 N1 
SARCOMA STAGE 2 STAGE 2 

T3A, NX, M0, T4A, N3, Melanoma 4 5 Y N 4Y, 1N 3Y, 2N NX N3 
STAGE IIA M0,STAGE IIIC 

Source: More detailed search on the “Table 15. Lymphoseek Upstaging Rate. Study NAV3-18. ITT Population (N = 23)” from NAV3-
18 Clinical Study Report, p 77/316. 
* Lymph nodal staging: NX: no info about the nearby lymph nodes; N0: nearby lymph nodes do not contain cancer. A number after 
the N (such as N1, N2, or N3) might describe the size, location, and/or the number of nearby lymph nodes affected by cancer. 
Abbreviations: LN, lymph node(s); Pos, positive 
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NDA 202207 S012 Efficacy Supplement 
Technetium 99m Tilmanocept, Lymphoseek 

Table 17. Minimum Clinical Laboratory Parameters 

Source: More detailed search on the “Table 15. Lymphoseek Upstaging Rate. Study NAV3-18. ITT Population (N = 23)” from NAV3-
18 Clinical Study Report, p 77/316. 

Physical examination data, including vital signs and electrocardiograms were also obtained. 

Safety Results 

Deaths 

No deaths were reported during the conduct of this study. 

Serious Adverse Events 

A total of eight SAEs was reported during the conduct of the study in three subjects (Table 18). 

Disorders one SAE under the SOC for Metabolism and Tissue Disorders (b) (6)

(b) (6)

Of these SAEs, two SAEs under the system organ class (SOC) for Blood and Lymphatic System 

(b) (6) 

(b) (6) 

one SAE under the SOC Renal and Urinary Disorders ; and one SAE under 
the SOC of General Disorders and Administration Site Conditions No obvious pattern 
for either SAE incidence or SOC reported was apparent from review of the data. 

All of the SAEs were evaluated as not related to either Lymphoseek administration or the study 
procedure(s). All subjects recovered and the issue(s) were reported as resolved. 
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