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METHODS A1. Detailed Methods for Multispectral Immunofluorescence Tumor Imaging and Analysis 

Formalin-fixed, paraffin-embedded tissues from pre- and post-treatment tumor blocks were cut in 4 µm thick adjacent sections and placed 
on plus-charged slides for staining with two multiplex 6-plex immunofluorescence panels. Panel 1 included Ki67, CD8, CD20, 
programmed death-1 (PD-1), neuron-specific enolase (NSE; tumor marker) and CD4; Panel 2 included ERG, CD79a, CD3, PD-1, NSE, 
and CD163. The fluorescent marker DAPI was also applied to label cell nuclei. Details regarding the staining order, or “position” and 
reagents and concentrations used are provided for each panel in the tables below.  

Position Marker 
Primary Antibody Secondary Antibody TSA Fluorophore 

Species Clone Source [Final]  
(µg/mL) 

Incubation  
time (min) Amplification Source Dilution  

(in PBS) Opal TSA 
dilution 

1 Ki67 Mouse MM1 Leica Biosystems 0.84 60 Mouse Powervision Leica Biosystems 1:1 570 1:150 

2 CD8 Mouse 4B11 Leica Biosystems 0.29 30 Opal Polymer Akoya Biosciences None 620 1:150 

3 CD20 Mouse L26 Leica Biosystems 0.24 60 Opal Polymer Akoya Biosciences None 520 1:300 

4 PD-1 Rabbit EPR4877 Abcam Inc. 0.96 60 Rabbit Powervision Leica Biosystems 1:1 650 1:150 

5 NSE Mouse BBS/NC/ 
VI-H14 

Agilent 
Technologies, Inc. 0.92 30 Opal Polymer Akoya Biosciences None 690 1:150 

6 CD4 Rabbit EP204 Millipore Sigma 0.18 120 Rabbit Powervision Leica Biosystems 1:1 540 1:300 
 

Position Marker 
Primary Antibody Secondary Antibody TSA Fluorophore 

Species Clone Source [Final]  
(µg/mL) 

Incubation  
time (min) Amplification Source Dilution  

(in PBS) Opal TSA 
dilution 

1 ERG Mouse 9FY BioCare Medical 0.06 60 Mouse Powervision Leica Biosystems 1:1 540 1:300 

2 CD79a Mouse JCB117 Agilent 
Technologies, Inc. 1.88 30 Opal Polymer Akoya Biosciences None 520 1:150 

3 CD3 Mouse LN10 Leica Biosystems 0.64 60 Opal Polymer Akoya Biosciences None 570 1:150 

4 PD-1 Rabbit EPR4877 Abcam Inc. 0.96 60 Rabbit Powervision Leica Biosystems 1:1 650 1:150 

5 NSE Mouse BBS/NC/ 
VI-H14 

Agilent 
Technologies, Inc. 0.92 30 Opal Polymer Akoya Biosciences None 620 1:150 

6 CD163 Mouse EDHu-1 Leica Biosystems 0.49 60 Opal Polymer Akoya Biosciences None 690 1:150 
 

 



For each multiplex panel, slides were baked at 65°C for 3 hours before being loaded onto the Leica Bond (Leica Biosystems, Buffalo 
Grove, IL). Slides were heated at 60°C for 30 minutes, then Dewax (Leica Biosystems) was applied to remove any paraffin. Antigen 
retrieval was performed using ER2 (Leica Biosystems) at 100°C for 40 minutes and then slides were washed. Nonspecific staining was 
blocked using Blocking/Ab Diluent (Akoya Biosystems, Marlborough, MA) for 5 minutes, then the first primary antibody (ie, Position 1) was 
applied followed by a series of washing steps. The secondary antibody corresponding to Position 1 was applied for 10 minutes, followed 
by washing and the addition of the Position 1 TSA-dye for 10 minutes (Opal 7 color kit, Akoya Biosystems). Slides were then heated using 
ER1 (Leica Biosystems) at 95°C for 20 minutes to strip the primary and secondary antibodies and washed again. The staining process 
was repeated for Positions 2–6. After the last round of antibody stripping, DAPI (Opal 7 color kit, Akoya Biosystems) was applied, the 
slides were washed for a final time and then coverslipped using ProLong™ Diamond Antifade Mountant (Life Technologies, Waltham, 
MA). 

Stained slides were imaged using the PerkinElmer Vectra Polaris automated multispectral microscope and associated InForm Image 
Analysis software (Ver 2.4.8). Five high-power fields were acquired for each specimen: for pCR cases, the fields were acquired in the 
tumor regression bed; for non-pCR cases, fields were acquired at the tumor/stromal interface, with approximately 50% of each field being 
stroma and 50% being residual tumor. Channels were unmixed using a spectral library, and tissues and cells were segmented and 
scored. 

 



METHODS A2. Sample Size Determination 

Enrollment of at least 21 evaluable patients was planned for the neoadjuvant MCC cohort of 
CheckMate 358. Evaluable patients were defined as those with available paired pre-treatment 
(screening) and post-treatment (Day 29) samples for biomarker analyses. This sample size was 
not based on a statistical power calculation but was determined to detect, with greater than 66% 
or 89% probability, safety events occurring at an incidence of 5% or 10%, respectively. 
Assuming pathologic complete response rates of 10%, 15%, or 20%, this sample size could 
detect with greater than 89%, 97%, or 99% probability, respectively, at least one pathologic 
complete response. 
 
 
METHODS A3. Definitions of Censoring for Recurrence-Free and Overall Survival 

For analysis of recurrence-free survival, the following censoring rules were defined in the 
statistical analysis plan: 

• Patients who remain alive and whose disease has not recurred will be censored on the 
date of last known alive date.  

• Patients who do not have any post-surgery disease assessments and who remain alive 
will be censored on the date of surgery.  

• Patients who receive subsequent anticancer therapy without recurrence or death will be 
censored at the date of last evaluable disease assessment prior to initiation of 
subsequent therapy or on the date of initiation of subsequent therapy. Note that protocol-
allowed standard of care adjuvant therapy is not counted as subsequent therapy for this 
rule. 

 
In relation to the analysis of overall survival, the following censoring rules were defined in the 
statistical analysis plan: 

• Patients who remain alive will be censored on the date of last known alive date.  
 
 
 
 



TABLE A1. Treatment-Related Adverse Events and Select Treatment-Related Adverse Events in 39 
Treated Patients 

 No. of Patients (%) 
TRAEs Any Grade Grade 3-4 
Any TRAE* 18 (46.2) 3 (7.7) 

Nausea 5 (12.8) 0 

Fatigue 3 (7.7) 0 

Pruritis 3 (7.7) 0 

Rash 2 (5.1) 1 (2.6) 

Dizziness 2 (5.1) 0 

Back pain 2 (5.1) 0 

Autoimmune colitis 1 (2.6) 1 (2.6) 

Lipase increased 1 (2.6) 1 (2.6) 

Dermatitis 1 (2.6) 0 

Dermatitis acneiform 1 (2.6) 0 

Dry skin 1 (2.6) 0 

Psoriasis 1 (2.6) 0 

Rash erythematous 1 (2.6) 0 

Tumor pruritis 1 (2.6) 0 

Asthenia 1 (2.6) 0 

Myalgia 1 (2.6) 0 

VIth nerve paralysis 1 (2.6) 0 

Hyperthyroidism 1 (2.6) 0 

Hypothyroidism 1 (2.6) 0 

Diplopia 1 (2.6) 0 

Vision blurred 1 (2.6) 0 

Sarcoidosis 1 (2.6) 0 

Infusion-related reaction 1 (2.6) 0 

Amylase increased 1 (2.6) 0 

Blood bilirubin increased 1 (2.6) 0 

Flushing 1 (2.6) 0 

TRAEs leading to discontinuation 2 (5.1) 1 (2.6) 

Any treatment-related serious AE 1 (2.6) 1 (2.6) 

Autoimmune colitis 1 (2.6) 1 (2.6) 

Any treatment-related serious AE leading to discontinuation 0 0 



Select TRAEs† Any Grade Grade 3-4 
Any select TRAE 6 (15.4) 2 (5.1) 

Skin 
Pruritus 
Rash 
Dermatitis 
Psoriasis 
Rash erythematous 

4 (10.3) 
3 (7.7) 
2 (5.1) 
1 (2.6) 
1 (2.6) 
1 (2.6) 

1 (2.6) 
0 
1 (2.6) 
0 
0 
0 

Endocrine 
Hyperthyroidism 
Hypothyroidism 

1 (2.6) 
1 (2.6) 
1 (2.6) 

0 
0 
0 

Gastrointestinal 
Autoimmune colitis 

1 (2.6) 
1 (2.6) 

1 (2.6) 
1 (2.6) 

Hepatic 
Blood bilirubin increased 

1 (2.6) 
1 (2.6) 

0 
0 

Hypersensitivity 
Infusion-related reaction 

1 (2.6) 
1 (2.6) 

0 
0 

Pulmonary 0  0 

Renal  0 0 

Abbreviations: AE, adverse event; TRAE, treatment-related adverse event.  
*Includes events reported between first dose of study drug and 100 days after the last dose. Individual 
patients may have had more than one TRAE. 
†Adverse events deemed by the investigator to have a potential immunologic cause. Individual 
patients may have had more than one select TRAE.



 

TABLE A2. Death Summary  

Death, No. 

All Treated 
Patients 
(N = 39) 

Patients Undergoing Surgery 
(n = 36) 

Patients  
With pCR* 

Patients  
With Non-pCR*  

Any cause 6 1 4 

Disease progression 4 0 4 

Non–treatment-related AEs 2† 1 0 

Abbreviations: AE, adverse event; pCR, pathologic complete response.  
*Pathologic response according to the study investigators (site review). 
†One patient with a history of hypertension and diabetes who discontinued because of grade 3 
treatment-related rash and did not undergo surgery experienced cardiac decompensation and 
died 24.7 months after study treatment initiation; one patient with pCR experienced pneumonia 
with sepsis 22 months after surgery. 



TABLE A3. Pathologic and Radiographic Responses and Tumor Viral and PD-L1 Status Among 36 
Patients Undergoing Surgery 

Patient Response by 
Site Review 

Response by 
Central Review* 

% Target Lesion 
Change 

MCPyV  
Status 

PD-L1  
Expression 

1 pCR NT –53.3 + ≥1% 
2 Non-pCR Non-pCR/MPR –34.9 + NT 
3 pCR pCR NA - <1% 
4 Non-pCR Non-pCR/MPR NA - NT 
5 Non-pCR Non-pCR/MPR –35.7 + NT 
6 pCR pCR –6.1 + NT 
7 Non-pCR NT –6.7 + <1% 
8 Non-pCR Non-pCR/MPR +19.1 + ≥1% 
9 pCR pCR –25.0 + <1% 
10 Non-pCR† NE –32.8 + ≥1% 
11 pCR pCR –35.5 - ≥1% 
12 Non-pCR Non-pCR/MPR –10.9 + NE 
13 pCR pCR –39.5 + <1% 
14 Non-pCR Non-pCR/MPR +73.1 - <1% 
15 Non-pCR MPR –100.0 + <1% 
16 Non-pCR MPR –19.2 + <1% 
17 Non-pCR Non-pCR/MPR +13.8 - <1% 
18 Non-pCR Non-pCR/MPR –57.1 NE <1% 
19 Non-pCR NT –1.9 + NT 
20 pCR NT –59.4 - NT 
21 Non-pCR MPR –53.2 - <1% 
22 pCR pCR –13.3 + <1% 
23 pCR pCR –41.9 + <1% 
24 Non-pCR MPR –42.1 - <1% 
25 pCR NE –100.0 NE NT 
26 pCR pCR NE NT NT 
27 pCR pCR –20.7 + <1% 
28 pCR pCR –70.0 - <1% 
29 pCR NE –52.6 + ≥1% 
30 Non-pCR Non-pCR/MPR –18.2 - <1% 
31 pCR pCR –62.9 - ≥1% 
32 pCR pCR –63.6 - NE 
33 Non-pCR NT –32.5 + <1% 
34 Non-pCR NT +24.5 - NT 
35 pCR NE –16.7 + <1% 
36 Non-pCR Non-pCR/MPR –14.8 + ≥1% 

Abbreviations: MCPyV, Merkel cell polyomavirus; MPR, major pathologic response; NA, not available; 
NE, not evaluable; NT, not tested; pCR, pathologic complete response; PD-L1, programmed death 
ligand 1. 

Shaded rows represent patients with pCR by site review. 
*Per central pathologic review, specimens were considered NE if a tumor regression bed was not 
observed in the materials received.  
†After database lock, this case was found to be NE for pathologic response by the site investigator 
because a planned subtotal tumor resection was performed.  



TABLE A4. Anticancer Therapies Subsequent to Nivolumab  

Subsequent Treatment, No.  

All Treated 
Patients 
(N = 39) 

Patients Undergoing Surgery 
(n = 36) 

Patients  
With pCR* 

Patients  
With Non-pCR*  

Any 15 5 9 

Planned adjuvant RT alone 7 4 3 

Planned adjuvant RT + ST 1§ 1 0 

ST alone after disease 
relapse/progression 3| 0 3 

ST + RT after disease 
relapse/progression  3¶ 0 3 

RT alone 1** 0 0 

Abbreviations: pCR, pathologic complete response; RT, radiotherapy; ST, systemic therapy. 
*Pathologic response according to the study investigators (site review). 
§Patient received planned adjuvant RT with cisplatin and etoposide. 
|Two patients received avelumab and one patient received carboplatin and etoposide. 
¶In addition to RT, one patient received avelumab, one patient received nivolumab, and one 
patient received avelumab, carboplatin, and etoposide. 
**Patient discontinued because of grade 3 treatment-related rash and did not undergo surgery 
but received standard of care radiotherapy subsequent to nivolumab. 
 
 



FIG A1. Patient flow chart. Abbreviations: G2, grade 2; G3, grade 3; OS, overall survival; RFS, recurrence-free survival. 
 

 
 
 



FIG A2. Recurrence-free survival in subgroups of operated patients based on (A) pathologic response by central review (n = 26), (B) 
tumor MCPyV status (n = 33), or (C) tumor PD-L1 status (n = 25). Panel A shows that a single event occurred among patients with a 
pCR/MPR; this event was a death unrelated to the study drug, in the absence of tumor relapse. Analyses were exploratory and all 
reported P values are nominal. Abbreviations: HR, hazard ratio; MCPyV, Merkel cell polyomavirus; MPR, major pathologic response; 
pCR, pathologic complete response; PD-L1, programmed death ligand 1; RFS, recurrence-free survival. 
 
 

  



 
 
  



 
 
 
  



FIG A3. Overall survival in subgroups of operated patients based on (A) pathologic response by central review (n = 26), (B) tumor 
MCPyV status (n = 33), or (C) tumor PD-L1 status (n = 25). Analyses were exploratory and all reported P values are nominal. 
Abbreviations: HR, hazard ratio; MCPyV, Merkel cell polyomavirus; MPR, major pathologic response; OS, overall survival; pCR, 
pathologic complete response; PD-L1, programmed death ligand 1. 
 

 
 
  



 
 
 
 
  



 
 

 

  



FIG A4. Tumor genomic markers.  
 
A) Association of TMB with tumor MCPyV status in 12 patients with relevant available data. Virus-positive tumors had substantially 
lower TMBs than virus-negative tumors. After the database lock, one MCPyV-positive case scored as non-pCR by site review was 
found to be not evaluable for pathologic response, because a planned subtotal tumor resection was performed.  
Abbreviations: MCPyV, Merkel cell polyomavirus; pCR, pathologic complete response; TMB, tumor mutational burden. 
 

  



B) Association of UV mutational signature score with tumor MCPyV status in 12 patients with relevant available data. Virus-negative 
tumors tended to have higher UV signature scores than virus-positive tumors, suggesting UV exposure as a causative factor in virus-
negative MCCs. After the database lock, one MCPyV-positive case scored as non-pCR by site review was found to be not evaluable 
for pathologic response, because a planned subtotal tumor resection was performed. 
Abbreviations: MCPyV, Merkel cell polyomavirus; pCR, pathologic complete response; UV, ultraviolet light. 
 

  



C) Association of TMB with pathologic response by site review in 13 patients with relevant available data. TMBs were similar in 
patients with or without pCR. TMB was derived by subtracting germline variants from somatic variants except for two patients with 
unavailable germline data for whom in silico filtering was used to derive TMB as previously described (Chang H, et al: Mol Diagn 
Ther 23:507-520, 2019). 
Abbreviations: MCPyV, Merkel cell polyomavirus; NA, not available (ie, MCPyV status unavailable); pCR, pathologic complete 
response; TMB, tumor mutational burden. 
 



FIG A5. Multispectral immunofluorescence staining of paired tumor biopsies obtained before the initiation of nivolumab therapy and at the time of 
surgery, in eight patients. Each pair of biopsies was taken from the same tumor site. Densities of CD4+ helper/regulatory T cells, CD8+ cytotoxic T 
cells, CD20+ B lymphocytes, and CD79a+ B-lineage cells including plasma cells that co-expressed PD-1, Ki67, or PD-1 + Ki67, are shown. 
Densities of CD8+/PD-1+/Ki67+ (proliferating cytotoxic T) cells increased after nivolumab therapy in six of eight patients, regardless of central 
pathologic response score. Densities of Ki67+ tumor cells (co-expressing neuron specific enolase) increased in three patients with non-pCR/MPR 
and decreased in five responders (two pCR + three MPR). Microphotos in lower right panels show an example of multiple markers detected on an 
individual lymphocyte: Ki67 in magenta (nuclear stain), CD8 in orange and PD-1 in cyan (both expressed at the cell surface). Abbreviations: MPR, 
major pathologic response; pCR, pathologic complete response; PD-1, programmed death 1. 
 

 


