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Abstract

Purpose: In locoregionally advanced, resectable cutaneous squamous cell carcinoma of the head 

and neck (CSCC-HN), surgery followed by radiotherapy is standard but can be cosmetically and 

functionally devastating, and many patients will recur.

Experimental Design: Newly diagnosed or recurrent stage III-IVA CSCC-HN patients 

amenable to curative-intent surgery received two cycles of neoadjuvant PD-1 inhibition. The 

primary endpoint was ORR per RECIST 1.1. Secondary endpoints included pathologic response 

[pathologic complete response (pCR) or major pathologic response (MPR; ≤10% viable tumor)], 

safety, DSS, DFS, and OS. Exploratory endpoints included immune biomarkers of response.

Results: Of 20 patients enrolled, 7 had recurrent disease. While only 6 patients (30%; 95% 

CI: 11.9–54.3) had partial responses by RECIST, 14 patients (70%; 95% CI: 45.7–88.1) had a 

pCR (n=11) or MPR (n=3). No SAEs ocurred during or after the neoadjuvant treatment. At a 

median follow-up of 22.6 months (95% CI: 21.7–26.1), one patient progressed and died, one died 

without disease, and two developed recurrence. The 12-month DSS, DFS, and OS rates were 95% 

(95% CI: 85.9–100), 89.5% (95% CI: 76.7–100), and 95% (95% CI: 85.9–100) respectively. Gene 

expression studies revealed an inflamed tumor microenvironment in patients with pCR or MPR 

and CyTOF analyses demonstrated a memory CD8+ T-cell cluster enriched in patients with pCR.

Conclusions: Neoadjuvant immunotherapy in locoregionally advanced, resectable CSCC-HN is 

safe and induces a high pathologic response rate. Pathologic responses were associated with an 

inflamed tumor microenvironment.

INTRODUCTION

Approximately 1,100,000 Americans1 are diagnosed yearly with cutaneous squamous cell 

carcinoma (CSCC), with the head and neck (HN) harboring up to 80% of cases.2 Because 

of increasing sun exposure and an aging population, the incidence of CSCC is rising.3 

While most patients present with early-stage, highly curable disease, about 2–5% present 

with locoregionally advanced CSCC.4,5 Standard treatment of resectable locoregionally 

advanced CSCC is surgery followed by adjuvant radiotherapy, which can cause significant 

disfigurement and functional morbidity.6,7 Despite aggressive local treatment, approximately 
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30% of patients with locoregionally advanced, resectable CSCC will recur and eventually 

die of disease.8,9

Programed cell death 1 (PD-1) immune checkpoint inhibition has been shown to be highly 

effective in patients with metastatic or advanced CSCC not amenable to curative surgery 

and/or radiotherapy with response rates ranging 34–50%.10,11,12 Indeed, the rationale for 

using a PD-1 checkpoint inhibitor in CSCC is strong. The main risk factor for CSCC 

development is ultraviolet exposure, which induces DNA damage and leads to a high tumor 

mutational burden (TMB). High TMB has been associated with response to PD-1 inhibitors 

in a variety of cancer types.13 Furthermore, immunosuppression is also linked to CSCC 

development, with chronically immune-suppressed patients having more than 100-fold 

increased risk of developing CSCC, usually presenting with more aggressive disease and 

having an increased risk of mortality.14

Given the suboptimal cosmetic, functional and oncologic outcomes achieved with surgery 

and radiotherapy in locoregionally advanced, resectable CSCC-HN, there is a strong 

rationale for the use of neoadjuvant systemic therapy. Neoadjuvant therapy could permit 

less destructive surgery, reduce the need for adjuvant radiotherapy and allow for pathologic 

response to be used as a predictor of long-term outcome. Given the attractive safety profile 

of anti-PD-1 agents, we performed a pilot phase II study to assess the safety and activity of 

neoadjuvant immunotherapy in CSCC-HN patients with locoregionally advanced, resectable 

disease. In doing so, we explored potential biomarkers of response and examined the 

changes induced by PD-1 inhibition in the tumor microenvironment using gene expression 

profiling and single-cell mass cytometry (CyTOF).

METHODS

Patients

Eligible patients were 18 years of age or older and had either newly diagnosed or recurrent, 

resectable CSCC-HN stage III-IV (AJCC Cancer Staging Manual, 8th Ed.).15 For patients 

where a primary tumor was not assessable (Tx), tumor classification was determined by the 

multidisciplinary team as part of routine clinical practice. A Zubrod performance status of 

0–1,16 normal organ function, and the presence of measurable disease per RECIST 1.117 

or per direct clinical measurement in patients with a primary tumor were also required for 

study participation. Major exclusion criteria included other malignancies within 5 years 

of treatment (including acute and chronic leukemia or lymphoma), history or risk of 

severe autoimmune disease, history of HIV infection or active hepatitis (B or C) or active 

tuberculosis, and ongoing immunosuppressive therapy. There were no patient drop outs.

Study Design

This was an investigator-initiated, single-institution, pilot phase II study of neoadjuvant 

PD-1 inhibition (cemiplimab) prior to curative intent surgery for locoregionally advanced 

CSCC-HN. The study was approved by the MD Anderson Cancer Center Institutional 

Review Board (IRB), conducted in accordance with the Declaration of Helsinki and all 

patients provided written informed consent before registration. All tumor tissue specimens 
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analyzed in this study were co-collected for correlative analyses under a separate IRB 

approved protocol. The study schema is shown in Supplementary Figure 1.

Procedures

Patients received two cycles of intravenous cemiplimab 350 mg every 3 weeks before 

surgical resection. Surgery was planned ≥21 days after the second cemiplimab dose. 

Imaging of the neck (computed tomography [CT] or magnetic resonance imaging) and 

chest (CT or positron emission tomography -CT), photography of the tumor area for 

those patients with a primary tumor, and specimen collection were performed at baseline 

and after completion of neoadjuvant immunotherapy. All patients underwent oncologic 

surgical resection according to the original clinical and radiologic extent of disease. 

Adjuvant radiotherapy was planned at baseline for all patients. However, given the 

impressive pathologic responses noted on study, adjuvant therapies were re-considered by 

the multidisciplinary team on a case-by-case basis after surgery. Patients were then offered 

observation, adjuvant radiotherapy or chemoradiation according to individual pathologic 

findings, patient and provider preference. Clinical surveillance with physical examination 

and cross-sectional imaging was prescribed every 3–4 months for the first two-years after 

completion of therapy (surgery or radiotherapy, whichever occurred last) per institutional 

guidelines.

Pathologic Assessment

Pretreatment biopsy specimens were subjected to histopathologic assessment for 

confirmation of diagnosis and to permit morphologic comparison between tumor tissue 

before treatment and any residual tumor following therapy. Pathologic response was 

assessed in the posttreatment surgical specimens according to standard pathologic evaluation 

recommendations18 and re-reviewed by a dedicated dermatopathologist (PN) to standardize 

reporting (Supplementary Figure 2). Pathologic complete response (pCR) was defined as 

absence of viable tumor in the post-treatment surgical specimens and major pathologic 

response (MPR) was defined as ≤ 10% viable tumor. Pathologic partial response (pPR) 

was defined as > 10% but ≤ 50% viable tumor. Stable or progressive disease was 

defined as > 50% viable tumor persisting in the post-treatment surgical specimens. Typical 

histopathologic patterns of response including fibrosis and coagulative tumoral necrosis 

were noted in the tumor specimens in pCR or MPR cases. In addition, certain histologic 

features that may be specific to treated CSCC were noted, including accumulation of 

anucleate or nonviable keratinous material either as aggregates of colloid bodies, almost 

forming nodular keratinocyte-derived amyloid or nodules of variably lamellated keratinous 

material. Lack of viability was determined using immunohistochemical studies for p63, 

p40 or cytokeratin cocktail (AE1/AE3, MNF116, Zym5.2, and Cam5.2) as required. Also 

noted was accumulation of dense inflammatory infiltrate composed of lymphocytes and 

histiocytes with variably foamy cytoplasm (similar to tumoral melanosis seen in treated 

melanoma). The relative percentages of tumor bed occupied by viable tumor, fibrosis, 

keratin, tumoral necrosis, and inflammatory infiltrate were determined for each sample 

(Supplementary Figure 2). In patients with lymph node involvement, histopathologic 

evaluation was performed similar to that of the primary tumor. If multiple lymph nodes were 
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involved, the percent response to therapy was estimated for each lymph node separately and 

then averaged to generate the final treatment response.

Outcomes

The primary endpoint was overall response rate (ORR) to neoadjuvant PD-1 inhibition per 

RECIST 1.1, by comparison between baseline and preoperative imaging after 2 cycles of 

cemiplimab.17 Secondary endpoints included pathologic response, safety and tolerability, 

1-year disease-specific survival (DSS), disease free survival (DFS), overall survival (OS), 

time to recurrence, and patterns of failure.

Toxicity was monitored from treatment start until 30 days after the last dose of cemiplimab 

and graded according to the National Cancer Institute Common Terminology Criteria 

v.4.03.19 Also recorded and considered in the evaluation of safety was any delay in planned 

surgery greater than 48 hours.

DSS was defined as the time interval between the date of diagnosis and date of death for 

patients who died of disease, and was censored at the last follow-up date or date of death 

of unrelated disease for patients who were alive or died of other causes, respectively. DFS 

was defined as the time interval between the surgery date and recurrence or death date, 

whichever occurred first, and was censored at the last follow-up date for patients who neither 

recurred nor died. OS was defined as the time interval between the date of diagnosis and 

date of death of any cause, and was censored at the last follow-up date for patients who were 

alive.

Nanostring

RNA was isolated from formalin-fixed paraffin-embedded (FFPE) tumor sections by de-

waxing using deparaffinization solution (Qiagen), and total RNA was extracted using the 

RecoverALL™ Total Nucleic Acid Isolation kit (Ambion) according to the manufacturer’s 

instructions. RNA purity was assessed on the ND-NanoDrop1000 spectrometer (Thermo 

Scientific). For the NanoString assay, 100 ng of RNA was used to detect immune gene 

expression using the nCounter PanCancer Immune Profiling panel along with a custom 

CodeSet. Counts of the reporter probes were tabulated for each sample with the nCounter 

Digital Analyzer, and raw data were imported into the nSolver data analysis package (http://

www.nanostring.com/products/nSolver) for normalization and cell type deconvolution. Gene 

set enrichment analysis (GSEA) was performed with Qlucore Omics Explorer software, 

version 3.5 (Qlucore). GraphPad Prism 8 (GraphPad Software v-8.4.3) was used for plotting 

the data and Mann-Whitney test was used to evaluate the statistical significance between the 

groups. P-values less than 0.05 were considered significant.

CyTOF Analysis

Pretretment and post-treatment tumor specimens were dissociated into single-cell 

suspensions and fixed-frozen for CyTOF analysis. Cells were stained with 37 antibodies 

(Supplementary Table 1). Metal-conjugated antibodies were purchased from Fluidigm 

or purified unlabeled antibodies were metal-labeled in house. Normalization of CyTOF 

data was performed using normalizer in R package premessa. Normalized files for 
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individual specimens were then used for downstream analyses. Regulatory T cells 

(CD3+CD4+FOXP3+) were manually gated using FlowJo based on the expression of 

lineage markers on the live CD45+ cells, and the frequencies are shown as percentage of live 

CD45+ cells. For the cluster identification, manually gated CD45+ cells were subjected to 

clustering analysis using an approach previously described as “CyTOF workflow”.20 Data 

from specimens with poor viability and insufficient events were excluded to avoid inaccurate 

clustering and frequency calculations.20 Data were analyzed with Prism 8 (GraphPad 

Software). Statistical significance was determined by two-tailed student’s t-test; P < 0.05 

was considered statistically significant.

Statistical Analysis

The data cut-off date was April 5, 2021. The primary objective of the study was to estimate 

the ORR with neoadjuvant cemiplimab. On power analsysis, a sample size of 20 evaluable 

patients with stage III-IV CSCC-HN was chosen to ensure that the ORR could be estimated 

with a standard error no larger than 0.112. A stopping rule was established as a surgical 

delay rate > 0.2. Safety and responses were assessed in all eligible patients.

Patients’ demographics, clinical characteristics, and outcomes were summarized using 

descriptive statistics. The distribution of time-to-event endpoints was estimated using the 

Kaplan-Meier method. Fisher’s exact test was used to study the association between 

treatment responses criteria. Statistical analyses were conducted in R version 3.4.2. All 

tests were two-tailed, and P < 0.05 was considered statistically significant.

RESULTS

Patients and Treatment

From July 2018 through February 2019, 20 patients enrolled in the study; 13 (65%) with 

newly diagnosed and seven (35%) with recurrent CSCC-HN. Nine (45%) patients presented 

with regional nodal metastases and without a defined primary tumor. None of the patients 

had received prior radiotherapy to the site of presenting disease. All patients received the 

two planned doses of neoadjuvant cemiplimab. Patient characteristics are summarized in 

Table 1. A CONSORT patient flow diagram is provided in Supplementary Figure 3. The 

median number of comorbidites among the cohort was 4 (range 1–9). The most common 

comorditites were hypertension (16, 80%), hyperlipidemia (13, 65%), gastroesophageal 

reflux (8, 40%), obstructive sleep apnea (5, 25%), diabetes mellitus (4, 20%), coronary 

artery disease (4, 20%), atrial fibrillation (4, 20%) and chronic renal insufficiency (4, 20%).

Safety and Feasibility

Treatment-related adverse events (TRAE) of any grade occurred in 7 patients (35%) and 

are summarized in Table 2. There were no serious adverse events and all TRAE resolved 

fully. All patients underwent the proposed surgery with no delays related to neoadjuvant 

therapy, thereby never triggering the pre-defined stopping rule. The median time from last 

dose of cemiplimab to surgery was 30 days (range, 21–50), allowing for medical clearance 

and coordination with plastic surgery (as needed) given the elderly population with co-

mordidities and advanced disease frequently requiring complex reconstruction. Surgery was 
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performed in all patients according to the original extent of disease with the intent of an 

R0 resection. Details of the surgical procedures performed are listed in Supplementary 

Table 2. Among the 11 patients with primary tumors, frozen section histologic assessment 

confirmed negative surgical margins in 9/11 (82%) patients; in the two patients with positive 

margins, the disease at the margin involved the dura over the sagittal sinus (n=1) and the 

intracranial portion of the trigeminal nerve (n=1). Extensive reconstruction was frequently 

required, including microvascular free tissue transfer in 10 (50%) patients. One (5%) 

surgical complication, a hematoma, was observed for the entire cohort. With a median 

follow up of 22.6 months, we have not observed late immune-related adverse events.

Efficacy

All 20 patients were evaluable for clinical and pathologic response. The ORR per RECIST 

was 30% (6 of 20; 95% CI: 11.9–54.3); all imaging responses were partial. Two (10%) 

patients had radiographic evidence of progression per RECIST. Notably, 70% (14/20; 95% 

CI: 45.7–88.1) of patients achieved either a pCR (11, 55%) or MPR (3, 15%) [Figure 1A]. 

Representative clinical, radiographic, and histologic images of a responder with a MPR are 

shown in Figure 1B. The responses per RECIST are summarized in Supplementary Table 3. 

We observed no association between imaging response and pathologic response (Odds ratio 

[OR]=2.65; p=0.61) [Supplementary Table 4].

On the basis of pathologic response, 11 (55%) patients were not recommended previously 

planned adjuvant radiotherapy and an additional patient (5%) declined adjuvant therapy. 

None of these patients developed recurrence. Eight (40%) patients received postoperative 

radiotherapy, including 2 (10%) who received adjuvant chemoradiation for positive surgical 

margins (n=1) or extranodal extension (n=1). Of these, two (25%) did not complete adjuvant 

therapy because of disease progression (n=1) or toxicity (n=1).

At a median follow-up time of 22.6 months (95% CI: 21.7–26.1), 3 of 20 (15%) patients 

recurred, none of whom achieved either an imaging response or pathologic response 

(pCR or MPR) [Figure 1A]. Two of the patients who recurred had aggressive primary 

tumors involving the calvarium or skull base deemed resectable by the treating surgeon. 

One patient had T4aN2b disease involving the skull base at presentation, appeared stable 

during neoadjuvant immunotherapy but was found to have positive margins intracranially 

at the time of surgery. This patient progressed during adjuvant chemoradiation and 

died of disease 4.7 months after surgery. Another patient had recurrent T4aN0 disease 

involving the calvarium at presentation, experienced disease progression during neoadjuvant 

immunotherapy and was also found to have positive margins intracranially at the time of 

surgery. This patient received adjuvant radiotherapy but recurred 11.5 months after surgery. 

Finally, a third patient with TxN3b disease involving the parotid gland did not respond to 

neoadjuvant immunotherapy. He was treated with negative margin surgery and radiation 

therapy but recurred 17.5 months after surgery. At this writing, both patients are alive with 

disease and receiving palliative systemic therapy. Two (10%) patients died during follow-up; 

one of disease as described above and one who achieved a pCR and was not treated 

with adjuvant radiotherapy but subsequently developed a secondary malignancy (T-cell 
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lymphoma) and died of treatment complications of lymphoma 11 months after surgery. An 

interval event chart depicting individual patient outcomes is provided in Figure 2.

At 12 months, the DSS rate was 95% (95% CI: 85.9–100); the DFS rate was 89.5% (95% 

CI: 76.7–100) and OS rate was 95% (95% CI: 85.9–100). Kaplan-Meier estimates of DFS 

and OS are despicted in Supplementary Figure 4.

Favorable Immune Microenvironment in Pretreatment Tumor Tissues is Associated with 
Pathologic Responses

We compared gene expression in pretreatment tumor specimens of pathologic responders 

(R), defined as patients with pCR or MPR, and pathologic non-responders (NR), defined 

as patients with stable or progressive disease (pSD/PD). We observed that an immune 

cell inflamed tumor microenvironment was associated with favorable pathologic responses 

(Figure 3A). Pathologic responders (R) had significantly higher infiltration of T cells, 

including CD8 T cells and Th1 cells, along with higher PD-1 and PD-L1 expression 

(Figure 3B). This was accompanied by a significantly higher expression of IFNG and 

related immune genes including IDO1, CXCL9, CD274, GZMK, and ICOS involved in TCR 

and PD1 signaling pathways (Figure 3C–D) indicating a favorable microenvironment for 

effective anti-PD1 therapy.

Memory CD8 T Cells Correlate with Response While Regulatory T Cells and CD68+ Myeloid 
Cells Expressing VISTA Correlate with Resistance to Therapy

Based on CyTOF analyses, we found that a subset of memory CD8+ T cells, 

CD8+EOMES+CD45RO+, were significantly more abundant in post-treatment tumor 

specimens of pathologic responders (R) than in pretreatment tumor specimens (Figure 4A). 

In addition, we identified potential resistance mechanisms including CD3+CD4+FOXP3+ 

regulatory T cells and CD68+ myeloid cells expressing the inhibitory checkpoint VISTA, 

which were significantly higher in post-treatment tumor specimens of pathologic non-

responders (NR) patients than in the post-treatment tumor specimens of pathologic 

responders (R) (Figure 4B–C, Supplementary Figure 5). VISTA+ myeloid cells have 

previously been shown to correlate with resistance to immune checkpoint therapy.21

DISCUSSION

This is the first study to report the safety and efficacy of PD-1 inhibition before surgery in 

locoregionally advanced, resectable CSCC-HN. Despite an elderly patient population with 

competing comorbidities, neoadjuvant immunotherapy was generally well tolerated and did 

not delay curative-intent surgery. Notably, while the response rate by RECIST was 30%, 

the pathologic response rate (pCR and MPR) was substantially higher at 70%. Further, 

we observed no association between imaging response and pathologic response. These 

data, in the context of the growing body of literature, suggest that imaging responses my 

substantially underestimate pathologic responses.

It is important to note that, given the dramatic pathologic responses to neoadjuvant 

immunotherapy, the majority of patients (60%) did not receive adjuvant radiotherapy as 

was planned for all patients prior to study participation. None of these patients developed 
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recurrence. During the study, the application of adjuvant radiotherapy was re-considered by 

the multidisciplinary team after surgery on a case-by-case basis. For example, one patient 

presented with recurrent CSCC-HN of the vertex scalp with bilateral parotid metastases. 

She was observed to have a pCR at the primary tumor and bilateral parotid glands after 

neoadjuvant cemiplimab. The original plan for adjuvant radiotherapy would have included 

the entire anterior scalp and bilateral parotid and cervical nodal basins. In her case, the 

expected morbidity of radiotherapy outweighed concern over the risk of locoregional 

recurrence. At this writing, the patient remains free of disease >23 months after surgery 

and without radiation.

It is well established that pCR or MPR to systemic therapy is a much better predictor of 

long-term patient outcomes than clinical or radiologic response.22,23–27 In patients with 

CSCC-HN, survival is not the only outcome of interest. The proximity of disease to critical 

structures, such as the eyes, ears, or mouth, can lead to substantial functional loss and 

deformity for patients with CSCC-HN. Thus, the omission of adjuvant radiotherapy with 

or without concurrent chemotherapy in patients who achieve a pathologic response to 

neoadjuvant cemiplimab could have a major positive impact on patient quality of life. In 

this study, the surgical plan was not altered by response to neoadjuvant therapy. However, it 

is easy to imagine a scenario in which surgery could be tailored or even avoided according to 

response, offering even greater improvement in patient quality of life. This warrants further 

investigation.

The efficacy of neoadjuvant PD-1 inhibition in CSCC-HN compares favorably with that 

of neoadjuvant epidermal growth factor receptor (EGFR) inhibitor in a similar patient 

population. In a study of neoadjuvant gefitinib in 22 patients with CSCC, albeit only 22% 

with nodal metastasis, the ORR was 45% and the pCR rate was 14%. Five (23%) patients 

had recurrence within 12 months yielding a 12-month DFS rate of 64%.25

PD-1 inhibition has been studied in metastatic and locally advanced, unresectable 

CSCC.11,12 In a phase II study including 78 patients, 26% were considered to have 

technically unresectable disease and 13% had previously received radiotherapy and no 

further radiation was considered acceptable. The ORR to cemiplimab by RECIST was 

44%, which exceeded our imaging response rate. However, in that study 15 of 34 (44%) 

responses occurred after 2 months of treatment and imaging responses have been shown 

to appear for up to 12 months on therapy. The estimated progression-free survival rate at 

12 months was 58%, significantly lower than the 89.5% 12-month DFS rate observed in 

our study, in which patients were treated with curative intent. Even so, our study included 

a high-risk, advanced-stage population represented exclusively by HN primaries, 75% with 

nodal involvement, 40% with T3 or T4 primary tumors, and 35% with recurrent disease.

While limited in size, our study results are encouraging and, if confirmed by ongoing 

trials, may herald a dramatic shift in clinical practice for locoregionally advanced, resectable 

CSCC-HN. Although some patients may be cured with immunotherapy alone, for now 

surgery followed by radiotherapy remains the standard of care. In a recent large prospective 

trial, the 2-year DFS in high-risk advanced, resectable CSCC treated with surgery and 

radiation was 78%.28 Surgery also remains critical for assessing pathologic response and 
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may remove remnant clones resistant to systemic therapy. PD-1 inhibition is already 

approved for metastatic or unresectable CSCC. In our trial, importantly, the three (15%) 

patients who developed recurrence or progression had neither an imaging nor pathologic 

response to neoadjuvant cemiplimab. Further, two of these patients could be viewed 

in hindsight as having “borderline” resectable disease. So the importance of careful 

consideration of resectability remains paramount in patient selection.

Understanding cancer biology is essential to the successful application of personalized 

therapy. A distinct advantage of the neoadjuvant approach used in our study is the 

opportunity for paired tumor sampling before and after treatment, where correlatives could 

be explored. We focused our biomarker analysis on the characterization of the tumor 

immune microenvironment using gene expression and CyTOF for immune cell subsets. 

Despite the limitation of small sample size, we observed an inflamed immune tumor 

microenvironment comprising CD8+ T cells and Th1 cells in the pre-treatment tumor 

specimens of patients who had a pathologic response (pCR or MPR). These findings are 

in concordance with previous studies in which responses to targeting the PD-1/PD-L1 

axis were associated with higher CD8+T-cell densities and Th1-type gene expression in 

melanoma, lung, and other cancers.29,30 Furthermore, evaluation of post-treatment tumor 

specimens identified potential mechanisms of resistance, including regulatory T cells and 

myeloid cells expressing VISTA.

Limitations of this study include the lack of randomization, small sample size, limited 

follow-up period, and performance in a single reference academic center. Nevertheless, 

the safety and efficacy results presented herein demonstrate the feasibility of the proposed 

therapeutic strategy.

In conclusion, neoadjuvant cemiplimab is safe and effective in locoregionally advanced, 

resectable CSCC-HN. To our knowledge, the pathologic response rate (pCR and MPR) 

of 70% is the highest reported with neoadjuvant anti-PD-1 therapy in solid tumors.20 

Analysis of biological specimens revealed an inflamed tumor immune microenvironment 

in pretreatment tumor specimens of patients who achieved pathological responses (pCR 

and MPR) and suggests that patients with pCR may have memory CD8+ T cells 

expressing CD45RO and EOMES driving complete tumor regression. In contrast, an 

immunosuppressive immune tumor microenvironment was present in patients without a 

pathologic response (pSD and PD) and suggests additional combination therapies targeting 

the inhibitory markers expressed on myeloid cells may improve outcomes for this set 

of patients. Based on these preliminary findings, we have added an expansion cohort 

to include stage II disease (n=20) where baseline tissue specimens would be uniformly 

expected (NCT03565783). Our clinical findings are also currently being validated in a 

larger, multicenter phase II study (NCT04154943).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of Translational Relevance

Programed cell death 1 (PD-1) immune checkpoint inhibition has been shown to 

be highly effective in patients with metastatic or advanced cutaneous squamous cell 

carcinoma (CSCC) not amenable to curative therapy. In this study, we have demonstrated 

a 70% pathologic response rate after 2 doses of cemiplimab prior to surgery in resectable 

CSCC of the head and neck. At a median follow up of 22.6 months, no recurrences 

have been observed among responders most of whom were treated without adjuvant 

therapy. Analyses of paired specimens before and after neoadjuvant immunotherapy 

suggest that patients with an inflamed tumor microenvironment are more likely to benefit 

from PD-1 inhibition. We further report a subset of memory CD8+ T cells enriched in the 

pretreatment specimens of responders. Further investigation of this treatment approach, 

and underlying mechanisms of response, is warranted in CSCC.
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Figure 1. Efficacy of neoadjuvant cemiplimab.
A) Waterfall plot of percentage change from baseline in target lesions per RECIST 1.1 and 

color-coded for pathologic response in the same subject; *, indicates recurrence after surgery 

and radiation. B) Representative pretreatment (left) and post-treatment (right) photographs, 

coronal computed tomography (CT) images, and micrographs of tumor specimens of a 

patient who achieved a major pathologic response (6-mm foci of residual viable tumor) 

following neoadjuvant cemiplimab treatment. pCR, pathologic complete response; MPR, 

major pathologic response; SD/PD, stable or progressive disease.
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Figure 2. Oncologic outcomes following neoadjuvant cemiplimab and surgery.
Interval event chart aligned by diagnosis date indicating treatment procedures and patient 

outcomes following surgery.
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Figure 3. Favorable immune microenvironment prior to cemiplimab treatment is associated with 
pathological responses.
Pretreatment tumor specimens from pathological responders (R, red, n=10) and pathological 

non-responders (NR, blue, n=4) were analyzed for gene expression using a custom 

NanoString panel. (A) Heat map showing supervised clustering of immune cell infiltrates by 

response. (B) Scatter plots showing significantly different immune cell phenotypes between 

NR and R patients. Asterisks denote statistically significant differences. (C) Volcano plot 

of differentially expressed genes (Log2 FC>1.5 and P<0.05) by response. (D) Immune 

pathways with significantly different expression between R and NR patients per gene set 

enrichment analysis. NES, normalized enrichment score.
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Figure 4. Association of changes in tumor immune microenvironment after cemiplimab 
treatment with pathological responses.
CyTOF analysis of pre-and post-treatment tumor specimens. (A) Dot plot showing 

percentage of a memory CD8-T cell subset (CD8+Eomes+CD45RO+) in pre-and post-

treatment tumor specimens of patients with pathologic complete response (pCR) and 

pathologic nonresponders (NR, pathologic stable or progressive disease). (B–C) Dot plots 

showing percentages of (B) regulatory T cells (CD3+CD4+FOXP3+) and (C) a myeloid 

cell subset expressing inhibitory marker VISTA (CD68+CD14+VISTA+) in pre-and post-

treatment tumor specimens of patients with pathologic response and NR. P<0.05 denotes 

statistically significant changes.
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Table 1.

Patient characteristics

Patient Characteristics N=20

Age, Average (SD) 68.4 (10.9)

Gender, No. (%)

Female 2 (10)

Male 18 (90)

Location, No. (%)

Cheek 2 (10)

External auditory canal 1 (5)

Forehead 3 (15)

Neck 1 (5)

Neck nodes 7 (35)

Nose 1 (5)

Parotid 2 (10)

Scalp 3 (15)

Recurrent disease, No. (%)

No 13 (65)

Yes 7 (35)

T classification, No. (%)

1 2 (10)

2 1 (5)

3 6 (30)

4 2 (10)

x 9 (45)

N classification, No. (%)

0 5 (25)

1 4 (20)

2b 9 (45)

2c 1 (5)

3b 1 (5)

Clinical stage, No. (%)*

III 8 (40)

IV 12 (60)

*
AJCC Cancer Staging Manual, 8th Ed.
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Table 2.

Summary of adverse events (AE) possibly, probably, or definitely related to the study drug

Adverse event Grade 1 Grade 2 Grade 3 Total (%)

Diarrhea 0 0 1 1 (5%)

Fatigue 0 1 0 1 (5%)

Joints pain 0 1 0 1 (5%)

Myalgia 0 1 0 1 (5%)

Pruritus 6 0 0 6 (30%)

Maculo-papular rash 3 0 0 3 (15%)

Hypothyroidism 0 1 0 1 (5%)
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