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associated with substantial morbidity and mortality. Immune 
checkpoint inhibitors (ICIs), particularly PD-1 inhibitors 
such as cemiplimab, nivolumab, and pembrolizumab, have 
transformed the management of advanced cSCC and other 
skin cancers, achieving objective response rates of 45–60% 
and providing durable disease control (Leiter et al. 2023; 
Jiang et al. 2024; Strum et al. 2024; Migden et al. 2020; 

Introduction

 Cutaneous squamous cell carcinoma (cSCC) is one of the 
most common skin cancers, with rising incidence particu-
larly among elderly and immunosuppressed populations. 
While most cases are cured surgically, a clinically relevant 
subset presents with locally advanced or metastatic disease 
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Abstract

Purpose 

immune-related adverse events (irAEs) in patients with advanced cSCC treated with cemiplimab, and to compare baseline 

Methods A retrospective multicenter cohort of 110 immunocompetent advanced cSCC patients treated with cemiplimab 
was analysed. ORR was assessed using logistic regression; PFS and OS were evaluated using Cox models, and DSS using 

between early-stage (AJCC I/II, non-ICI cohort, n = 59) and advanced-stage disease. Tumor characteristics, body mass index 

Results 

for ORR (AUC 0.64, 95% CI 0.53–0.75; p
clinical covariates (OR 1.35, 95% CI 0.95–1.91; p
kg/m2, 95% CI 0.89–1.00; p = 0.035) and showed a borderline association with OS (HR 0.92 per kg/m2, 95% CI 0.85–1.00; 
p = 0.051). AJCC stage IV strongly predicted DSS (HR 14.03, 95% CI 1.80–109.67; p

p
p = 0.029).

Conclusions -

progression. Prospective validation is warranted.
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Ríos-Viñuela et al. 2022). Despite these advances, validated 
predictive biomarkers for treatment selection remain absent.

derived from routine blood counts have emerged as 
promising tools across multiple malignancies, including 
melanoma, Merkel cell carcinoma, and colorectal cancer 
(Gambichler et al. 2022, 2022; Susok et al. 2022; Yang et 
al. 2025; Ou et al. 2024
between immunosuppressive myeloid components and lym-
phocyte-mediated antitumor immunity. For example, a high 

tumor progression, impaired immune surveillance, and poor 
outcomes in several cancers (Arianmanesh et al. 2025). In 

advanced stage, sentinel lymph node positivity, and reduced 
2022). Strip-

poli et al. (2021
lymphocyte ratio were associated with better response to 
cemiplimab therapy of advanced cSCC. Accordingly, in a 

2017). Conversely, the lym-
phocyte-to-monocyte ratio (LMR) captures the interplay 

with improved survival in melanoma and other malignan-
cies (Iacono et al. 2019). However, data on LMR in cSCC, 
particularly under PD-1 inhibition, remain extremely lim-
ited. We found only one study in the literature comparing 
LMR in the context of sun exposure of patients with cSCC 
and basosquamous carcinoma (Jairath et al. 2020).

Given the absence of established biomarkers and the 

-
-

multicenter cohort of patients with advanced cSCC treated 
with the PD-1 inhibitor cemiplimab.

Methods

Patients and in- and exclusion criteria

received at least two cycles of ICI therapy with cemiplimab 

patients had an indication for cemiplimab treatment per 
national guideline (Leiter et al. 2023
comprised lymph-node ultrasound, thoraco-abdominal com-
puted tomography, and cranial magnetic resonance imaging. 

Clinical work-up, treatment, and follow-up were performed 
according to national guideline (Leiter et al. 2023).

leukocyte parameters, had to be available within 14 days 
prior to treatment initiation. Tumor response had to be 
assessable according to RECIST 1.1 or equivalent clini-
cal criteria. Follow-up data for at least one time-to-event 

required for inclusion in the corresponding survival anal-
yses. Patients with incomplete outcome information for a 

-
sis. Moreover, clinical data including tumor parameters, 

(CCI) was evaluated.
Patients were excluded if baseline blood counts were 

-
matory conditions, or antibiotic therapy within 14 days 
before treatment start. Additional exclusion criteria included 
hematologic malignancies known to alter leukocyte compo-
sition and systemic immunosuppression (e.g., solid-organ 
transplantation, hematologic/immunologic conditions 
requiring immunosuppressive therapy, or chronic corticoste-
roids > 10 mg prednisolone equivalent daily). Patients who 
discontinued PD-1 inhibition after a single cycle, lacked 
follow-up imaging, or had incomplete response evaluation 

The primary endpoint was the objective response rate 

1.1 or clinically equivalent criteria. Secondary endpoints 
included progression-free survival (PFS), overall survival 
(OS), DSS, and immune-related adverse events (irAEs). 

-

time from treatment initiation to death from any cause. DSS 

deaths treated as competing events.

Blood-based systemic immune-inflammation 
biomarkers

-
cytes), the LMR (lymphocytes/monocytes), and the SIRI 
(neutrophils × monocytes / lymphocytes), were obtained 
within 14 days prior to PD-1 initiation (Gambichler et al. 
2022). Follow-up blood counts at approximately three 
months were available for most patients; however, bio-
marker levels did not show relevant systematic changes 
compared with baseline and were therefore not incorporated 

as exploratory variables. All biomarkers were evaluated as 
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continuous variables, with exploratory dichotomisation 
using ROC-derived thresholds.

Statistics

As this was a retrospective observational study, no prospec-
tive sample size calculation was performed. All eligible 
immunocompetent patients treated during the study period 
were included (n = 110). The number of events (PFS: 62; 
OS: 34; DSS: 11) permitted parsimonious time-to-event 

used the paired Wilcoxon test, Mann-Whitney test for and 
independent data, Spearman rank correlation procedure, 
and ROC curves. Logistic regression was used to assess 
associations with ORR. Multivariable ORR models were 
restricted to baseline variables (age, sex, AJCC stage, tumor 

-
istered ICI cycles was considered a post-baseline variable 
and was not used as a predictor. Kaplan-Meier curves were 
compared using the log-rank test. Cox proportional hazards 
models were used for PFS and OS; DSS was analysed using 

treated as censored events. For early-stage vs. advanced-

and Mann-Whitney tests were used.

Results

Patient cohort and baseline characteristics

A total of 110 immunocompetent patients with advanced 
cSCC treated with PD-1 inhibition were included. Median 
age was 84 years (range 39–99) and 74/110 (67.3%) were 

LMR 1.87 [1.34–2.68], SIRI 2.90 [1.56–5.10]). Follow-up 
blood counts at approximately 3 months were available for 

-
ingfully from baseline (paired Wilcoxon, Table 1). In the 
early-stage comparator cohort (AJCC I/II, n = 59), baseline 
LMR was higher than in the advanced cohort (Hodges-

p
p = 0.139); SIRI 

was modestly lower in early-stage disease (Fig. 1, p = 0.029). 
r

and inversely correlated with LMR (Spearman, r

S1.

Objective response rate

Among the 110 patients, 79 (71.8%) achieved an objective 
response. Responders received more ICI cycles than non-
responders (median 9 vs. 3 cycles; p

-
ers than non-responders (median 2.00 vs. 1.54; p = 0.026), 
yielding modest discrimination (AUC 0.64, 95% CI 0.53–
0.75; p = 0.015; Fig. 2). In multivariable logistic regression 

-
-

cance (OR 1.35, 95% CI 0.95–1.91; p = 0.096).

Progression-free survival

Among 110 patients, 62 (56.4%) experienced progression. 
Median PFS was 8 months (IQR 3-16.8). In forward-selected 

2, 
95% CI 0.89–1.00; p
not associated with PFS (Figs. 3 and 4).

Overall survival

A total of 34/110 patients (30.9%) died during follow-up. 
Median OS was 52 months. In univariable Cox regression 
(n -
tective association with OS (HR 0.92 per kg/m2, 95% CI 

Table 1 Characteristics of 110 patients with advanced cutaneous squa-
mous cell carcinoma treated with Cemiplimab
Parameters Data
Age in years, median, range 84, 39–99
Sex (f, m) 36 (32.7%), 74 (67.3%)

Primary tumor location (head/neck,
upper limbs, lower limbs, trunk, genital)

77 (70.0%), 17 (15.5%), 
6 (5.5%), 4 (3.6%), 6 
(5.5%)

Lower lip / ear involvement (no, yes) 86 (78.2%), 24 (21.8%)
89 (80.9%), 21 (19.1%)
78 (70.9%), 32 (29.1%)

Horizontal diameter > 2 cm (no, yes) 45 (40.9%), 65 (59.1%)
Perineural invasion/desmoplasia (no, yes) 85 (77.3%), 25 (22.7%)
AJCC stage (II, III, IV) 12 (10.9%), 53 (48.2%), 

45 (40.9%)
Radiotherapy to primary tumor (no, yes) 67 (60.9%), 43 (39.1%)

LMR (median, range)
8.20); 3 months: 1.9 
(0.20–7.53), p = 0.28

100.92); 3 months: 3.8 
(1.06–63.62), p = 0.39

SIRI (median, range)
74.68); 3 months: 2.65 
(0.48–60.94), p = 0.18
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Fig. 2 Receiver operating 
characteristic (ROC) curve 
for baseline lymphocyte-to-
monocyte ratio (LMR) predicting 
objective response (ORR). LMR 
showed modest discriminative 
ability with an area under the 
curve (AUC) of 0.64 (95% CI 
0.53–0.75; p = 0.015), indicating 
that higher LMR values were 
associated with an increased 
probability of response to PD-1 
inhibition

 

Fig. 1 -

squamous cell carcinoma (cSCC). Panel A shows lymphocyte-to-
-

index (SIRI) on a log10 scale due to skewed distributions. Early-stage 

patients (non-ICI cohort) demonstrated higher LMR values, whereas 
SIRI values were higher in advanced-stage patients treated with PD-1 

display medians and interquartile ranges; individual points represent 
patient-level values (jittered for visibility). P-values are based on two-
sided Mann–Whitney U tests
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Despite these advances, however, reliable and widely appli-
cable biomarkers to guide treatment decisions remain lack-
ing. In this multicenter real-world study, we evaluated more 

-
dictors of response and survival under PD-1 inhibition.

Among all evaluated biomarkers, LMR showed a modest 
association with ORR, which is biologically plausible given 

antitumor immunity and monocyte-driven immunosuppres-
sive pathways. Higher LMR has been linked to improved 
outcomes in melanoma, glioma, and gastric, oesophageal, 
and pancreatic cancer (Di Raimondo et al. 2022; Aoyama et 
al. 2024, 2024; Wang et al. 2023; Xue et al. 2017), and our 

LMR values than advanced-stage patients, reinforcing the 
concept that tumor progression is accompanied by a shift 

-
-

tion as a hallmark of advanced cSCC biology (Samaran et 
al. 2023). However, after adjustment for baseline clinical 

-

0.85–1.00; p -
cantly associated with OS.

Disease-specific survival

-
inant predictor of DSS (HR 14.03, 95% CI 1.80–109.67; 
p = 0.012).

Immune-related adverse events

-

discrimination (AUC 0.60; p = 0.105).

Discussion

ICIs have become the standard of care for advanced cSCC, 
demonstrating high activity and durable responses in clini-
cal trials and real-world cohorts (Strum et al. 2024; Migden 
et al. 2020; Ríos-Viñuela et al. 2022; Grigore et al. 2024; 
Xiao et al. 2025; Ksienski et al. 2024; Samaran et al. 2023). 

Fig. 3 Panel A: Forest plot showing univariable Cox hazard ratios 
for progression-free survival (PFS) according to baseline clinical and 

associated with PFS (HR 0.94, 95% CI 0.89–1.00; p = 0.035), indi-

sex, CCI score, LMR, tumor thickness > 6 mm, perineural invasion, 

PFS. Hazard ratios are plotted on a logarithmic scale; circles represent 

with OS (HR 0.92, 95% CI 0.85–1.00; p = 0.051). Interestingly, tumor 
thickness  > 6 mm showed a borderline association with reduced mor-
tality risk (HR 0.46, 95% CI 0.20–1.03; p = 0.071). Other variables did 
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in our cohort, consistent with observations in other malig-
nancies suggesting that patients with more immunoreactive 

immune toxicity (Gambichler et al. 2022). In addition to 

between clinical responders and non-responders (median 9 
vs. 4 cycles), a pattern that has also been reported in other 
real-world cemiplimab cohorts (Xiao et al. 2025; Ksienski 
et al. 2024
causality - longer treatment duration as a consequence of 

tumor regression, underscoring the importance of interpret-
ing treatment duration as an outcome-dependent parameter 
rather than an independent predictor.

a borderline association with OS, in line with the widely 
described “obesity paradox” observed in other immuno-
therapy-treated malignancies, including melanoma, lung 
and renal cell cancer, and MCC (Zhang et al. 2023; Xu et 
al. 2024; Incorvaia et al. 2023; Johannet et al. 2020
et al. 2025). Strippoli et al. (2021), who evaluated a small 
cohort of cemiplimab-treated cSCC patients, did not detect 
such an association, which may relate to limited sample size 

not associated with PFS or OS within the advanced-stage 
cohort, indicating that while these markers capture stage-
related immune alterations, they have limited utility for pre-
dicting progression dynamics under PD-1 blockade.

with overlapping leukocyte components and explaining the 
limited incremental value of SIRI over simpler indices. Con-
trary to earlier studies in surgically managed or mixed-stage 
cSCC populations (Grigore et al. 2024; Xiao et al. 2025), 

DSS in our immunocompetent advanced-stage cohort. Sim-
ilar discrepancies have been described in other real-world 

with survival or clinical deterioration (Ksienski et al. 2024). 
-

lation age, comorbidity burden, and tumor biology; patients 
with advanced cSCC treated with ICIs often represent an 
elderly, immunosenescent, yet immunotherapy-responsive 
population (Ksienski et al. 2024

-

Fig. 4 Kaplan-Meier estimates of progression-free survival (PFS) and 
2; 

2; 
n
m2; n
groups (p
associated with an increased risk of progression (HR 5.36, 95% CI 

1.33–21.67; p

p = 0.050). In 
-

tective association (HR 0.17, 95% CI 0.02–1.28; p = 0.086). Shaded 

observations
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dominant determinant of DSS. Comparison with an early-
stage cohort revealed only modest stage-related shifts in 

alterations rather than serving as reliable indicators of tumor 
progression or treatment outcomes within advanced-stage 

within composite biomarker frameworks and incorpo-
rate longitudinal sampling, body-composition metrics and 

inform individualised treatment approaches.
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have been proposed to explain improved outcomes in 

enhanced metabolic reserve supporting T-cell activation, 
and improved pharmacokinetic drug exposure. Given that 

whom nutritional status, frailty, sarcopenia, and cachexia 

may partly act as a crude surrogate for physiologic reserve 

and warrants prospective validation using standardized 
body-composition metrics.

and LMR, DSS remained overwhelmingly driven by AJCC 
stage IV, underscoring that tumor burden and metastatic 
pattern are the primary determinants of DSS in advanced 

biomarkers showed no meaningful shifts between baseline 
and 3 months of cemiplimab therapy. This contrasts with 

correlated with outcome but is consistent with prior evi-

long-standing comorbidities or host immune aging rather 
than dynamic tumor–immune interactions (Chen et al. 
2020 2021; Rutkowski et al. 2018). This stabil-
ity supports the use of baseline biomarkers rather than on-
treatment changes for prediction in advanced cSCC.

This study has several limitations. Its retrospective multi-
center design introduces potential selection and information 
bias, and imaging and follow-up schedules were not stan-
dardised across centers. Excluding patients with systemic 
immunosuppression improved biological interpretability of 
lymphocyte-based indices but reduces generalisability to 
this clinically relevant subgroup. Event numbers, particu-
larly for OS and DSS, were modest and limited the com-
plexity of multivariable modelling. Moreover, unmeasured 
host-related factors such as frailty, sarcopenia, nutritional 

-
pling, body-composition measures and integrated immu-

Conclusions

-
tions with treatment response but did not remain indepen-

demonstrated prognostic relevance for PFS and a borderline 
association with OS, while AJCC stage IV remained the 
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