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Muscle matters: automated CT-
based body composition analysis
predicts survival in patients with
head and neck cancer treated
with immunotherapy
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University, Mannheim, Germany, *Department of Diagnostic and Interventional Radiology and
Neuroradiology, University Hospital Essen, University of Duisburg-Essen, Essen, Germany

Purpose: The objective of this study was to evaluate the prognostic significance of
CT-based body composition markers in patients with head and neck squamous
cell cancer (HNSCC) treated with immunotherapy.

Material and methods: Forty-five HNSCC patients (24.4% female, median age: 66
years) treated with Nivolumab or Pembrolizumab were retrospectively assessed.
Automated body composition analysis was performed on thoracic CT scans. The
analysis included skeletal muscle (SM), bone (B), visceral adipose tissue (VAT), and
volumes of various adipose tissue compartments. Overall survival (OS) was
estimated using the Kaplan-Meier method, and hazard ratios (HR) were
calculated using the Cox proportional hazards model. In the multivariate
analysis, the strongest body composition parameter was entered into the model.
Results: The median OS was 8.13 months (95% Cl: 4.8-21.9). Univariate analysis
identified baseline high SM/B ratio, high (SM+VAT)/B ratio, albumin levels >3.4g/dl|,
low Eastern Cooperative Oncology Group (ECOG) performance status, body
mass index >18.5 kg/m2, and male sex as significant prognostic factors for
longer OS. In multivariate analysis, SM/B ratio (HR: 0.25, 95% Cl: 0.1-0.64,
p=0.004) and albumin <3.4 g/dl (HR: 0.31, 95% CIl: 0.12-0.76, p=0.01)
remained independent. Patients with both high SM/B and albumin survived the
longest (median not reached) compared to either high SM/B or high albumin (9.6
months) vs. low SM/B and albumin (2.7 months). A decrease in SM/B of > 8% after
three months was associated with a lower median OS of 6.7 vs. 26.2
months, p=0.032.
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Conclusions: Automated CT-based body composition analysis, particularly the
thoracic SM/B ratio and serum albumin level, provide valuable prognostic
information on OS for HNSCC patients receiving immunotherapy and may
guide clinical decision-making in this patient population.

KEYWORDS

body composition analysis (BCA), computed tomography (CT) imaging, head and
neck squamous cell carcinoma (HNSCC), immunotherapy, sarcopenia

1 Introduction

Head and neck squamous cell cancer (HNSCC) is a
heterogeneous group of malignancies associated with significant
morbidity and mortality. Traditionally, the management of these
malignancies has involved multimodal approaches, including
surgery, radiotherapy, and chemotherapy (1). The landscape of
HNSCC treatment has undergone a paradigm shift in oncologic
care due to the advent of immune checkpoint inhibitors,
particularly programmed death-1 (PD-1) inhibitors such as
Nivolumab and Pembrolizumab, resulting in improved survival
outcomes in patients with recurrent and metastatic disease (2-5).
Despite these therapeutic advances, patient outcomes remain
variable, underscoring the need to identify reliable prognostic
biomarkers that guide clinical decision-making and optimize
treatment strategies.

The role of body composition and its impact on patients with
cancer is increasingly acknowledged, with sarcopenia, defined by a
gradual decline in skeletal muscle mass and function, as the key
prognostic indicator in cancer care, influencing patients’ ability to
tolerate treatment, their quality of life, and overall survival across
multiple cancer types (6-8). Sarcopenia is notably common among
individuals with HNSCC, with prevalence rates varying widely from
3.8% to 78.7%, depending on the evaluation methods and study
populations (9). Its impact extends beyond muscle weakness,
contributing to impaired mobility, heightened risk of falls and
fractures, and acting as an independent risk factor for
postoperative complications, chemotherapy-related toxicity, and
treatment outcomes (6, 8, 10, 11).

Traditionally, body composition analysis using radiological
methods has relied on manual segmentation of CT scans at the
third cervical or third lumbar vertebrae, and rarely at the second
thoracic vertebra, representing a time-consuming and inefficient
approach for routine clinical practice (6, 12, 13). However, recent
breakthroughs in automation, particularly those utilizing
convolutional neural networks, have significantly transformed this
field. These technologies now enable fast, consistent, and
standardized measurements of muscle, fat, and bone across the
entire CT scan, rather than limiting the assessments to a single slice
(9, 14).

This study aimed to evaluate the prognostic significance of
pretreatment CT-based body composition analysis of entire
thoracic CT scans in patients with HNSCC treated with
immunotherapy in terms of overall survival and time
to progression.
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2 Materials and methods

A total of 53 patients were administered immunotherapeutics at
our institution between August 2018 and May 2023 for HNSCC
treatment. Of these, 45 patients had thoracic CT images available
for analysis. Clinical and laboratory data were extracted from the
patient’s digital records. The final follow-up date for censoring was
April 15, 2025. Ethical approval was obtained for this retrospective
study, and the requirement for informed consent was waived (IRB
Approval #: 2024-892).

2.1 Immunotherapy

Patients received a median of six (range: 1-47) treatments with
either Nivolumab (Bristol-Myers Squibb, New York, New York,
USA) (median: 6; range: 2-36) or Pembrolizumab (MSD,
Kenilworth, New Jersey, USA) (median: 6; range: 1-47). Drugs
were administered according to the manufacturer’s instructions.
Treatment initiation and discontinuation were determined by an
interdisciplinary tumor board. Tumor response and progression
were defined based on a combination of clinical and radiological
evaluations by an interdisciplinary tumor board. Immune-related
adverse events (irAEs) were recorded according to the Common
Terminology Criteria for Adverse Events v5.0.

2.2 Automated body composition analysis

Automated body composition analysis was conducted using a
fully automated algorithm for CT data interpretation, as described
previously (14-17). The open-source software code can be retrieved
at https://github.com/UMEssen/Body-and-Organ-Analysis. The
applied version was v0.1.3. This approach utilizes a pretrained
convolutional neural network to quantitatively assess the 3D
volumes of various body tissues from standard thoracic CT
images. To maintain uniformity regardless of the original slice
thickness, the algorithm resampled all scans to 5 mm slices before
analysis. The algorithm outputs several body composition metrics
in the form of an average volume per CT slice, including total
adipose tissue (TAT), visceral adipose tissue (VAT), subcutaneous
adipose tissue (SAT), epicardial adipose tissue (EAT), pericardial
adipose tissue (PAT), intra- and intermuscular adipose tissue
(IMAT), skeletal muscle (SM), and bone (B) volumes (Figure 1).
To account for variations in patient size and scanned regions, the
analysis normalizes these parameters by automatically identifying
the thoracic cavity, which includes part of the upper abdomen, and
dividing the measured volumes by the number of 5 mm slices in this
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Visualization of CT-based body composition analysis.The following visual results are provided for the purpose of exemplifying a fully automated
body composition analysis of thoracic CT scans. The results include the coloring of various tissues in the coronal and sagittal view, the general
distribution map (A) and the presentation as a heat map (B) of total adipose tissue (TAT). Visceral adipose tissue (VAT), subcutaneous adipose tissue
(SAT), epicardial adipose tissue (EAT), pericardial adipose tissue (PAT), intra- and intermuscular adipose tissue (IMAT), skeletal muscle (SM), and bone.

region, yielding mean values for each parameter. Furthermore, body
composition parameters were standardized using bone
volume measurements.

2.3 Statistics

The median overall survival (OS) and time to progression
(TTP) were estimated using the Kaplan-Meier method, and the
log-rank test was used to assess the significance of the differences.
The area under the curve (AUC) was calculated for 3-month
survival, and the Youden index was used to determine the cutoffs
for all patients and sex-specific groups. For univariate (UVA) and
multivariate (MVA) analyses, the Cox proportional hazards model
was used to calculate hazard ratios (HR) and 95% confidence
intervals (95% CI). Albumin and Body Mass Index (BMI, kg/m?)
values were dichotomized at the lower end of the normal range.
Contingency analysis was conducted using Pearson’s correlation
coefficients. The two groups were compared using the Mann-
Whitney U-test. Owing to the exploratory nature of this study, no
alpha error correction was performed. Statistical significance was
set at p < 0.05. Statistical analyses were performed using JMP 18.2
software (SAS Institute Inc., Cary, NC, USA).

3 Result
3.1 Baseline characteristics

A total of 45 patients (24.4% female) with a median age of 66
years (range: 44-85 years) were included in this study. The most
common tumor site was the oropharynx (55.6%), followed by the
hypopharynx (15.6%), larynx (11.1%), oral cavity (8.9%), and other
locations, including carcinoma of unknown primary and sinus
cancer (8.9%). The majority of patients (75.6%) presented with
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advanced-stage disease (stages III and IV). The baseline

characteristics of all patients are shown in Table 1.
3.2 Survival analysis

In thirty-two patients, death was recorded after a median time
of 5.1 months (range: 0.2-38 months), while 13 patients were lost to
follow-up after a median of 20.9 months (range: 0 - 82.3 months).
The estimated median overall survival of all patients in this study
was 8.13 months (95% CI: 4.8-21.9), with 1-month, 3-month, 6-
month, 1-year, 2-year, and 3-year survival rates of 93.3%, 68.9%,
55.6%, 42.2%, 26.7%, and 17.8%, respectively (Figure 2A).

When evaluating body composition parameters as continuous
variables, only the SM/B (p = 0.0053) and (SM + VAT)/B (p =
0.0005) ratios were significant in the univariate analysis of all
patients. In the subanalysis, however, statistical significance was
observed only in men but not in women (Table 2). Notably, the
median values were significantly lower in females for the SM/B
(1.44 vs. 1.69; p = 0.003) and (SM + VAT)/B (1.51 vs. 1.93; p =
0.001) ratios (see also Supplementary Table 1 for all parameters).
The AUC analysis revealed significance for the SM/B and (SM +
VAT)/B ratios, with AUCs of 0.74 and 0.76, respectively (p <
0.0069) for all patients. In the subanalysis, the AUC curves for both
parameters were significant only in males, not in females. The
complete data on AUC analysis of body composition parameters are
presented in Supplementary Table 2. Thus, SM/B and (SM + VAT)/
B were included in the Cox proportional hazards analysis with sex-
specific cutoffs (Table 3).

Univariate analysis revealed that SM/B, (SM + VAT)/B, sex,
albumin (albumin < 3.4 g/dl vs. > 3.4 g/dl), ECOG performance
score, and BMI (< 18.5 kg/m2 Vs, >
significant in univariate analysis (Table 3). Owing to the very high
correlation between SM/B and (SM+VAT)/B (r%0.73, p <0.0001),
only SM/B was included in the multivariate analysis due to the

18.5 kg/m?) were statistically

lower hazard ratio (0.26 vs. 0.34). Multivariate analysis revealed that
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TABLE 1 Patients’ baseline characteristics.

Baseline characteristics Patients

Gender
« Male 75.6%
« Female 24.4%
Primary tumor location
« Oropharynx 55.6%
« Hypopharynx 15.6%
« Larynx 11.1%
« Oral cavity 8.9%
o Other 8.9%
Tumor stage (UICC)
ol 9.1%
o 11 13.6%
o III 13.6%
oIV 63.6%
p16-Status
« Positive 24.4%
Noxious agents
« None 22.2%
« Smoking 31.1%
« Alcohol 8.9%
« Smoking and alcohol 37.8%
Previous treatments*
« Surgery 16.3%
« Surgery + (C)RTx 30.6%
« CRTx 36.7%
« Palliative CTx/RTx 14.3%
» None 2%
Administered drug
« Nivolumab 33.3%
« Pembrolizumab 66.7%
ECOG
.0 31.1%
o1 42.2%
o2 13.3%
o3 6.7%
o4 4.4%
« Unknown 2.2%

Baseline characteristics of the patients. *Four Patients received more than two prior therapies.
ECOG, Eastern Cooperative Oncology Group; UICC, Union for International Cancer
Control; (C)RTx (Chemo-) Radiotherapy; RTx, Radiotherapy; CTx, Chemotherapy.

the SM/B ratio and albumin levels < 3.4 g/dl vs. > 3.4 g/dl were
statistically significantly independent, with a lower hazard ratio for
the SM/B ratio compared to albumin (0.25 vs. 0.31).

To more accurately stratify the patients’ survival risk, a risk
assessment was conducted using both significant factors from the
multivariate analysis for scoring. Here, the longest survival was
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observed in patients with normal albumin levels and a higher SM/B
ratio, with median survival time not reached (95% CI: 7.9 -.
months). Patients with either a lower serum albumin level or a
lower SM/B ratio survived for a median of 9.6 months (95% CI: 3.4
- 21.9), whereas patients with a lower serum albumin level and a
lower SM/B ratio survived for a median of 2.7 months (95% CI: 0.87
- 5.2) (log-rank: p<0.0001). The overall survival curves for SM/B,
albumin, and the combined scoring analysis are shown in Figure 3.

CT-based follow-up imaging of the thorax was available for 26
patients at 3 months. Here, a decrease in the SM/B ratio of > 8%
occurred in six (23.1%) patients, with a significantly shorter survival
time of 6.7 (95% CI: 3.4 — 17.6) vs. 26.2 (95% CI: 7.9 - 38.0) months
(log-rank: p = 0.032) and an increased hazard ratio of 3.7 (95% CIL:
1.26 - 10.6; p = 0.017). Compared to the baseline ratios, there was
no statistical difference between patients with a high SM/B decrease
and those without, with 1.69 (95% CI: 1.42-1.95) versus 1.67 (95%
CIL: 1.52-1.81), p = 1.0. Of note, no statistical difference was
observed in the gender comparison as well. Additionally, none of
the patients with an ECOG score of 0 experienced a SM/B loss of
more than 8%, whereas this was observed in 35.3% of patients with
an ECOG score of 1 or higher.

3.3 Time to progression analysis

The median time to progression was 7.5 months (95% CI: 2.7 —
12.5) with 1-, 3-, 6 months and 1-, 2-, and 3-year progression-free
rates of 87.8%, 56.1%, 51.2%, 34.2%, 19.5%, and 12.2%, respectively
(Figure 2B). The evaluation of the SM/B ratio concerning disease
control after three months revealed a significantly higher median
SM/B ratio of 1.77 compared to 1.47 (p = 0.002) for patients with
early tumor progression. In subgroup analysis, this difference was
statistically significant in male participants (1.79 vs. 1.55; p = 0.035),
but did not reach statistical significance in female participants (1.57
vs. 1.35; p = 0.2). Notably, the time to progression exhibited a
significant correlation with the SM/B ratio (r* = 0.18; p = 0.006).

In Table 4, the significant parameters from the univariate
analysis are presented, where albumin was the only independent
variable associated with time to progression. Notwithstanding, the
utilization of SM/B and albumin for further risk stratification,
analogous to survival analysis, indicated that the most prolonged
time to progression occurred in patients with normal albumin levels
greater than 3.4 g/dL and a higher SM/B ratio, with a median TTP
of 32.6 months (95% CI: 2.4 -.). Patients with either a high serum
albumin level or a high SM/B ratio had a median TTP of 7.5 months
(95% CI: 2.6 - 13.2), whereas patients with a low serum albumin
level and a low SM/B ratio progressed after a median of 2.3 months
(95% CI: 0.1 - 4.1) (log-rank: p=0.001). All groups were statistically
significant (p < 0.048). Notably, patients with a decrease in the SM/
Ratio experienced a shorter time to progression of 2.98 months
(95% CI: 4.1-32.6) compared to 12.0 months (95% CI: 4.1-32.6),
though this difference was not statistically significant (p = 0.052).

3.4 Immune-related adverse events

Immune-related adverse events were observed in 14 patients
(31.1%), with a median onset of 11.5 weeks (range: 2-60 weeks)
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dotted line) of the study cohort following the first treatment with immunotherapy.

after treatment initiation. Only one patient experienced a grade 3
adverse event, vasculitis and hepatitis, which was recorded after 4
weeks of treatment with Pembrolizumab. The irAE rate was
significantly higher in patients treated with Nivolumab (53%)
than in those treated with Pembrolizumab (20%) (p = 0.023).
There were no significant differences between patients with and
without irAE regarding body composition parameters in group-
and sex-specific testing (p > 0.05) or albumin levels, sex, and ECOG
performance status. Furthermore, survival rates were comparable,
with a median of 8.0 months (95% CI: 2.7 -) for patients with irAEs
compared to 9.6 months (95% CI: 4.2-21.9) for patients without
irAEs (p = 0.42).

4 Discussion

The present study demonstrates that the implementation of
automated methodologies for evaluating body composition, with
particular emphasis on the skeletal muscle-to-bone (SM/B) ratio,
affects overall survival and progression-free intervals in patients
with HNSCC undergoing immunotherapy. This finding aligns with
the results of a meta-analysis encompassing over 2,300 patients,

which revealed a higher hazard ratio for sarcopenic patients
undergoing surgery (HR: 2.5, 95% CI: 1.95 - 3.21) or
radiotherapy (HR: 1.63, 95% CI: 1.4 - 1.9) (13). These findings
are consistent with our study’s results, which reported an HR of 3.85
(95% CI: 1.7-8.1), suggesting that the prognostic significance of
sarcopenia extends to the immunotherapy setting, with important
clinical implications given the increasing use of checkpoint
inhibitors in the treatment of HNSCC.

The link between sarcopenia and HNSCC is intricate and
influenced by several factors. The underlying causes of cancer and
non-cancer-related factors, including aging, metabolic disturbances,
inflammation, and restricted food intake due to large tumors or
posttherapeutic changes, make patients with HNSCC more
susceptible to the development and worsening of sarcopenia and
frailty than patients with other types of cancer (6, 18, 19).
Furthermore, skeletal muscle is a key regulator of systemic
metabolism and immune function. Sarcopenia is associated with
increased levels of pro-inflammatory cytokines (e.g., IL-6, TNF-0,
and IL-15), which can promote an immunosuppressive tumor
microenvironment and impair the activation, recruitment, and
function of cytotoxic T cells, as well as enhancing the recruitment
and activation of myeloid-derived suppressor cells, which may
potentially reduce the efficacy of immune checkpoint inhibitors

TABLE 2 Overall survival univariate analysis of continuous body composition parameters.

All patients

Body composition

Male patients

Female patients

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
SM/B 0.17 (0.05 - 0.59) 0.0053 021 (0.05 - 0.93) 0.039 0.25 (0.01 - 5.7) 037
TAT/B 0.93 (0.71 - 1.16) 0.5304 0.85 (0.59 - 1.13) 03 0.98 (0.48 - 1.84) 0.96
IMAT/B 0.90 (0.29 - 2.4) 0.84 0.8 (0.2 - 2.43) 0.72 0.12 (<0.001 - 15.7) 038
SAT/B 0.93 (0.61 - 0.62) 0.7 0.76 (0.4 - 1.2) 027 1.07 (0.42 - 2.5) 0.88
VAT/B 0.18 (0.017 - 1.07) 0.06 0.24 (0.018 - 1.59) 0.193 0.88 (0.001 - 237.4) 0.97
PAT/B 0.1 (0.0004 - 14.8) 038 0.1 (0.0002 - 29.4) 045 0.002 (<0.0001 - 8455) | 0.35
EAT/B 0.013 (<0.0001 - 1692.2) | 0.48 2.2 (<0.0001 - >2000) 0.96 0.001 (<0.0001 - 1028) | 0.34
(SM + VAT)/B 0.14 (0.04 - 0.44) 0.0005 0.2 (0.06 - 0.69) 0.01 0.03 (<0.001 - 3.8) 0.16

Univariate Cox proportional hazard ratio (HR) analysis for the entire study cohort, male patients, and female patients. B,Bone; EAT, Epicardial Adipose Tissue; IMAT, Intramuscular Tissue;
PAT, Pericardial Adipose Tissue; SAT, Subcutaneous Adipose Tissue; SM, Skeletal Muscle; TAT, Total Adipose Tissue; VAT, Visceral Adipose Tissue; 95%CI, 95% confidence interval.

Bold numbers indicate statistical significance and make significant factors easier to recognize.
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TABLE 3 Uni- and multivariate survival analysis of pretreatment factors.

Univariate analysis

Multivariate analysis

Median OS in
months (95% Cl) HR (95% ClI) P-value HR (95% ClI) P-value

Female 4.8 (0.9 - 16.0) 1 1

Gender 0.028 0.6
Male 18.5 (4.9 - 28.6) 0.38 (0.17 - 0.86) 0.73 (0.26 - 2.15)
>70 years 8.13 (1.1 - 25.6) 1 -

Age 0.3 -
< 70 years 9.6 (4.5 - 26.2) 0.68 (0.33 - 1.39) -
1 12.1 (113 =) 1 -
2 28.6 (2.3 -.) 0.44 (0.1 - 1.83) -

T-stage* 0.12 -
3 9.6 (1.2 -2.9) 1.19 (0.4 - 3.58) -
4 8.1 (4.5 -20.2) 1.62 (0.6 — 4.74) -
0 202 (1.13 -.) 1 -
1 17.9 (5.2 - 28.6) 1.26 (0.37 - 4.3) -

N-stage** 0.8 -
2 6.7 (2.3 -21.9) 1.43 (0.59 - 3.47) -
3 9.7 (0.9 -.) 1.73 (0.55 - 5.5) -
0 6.5 (4.2 - 20.2) 1 —

M-stage 0.1 -
1 233 (2.7 -) 0.51 (0.22 - 1.2) -
Not positive 523 (3.4 - 18.5) 1 -

plé 0.1 -
positive 26.2 (6.9 -.) 0.49 (0.2 - 1.2) -
1 6.3 (0.23 -.) 1 -
2 18.5 (1.1 - 37.8) 0.88 (0.21 - 3.7) -

UICC 0.68 -
3 25.6 (1.1 ) 0.49 (0.1 - 2.48) -
4 6.5 (3.4 - 26.2) 0.99 (0.29 - 3.36) -
0 28.9 (4.5 -.) 1 1
1 8.1 (4.2 -20.2) 2.1 (0.87 - 5.2) 2.5 (0.86 - 7.1)

ECOG 0.028 0.21
2 3.4 (023 - 21.9) 4.5 (14 - 14.8) 3.0 (0.79 - 11.0)
34 15 (L1 -) 5.5 (1.5 - 20.1) 1.1 (0.25 - 5.0)
< 18.5 3.9 (1.1 - 9.6) 1 1

BMI (kg/m?)*** 0.02 0.53
>18.5 17.6 (4.9 - 28.6) 0.34 (0.15 - 0.81) 0.73 (0.28 - 1.95)
<34 g/dl 4.5 (2.3 -9.6) 1 1

Albumin 0.0024 0.01
> 3.4g/dl 20.2 (7.9 -) 0.32 (0.15 - 0.69) 0.31 (0.12 - 0.76)
< 1.79 (m)/1.56 (f) 45 (1.1 - 16.0) 1 1

SM/B 0.0008 0.004
> 1.79 (m)/1.56 (f) 21.9 (6.5 - 38.0) 0.26 (0.12 - 0.58) 0.25 (0.1 - 0.64)
<2.0 (m)/1.74 (f) 52 (2.1 -16) 1 -

(SM + VAT)/B 0.0035 -
> 2.0 (m)/1.74 (f) 28.6 (4.9 -.) 0.338 (0.16 - 0.72) -

Uni- and multivariate survival analyses of pretreatment factors. BMI, Body Mass Index; B, bone; ECOG, Eastern Cooperative Oncology Group; HR, Hazard Ratio) with 95% confidence interval,
M, Metastases; N, Lymph Node; SM, Skeletal Muscle; T, Tumor; VAT, Visceral Adipose Tissue. * Tumor-stage (1-2 vs. 3-4) and **nodal-stage positive vs. negative were both not statistically
significant in the Cox proportional hazard ratio analysis. ***No statistical difference on OS was seen for patients with normal (up to 24.9 kg/m?) and elevated (> 24.9 kg/m?) BML

Bold numbers indicate statistical significance and make significant factors easier to recognize.

(20-24). Furthermore, muscle wasting, which may be more often
present in patients with lower muscle mass, also leads to metabolic
disturbances, including increased lactate and altered amino acid
availability, which can further suppress effector T cell activity and
favor tumor progression (23, 25). These metabolic changes in the
microenvironment can drive immune cell exhaustion and reduce
the efficacy of immune checkpoint inhibitors.

In contrast, greater muscle mass may help establish a stronger
immune environment with beneficial oncological outcomes (24).
This observation may also provide a rationale for the association
between higher SM/B ratios and superior survival and enhanced

Frontiers in Oncology

disease control rates. However, given that SM/B was not an
independent factor for TTP in multivariate analysis, it is
necessary to assume that further factors influence muscle mass
and tumor control.

Skeletal muscle is unquestionably the most significant and
extensively studied body composition parameter in the context of
HNSCC patient outcomes. However, previous CT-based imaging
studies have also examined the role of VAT in HNSCC. These
studies have demonstrated that patients with higher VAT have a
longer survival rate. In contrast, those with a significant decrease in
VAT after three months of treatment with surgery and
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chemoradiation therapy have a shorter survival rate (26, 27). In
contrast, the VAT/B ratio was not significant in this study cohort.

Furthermore, combining skeletal muscle and visceral adipose
tissue did not improve outcome prediction compared with SM/B
alone. This adverse finding may be explained by the fact that only
small parts of the upper abdomen were included, and these parts
may vary in volume, for example, due to differences in stomach
filling status. Moreover, the aforementioned studies examined
patients who underwent surgical procedures and
chemoradiotherapy, excluding those who received
immunotherapy, which might also exert an effect. In summary,
VAT of the upper abdomen is not an additive prognostic factor in
this analysis, either in isolation or in combination with skeletal
muscle, for risk factor assessment of outcomes.

SM/B Serum Albumin SM/B & Serum Albumin
b —=179my/se — <zamgdt| " — Low SM/B AND low Albumin
— >1.79 (m)/ 1.56 (f) — 2 3.4 mg/dl — High SM/B OR high Albumin
g 80% 80% High SM/B AND high Albumin
g 60% 60%
3
3
2 0% 40%
s
é’ 20% 20%
0% - T 0% - - : - : - - T
0 20 40 60 80 0 20 ~ 40 - 60 80
Overall survival (in months)
FIGURE 3

Overall survival according to skeletal muscle-to-bone ratio and serum albumin. The Kaplan-Meier analysis of SM/B (left), serum albumin (middle),
and the scoring based on SM/B and serum albumin is presented here. P-values are derived from log-rank testing. The risk-based assessment of SM/
B + serum albumin revealed statistically significant survival times across all groups, with a p-value of 0.03 or less.

A weight reduction exceeding 2% within six weeks (35% of the
study population) has been documented as a predictor of
diminished survival in HNSCC patients undergoing treatment
with immune checkpoint inhibitors (28). A comparable
association was observed with the 8% decline in the SM/B ratio
over three months, indicative of muscle wasting.

However, the selected cutoff may be constrained by several
factors: Patients without follow-up imaging had a median overall
survival of 2.3 months, compared with 17.3 months for patients
with follow-up imaging (p = 0.077). Notwithstanding the lack of
statistical significance, which may be attributed to the modest
sample size, this discrepancy could introduce bias, potentially
overlooking even more substantial and earlier muscle mass loss in
patients not undergoing follow-up imaging. Furthermore, despite

TABLE 4 Uni- and multivariate time to progression analysis of pretreatment factors.

Median overall survival

Univariate analysis

Multivariate analysis

in months (95% ClI) HR (95% Cl) P-value HR (95% ClI) P-value

Female 2.7 (0.13 - 13.2) 1 1

Gender 0.031 0.4
Male 115 (3.2 - 16.2) 0.38 (0.17 - 0.87) 0.6 (0.18 — 2.0)
0 32 (24 - 123) 1 1

M-stage 0.018 0.16
1 Not reached (2.8 -.) 0.35 (0.13 - 0.91) 0.46 (0.16 - 1.3)
0 119 (2.9 -) 1 1
1 7.5 (2.3 - 12.5) 1.7 (0.71 - 4.2) 2.6 (0.85 — 8.4)

ECOG 0.038 0.28
2 2.8 (0.37 - 14.5) 2.7 (0.8 -9.3) 1.66 (0.37 - 7.6)
3-4 1.5 (0.1 - 2.3) 115 (2.4 - 55.0) 4.1 (0.79 - 21.8)
<185 2.7 (0.1 - 16.2) 1 1

BMI (kg/m?) 0.02 0.77
>185 10.2 (2.8 - 13.2) 0.34 (0.15 - 0.81) 0.85 (0.28 - 2.6)
<34.gdl 29(23-102) 1 1

Albumin 0.013 0.03
> 3.4g/dl 132 (2.7 -) 0.38 (0.17 - 0.83) 0.34 (0.13 - 0.92)
< 1.79 (m)/1.56 (f) 2.9 (0.4 - 11.6) 1 1

SM/B 0.014 0.058
> 1.79 (m)/1.56 (f) 115 (2.8 - 32.6) 0.38 (0.18 - 0.8) 0.37 (0.14 - 1.02)
<2.0 (m)/1.74 () 4.1 (12 - 10.1) 1 -

(SM + VAT)/B 0.0462 -
> 2.0 (m)/1.74 (f) 122 (2.9 -) 0.47 (0.22 - 0.99) -

Uni- and multivariate time-to-progression analyses of pretreatment factors. All factors presented in Table 3 were investigated, and only significant factors of the univariate analysis are presented.

BMI, Body Mass Index; B, Bone; ECOG, Eastern Cooperative Oncology Group; HR, Hazard Ratio; SM, Skeletal Muscle; VAT, Visceral Adipose Tissue.

Bold numbers indicate statistical significance and make significant factors easier to recognize.
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the Serensen Dice score of 0.9553 for this model, indicating
excellent segmentation accuracy in medical imaging (14), the
possibility of measurement inaccuracies may result in higher
variations, which could potentially reduce sensitivity and
specificity. Overall, Further research is necessary to investigate the
clinical implications of this measurement method and to determine
effective countermeasures to ameliorate outcomes.

It is worth noting that previous studies vary in their
methodologies for assessing body composition parameters, with
the vast majority evaluating only a single slice, whereas this study
evaluates the entire thoracic cavity. Additionally, extant studies
primarily rely on abdominal imaging, with fewer studies employing
cervical CT scans and even fewer employing thoracic CT scans (6,
12, 13). Given the observation that abdominal CT imaging for
staging in HNSCC patients is performed less frequently than
thoracic CT imaging, the extraction of opportunistic body
composition parameters from thoracic scans can be performed
more consistently without the need for additional abdominal
imaging. It is noteworthy that the recent modification of the
German guideline on oro- and hypopharyngeal carcinoma now
includes abdominal CT at baseline staging, thereby increasing the
availability of abdominal CT scans for future body composition
analysis (29). Although CT imaging of the neck is more routinely
employed, it is imperative to acknowledge the potential for bias
arising from post-therapeutic alterations resulting from surgery and
radiotherapy in body composition analysis. Moreover,
distinguishing tumorous tissue from skeletal muscle can be
challenging, and the presence of hardening artifacts from dental
implants can, in some cases, substantially compromise the
reliability of body composition analysis due to inferior delineation
of target structures.

Overall, the application of automated body composition
analysis of the thoracic cavity offers numerous benefits, including
the accessibility of existing imaging data, seamless integration of
automated sarcopenia assessment into the clinical workflow,
avoidance of additional workload, and reduction of inter-observer
variability. Additionally, the body composition assessment was
performed solely using CT-based information, without the need
to standardize for body height, as is usually necessary in
conventional CT-based methods. Beyond its established
application in various clinical cohorts, including HCC (30),
pancreatic cancer (31), colorectal cancer (32) and the Health ABC
study (33), internal normalization via bone volume is further
supported by the strong biological link between muscle and bone
volumes (34, 35). Notably, this correlation is superior to that of
standard anthropometric metrics, such as body height and Body
Mass Index (35) which are often used for normalization in previous
studies. Due to inconsistent and unreliable reporting of body size
and height within this study cohort, a direct comparison was not
feasible. Overall, this approach further increases the utility of
baseline scans by transforming them from purely descriptive
assessments into tools with prognostic and predictive relevance.
Nonetheless, further evaluation is necessary to validate or refine the
cutoff values for body composition parameters and to determine the
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most effective methods for incorporating this analysis into a
comprehensive treatment approach for patients, thereby ensuring
optimal benefits from the analysis.

Consistent with other studies reporting similar findings in
patients with HNSCC treated with immunotherapy,
hypoalbuminemia is an independent predictor of overall survival
and time to progression (36-38) This is because it is linked to
inflammation, metabolic dysregulation, and disease severity,
thereby affecting prognosis (39). The pharmacokinetics of the
administered Pembrolizumab and Nivolumab are closely
associated with the neonatal Fc-receptor pathway, which is also
responsible for maintaining albumin levels in the body. Low serum
albumin levels, indicating increased protein catabolism, also affect
the breakdown of Pembrolizumab and Nivolumab, resulting in
lower drug concentrations in the blood. Consequently, patients with
hypoalbuminemia may experience reduced drug exposure, which
can lead to less effective treatment and shorter survival times, as
observed in the present study (40). Given the distinct underlying
mechanisms of muscle mass and serum albumin in determining
outcomes, as well as their potential for risk stratification based on
SM/B and serum albumin in predicting overall survival and time to
progression, combining these markers could help estimate potential
treatment benefits for HNSCC patients undergoing
immunotherapy in clinical routine, as demonstrated in this study.

This study has several limitations. First, the study was
retrospective with a small sample size, and data collection was
limited to a single center. Not all patients treated with
immunotherapy had pretherapeutic CT scans available in the
institutional imaging archive, which could have introduced a
selection bias. Additionally, the quantification method used for
body composition analysis differs substantially from that in
previous studies, preventing meaningful comparisons or the
transfer of cutoff values. Consequently, the sex-specific SM/B
thresholds identified in this cohort require further validation and
refinement. Given the limited number of female participants, the
lack of statistical significance in this subgroup may reflect
insufficient statistical power, posing a risk of Type II errors (false
negatives) and warranting future studies with larger sample sizes.

5 Conclusion

This study demonstrates that automated body composition
analysis, particularly the SM/B ratio, provides valuable prognostic
information for patients with HNSCC undergoing immunotherapy.
The integration of body composition metrics with conventional
prognostic factors, such as albumin, facilitates enhanced risk
stratification, potentially informing clinical decision-making and
patient management strategies. The implementation of automated
assessment methods enables routine evaluation of sarcopenia in
clinical practice, with the potential to improve outcomes by
identifying high-risk patients and implementing targeted
interventions. Further research is needed to validate these
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findings and develop evidence-based interventions for sarcopenia in
patients with HNSCC who are receiving immunotherapy.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee at the University of Mannheim. The studies were
conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin because The requirement
for informed consent was waived by the ethics committee.

Author contributions

FJ: Conceptualization, Data curation, Project administration,
Resources, Supervision, Validation, Writing — original draft, Writing -
review & editing. SL: Conceptualization, Data curation, Formal Analysis,
Methodology, Project administration, Resources, Writing — original
draft, Writing - review & editing. LH: Data curation, Writing -
original draft, Writing — review & editing, Investigation. AA: Writing
- original draft, Writing - review & editing. AL: Writing — original draft,
Writing — review & editing. NR: Writing — original draft, Writing —
review & editing. CS: Writing — original draft, Writing — review &
editing. ES: Writing - original draft, Writing — review & editing. FV:
Data curation, Formal Analysis, Software, Writing — original draft,
Writing - review & editing. SS: Writing - original draft, Writing -
review & editing. JH: Writing — original draft, Writing — review &
editing. CA: Data curation, Formal Analysis, Software, Writing —
original draft, Writing — review & editing. JL: Conceptualization, Data
curation, Project administration, Resources, Supervision, Validation,
Writing - original draft, Writing - review & editing, Formal Analysis,
Investigation, Methodology, Software, Visualization.

References

1. Barsouk A, Aluru JS, Rawla P, Saginala K, Barsouk A. Epidemiology, risk factors,
and prevention of head and neck squamous cell carcinoma. Med Sci (Basel). (2023) 11.
doi: 10.3390/medscil1020042

2. Gillison ML, Blumenschein G, Fayette J, Guigay J, Colevas AD, Licitra L, et al. Long-
term outcomes with nivolumab as first-line treatment in recurrent or metastatic head
and neck cancer: subgroup analysis of CheckMate 141. Oncologist. (2022) 27:e194-e8.
doi: 10.1093/oncolo/oyab036

3. Gillison ML, Blumenschein G]Jr., Fayette J, Guigay J, Colevas AD, Licitra L, et al.
CheckMate 141: 1-year update and subgroup analysis of nivolumab as first-line therapy
in patients with recurrent/metastatic head and neck cancer. Oncologist. (2018) 23:1079-
82. doi: 10.1634/theoncologist.2017-0674

Frontiers in Oncology

10.3389/fonc.2026.1725892

Funding

The author(s) declared that financial support was received for
this work and/or its publication. For the publication fee we
acknowledge financial support by Heidelberg University.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. DeepL and Grammarly were used for
spelling corrections and rephrasing. All content has been checked
and edited by the authors.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2026.1725892/
full#supplementary-material

4. Pai SI, Faivre S, Licitra L, Machiels JP, Vermorken JB, Bruzzi P, et al. Comparative
analysis of the phase III clinical trials of anti-PD1 monotherapy in head and neck
squamous cell carcinoma patients (CheckMate 141 and KEYNOTE 040). ] Immunother
Cancer. (2019) 7:96. doi: 10.1186/s40425-019-0578-0

5. Sim ES, Nguyen HCB, Hanna GJ, Uppaluri R. Current progress and future
directions of immunotherapy in head and neck squamous cell carcinoma: A
narrative review. JAMA Otolaryngol Head Neck Surg. (2025) 151:521-8. doi: 10.1001/
jamaoto.2024.5254

6. Endo K, Ichinose M, Kobayashi E, Ueno T, Hirai N, Nakanishi Y, et al. Head and
neck cancer and sarcopenia: an integrative clinical and functional review. Cancers
(Basel). (2024) 16. doi: 10.3390/cancers16203460

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2026.1725892/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2026.1725892/full#supplementary-material
https://doi.org/10.3390/medsci11020042
https://doi.org/10.1093/oncolo/oyab036
https://doi.org/10.1634/theoncologist.2017-0674
https://doi.org/10.1186/s40425-019-0578-0
https://doi.org/10.1001/jamaoto.2024.5254
https://doi.org/10.1001/jamaoto.2024.5254
https://doi.org/10.3390/cancers16203460
https://doi.org/10.3389/fonc.2026.1725892
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jungbauer et al.

7. Zhang FM, Wu HF, Shi HP, Yu Z, Zhuang CL. Sarcopenia and Malignancies:
epidemiology, clinical classification and implications. Ageing Res Rev. (2023)
91:102057. doi: 10.1016/j.arr.2023.102057

8. Cruz-Jentoft AJ, Bahat G, Bauer ], Boirie Y, Bruyere O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing.
(2019) 48:16-31. doi: 10.1093/ageing/afy169

9. Jovanovic N, Chinnery T, Mattonen SA, Palma DA, Doyle PC, Theurer JA.
Sarcopenia in head and neck cancer: A scoping review. PloS One. (2022) 17:
€0278135. doi: 10.1371/journal.pone.0278135

10. Huang X, Lv LN, Zhao Y, Li L, Zhu XD. Is skeletal muscle loss associated with
chemoradiotherapy toxicity in nasopharyngeal carcinoma patients? A prospective
study. Clin Nutr. (2021) 40:295-302. doi: 10.1016/j.cInu.2020.05.020

11. Surov A, Wienke A. Low skeletal muscle mass predicts relevant clinical outcomes
in head and neck squamous cell carcinoma. A meta analysis. Ther Adv Med Oncol.
(2021) 13:17588359211008844. doi: 10.1177/17588359211008844

12. Vangelov B, Smee R, Moses D, Bauer J. Thoracic skeletal muscle index is effective
for CT-defined sarcopenia evaluation in patients with head and neck cancer. Eur Arch
Otorhinolaryngol. (2023) 280:5583-94. doi: 10.1007/s00405-023-08162-y

13. Takenaka Y, Takemoto N, Oya R, Inohara H. Prognostic impact of sarcopenia in
patients with head and neck cancer treated with surgery or radiation: A meta-analysis.
PloS One. (2021) 16:0259288. doi: 10.1371/journal.pone.0259288

14. Koitka S, Kroll L, Malamutmann E, Oezcelik A, Nensa F. Fully automated body
composition analysis in routine CT imaging using 3D semantic segmentation
convolutional neural networks. Eur Radiol. (2021) 31:1795-804. doi: 10.1007/s00330-
020-07147-3

15. Haubold J, Baldini G, Parmar V, Schaarschmidt BM, Koitka S, Kroll L, et al. BOA:
A CT-based body and organ analysis for radiologists at the point of care. Invest Radiol.
(2024) 59:433-41. doi: 10.1097/RLL.0000000000001040

16. Wasserthal J, Breit HC, Meyer MT, Pradella M, Hinck D, Sauter AW, et al.
TotalSegmentator: robust segmentation of 104 anatomic structures in CT images.
Radiol Artif Intell. (2023) 5:¢230024. doi: 10.1148/ryai.230024

17. Isensee F, Jaeger PF, Kohl SAA, Petersen ], Maier-Hein KH. nnU-Net: a self-
configuring method for deep learning-based biomedical image segmentation. Nat
Methods. (2021) 18:203-11. doi: 10.1038/s41592-020-01008-z

18. Karsten RT, Al-Mamgani A, Bril SI, Tjon AJS, van der Molen L, de Boer JP, et al.
Sarcopenia, a strong determinant for prolonged feeding tube dependency after
chemoradiotherapy for head and neck cancer. Head Neck. (2019) 41:4000-8.
doi: 10.1002/hed.25938

19. Zwart AT, van der Hoorn A, van Ooijen PMA, Steenbakkers R, de Bock GH, Halmos GB.
CT-measured skeletal muscle mass used to assess frailty in patients with head and neck cancer.
J Cachexia Sarcopenia Muscle. (2019) 10:1060-9. doi: 10.1002/jcsm.12443

20. Arribas L, Plana M, Taberna M, Sospedra M, Vilarino N, Oliva M, et al. Predictive
value of skeletal muscle mass in recurrent/metastatic head and neck squamous cell
carcinoma patients treated with immune checkpoint inhibitors. Front Oncol. (2021)
11:699668. doi: 10.3389/fonc.2021.699668

21. Ma S, Zhao G, Sui S, Chen X, Wu L, Wang T, et al. Tumor microenvironment and
immune-related myositis: addressing muscle wasting in cancer immunotherapy. Front
Immunol. (2025) 16:1580108. doi: 10.3389/fimmu.2025.1580108

22. Ma S, Lu Y, Sui S, Yang JS, Fu BB, Tan PX, et al. Unraveling the triad of
immunotherapy, tumor microenvironment, and skeletal muscle biomechanics in
oncology. Front Immunol. (2025) 16:1572821. doi: 10.3389/fimmu.2025.1572821

23. Zhang Y], Xiao Y, Li ZZ, Bu LL. Immunometabolism in head and neck squamous
cell carcinoma: Hope and challenge. Biochim Biophys Acta Mol Basis Dis. (2025)
1871:167629. doi: 10.1016/j.bbadis.2024.167629

24. Deng Y, Zhao L, Huang X, Zeng Y, Xiong Z, Zuo M. Contribution of skeletal
muscle to cancer immunotherapy: A focus on muscle function, inflammation, and
microbiota. Nutrition. (2023) 105:111829. doi: 10.1016/j.nut.2022.111829

25. Bhattacharya P, Linnenbach A, South AP, Martinez-Outschoorn U, Curry JM,
Johnson JM, et al. Tumor microenvironment governs the prognostic landscape of
immunotherapy for head and neck squamous cell carcinoma: A computational model-

Frontiers in Oncology

10

10.3389/fonc.2026.1725892

guided analysis. PloS Comput Biol. (2025) 21:¢1013127. doi: 10.1371/
journal.pcbi.1013127

26. Lee JW, Ban M]J, Park JH, Lee SM. Visceral adipose tissue volume and CT-
attenuation as prognostic factors in patients with head and neck cancer. Head Neck.
(2019) 41:1605-14. doi: 10.1002/hed.25605

27. Lee SM, Jo 1Y, Park JH, Kim MS, Choi H]J, Lee JW, et al. Association of loss of
visceral adipose tissue after concurrent chemoradiotherapy with poor survival in
patients with head and neck squamous cell carcinoma. Nutrition. (2025) 136:112775.
doi: 10.1016/j.nut.2025.112775

28. Willemsen ACH, De Moor N, Van Dessel J, Baijens LWJ, Bila M, Hauben E, et al.
The predictive and prognostic value of weight loss and body composition prior to and
during immune checkpoint inhibition in recurrent or metastatic head and neck cancer
patients. Cancer Med. (2023) 12:7699-712. doi: 10.1002/cam4.5522

29. Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft DK, AWMF): S3-Leitlinie
Diagnostik T, Préivention und Nachsorge des Oro- und Hypopharynxkarzinoms, Langversion
1.0, 2024, AWMEF-Registernummer: 017-0820L. Available online at: https://www.
leitlinienprogramm-onkologie.de/leitlinien/oro-und- (Accessed September 15, 2025).

30. Steinberg-Vorhoff HL, Ketelsen A, Schuch T, Theysohn JM, Schaarschmidt BM,
Haubold J, et al. Muscle and fat matter: Automated CT-based body composition
analysis predicts survival in Hepatocellular carcinoma patients undergoing
radioembolization. Eur ] Radiol Open. (2026) 16:100721. doi: 10.1016/
1.6j10.2025.100721

31. Keyl J, Bucher A, Jungmann F, Hosch R, Ziller A, Armbruster R, et al. Prognostic
value of deep learning-derived body composition in advanced pancreatic cancer-a
retrospective multicenter study. ESMO Open. (2024) 9:102219. doi: 10.1016/
j.esmoop.2023.102219

32. Keyl ], Hosch R, Berger A, Ester O, Greiner T, Bogner S, et al. Deep learning-based
assessment of body composition and liver tumour burden for survival modelling in
advanced colorectal cancer. ] Cachexia Sarcopenia Muscle. (2023) 14:545-52.
doi: 10.1002/jcsm.13158

33. Farsijani S, Xue L, Boudreau RM, Santanasto AJ, Kritchevsky SB, Newman AB.
Body composition by computed tomography vs dual-energy X-ray absorptiometry:
long-term prediction of all-cause mortality in the health ABC cohort. ] Gerontol A Biol
Sci Med Sci. (2021) 76:2256-64. doi: 10.1093/gerona/glab105

34. Yang YJ, Dvornyk V, Jian WX, Xiao SM, Deng HW. Genetic and environmental
correlations between bone phenotypes and anthropometric indices in Chinese.
Osteoporos Int. (2005) 16:1134-40. doi: 10.1007/s00198-004-1825-9

35. Riem L, Pinette M, DuCharme O, Pabon V, Morris ], Coggins A, et al. Big bones
mean big muscles: an MRI-based dataset of muscle-bone-body size relationships across
70 human muscles of the upper limb, trunk, and lower limb. J Appl Physiol (1985).
(2026) 140:1-19. doi: 10.1152/japplphysiol.00772.2025

36. Suzuki S, Taguchi Y, Kitabayashi T, Sato N, Kaya H, Abe T, et al. Serum albumin as
an independent predictor of long-term survival in patients with recurrent and
metastatic head and neck squamous cell carcinoma treated with nivolumab. J Clin
Med. (2024) 13. doi: 10.3390/jcm13092456

37. Chiu TJ, Huang TL, Chien CY, Huang WT, Li SH. Hypoalbuminemia and
hypercalcemia are independently associated with poor treatment outcomes of anti-
PD-1 immune checkpoint inhibitors in patients with recurrent or metastatic head and
neck squamous cell carcinoma. World J Surg Oncol. (2024) 22:242. doi: 10.1186/s12957-
024-03522-2

38. Hernando-Calvo A, Mirallas O, Marmolejo D, Saavedra O, Vieito M, Assaf
Pastrana JD, et al. Nutritional status associates with immunotherapy clinical
outcomes in recurrent or metastatic head and neck squamous cell carcinoma
patients. Oral Oncol. (2023) 140:106364. doi: 10.1016/j.oraloncology.2023.106364

39. LiY, Chen L, Yang X, Cui H, Li Z, Chen W, et al. Dynamic association of serum
albumin changes with inflammation, nutritional status and clinical outcomes: a
secondary analysis of a large prospective observational cohort study. Eur | Med Res.
(2025) 30:679. doi: 10.1186/s40001-025-02925-5

40. Zheng M. Serum albumin: a pharmacokinetic marker for optimizing treatment

outcome of immune checkpoint blockade. J Immunother Cancer. (2022) 10.
doi: 10.1136/jitc-2022-005670

frontiersin.org


https://doi.org/10.1016/j.arr.2023.102057
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1371/journal.pone.0278135
https://doi.org/10.1016/j.clnu.2020.05.020
https://doi.org/10.1177/17588359211008844
https://doi.org/10.1007/s00405-023-08162-y
https://doi.org/10.1371/journal.pone.0259288
https://doi.org/10.1007/s00330-020-07147-3
https://doi.org/10.1007/s00330-020-07147-3
https://doi.org/10.1097/RLI.0000000000001040
https://doi.org/10.1148/ryai.230024
https://doi.org/10.1038/s41592-020-01008-z
https://doi.org/10.1002/hed.25938
https://doi.org/10.1002/jcsm.12443
https://doi.org/10.3389/fonc.2021.699668
https://doi.org/10.3389/fimmu.2025.1580108
https://doi.org/10.3389/fimmu.2025.1572821
https://doi.org/10.1016/j.bbadis.2024.167629
https://doi.org/10.1016/j.nut.2022.111829
https://doi.org/10.1371/journal.pcbi.1013127
https://doi.org/10.1371/journal.pcbi.1013127
https://doi.org/10.1002/hed.25605
https://doi.org/10.1016/j.nut.2025.112775
https://doi.org/10.1002/cam4.5522
https://www.leitlinienprogramm-onkologie.de/leitlinien/oro-und-
https://www.leitlinienprogramm-onkologie.de/leitlinien/oro-und-
https://doi.org/10.1016/j.ejro.2025.100721
https://doi.org/10.1016/j.ejro.2025.100721
https://doi.org/10.1016/j.esmoop.2023.102219
https://doi.org/10.1016/j.esmoop.2023.102219
https://doi.org/10.1002/jcsm.13158
https://doi.org/10.1093/gerona/glab105
https://doi.org/10.1007/s00198-004-1825-9
https://doi.org/10.1152/japplphysiol.00772.2025
https://doi.org/10.3390/jcm13092456
https://doi.org/10.1186/s12957-024-03522-2
https://doi.org/10.1186/s12957-024-03522-2
https://doi.org/10.1016/j.oraloncology.2023.106364
https://doi.org/10.1186/s40001-025-02925-5
https://doi.org/10.1136/jitc-2022-005670
https://doi.org/10.3389/fonc.2026.1725892
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Muscle matters: automated CT-based body composition analysis predicts survival in patients with head and neck cancer treated with immunotherapy
	1 Introduction
	2 Materials and methods
	2.1 Immunotherapy
	2.2 Automated body composition analysis
	2.3 Statistics

	3 Result
	3.1 Baseline characteristics
	3.2 Survival analysis
	3.3 Time to progression analysis
	3.4 Immune-related adverse events

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


