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ABSTRACT — Objective: Oropharyngeal cancer and its treatment often lead to sarcopenia, which is linked to increased
toxicity, reduced response to therapy, and worse survival. Traditional weight-based metrics may fail to detect this muscle
loss. This study investigates the feasibility of using cone-beam computed tomography (CBCT) to monitor sarcopenia lon-
gitudinally in patients undergoing radiochemotherapy.

Materials and Methods: A retrospective analysis was conducted on 15 patients with locally advanced, inoperable oro-
pharyngeal cancer who maintained stable body weight during treatment. All patients received intensity-modulated radio-
therapy (IMRT) or volumetric arc therapy (VMAT), with daily cone-beam computed tomography (CBCT) for image guidance.
Skeletal muscle area and density at the C3 vertebral level were measured weekly. A calibration phantom corrected CBCT
Hounsfield Unit (HU) values. Longitudinal changes were assessed using linear mixed-effects models (LMMs), and correlations
between skeletal muscle index (SMI) and body mass index (BMI) were evaluate.

Results: A significant weekly decline in SMI (p = 0.037) was observed, particularly after week 3, despite stable BMI.
The muscle area decreased progressively while the HU values remained stable. A moderate inverse correlation was found
between SMI and BMI (r =-0.39, p < 0.001), indicating that BMI is an inadequate measure for reflecting muscle loss.

Conclusions: CBCT allows non-invasive, real-time monitoring of sarcopenia during treatment. Integrating CBCT-based
body composition analysis into clinical practice could enable earlier detection and intervention, potentially improving
treatment tolerance and outcomes. Larger studies and improved segmentation techniques are needed to validate and
optimize this approach.

KEYWORDS: Cone-Beam CT (CBCT), Body composition, Radiochemotherapy monitoring, Skeletal muscle index (SMI),
Sarcopenia.
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Graphical Abstract. Reanalysis of CBCT scans in oropharyngeal cancer patients undergoing radiochemotherapy offers added
value beyond patient positioning. Weekly imaging at the C3 vertebral level allows longitudinal monitoring of SMI, revealing
progressive sarcopenia even in patients with stable BMI. This underscores the potential of CBCT as a dual-purpose tool—en-
hancing both treatment accuracy and nutritional assessment—for early intervention and personalized care.

candidates?, its effects on muscle deterioration
and overall body composition remain insufficient-
ly explored. Diagnostic CT at the L3 level is the
reference standard for body-composition assess-
ment; however, cervical (C3) measures appeared
to correlate with L33

Radiotherapy allows for precise targeting of
the tumor while minimizing damage to surround-
ing healthy tissues*. Concomitant chemotherapy,
typically platinum-based, acts as a radiosensitiz-
er, improving the efficacy of radiation therapy®>®.
Intensity-Modulated Radiotherapy (IMRT) and
Volumetric Modulated Arc Therapy (VMAT) pro-
vide highly conformal dose distributions, thereby
reducing radiation exposure to critical structures’.
Image-guided radiotherapy enhances treatment
accuracy by incorporating daily imaging, such as
cone-beam computed tomography (CBCT), ensur-
ing proper patient positioning and tumor local-
ization throughout the treatment course®. CBCT
images are systematically stored in record and
verify software, such as MOSAIQ Elekta, allowing
for easy retrieval and post-treatment analysis.

During treatment for oropharyngeal carcinoma,
muscle loss and sarcopenia are associated with de-
creased treatment tolerance, prolonged recovery
times, and poorer overall survival®*2. A scoping re-
view highlighted that sarcopenia is associated with
increased treatment toxicity, reduced response
to therapy, and poorer overall survival in HNC pa-
tients'®. However, there are currently few tools

available in outpatient oncology settings to effec-
tively monitor nutritional status. Most assessments
rely primarily on serial weight measurements and/
or BMI evaluations, which may not provide a com-
prehensive picture of muscle depletion and sarco-
penia'. Early identification of these changes could
lead to modifications in supportive care strategies
for these patients, improving treatment tolerance
and clinical outcomes. Previous studies® have high-
lighted that sarcopenia can occur even without
significant weight loss, suggesting that traditional
weight-based assessments may not be sufficient
for detecting clinically relevant changes in muscle
mass. Martin et al*® (2013) highlighted that skele-
tal muscle depletion can be present across all BMI
categories, indicating that weight stability does
not necessarily equate to preserved muscle mass.
Consequently, relying solely on weight or BMI may
lead to an underestimation of muscle depletion,
emphasizing the need for more sensitive and spe-
cific imaging-based assessments. CBCTs routinely
acquired can be used for longitudinal monitoring of
body composition, providing clinicians with timely
signals of treatment-related sarcopenia without
the need for additional imaging sessions.

Beyond the catabolic effects of the tumor itself,
radiation and chemotherapy may independently
contribute to muscle atrophy through systemic in-
flammation, oxidative stress, and direct metabolic
disruptions, further complicating the assessment
of nutritional decline.
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A key uncertainty remains whether these
changes are primarily driven by reduced calor-
ic intake due to treatment-related toxicities or if
the treatment directly contributes to alterations
in body composition through mechanisms, such
as systemic inflammation, metabolic alterations,
and direct muscle catabolism®*°. Radiation-in-
duced muscle degradation and chemotherapy-re-
lated toxicity may exacerbate catabolic pathways,
leading to accelerated muscle loss, which is also
independent of caloric intake.

Disentangling the effects of malnutrition from
direct treatment-induced muscle loss is crucial for
tailoring supportive interventions, including target-
ed nutritional strategies and physical rehabilitation
programs, to mitigate sarcopenia and improve pa-
tient outcomes. Understanding the relative con-
tributions of malnutrition and treatment-induced
muscle loss is crucial for developing personalized
interventions to enhance clinical outcomes.

This study aims to evaluate whether CBCT, a
tool already integrated into routine IGRT work-
flows, can be leveraged beyond its conventional
role in patient positioning to assess longitudinal
changes in body composition. We hypothesized
that serial CBCT would detect a measurable,
week-on-week decline in cervical paraspinal mus-
cle metrics (SMl/area) during radiochemotherapy
—even in patients with stable BMI — thus enabling
earlier, targeted supportive care.

PATIENTS AND METHODS

Between November 1, 2018, and December
31, 2024, 169 inoperable oropharyngeal cancer
records were retrieved from our Record & Ver-
ify database. Patients with distant metastases
(28/169, 16.9%) were excluded from the analysis.
Consequently, 47/169 (27.8%) patients received
palliative RT and/or systemic therapy. Finally, 15
patients who maintained a stable weight with a
deviation of no more than three kilograms during
treatment were included in this retrospective
analysis. All 15 patients had locally advanced dis-
ease (stage llI-1V), with a Karnofsky performance
status (KPS) of 270, hemoglobin of 210 g/dL, total
leukocyte count of >4,000/mm?3, platelet count
0f>100,000/mm3, creatinine clearance of 260 mL/
minute, and regular liver function tests.

This study was an exploratory, single-center,
retrospective feasibility analysis. The sample size
(n=15) reflects stringent eligibility criteria (weight
stability during treatment and availability of se-
rial CBCTs) to ensure protocol uniformity and
high-quality longitudinal data. Given the hypoth-
esis-generating aim, no a priori power calculation
was performed.

All patients were treated with the IMRT or VMAT
technique, delivered using a VERSA HD (Elekta,
Stockholm, Sweden) linear accelerator, with simul-
taneous integrated boost (SIB) in 33 fractions of
2.12 Gy to the high-risk volume and 1.65 Gy to the
low-risk volume for a total dose of 69.96 Gy and
54.45 Gy, respectively. The radiotherapy treat-
ment was delivered using image-guided radio-
therapy (IGRT), which involved daily cone-beam
computed tomography (CBCT) scans to ensure
precise tumor targeting and adaptive treatment
adjustments. Twelve patients (80%) received con-
current cisplatin-based systemic treatment. All
patients were monitored weekly in an outpatient
setting with weight checks and nutritional coun-
seling, and oral nutritional supplements (ONS)
were prescribed to all.

Methods to obtain body composition

CTimaging enables the precise quantification of
body composition by distinguishing between mus-
cle and adipose tissue based on their radio-den-
sity, measured in Hounsfield Units (HU). Muscle
tissue, subcutaneous fat, and visceral fat exhibit
distinct HU ranges — skeletal muscle: -29 to +150
HU, subcutaneous fat: -190 to -30 HU, visceral fat:
-190 to -30 HU. A common approach in body com-
position analysis is the selection of a single axial
slice at a standardized anatomical location®. The
third lumbar vertebra (L3) is the most widely used
landmark in oncology due to its strong correlation
with whole-body muscle and fat mass. Howev-
er, muscle quantification is often performed at
the C3 vertebral level in patients with head and
neck cancer, as it strongly correlates with L3 mea-
sures. This correlation suggests that cervical-lev-
el assessments can serve as a valid surrogate for
whole-body composition analysis, enabling body
composition assessment without the need for ad-
ditional dedicated imaging®?!.

CBCT images (a volume reconstructed from
2D projections) lack a direct and consistent
HU-to-density mapping compared with conven-
tional CT due to scatter artifacts and a limited field
of view. To correct HU values in CBCT-based imag-
es, we acquired a calibration phantom, the Gam-
mex Tissue Characterization Phantom model 467
(Gammex, Middleton, WI, USA). This device was
used to build a site-specific HU-to-physical-densi-
ty calibration curve for our CT simulator and kV-
CBCT workflows, supporting dose calculation and
interpretation of tissue thresholds. The phantom,
consisting of a 33 cm diameter Solid Water disk, is
characterized by 2.8 cm diameter holes that can
hold interchangeable rods made of different ma-
terials with a specific physical density??. Sixteen
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Table I. Comparison of phantom insert physical densities and Hounsfield Unit (HU) values in CT and CBCT imaging.

Physical density g/cm® CT NUMBER CT simulator CT NUMBER kV-CBCT
0.000 0 0
0.300 298 577
0.460 455 732
0.941 905 1,060
0.980 951 1,156
1.000 996 1,188
1.017 998 1,230
1.053 1,024 1,231
1.087 1,063 1,270
1.144 1,208 1,527
1.143 1,204 1,590
1.334 1,428 1,809
1.560 1,776 2,285
1.824 2,178 2,841
4.590 4,069 4,095

rods were inserted: LN-300 Lung, LN-450 Lung,
AP6 Adipose, BR-12 Average Breast, Water Plug,
four CT Solid Water rods, BRN-SR2 Brain, LV1 Liv-
er, IB Inner Bone, B200 Bone Mineral, CB2 Resin
— 30% CaCOs, CB2 Resin — 50% CaCOs, and SB3
Cortical Bone.

To achieve the purpose of this work, we
scanned this phantom on the one hand with a CT
simulator (SOMATOM Definition AS by Siemens,
Forchheim, Germany) and on the other hand with
the Elekta XVI (version 5.0.7.1) kilovoltage Cone-
Beam CT (kV-CBCT) system mounted on the Versa
HD linear accelerator (Elekta, Stockholm, Sweden)
(Figure 1a). Both are located in the Radiation On-
cology and Nuclear Medicine Section of the De-
partment of Clinical Oncology of the AULSS 9 Scal-
igera, Verona. The phantom was acquired using
head and neck scan protocols for CT and kV-CBCT,
with a slice thickness of 3 mm and a kilovoltage of
100 kV. Table | lists the 16 physical densities corre-
sponding to the Hounsfield Units in CT and CBCT,
which generate the two curves in Figure 1b.

Table Il summarizes CBCT acquisition and recon-
struction parameters. CBCT acquisition was per-
formed as part of standard clinical IGRT procedures
using the Versa HD (Elekta) linear accelerator. As
planned during the initial CT simulation, CBCT scan-
ning was conducted in the treatment position with
a thermoplastic mask for immobilization.

All CBCT images stored in the MOSAIQ (Elekta,
Stockholm, Sweden) record and verify system are
retrieved and sent to the MIM software (Cleve-
land, OH, USA). One image per week was anal-
ysed®. The total cervical paraspinal muscle area
at the C3 level® was identified using an HU thresh-

old with commercial software. Thresholds on
CBCT (183-430) were derived from the site-specif-
ic phantom-based calibration and correspond to
the classical CT range of -29 to +150 HU for skel-
etal muscle.

Area and attenuation (HU) were summarised
for all 15 patients across weekly CBCTs (Table Il1).
Increased intramuscular lipid content is reflected
by lower attenuation (in Hounsfield units, or HU)
and a reduced muscle area.

Statistical analysis

A comprehensive statistical analysis was con-
ducted to evaluate changes in muscle composi-
tion over time in patients undergoing radiochem-
otherapy. Descriptive analysis was performed for
continuous variables, including the Skeletal Mus-
cle Index (SMI), muscle area, and muscle density
(HU attenuation). Mean + standard deviation (SD),
median, and interquartile range (IQR), as well as
the range (minimum-maximum values), were re-
ported to provide a broader understanding of the
variability in muscle measurements.

To analyze longitudinal muscle changes and
trends over time, repeated weekly CBCT-de-
rived measurements of muscle area and density
were assessed using linear mixed-effects models
(LMMs), which accounted for intra-patient cor-
relations over multiple time points. This model
treated time as a fixed effect, while patient ID was
considered a random effect to control for indi-
vidual variability. Additionally, post-hoc pairwise
comparisons were conducted using Bonferroni
correction to adjust for multiple comparisons
across weekly time points and to identify signif-



A B
5.0
45 ——e—— SIEMENS SOMATOM Definition AS CT ]
/
4
40 - —m - —ELEKTA XVI CBCT ,/
V4
V4
3.5- ,/
4

o )/
g 3.0 K
E ’
G 25- /
z ’
a Y4
3 20 ,
3 _a
> -
z -

15 -

-
- ar
1.0 A
4
4
4
0.5 o
- ’r
0.0 ¥~ - T T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500
C CT NUMBER (HU)

Figure 1. A, CBCT phantom acquisition; (B) selection of regions of interest (ROls) on the phantom inserts; (C) calibration curves
for CT and CBCT based on the measured HU values of different materials.

icant changes between different weeks. LMMs
were selected over traditional repeated-measures
ANOVA due to their ability to handle missing data
points, control for intra-patient variability, and
model individual trajectories over time.

Statistical tests were applied, depending on
the data distribution, to compare the changes in
muscle composition between Week 1 and Week
6. Paired t-tests were used for normally distribut-
ed data. At the same time, Wilcoxon signed-rank
tests were applied for non-normally distributed
data to ensure a robust assessment of significant
differences over time. Effect sizes were calculated

to quantify the magnitude of the observed differ-
ences, using Cohen’s d for t-tests and rank-biserial
correlation for Wilcoxon tests. A p-value of <0.05
was considered statistically significant for all anal-
yses, ensuring that meaningful trends and differ-
ences were identified with high confidence.

To mitigate small-sample bias, we pre-speci-
fied the SMI slope over time as the primary end-
point and used linear mixed-effects models with
patient-level random effects. Post-hoc contrasts
were adjusted conservatively, and we report ef-
fect sizes with 95% confidence intervals in addi-
tion to p-values.
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Table Il. Parameters of CBCT acquisition.

in-depth evaluation of muscle loss dynamics, re-
vealing significant patterns of muscle depletion
and underscoring the need for proactive clinical

CBET mode Head and Neck 520 interventions to mitigate sarcopenia in patients

Start acquisition angle (°) 25 with cancer.

Stop acquisition angle (°) 180

Reconstructed volume 512 x 512

kV collimator S20 RESULTS

txﬁlter ;go (._)ve_r.the six-wgek _radiochemotherapy course,
a significant decline in SMI was observed, con-

emia i peiEe L firming progressive muscle depletion. While

Nominal ms per frame 10 muscle area and weight exhibited steady reduc-

Frames 183

CBCT: cone-beam computed tomography.

All statistical analyses were conducted using R
software, which provided a flexible and powerful
platform for performing mixed-effects modeling,
hypothesis testing, and post-hoc adjustments.
These rigorous statistical methods enabled an

tions, mean HU values showed a non-significant
downward trend, likely due to limitations in
software-based segmentation. Table Ill presents
the mean, standard deviation, and ranges of the
Skeletal Muscle Index (SMI), muscle area, muscle
density (HU values), weight, and body mass index
(BMI) for all weekly CBCT assessments. Despite
the small cohort size, the within-patient trend was

Table lll. Characteristics of CBCT extrapolated parameters.

Mean_HU Muscle_Area_cm? SMI Weight_kg BMI
Mean 225.25 1,972.64 737 67.05 25.03
Std 9.11 272.77 1.03 6.28 2.28
Min 208.0 1,309.9 5.12 50.0 19.5
25% 217.57 1,787.2 6.47 63.0 23.8
50% 228.75 1,986.95 7.46 67.25 25.05
75% 233.07 2,136.67 8.04 72.0 26.4
Max 239.4 2,432.8 9.5 78.0 289

SMI: Skeletal Muscle Index; BMI: Body Mass Index.

Variation in SMI over treatment
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Figure 2. Individual trajectories and mean trend of the variation in Skeletal Muscle Index (SMI) over five CBCT time intervals
during treatment. Each grey dashed line represents the SMI change of a single patient, while the bold black line indicates the
mean variation across the cohort. The consistent downward trend illustrates a progressive reduction in skeletal muscle mass
during therapy.
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Figure 3. Individual trajectories and mean trend of variation in Mean Hounsfield Unit (HU) values across five CBCT time in-
tervals during treatment. Each dashed grey line represents the change in muscle density for a single patient, while the thick
black line indicates the average variation across all patients. The observed decline in mean HU values reflects a progressive

reduction in skeletal muscle quality during radiotherapy.

directionally consistent across time points, and no
single observation unduly influenced the overall
effect (Figure 2).

The study analyzed longitudinal changes in the
skeletal muscle index (SMI) of radiotherapy pa-
tients, including muscle area, muscle density (HU
values), weight, and BMI. It revealed a progressive
decline in SMI and muscle density, indicative of
muscle depletion over time. A consistent decline
in SMI was observed throughout the treatment
course. The average SMI decreased progressively,
highlighting treatment-induced muscle loss (Fig-

ure 2). Similarly, as measured by mean HU values,
muscle density declined over time, suggesting in-
creased intramuscular fat infiltration (Figure 3).
These findings reinforce the impact of radioche-
motherapy on muscle quality and overall body
composition.

Linear mixed-effects models (LMMs) were used
to account for intra-patient correlations across
weekly CBCT assessments, enabling the assess-
ment of muscle changes over time. Time (week)
was included as a fixed effect, while patient group-
ing was treated as a random effect to account for

r=-0.39, p = <0.001

Skeletal Muscle Index (SMI) (cm?/m?)

20,0 225

Correlation between BMI and SMI

Body Mass Index (BMI)

25.0 27.5

Figure 4. Scatter plot showing the correlation between Body Mass Index (BMI) and Skeletal Muscle Index (SMI) at baseline.
Each dot represents an individual patient. A moderate negative correlation was observed (r =-0.39, p <0.001), suggesting that
higher BMlI is associated with lower skeletal muscle index values.
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inter-individual variability. The analysis revealed
a significant decline in SMI over time, indicating
progressive muscle depletion during radiother-
apy. The intercept (baseline SMI) was 7.692 (p <
0.001), representing the initial muscle index be-
fore treatment initiation. With each additional
treatment week, SMI decreased significantly by
-0.130 (p = 0.037), confirming a steady decline
in muscle mass throughout therapy. This finding
underscores the catabolic impact of radiochemo-
therapy, emphasizing the need for early and inten-
sive nutritional and supportive interventions. The
most pronounced decline occurred after week 3,
indicating accelerated muscle loss during the mid-
to-late phase of radiotherapy.

Muscle density (HU) exhibited a different
trend. The baseline means HU value was 227.455
(p < 0.001), but the weekly decline of -0.883 per
week was not statistically significant (p = 0.113).
This finding suggests that while muscle loss is con-
sistent and measurable through SMI, changes in
muscle quality (fat infiltration) are more variable,
considering that areas with lipids are generally
excluded from the definition of muscle. A moder-
ate negative correlation (r = -0.39, p < 0.001) was
found between SMI and BMI (Figure 4). This find-
ing suggests that patients experienced muscle de-
pletion, even though their BMI did not decrease
proportionally, possibly due to the retention of
fat. This finding underscores the limitations of
BMI as a sole indicator of nutritional status in on-
cology patients, highlighting the importance of
direct assessments of muscle composition using
CBCT.

DISCUSSION

The results of this study confirm the significant
impact of radiochemotherapy on skeletal muscle
mass, as evidenced by the progressive decline in
the Skeletal Muscle Index (SMI) throughout the
treatment course. This muscle loss is particularly
concerning given its established association with
increased treatment-related toxicities, impaired
functional status, and poorer survival outcomes
in oncology patients. By utilizing cone-beam com-
puted tomography (CBCT) for longitudinal mus-
cle monitoring, we gain a valuable, non-invasive
tool for detecting early signs of sarcopenia and
implementing timely interventions to mitigate its
effects®*2s,

Compared with conventional diagnostic CT
(L3 as reference, with C3 correlates in head-and-
neck settings), CBCT is already acquired daily
for image-guided radiotherapy (IGRT), enabling
high-frequency, treatment-course tracking with-
out the need for additional imaging sessions or ra-

diation beyond standard IGRT. Since CBCT covers
a smaller area and is more prone to artifacts, HU
values are less reliable; area-based trends, such
as SM, are usually preferable. Evidence on CBCT
for longitudinal muscle quantification is limited. In
head and neck cancer, a feasibility study?! report-
ed excellent inter-observer reliability for C3 mus-
cle area on CBCT and a strong correlation with CT
measurements, supporting CBCT as an alternative
for on-treatment monitoring. Our findings are di-
rectionally consistent and extend prior evidence
by quantifying weekly SMI trajectories on routine
IGRT CBCT under a site-specific HU calibration
and by proposing a pragmatic pathway to trigger
nutritional/rehabilitative interventions based on
CBCT-derived trends.

A key finding of this study is the statistically
significant decrease in SMI over time, confirming
that muscle atrophy is a progressive and mea-
surable consequence of radiochemotherapy. In
linear mixed-effects models with patient-level
random intercepts, SMI declined by 0.13 cm?/
m?/week (p = 0.037). Each additional treatment
week resulted in a significant reduction in muscle
area, supporting the hypothesis that muscle loss
accelerates during therapy due to the metabolic
burden of cancer, treatment-induced catabolism,
and reduced oral intake caused by mucositis and
dysphagia. This observation aligns with a prior
study?®® demonstrating that sarcopenia in head
and neck cancer patients is driven by a complex
interplay of systemic inflammation, increased en-
ergy demands, and physical inactivity. The loss
of skeletal muscle mass contributes to treatment
intolerance, increased hospitalizations, and worse
oncologic outcomes, making it a critical factor to
monitor during therapy?.

Interestingly, while the Mean HU values (indic-
ative of muscle density and quality) also exhibited
a downward trend, this reduction was not statis-
tically significant. A plausible explanation for this
finding lies in the threshold-based segmentation
method used in CBCT analysis. Since the soft-
ware identifies muscle tissue by applying fixed HU
thresholds, the inner regions of the muscle that
fall below the lower HU limit — often correspond-
ing to areas of intramuscular fat infiltration — are
partially excluded from the segmented volume.
Consequently, the analysis primarily captures the
denser muscle core, while overlooking the low-
er-density regions. This selective inclusion may
lead to an underestimation of the actual decline
in Mean HU values, even when qualitative mus-
cle degradation is occurring. In other words, the
observed discrepancy between the significant
reduction in muscle area and the non-significant
change in Mean HU may stem from the method-
ological filtering of low-density voxels within the
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muscle. In addition, residual HU variability inher-
ent to CBCT can blunt sensitivity to small density
shifts, despite phantom-based calibration. Future
pipelines that quantify intramuscular fat explicit-
ly (beyond thresholding) may improve CBCT’s re-
sponsiveness to quality changes. This hypothesis
suggests that while Mean HU remains a critical
parameter for assessing muscle quality, its sen-
sitivity may be limited when using CBCT-based
thresholding techniques rather than direct delin-
eation methods. Accordingly, area-based trends
remain the preferred CBCT metric, while density
estimates require harmonized calibration and val-
idation against diagnostic CT.

Another crucial finding is the moderate negative
correlation (r = -0.39, p < 0.001) between SMI and
BMI, indicating that muscle loss does not neces-
sarily lead to a proportional reduction in BMI. This
finding suggests that BMI remains relatively stable
in some patients despite significant muscle loss,
likely due to the retention or redistribution of fat.
Cancer patients undergoing treatment often expe-
rience shifts in body composition, where muscle
mass declines but fat stores remain unchanged or
even increase due to metabolic adaptations, in-
flammation, and decreased physical activity. This
phenomenon underscores the limitations of BMI
as a nutritional marker in oncology patients, rein-
forcing the need for direct assessments of muscle
composition via CBCT or CT imaging. BMI alone
fails to differentiate between fat and lean mass,
which may lead to an underestimation of sarcope-
nia risk in patients who maintain their weight but
suffer from progressive muscle depletion.

The clinical implications of these findings are
substantial, emphasizing the necessity of integrat-
ing routine CBCT-based muscle monitoring into
standard oncologic care. Identifying early signs of
muscle loss allows for timely nutritional and reha-
bilitative interventions, potentially preventing ex-
cessive sarcopenia-related complications. Patients
with declining SMI values may benefit from tailored
nutritional strategies, including high-protein diets,
oral nutritional supplements, or even enteral feed-
ing when necessary. Moreover, given the impact
of sarcopenia on treatment tolerance and overall
prognosis, early detection could enable treatment
modifications or supportive interventions to im-
prove patient outcomes. Using CBCT as a real-time,
non-invasive monitoring tool provides an opportu-
nity for adaptive interventions without additional
imaging sessions or radiation exposure.

Predefined alert thresholds (e.g., a relative SMI
drop defined by local policy) can standardize refer-
rals and escalation pathways. When trending weekly
CBCT-derived SMI at C3, two actions can follow:

— Alert: SMI drop > 3% from baseline or a neg-
ative slope sustained for two consecutive

weeks = dietitian review (within 72 h); op-
timize energy (= 25-30 kcal/kg/day) and pro-
tein (> 1.2-1.5 g/kg/day); start oral nutritional
supplements; adjust textures for mucositis/
dysphagia.

— Escalate: SMI drop = 5% or a persistently
steep decline - multidisciplinary review and
consider enteral support (NG/PEG) if oral in-
take remains < 60% of requirements for > 7
days. Reassess after 7 days; step down once
SMI stabilizes.

We acknowledge the relatively small sample
size (n = 15) and the single-center design, which
limit external generalizability; use of one CBCT
platform with a local HU-calibration workflow
and inclusion of weight-stable patients may also
reduce applicability to other head-and-neck sub-
sites, vendors, or patients with overt weight loss/
cachexia, and the feasibility, hypothesis-gener-
ating nature of the study further limits external
generalizability.

Future research should validate CBCT-de-
rived muscle assessments in larger, extensive,
multi-center cohorts and explore the integration
of functional outcomes (such as handgrip strength
and mobility tests) to provide a more comprehen-
sive evaluation of sarcopenia. Additionally, inves-
tigating alternative segmentation techniques that
account for intramuscular fat content may en-
hance the sensitivity of CBCT in detecting changes
in muscle quality. Given that sarcopenia has been
linked to higher chemotherapy toxicity, increased
treatment interruptions, and worse survival, re-
fining methods for its early detection remains a
crucial area of research. Harmonized CBCT acqui-
sition and HU-calibration protocols, along with
automated segmentation that quantifies intra-
muscular fat, should be prioritized, and trajecto-
ries linked to clinically meaningful endpoints.

CONCLUSIONS

This study highlights the detrimental impact of
radiochemotherapy on muscle mass in patients
with oropharyngeal cancer. It underscores the
limitations of relying solely on BMI as a nutrition-
al marker. The significant decline in SMI observed
over the treatment course reinforces the impor-
tance of proactive monitoring. In contrast, the lack
of a statistically significant reduction in Mean HU
values may be attributed to software-based seg-
mentation limitations rather than an absence of
muscle quality deterioration. By integrating CBCT-
based muscle assessments into clinical practice,
radiation oncologists can implement targeted
interventions to preserve muscle mass, enhance
treatment tolerance, and improve patient out-
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comes. As a hypothesis-generating, single-center
study with a small cohort, these findings warrant
validation in larger, multi-center cohorts with har-
monized CBCT calibration and advanced segmen-
tation approaches.
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