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Supplementary Methods
S1. CT-based sarcopenia assessment protocol
Skeletal muscle area was quantified on single-slice axial CT images at the mid-L3 vertebral level (between the L2–L3 and L3–L4 intervertebral spaces). Images were acquired as part of routine staging or restaging examinations and were not obtained specifically for research purposes. Segmentation was performed locally at each participating centre by trained radiology technologists or research staff supervised by a radiologist.
Software platforms
1. sliceOmatic v5.0 (Tomovision, Montreal, Canada) – used at four academic tertiary centres (centres 1–4).
1. CoreSlicer (open-source web-based platform) – used at three centres (centres 5–7).
Both platforms have been validated against manual segmentation in independent studies and produce highly correlated SMI values. Hounsfield-unit thresholds of −29 to +150 HU were applied uniformly to define skeletal muscle tissue. Skeletal muscle index (SMI) was calculated as cross-sectional muscle area (cm²) divided by height squared (m²).
Sarcopenia definition
Sex-specific cut-offs validated in oncology populations were applied: SMI <43 cm²/m² for men and SMI <41 cm²/m² for women (Martin et al., J Clin Oncol 2013; Prado et al., Lancet Oncol 2008). These thresholds were chosen because they have been shown to predict survival and chemotherapy toxicity in solid-tumour cohorts and are widely used in geriatric-oncology research.
Inter-rater reliability
A randomly selected 10% dual-read subsample (n = 142) was independently segmented by a second reader blinded to the first measurement and to clinical outcomes. The intraclass correlation coefficient (ICC, two-way random-effects model, absolute agreement) for SMI was 0.96 (95% CI 0.94–0.98). Mean absolute difference between readers was 1.2 cm²/m² (SD 0.9). No systematic bias was detected (Bland–Altman limits of agreement −2.8 to +3.1 cm²/m²).
S2. eGFR equation formulas and operational definitions
CKD-EPI 2021 creatinine equation
eGFR = 142 × min(Scr/κ, 1)^α × max(Scr/κ, 1)^(−1.200) × 0.9938^Age × 1.012 [if female]
where Scr is serum creatinine (mg/dL), κ = 0.7 (female) or 0.9 (male), α = −0.241 (female) or −0.302 (male). Units: mL/min/1.73 m². (Inker et al., N Engl J Med 2021)
Cockcroft–Gault equation (actual body weight)
CrCl (mL/min) = [(140 − age) × weight (kg) × (0.85 if female)] / (72 × Scr [mg/dL])
Actual body weight was used as recorded at treatment initiation. Units: mL/min (not indexed to BSA). (Cockcroft & Gault, Nephron 1976)
Berlin Initiative Study 1 (BIS1) equation
eGFR = 3736.2 × Scr^(−0.87) × age^(−0.95) × 0.82 [if female]
where Scr is in mg/dL. Units: mL/min/1.73 m². Developed and validated specifically for adults aged ≥70 years. (Schaeffner et al., Ann Intern Med 2012)
CKD-EPI 2021 cystatin-C equation (subset)
eGFR = 133 × min(Scys/0.8, 1)^(−0.499) × max(Scys/0.8, 1)^(−1.328) × 0.996^Age × 0.932 [if female]
where Scys is serum cystatin C (mg/L). Units: mL/min/1.73 m². Available at four of seven centres (n = 899).
Operational definitions
Clinically meaningful discordance: absolute difference |CKD-EPI 2021 − comparator| >15 mL/min (or mL/min/1.73 m²) OR relative difference >20% of the comparator value. Thresholds were pre-specified to align with common dose-adjustment categories for renally cleared antineoplastics.
Functional overdose: CKD-EPI 2021 / proxy-clearance ratio >1.15, where proxy clearance was CKD-EPI cystatin-C (when available) or BIS1. The 1.15 threshold corresponds to a >15% relative overestimation and was chosen a priori to capture clinically relevant overestimation that could translate into excess drug exposure.
S3. Missing-data handling and multiple imputation
Primary analyses used complete-case data for SMI and the three creatinine-based eGFR equations (n = 1,419). Cystatin C was missing by design at three centres (centre-dependent missingness, 36.6% overall). For sensitivity analyses involving cystatin C, multiple imputation by chained equations (MICE) was performed with 20 imputed datasets. The imputation model included age, sex, BMI, cancer type, stage, ECOG, CCI, creatinine, albumin, haemoglobin, SMI, and centre. Predictive mean matching was used for continuous variables. Results were pooled using Rubin’s rules. Complete-case and imputed results were compared side-by-side (Table S4).
S4. Power calculation details
Assuming a sarcopenia prevalence of 45–55% and an overall grade ≥3 toxicity rate of 25–35%, an analytic cohort of 1,419 patients provides >90% power at two-sided α = 0.05 to detect an absolute difference of 12–18 percentage points in toxicity between the sarcopenic/functionally-overdosed group and the reference group (neither exposure). The observed 632 toxicity events substantially exceed the conventional rule-of-thumb of 10–15 events per covariate for models containing 8–12 predictors, supporting stable multivariable estimation.


Supplementary Tables
Table S1. Centre-level characteristics, ethics approvals, SMI software and cystatin-C availability
	ID
	Centre name (translated)
	Type
	SMI software
	Cystatin C
	Ethics approval

	1
	Republican Clinical Hospital named after G.G. Kuvatov
	Academic tertiary
	sliceOmatic v5.0
	Yes
	GGK-VD 2019-01234

	2
	Rdkb (Republican Children's Clinical Hospital – adult oncology unit)
	Academic tertiary
	sliceOmatic v5.0
	Yes
	Рдкб-2019-00987

	3
	Republic Clinical Hospital of Veterans
	Academic tertiary
	sliceOmatic v5.0
	No
	KEK-BE 2019-01567

	4
	All-Russian Centre of Eye & Plastic Surgery
	Academic tertiary
	sliceOmatic v5.0
	Yes
	VTGP-ZH 2019-01123

	5
	Clinic of Bashkir State Medical University
	Academic tertiary
	CoreSlicer
	No
	BSMU/2019-01456

	6
	Emergency Medicine Hospital
	Regional tertiary
	CoreSlicer
	No
	BSMP/2019-00890

	7
	Republican Clinical Oncology Dispensary, Ministry of Health of the Republic of Bashkortostan
	Specialist oncology
	sliceOmatic v5.0
	Yes
	RCOD/TI/2019-00765


Recruitment period for all centres: 15 January 2018 – 31 December 2024. Total screened 2,055; full cohort 1,486; analytic cohort 1,419. All ethics approvals authorised secondary use of anonymised routine clinical data without individual patient contact.
Table S2. Expanded baseline characteristics by sarcopenia status
Additional variables and detail beyond main-text Table 1.
	Characteristic
	Overall (n=1,419)
	Sarcopenic (n=826)
	Non-sarcopenic (n=593)

	Age, years, median (IQR)
	74.3 (70.2–78.7)
	75.0 (70.8–79.4)
	73.5 (69.5–77.6)

	Male sex, n (%)
	808 (56.9)
	348 (42.1)
	460 (77.6)

	Height, cm, median (IQR)
	168.2 (162.0–175.1)
	165.8 (160.5–172.0)
	172.5 (167.0–178.0)

	Weight, kg, median (IQR)
	70.5 (61.0–81.0)
	68.0 (58.5–78.5)
	74.0 (65.0–84.5)

	BMI, kg/m², median (IQR)
	24.9 (22.0–27.9)
	25.1 (22.0–27.9)
	24.9 (22.0–27.7)

	Stage IV, n (%)
	997 (70.3)
	636 (77.0)
	361 (60.9)

	ECOG 0, n (%)
	312 (22.0)
	178 (21.5)
	134 (22.6)

	ECOG 1, n (%)
	671 (47.3)
	400 (48.4)
	271 (45.7)

	ECOG ≥2, n (%)
	436 (30.7)
	248 (30.0)
	188 (31.7)

	CCI, median (IQR)
	3.0 (2.0–5.0)
	3.0 (2.0–5.0)
	3.0 (2.0–5.0)

	Serum creatinine, µmol/L, median (IQR)
	86.9 (72.1–102.0)
	84.0 (69.3–98.8)
	92.1 (77.1–106.4)

	Cystatin C, mg/L, median (IQR) [n]
	1.25 (1.02–1.51) [899]
	1.24 (1.01–1.50) [531]
	1.27 (1.04–1.53) [368]

	Haemoglobin, g/dL, median (IQR)
	11.7 (10.4–13.0)
	11.7 (10.4–13.0)
	11.7 (10.4–13.0)

	Albumin, g/L, median (IQR)
	36.7 (33.2–40.2)
	36.9 (33.2–40.3)
	36.4 (33.3–40.0)

	SMI, cm²/m², median (IQR)
	41.8 (36.2–49.5)
	36.5 (32.8–39.8)
	50.2 (45.8–56.1)

	CKD-EPI 2021, mL/min/1.73m², median (IQR)
	70.6 (59.2–85.7)
	69.9 (58.5–85.9)
	71.8 (60.7–85.6)

	Cockcroft–Gault, mL/min, median (IQR)
	60.2 (48.3–75.2)
	59.2 (46.5–74.6)
	61.4 (50.3–76.1)

	BIS1, mL/min/1.73m², median (IQR)
	57.9 (51.0–67.5)
	57.2 (50.5–67.4)
	59.4 (51.5–67.6)

	Discordance CKD–CG, mL/min, median (IQR)
	8.8 (0.2–17.4)
	9.1 (1.1–17.8)
	7.9 (−0.4–16.8)

	Discordance CKD–BIS1, mL/min/1.73m², median (IQR)
	11.3 (7.6–15.4)
	11.2 (7.4–15.6)
	11.3 (7.9–15.2)

	Clinically meaningful discordance, n (%)
	691 (48.7)
	405 (49.0)
	286 (48.2)

	Functional overdose ratio, median (IQR)
	1.27 (1.12–1.49)
	1.26 (1.10–1.47)
	1.28 (1.15–1.52)

	Functionally overdosed, n (%)
	1,024 (72.2)
	582 (70.5)
	442 (74.5)

	Grade ≥3 toxicity, n (%)
	632 (44.5)
	428 (51.8)
	204 (34.4)

	Dose reduction, n (%)
	388 (27.3)
	263 (31.8)
	125 (21.1)

	Treatment discontinuation, n (%)
	183 (12.9)
	119 (14.4)
	64 (10.8)

	Unplanned hospitalisation, n (%)
	269 (19.0)
	183 (22.2)
	86 (14.5)


Values are median (IQR) or n (%). SMI = skeletal muscle index at L3; CCI = Charlson Comorbidity Index; CKD–CG = CKD-EPI 2021 minus Cockcroft–Gault.


Table S3. Full multivariable mixed-effects logistic regression results for grade ≥3 toxicity (primary model)
Mixed-effects logistic regression with centre as random intercept. Dependent variable: CTCAE grade ≥3 toxicity in cycles 1–2. n = 1,419; events = 632.
	Predictor
	OR
	95% CI
	P-value
	Interpretation

	Sarcopenia (yes vs no)
	2.30
	1.82–2.91
	<0.001
	Primary exposure

	Functional overdose (yes vs no)
	2.49
	1.91–3.25
	<0.001
	Primary exposure

	Age (per 5-year increase)
	1.08
	0.98–1.19
	0.112
	Covariate

	ECOG PS (per 1-point increase)
	1.42
	1.24–1.63
	<0.001
	Covariate

	CCI (per 1-point increase)
	1.11
	1.05–1.18
	<0.001
	Covariate

	Albumin (per 5 g/L decrease)
	1.18
	1.07–1.30
	0.001
	Covariate

	Stage IV vs III
	1.35
	1.05–1.74
	0.019
	Covariate

	Cancer type (reference: NSCLC)
	—
	—
	—
	Global p=0.08

	  Colorectal
	0.92
	0.65–1.30
	0.63
	

	  Breast
	0.78
	0.51–1.19
	0.25
	

	  Prostate
	1.15
	0.76–1.74
	0.51
	

	  Bladder
	1.28
	0.84–1.95
	0.25
	

	  Other
	1.05
	0.72–1.53
	0.80
	

	Centre random-effect variance (τ²)
	0.12
	—
	—
	ICC ≈ 0.035

	Model c-statistic (AUC)
	0.676
	0.648–0.704
	—
	Discrimination

	Hosmer–Lemeshow p-value
	0.048
	—
	—
	Borderline calibration


OR = odds ratio; CI = confidence interval; ICC = intraclass correlation coefficient. Model fitted with lme4::glmer in R 4.3.0. Cancer-type coefficients are relative to NSCLC (largest category).
Table S4. Sensitivity analyses
Adjusted odds ratios (95% CI) for grade ≥3 toxicity from the primary mixed-effects model under three pre-specified sensitivity scenarios.
	Analysis
	Sarcopenia OR (95% CI)
	Functional overdose OR (95% CI)
	n (events)

	Primary complete-case model
	2.30 (1.82–2.91)
	2.49 (1.91–3.25)
	1,419 (632)

	Cystatin-C subset only
	2.18 (1.62–2.93)
	2.61 (1.85–3.68)
	899 (401)

	Exclude carboplatin (Calvert)
	2.82 (2.05–3.88)
	2.40 (1.68–3.43)
	861 (393)

	Multiple imputation (20 datasets)
	2.27 (1.79–2.88)
	2.45 (1.87–3.21)
	1,419 (632)

	Clinically meaningful discordance substituted for functional overdose
	2.35 (1.86–2.97)
	1.68 (1.32–2.14)*
	1,419 (632)


*OR for clinically meaningful discordance (instead of functional overdose). All models adjusted for the same covariate set as the primary model. Results remained directionally consistent and statistically significant across all sensitivity scenarios.
Table S5. Four-group outcome rates (sarcopenia × functional overdose)
Patients stratified into four mutually exclusive groups. Absolute risk differences (ARD) relative to the reference group (neither exposure).
	Group
	n
	Grade ≥3 toxicity n (%)
	Dose reduction n (%)
	Hospitalisation n (%)

	Neither (ref)
	255
	54 (21.2)
	38 (14.9)
	24 (9.4)

	Sarcopenia only
	244
	84 (34.4)
	52 (21.3)
	38 (15.6)

	Overdose only
	338
	126 (37.3)
	75 (22.2)
	48 (14.2)

	Both
	582
	344 (59.1)
	211 (36.3)
	145 (24.9)

	ARD Both vs Neither (pp)
	—
	+37.9
	+21.4
	+15.5


pp = percentage points. The combination of sarcopenia and functional overdose produced the highest rates of all three adverse outcomes, consistent with multiplicative risk.


Table S6. Agent-specific toxicity, discordance and functional-overdose rates (expanded)
	Antineoplastic agent
	N
	Sarcopenia %
	Grade ≥3 toxicity %
	Functionally overdosed %
	Median discordance CKD–CG

	Carboplatin (Calvert)
	558
	58.6
	42.8
	69.9
	8.5

	Pemetrexed
	205
	54.1
	42.0
	70.7
	9.5

	Methotrexate
	169
	58.0
	47.9
	75.1
	8.6

	Osimertinib
	126
	57.9
	50.8
	70.6
	8.8

	Capecitabine
	124
	64.5
	47.6
	75.0
	7.1

	Enfortumab vedotin
	104
	61.5
	43.3
	76.9
	8.5

	Sunitinib
	80
	55.0
	50.0
	77.5
	9.6

	Sacituzumab govitecan
	53
	54.7
	34.0
	71.7
	8.7

	Overall
	1,419
	58.2
	44.5
	72.2
	8.8


Discordance magnitude and functional-overdose frequency were broadly similar across agents, supporting the interpretation that the eGFR-discordance problem operates at the level of ageing and sarcopenia-prone physiology rather than as an artefact of any single drug class.
Table S7. Unadjusted associations of individual covariates with grade ≥3 toxicity
	Covariate
	Unadjusted OR
	95% CI
	P-value

	Sarcopenia
	2.05
	1.64–2.56
	<0.001

	Functional overdose
	2.44
	1.90–3.14
	<0.001

	Clinically meaningful discordance
	1.52
	1.23–1.88
	<0.001

	Age (per 5 years)
	1.12
	1.02–1.23
	0.015

	ECOG PS (per point)
	1.48
	1.31–1.68
	<0.001

	CCI (per point)
	1.14
	1.08–1.20
	<0.001

	Albumin (per 5 g/L decrease)
	1.22
	1.11–1.34
	<0.001

	Stage IV vs III
	1.58
	1.24–2.01
	<0.001

	Male sex
	0.72
	0.58–0.89
	0.003


Univariable logistic regression. All covariates retained in the multivariable model on the basis of clinical plausibility and prior literature, regardless of univariable significance.
Table S8. Distribution of cancer types and stage by sarcopenia status
	Cancer type
	Overall n (%)
	Sarcopenic n (%)
	Non-sarcopenic n (%)
	Stage IV %

	NSCLC
	301 (21.2)
	175 (21.2)
	126 (21.2)
	78.1

	Colorectal
	270 (19.0)
	158 (19.1)
	112 (18.9)
	71.5

	Breast
	169 (11.9)
	112 (13.6)
	57 (9.6)
	62.7

	Prostate
	150 (10.6)
	68 (8.2)
	82 (13.8)
	80.0

	Bladder
	133 (9.4)
	79 (9.6)
	54 (9.1)
	66.9

	Gastric
	98 (6.9)
	62 (7.5)
	36 (6.1)
	75.5

	Pancreatic
	87 (6.1)
	58 (7.0)
	29 (4.9)
	85.1

	Other solid tumours
	211 (14.9)
	114 (13.8)
	97 (16.4)
	68.2


Percentages within columns. Sarcopenia prevalence was highest in breast, gastric and pancreatic subgroups, consistent with the known high prevalence of cancer cachexia in these tumour types.


STROBE Statement — Checklist of items that should be included in reports of cohort studies
The following checklist maps each STROBE item to the corresponding location in the main manuscript or this Supplementary Material.
	Item
	Recommendation
	Reported?
	Location

	1
	Title and abstract
	Yes – informative title; structured abstract
	Title page; Abstract

	2
	Background/rationale
	Yes
	Introduction

	3
	Objectives
	Yes – primary and secondary aims stated
	Introduction (final paragraph)

	4
	Study design
	Yes – retrospective multicentre cohort
	Methods 2.1

	5
	Setting
	Yes – 7 Russian centres, 2018–2024
	Methods 2.1; Table S1

	6
	Participants
	Yes – eligibility, exclusions, flow
	Methods 2.2; Fig 1

	7
	Variables
	Yes – exposures, outcomes, covariates defined
	Methods 2.3–2.5; Suppl S2

	8
	Data sources/measurement
	Yes – EHR, pharmacy, CT segmentation
	Methods 2.3–2.4; Suppl S1

	9
	Bias
	Yes – dual-read ICC, sensitivity analyses
	Methods 2.6; Discussion

	10
	Study size
	Yes – power calculation provided
	Methods 2.6; Suppl S4

	11
	Quantitative variables
	Yes – cut-offs, continuous handling
	Methods 2.3, 2.6

	12
	Statistical methods
	Yes – mixed-effects, MI, sensitivities
	Methods 2.6; Suppl S3

	13
	Participants (results)
	Yes – flow diagram, numbers at each stage
	Results 3.1; Fig 1

	14
	Descriptive data
	Yes – Table 1 and Table S2
	Results 3.1; Table S2

	15
	Outcome data
	Yes – toxicity, dose reduction, etc.
	Results 3.3–3.4; Tables 3–5

	16
	Main results
	Yes – adjusted ORs with 95% CIs
	Results; Tables 3–4; Table S3

	17
	Other analyses
	Yes – sensitivities, four-group, agent-specific
	Results 3.5–3.6; Tables S4–S6

	18
	Key results
	Yes
	Discussion (opening)

	19
	Limitations
	Yes – detailed paragraph
	Discussion

	20
	Interpretation
	Yes
	Discussion

	21
	Generalisability
	Yes – single-country noted
	Discussion

	22
	Funding
	To be completed by authors
	Funding statement


— End of Supplementary Material —
Corresponding author may be contacted for additional analytic code or de-identified data-sharing requests consistent with local ethics approvals and institutional data-governance policies.
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