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Abstract

Background: Despite evidence that low muscle increases the risk of chemotoxicity, most
chemotherapies are dosed on body surface area without considering body composition. Among
178 patients with colon cancer, we assessed muscle and adipose tissue with multiple techniques
and examined their associations with relative dose intensity (RDI) and adverse events.
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Methods: We estimated 1) cross-sectional skeletal muscle area (SMA) and total adipose tissue
(TAT) area at L3 from computed tomography (CT); 2) appendicular lean mass (ALM) and

total body fat (TBF) mass from dual-energy X-ray absorptiometry (DXA); and 3) total body
skeletal muscle mass using D3-creatine (D3Cr) dilution. We standardized each measurement by
its sex-specific standard deviation (SD). The primary outcome was reduced RDI (RDI <85%).
The secondary outcome was the number of moderate and severe adverse events during each cycle
of chemotherapy. We estimated the associations of muscle and adipose tissue measurements (per
SD increase) with reduced RDI using logistic regression and adverse events using generalized
estimating equations for repeated measures.

Results: Higher CT SMA and DXA ALM were significantly associated with lower risk of
reduced RDI (odds ratios: 0.56 [0.38, 0.81] for CT SMA,; 0.56 [0.37, 0.84] for DXA ALM). No
measurements of muscle or adipose tissue were associated with adverse events.

Conclusions: More muscle was associated with improved chemotherapy completion among
patients with colon cancer, whereas muscle and adipose tissue were not associated with adverse
events.

Impact: Considering body composition may help personalize dosing for colon cancer
chemotherapy by identifying patients at risk for poor chemotherapy outcomes.

Keywords

Colon Cancer; Body Composition; Computed Tomography; Dual-Energy X-Ray; D3-creatine;
Chemotherapy

INTRODUCTION

Adjuvant chemotherapy is the standard of care for patients with stage 111 colon cancer and
recommended for patients with stage Il colon cancer at high risk of recurrence (1,2). Several
chemotherapeutic agents such as 5-fluorouracil, capecitabine, leucovorin, and oxaliplatin
and their combinations are commonly used to treat colon cancer (1,2). For each patient, the
doses of chemotherapeutic agents are calculated according to body surface area, which is
derived from height and weight (3). However, this strategy does not consider muscle and
adipose tissue, which can alter the pharmacokinetics of these agents, affect their volume

of distribution and effectiveness, and increase the likelihood of adverse events (4,5). In

light of this, the American Society for Clinical Oncology (ASCO) has recently updated the
guideline on “Appropriate Systemic Therapy Dosing for Obese Adult Patients With Cancer’
and called for additional research on the impact of sarcopenia and other measurements of
body composition on optimal antineoplastic dosing (6).

Due to advances in imaging and biochemical technologies, there are multiple, validated
techniques for assessing muscle and adipose tissue. Computed tomography (CT) imaging
performed for colon cancer staging and surveillance is a reliable tool: cross-sectional
skeletal muscle area (SMA) and total adipose tissue (TAT) area at the third lumbar vertebra
(L3) correlate well with the whole-body volumes of muscle and adipose tissue on magnetic
resonance imaging (MRI), respectively (7). Dual-Energy X-Ray Absorptiometry (DXA)

is another accurate method to quantify lean body mass (LBM) and total body fat (TBF)
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mass (8). Since DXA LBM includes muscle, organs, and other tissues, appendicular lean
mass (ALM; a surrogate of limb muscles) is commonly used given its high correlation
with the whole-body volume of muscle (9). In addition, there is a growing interest in
applying the deuterated-creatine (D3-creatine) dilution method to cancer patients, which
can provide an accurate estimate of total body skeletal muscle mass via measuring the
whole-body creatine pool size (10). D3-creatine (D3Cr) muscle mass also strongly correlates
with the whole-body volume of muscle, but the results from this technique have not

been previously reported in any cancer population. Since these techniques reflect different
constructs of muscle and adipose tissue, a study in colon cancer patients undertaking

all three techniques can additionally inform the impact of different body composition
measurements on chemotherapy outcomes.

Relative dose intensity (RDI), the ratio of the delivered dose intensity to planned dose
intensity, is a summary measure that reflects dose delay, reduction, and discontinuation of
chemotherapy treatment (11). RDI <85% is considered as a clinically significant deviation
from standard chemotherapy (12), and the decrease of RDI was reported to be associated
with early recurrence and mortality survival among patients with colorectal cancer (CRC)
(13,14). An important reason for reduced RDI is the occurrence of adverse events during
each cycle of chemotherapy, which is very common in chemotherapy treatment (15). As
patients with higher RDI receive more chemotherapy dose, we hypothesize that patients with
better chemotherapy completion may experience similar or even more adverse events (1,2).
In sum, considering RDI and adverse events is important to inform the associations of body
composition and chemotherapy effectiveness.

Among patients with nonmetastatic colon cancer enrolled in a resistance training trial, we
assessed their muscle (CT SMA, DXA ALM, and D3Cr muscle mass) and adipose tissue
(CT TAT and DXA TBF) at enrollment (prior to or shortly after chemotherapy initiation).
We examined the associations of body composition measurements with reduced RDI and
the number of moderate and severe adverse events. To our knowledge, this is the first study
to use multiple techniques (particularly D3-creatine for total body skeletal muscle mass) to
assess body composition in relation to RDI and adverse events among a cancer population.

MATERIALS AND METHODS

Data Source and Study Population

FOcus on Reducing dose-limiting toxicities in Colon cancer with resistance Exercise
(FORCE) was an NClI-sponsored multicenter clinical trial conducted in 181 patients

with stage 11 or 111 colon cancer after curative resection (ClinicalTrials.gov Identifier:
NCT03291951) (16). Patients were randomized to the intervention group (resistance
training) or the control group (usual care) to examine the differences between RDI

and number of moderate and severe adverse events during chemotherapy. As previously
described (16), the intervention consisted of home-based prescribed resistance exercise
under the supervision of nationally certified exercise professionals. Patients were eligible to
enroll before the initiation of their third chemotherapy cycle. For this study, we combined
all patients together as one cohort and adjusted for randomization arm in the analysis.
Institutional review board approval was obtained from all participating institutions (Kaiser

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 April 02.


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT03291951

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cheng et al.

Muscle

Page 4

Permanente Northern California, Dana-Farber Cancer Institute, and Penn State Cancer
Institute), and all participants provided written, informed consent.

Computed tomography (CT) scans performed for colon cancer diagnosis were extracted
from clinical imaging archives. Dual-energy X-ray absorptiometry (DXA) was conducted at
the enrollment visit for body composition assessment. D3-creatine dilution was assessed as
part of an ancillary study requiring additional consent, and an oral dose of D3-creatine was
provided at the enrollment visit for patients who agreed to participate. Patients with at least
one available body composition technique were combined as the final population (N = 178;
Figure 1). Although not every patient undertook all three techniques, patients in each CT (N
=170), DXA (N = 162), and D3Cr (N=118) group were comparable to the final population
(N = 178; Supplementary Table 1).

To assess CT SMA at L3, a single research assistant segmented muscle from other tissues
using anatomic knowledge and the muscle-specific Hounsfield unit range (-29 HU, 150
HU) on SliceOmatic Software (TomoVision Inc., Magog, Canada) (17). Our prior studies
suggested high reliability for CT SMA assessment (coefficient of variation [CV]: 1.2%)
(17). CT scans were performed at a median of 8.9 (interquartile: [6.4, 11.4]) weeks before
study enrollment.

To assess DXA ALM, certified operators performed the scans using well-calibrated DXA
machines in the total body scanning mode. We derived DXA ALM by subtracting adipose
tissue mass and bone mass from the total mass of arms and legs. DXA assessment was
performed at a median of 1 (interquartile: [0, 7]) day after study enrollment.

To assess D3Cr muscle mass, we provided each patient with a single, oral dose of 60mg
D3-creatine at the FORCE enrollment visit. Between 3 and 6 days following the oral dose,
patients collected their second voids of morning urine after an overnight fast and kept
samples frozen until overnight shipment to a central laboratory facility (storage temperature:
-20 °C). Samples were then delivered to University of California, Berkeley (Berkeley,

CA) to analyze D3-creatinine enrichment. D3Cr muscle mass was calculated using the
algorithm of D3Cr spillage correction as previously described (10,18). Prior studies suggest
high reliability (CV: <10%) and robustness of D3Cr assessment to the variation of renal
function and hydration status (10,18). D3-creatine assessment was performed at a median of
4 (interquartile: [0, 4]) days after study enrollment.

Adipose Tissue

From the CT scans, the same research staff member also segmented TAT (a sum of visceral,
subcutaneous, and intermuscular adipose tissue at L3) using anatomic knowledge and
adipose-tissue-specific Hounsfield unit ranges (17). From the DXA scans, certified operators
also recorded DXA TBF from DXA machines (16). Prior studies suggested high reliability
for CT and DXA in adipose tissue assessment (17,19).
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Outcomes

The primary outcome was reduced RDI (RDI <85%) of the regimen, which was defined as
the average RDI of chemotherapeutic agents (5-fluorouracil, capecitabine, and oxaliplatin).
The RDI of each agent was calculated using the Weycker method (11):

delivered dose intensity

RDI= planned dose intensity

_ (delivered total dose in mg/mz)/(actual time to complete chemotherapy)

(planned total dose in mg/mz)/(planned time to complete chemotherapy)

Given that DXA and D3-creatine dilution were assessed at enrollment, which was shortly
before randomization (resistance training vs. usual care) but could occur after chemotherapy
initiation (16), the starting time point of RDI calculation was selected from the first
chemotherapy cycle after the intervention randomization.

The secondary outcome was the number of moderate and severe adverse events that

patients reported during each cycle of chemotherapy. To collect the information of adverse
events, we would email or mail a questionnaire for every time when a chemotherapy
appointment was scheduled. The questionnaire was modified based on Patient-Reported
Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE)
(15) and included nine common adverse events induced by colon cancer chemotherapy:
nausea, vomiting, diarrhea, shortness of breath, hand-foot syndrome, numbness or tingling
of hands or feet, pain, muscle aches, and fatigue (16). The collection of patient-reported
toxicities (PRO-CTCAE), rather than physician-reported toxicities (CTCAE), was due to the
primary goal of FORCE: this trial was focused on reducing patient-reported symptomatic
toxicities through resistance training. Moderate and severe adverse events were defined as
PRO-CTCAE grade =2 and summed at each cycle of chemotherapy. The median number

of self-reported questionnaires that patients completed over the course of the study was 7
(range: 1-14).

Patient Characteristics

We collected patient characteristics through electronic medical records and physical exams
at the FORCE enrollment visit: age (years), sex (men, women), race and ethnicity (Asian,
Black, Hispanic, non-Hispanic White, and Others), stage (11, 111), body mass index (BMI;
derived from weight/height?]), BSA (m?), 5-fluorouracil per BSA (mg/m?), capecitabine per
BSA (mg/m?2), and oxaliplatin per BSA (mg/m?).

Statistical Analysis

We compared patients’ characteristics by RDI status using the t-test for continuous variables
and the X2 test for categorical variables. We standardized each measurement of body
composition by its sex-specific standard deviation (SD) (Supplementary Table 2). We
estimated the associations of each body composition measurement (per SD increase)

with reduced RDI using logistic regression, and the relative changes (%) in the number
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of moderate and severe adverse events using negative binomial generalized estimating
equations (GEE) for repeated measures at each cycle of chemotherapy. The outcome of
clinically reduced RDI was dichotomized as <85% (outcome event = 1) vs. =85% (outcome
event = 0). The relative change (%) was defined as the absolute difference of the number

of adverse events divided by the previous number of adverse events, when the body
composition measurement increased by 1 SD (20). Both models were adjusted for age,

sex, height, regimen, and randomization arm; and GEE models were additionally adjusted
for treatment duration (weeks).

For sensitivity analysis, first, we examined if the findings remained similar after applying
common methods of scaling body composition measurements to body size (21,22). Rather
than using absolute quantity, we scaled these body composition measurements: CT SMA,
DXA ALM, CT TAT, and DXA TBF were divided by height squared (m?) (21), whereas
D3Cr muscle mass was divided body weight (kg) (22). Second, beyond the regimen, we
estimated the associations of body composition with reduced RDI separately for each agent
(e.g., 5-fluorouracil vs. capecitabine vs. oxaliplatin). Third, rather than counting from the
first cycle after randomization, we calculated an alternative RDI by counting from the first
cycle when patients started chemotherapy (rather than from randomization as in our main
analyses) and estimated its associations with body composition accordingly.

A prioriwe examined the associations of each body composition measurement with RDI
and adverse events separately by sex, given that men and women differ in quantity and
distribution of muscle mass and adipose tissue. For stratification analysis, we included
the interaction term between sex and each body composition measurement into its
corresponding fully adjusted model.

We conducted analyses using SAS statistical software, version 9.4 (SAS Institute, Inc)

and R, version 4.2.0 (R Foundation for Statistical Computing). Statistical significance was
defined as £ <0.05 or 95% confidence interval (CI) excluding 1.0 (for odds ratios [OR]) or 0
(for relative changes [%]).

Data Availability Statement

Data described in the manuscript, code book, and analytic code will be made available upon
reasonable request.

RESULTS

Of 178 patients, the mean (standard deviation [SD]) age was 55.2 (12.8) years, 94 (52.8%)
were men, 116 (65.2%) were non-Hispanic White, and 155 (87.1%) were stage 111 (Table 1).
Eighty-seven (48.9%) experienced reduced RDI (RDI <85%). Of 165 patients self-reporting
nine adverse events, 148 (89.7%) reported at least one moderate and severe adverse events
during chemotherapy. The mean (SD) number of adverse events were 1.1 (1.5) for the first
cycle and 2.1 (2.3) for the last cycle. Compared to patients with RDI =85%, patients with
reduced RDI were more likely to be women and had lower BMI, BSA, oxaliplatin per BSA,
CT SMA, and DXA ALM (Table 1).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 April 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cheng et al. Page 7

RDI and Adverse Events

One SD increase in CT SMA and DXA ALM were significantly associated with lower risk
of reduced RDI (OR: 0.56 [0.38, 0.81] for CT SMA and 0.56 [0.37, 0.84] for DXA ALM).
An inverse (non-significant) association was also observed per SD increase in D3Cr muscle
mass (OR: 0.80 [0.49, 1.30]), CT TAT (OR: 0.87 [0.63, 1.22]), and DXA TBF (OR: 0.75
[0.52, 1.07]), but confidence intervals were wide (Table 2 and Figure 2).

More muscle or adipose tissue was not significantly associated with the number of moderate
and severe adverse events (Table 3 and Figure 3): relative changes in the number of adverse
events were 9.7% (—8.2%, 31.1%) for CT SMA, 9.0% (=7.0%, 27.8%) for DXA ALM,
-1.5% (—18.5%, 19.1%) for D3Cr muscle mass, 16.0% (—0.4%, 35.0%) for CT TAT, and
15.1% (-1.4%, 34.3%) for DXA TBF.

Unadjusted associations for RDI and adverse events were also included in the Tables 2 and 3
and generally aligned with the adjusted findings (Figures 2 and 3).

Sensitivity Analysis
Overall, the associations of body composition with RDI and adverse events remained
similar (Supplementary Tables 3-5). For chemotherapy agents (Supplementary Table 4),
associations were similar in magnitude and direction but may differ in statistical significance
for capecitabine vs. 5-fluorouracil and oxaliplatin. For example, the associations of CT
SMA with reduced RDI were not significant for capecitabine (OR: 0.64 [0.36, 1.12]), but
significant for 5-fluorouracil (OR: 0.46 [0.27, 0.78]) and oxaliplatin (OR: 0.62 [0.43, 0.89]).
This was very likely due to the differences of sample size for capecitabine (N = 74) vs.
5-fluorouracil (N = 96) and oxaliplatin (N = 155).

Stratification Analysis

Overall, the associations of body composition with RDI and adverse events did not differ

by sex (Supplementary Table 6). For adverse events, we observed 1) only one significant
interaction with sex (Pyyzeraction = 0.03 for DXA ALM), which could be a chance finding;
and 2) the directions of associations of muscle measurements were generally positive for
men vs. negative for women. While the results of this secondary outcome and stratified
analysis should be interpreted cautiously, this difference may be due to the larger body
surface area and absolute and proportional quantities of muscle in men vs. women. This
could have led to greater total chemotherapy dose in men and therefore a positive association
with the number of adverse events.

DISCUSSION

To our knowledge, this is the first study to use multiple techniques to assess body
composition in relation to RDI and adverse events in a cancer population. We found

that higher CT SMA and DXA ALM were significantly associated with lower risk of
reduced RDI (RDI <85%). However, no measurements of muscle or adipose tissue were
significantly associated with the number of moderate and severe adverse events. Overall,
these associations did not differ by sex.
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Reduced RDI is a summary measure of dose delay, reduction, and discontinuation to signal
the chemotherapy completion (11). Prior studies in CRC have investigated the associations
of body composition with dose delay, reduction, and discontinuation (23-30), but few
studies reported the associations of body composition with RDI among patients with
colorectal or other gastrointestinal cancers. If reported, CT scans were most frequently
used since they were available opportunistically as part of clinical care. Using 533 patients
with colon cancer at stage 11/111 undertaking FOLFOX (a combination of leucovorin, 5-
fluorouracil, and oxaliplatin), we previously reported that higher CT SMA was associated,
but not significantly, with lower risk of reduced RDI (OR: 0.46 [0.21, 1.02]) (23). The
findings remained similar for stratified chemotherapy agents: the ORs were 0.45 (0.20, 1.01)
for 5-fluorouracil and 0.82 (0.40, 1.69) for oxaliplatin (23). Another study included 188
patients with gastric cancer at stage 11/111 undertaking fluoropyrimidine-based chemotherapy
and found that patients with higher psoas muscle index (3.2 cm2/m?) had higher RDI

than those with lower psoas muscle index (<3.2 cm?/m?): 72.0% vs. 51.6% (P= 0.02).
However, this analysis was unadjusted for potential confounders such as age (31). No
studies reported the association of adipose tissue with RDI among patients with CRC. One
study investigated BMI, a surrogate of total body adiposity and found that average RDI of
FOLFOX did not differ by BMI groups (32). Overall, our findings were consistent with

the small number of previous studies addressing this topic: more muscle is associated with
improved chemotherapy completion. The insignificant association between D3Cr muscle
mass and reduced RDI (OR: 0.80 [0.49, 1.30]) was likely due to the smaller sample size

of the D3Cr group (N = 119) compared to the groups of CT (n = 170) and DXA (N =

162). Such findings also aligned with our observation that women were more likely to have
reduced RDI (Table 1), since women typically have less muscle than men (33). Thus, in
this analysis, we considered sex differences in body composition and standardized body
composition measurements by their sex-specific standard deviations. In addition to muscle
assessment, our study is the first to directly assess adipose tissue and report that higher

CT TAT and DXA TBF were not associated with reduced RDI: these findings added to the
previous literature using BMI only.

Regarding body composition and adverse events in CRC, there were seven studies looking
into CT SMA (26,27,29,30,34-36) and one study looking into CT TAT (30). To our
knowledge, no prior study reported the associations of DXA ALM, D3Cr muscle mass, or
DXA TBF with adverse events. Instead of using the number of moderate and severe events,
prior studies focused on the occurrence of any severe event (grade >3) or any dose-limiting
toxicity (a result of adverse events leading to dose delay, reduction, and discontinuation).
Higher CT SMA was inconsistently associated with the occurrence of severe adverse events
or dose limiting toxicities (26,27,29,30,34-36), and some studies with small sample size
reported ORs with wide confidence intervals such as 12.99 (1.25, 134.80) and 13.55 (1.08,
169.31) (34,35). The only study examining CT TAT reported no association with dose
limiting toxicities (30). In line with previous studies, we found that muscle and adipose
tissue were not significantly associated with self-reported moderate or severe adverse events.
Adding rigor to our approach, we repeatedly measured adverse events, assessed muscle and
adipose tissue with multiple techniques, and adjusted for potential confounders in statistical
analyses.
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Since most chemotherapeutic agents have narrow therapeutic windows (37), it is important
to individualize chemotherapy dosing. Most chemotherapy is dosed on BSA, given the
belief that patients have different volumes of distribution and metabolizing capacities if
they differ in body size (4). However, it is well-known that body composition often differs
between patients with the same BSA (38), and body compartments including muscle and
adipose tissue may have different impact on pharmacokinetics. For example, skeletal muscle
accounts for 40% of body mass and is 75% water (39), which makes it the largest body
compartment for the distribution of hydrophilic chemotherapy agents and many drugs to
treat colon cancer (such as 5-fluorouracil) are hydrophilic (40). In this study, we found that
more muscle was significantly associated with lower risk of reduced RDI, particularly for 5-
fluorouracil (OR: 0.46 [0.27, 0.78] for CT SMA and 0.47 [0.26, 0.84] for DXA ALM) (41).
Since patients with more muscle may have improved chemotherapy completion, one may
hypothesize that patients with more muscle should have lower numbers of moderate and
severe advents. However, adverse events are very common in the chemotherapy treatment
and increase with duration of chemotherapy (42). In this study, we found that 89.7% of
patients reported at least one adverse event during chemotherapy (similar to ~90% reported
by prior studies (43,44)) and patients with more muscle safely endured more chemotherapy
doses without more adverse events. For example, more muscle may attenuate chemotherapy-
induced inflammatory responses that can contribute to neuropathy and other adverse events
(45), whereas low muscle is an important indicator for frailty and accelerated biological

age that have been frequently linked to increased risk of chemotherapy intolerance and
adverse events (46,47). Increasing evidence suggests incorporating biomarkers of frailty and
biological age may help personalize cancer treatment and supportive care (48,49), which
further supports the importance of examining the role of muscle in chemotherapy dosing,
completion, and adverse events.

As for adipose tissue, it was previously commonplace for oncologists to cap the
chemotherapy dose for obese patients with high BSA (e.g., >2 m2) (50). However,

the latest ASCO guideline suggested full dosing, given that obese patients tolerate
chemotherapy as well as nonobese patients (6). In line with this latest suggestion,

our findings suggested that increased adiposity (CT TAT and DXA TBF) was not
associated with unfavorable chemotherapy outcomes. One possible explanation is that most
chemotherapeutic agents are partly distributed through adipose tissue unless they have weak
lipophilicity (51). For example, while 5-fluorouracil and oxaliplatin are often considered

as hydrophilic, they also have moderate lipophilicity, especially for lipophilic derivatives
of 5-fluorouracil and oxaliplatin (52,53); and capecitabine is generally considered as a
lipophilic chemotherapeutic agent (51). Thus, chemotherapy dosing should consider both
adipose tissue and pharmacokinetics of specific drugs.

Clinical Impact

Our findings have the potential to inform clinical practice. Using multiple imaging and
biochemical techniques, we assessed muscle and adipose tissue among patients with colon
cancer and investigated their associations with chemotherapy completion and adverse events.
We found that more muscle was associated with improved chemotherapy completion,
whereas neither muscle nor adipose tissue was associated with adverse events. While most
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chemotherapies are dosed on body surface area without considering body composition, these
findings suggest that patients with increasing pre-chemotherapy muscle (as measured by 1
SD increase of CT SMA or DXA ALM) may tolerate treatment better and therefore are

less likely to experience reduced RDI (RDI <85%). Future studies should investigate clinical
thresholds of muscle, below which can identify patients at higher risk of reduced RDI (RDI
<85%).

Strengths and Limitations

This study has several strengths including multiple techniques to assess muscle and
adipose tissue and a variety of robust statistical and sensitivity analyses. However, several
limitations should be noted. First, the sample size is relatively small, and a larger study

is needed to generate more precise estimates of the impact of body composition on colon
cancer chemotherapy outcomes. Second, this study focused on body composition at study
enrollment: longitudinal studies with repeated body composition assessments are needed to
confirm these findings. Third, each assessment may be subject to measurement error, which
can weaken the associations. For example, multiple types of clinical CT and research DXA
scanners were used across sites, which may lead to minor differences in the quantification
of muscle and adiposity. Fourth, we assessed body composition using a single manually
segmented CT slice, rather than over a larger field of view or at multiple anatomic
landmarks. However, single-slice abdominal measurements of muscle and adipose tissue
are considered a reference method for body composition, and they correlate well with the
whole-body volumes from MRI (7). Fifth, we did not have information regarding adverse
events for chemotherapy cycles prior to study enrollment. Sixth, our study population was
derived from an intervention trial, which may be younger and have better physical function
than the general colon cancer population.

In conclusion, more muscle was associated with improved chemotherapy completion among
patients with nonmetastatic colon cancer. No measurements of muscle or adipose tissue were
significantly associated with percent changes in the number of self-reported moderate and
severe adverse events over time following enrollment into the FORCE study. Considering
body composition in colon cancer treatment may help personalize chemotherapy dosing and
identify patients at high risk of reduced dose intensity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients enrolled into FORCE

N =181
Exclude patients with
> invalid RDI
N=1
A4 A\ 4 A 4
Patients with Patients with Patients with
valid CT scans at baseline valid DXA scans at baseline valid D3Cr muscle mass at baseline
N =170 N =162 N=118

Exclude patients with no
valid body composition
technique at baseline
N=2

A 4

A 4

Patients with at least one
valid body composition
technique at baseline
N =178

Figure 1.
The Flow Diagram of Patients in FORCE for Analysis of Body Composition, Relative Dose

Intensity, and Adverse Events

Abbreviations: CT, computed tomography; D3Cr, D3-creatine; DXA, Dual X-Ray
Absorptiometry; FORCE, FOcus on Reducing Dose-Limiting Toxicities in Colon Cancer
with Resistance Exercise; RDI, relative dose intensity.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 April 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cheng et al.

Body Composition Measurements  OR (95% Cl)
Muscle

CT SMA 0.56 (0.38, 0.81)
DXA ALM 0.56 (0.37, 0.84)
D3Cr Muscle Mass 0.80 (0.49, 1.30)
Adipose Tissue
CT TAT 0.87 (0.63, 1.22)
DXA TBF 0.75 (0.52, 1.07)
Figure 2.

Page 16

[ I I
0.3 0.5 1.0

OR (95% Cl)

The Adjusted? Associations of Body Composition Measurements (Per SD Increase) with

Reduced RDI

Abbreviations: ALM, appendicular lean mass; Cl, confidence interval; CT, computed
tomography; DXA, dual-energy X-ray absorptiometry; D3Cr, D3-creatine; RDI, relative
dose intensity; OR, odds ratio; SD, standard deviation; SMA, skeletal muscle area; TAT,

total adipose tissue; TBF, total body fat.

a Adjusted for age (years), sex (men, women), height (cm), regimen (FOLFOX/5FU-LV,
CAPOX/CAPE), and randomization arm (resistance training, usual care).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 April 02.

2.0



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cheng et al. Page 17

Body Composition Measurements Relative Change (%)

Muscle
CT SMA 9.7 (-8.2, 31.1) i
DXA ALM 9.0 (-7.0, 27.8) |
D3Cr Muscle Mass -1.5(-18.5, 19.1) L
Adipose Tissue
CT TAT 16.0 (-0.4, 35.0) B
DXA TBF 15.1 (-1.4, 34.3) L

I I I 1
-20 0 20 40

Relative Change (%; 95% CI)

Figure 3.
The Adjusted?® Associations of Body Composition Measurements (Per SD Increase) with the

Relative Changes (%) in the Number of Moderate and Severe Adverse Events
Abbreviations: ALM, appendicular lean mass; Cl, confidence interval; CT, computed
tomography; DXA, dual-energy X-ray absorptiometry; D3Cr, D3-creatine; SD, standard
deviation; SMA, skeletal muscle area; TAT, total adipose tissue; TBF, total body fat.

a Adjusted for age (years), sex (men, women), height (cm), regimen (FOLFOX/5FU-LV,
CAPOX/CAPE), randomization arm (resistance training, usual care), and treatment duration
(weeks).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 April 02.



Page 18

Cheng et al.

Author Manuscript

120 (9'66T) 8'28€ (e'L6T) 6'EVE (6'86T) L'v9€ (zWd) 1V 1D
010 (L) 8Lz (1) 5'se (52) L9z (63) a1osnIAl 10€Q
2000 (e9)1ee (59) g'61 (9°9) 602 (1) WV vXa
100°0> (9°'6€) 8'7ST (0°se) e'eer (T6€) €vvT (zwd) VIAIS 1D
€00 (ce2) 9v0T (6'61) 2'L6 (6'12) T'T0T (zw/Bw) vsg Jad uneldiiexo
¥9'0 (L'9€2) L'v18'T (T'vv2) 2'006'T (r'8e2) L'v88'T  (w/Bw) wSq Jad auigensaded
ve0 (7'221) 6'69L'C (e'T2Y) 8'90L'C (evee) veeL's  (w/Bw) wsg Jad |19eIn0ION|Y-G
200 (c0)oc (co)6T (06T (;w) vsg

(e9e) €€ (Tva) 12 (€08 v§ (zw/B> 0€<) 95900

(Tve) 1e (9'22) ve (6'0¢) S5 (zWw/B% 6'62-52) UB1IMIBAQ

(L'62) L¢ (T'Lv) 0 (z'8¢) 89 (zW/B% 6'¥Z —G'8T) [EWION

(0o tnT (CYOR (zw/Bx §'8T>) ybremiapun
00 salobared [INgG
200 (7'9) v'8e (9°9) 9z (99) v'ie (zw/Bx) INg

(9°06) LL (6€8) 82 (T'28) 56T n

(68'6) 6 (To1) ST (62T) €2 1l
220 abeis

v v (ce)8 (T9)6 2SI3UI0

(8'79) 65 (5'59) L8 (z'g9) 91T 8NUAM OluedsiH-UoN

(011 0T (ce)8 (Torm) 81 o1uedsiH

(8'8) 8 (29)s (e et oelg

(otT) 0T (get) et (rer) ez uelsy
680 aoey

(5'8¢) 6¢ (€'99) 6 (zLy) v8 UsWwom

(5'79) 95 (Lev) se (8'29) v6 UsIN
200 X8
99°0 (zer) 8vs (5€T1) 9'35 (8'21) T'S8 (s1eak) by
geMerd  (T16=N) %582 109 (18 =N) %S8> 10y (8,T=N) IV eSoNIsLIalveIeyD

(94G8< "SA G8>) SMeIS |y Ag J82ueD UOJ0D J1RISEISWUON YlIM Siuailed g/ T Buowy sonstisiortey) usned

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

kers Prev. Author manuscript; available in PMC 2024 April 02.

/omari

Cancer Epidemiol B



Page 19

Cheng et al.

‘300 10} SIBUI0 SE PAIYISSE|D 18M SJIUYAN dluedsIH-UOU J0 ‘dluedsiH ‘Yoe|g ‘UBISY Se AJIIUapI-4|8s 10U pIp Oym siuened,

"peslsul Pasn SeM 15a] 10BXa Jaysi4 8y} ‘Pale|oIA SeMm 1S8) Nx ay) 40 uonduwinsse ay) 4| ‘sa|qeLieA [ea1106a1ed 104 158} Nx U PUE SB|gELIEA SNONUIUO0D 104 158)-1 81 BuIsn paje|nojes alem mmz_m?QQ

‘Buipunod Jo asneaaq 9%00T 01 dn ppe jou Aew sabejuadlad "(%) Jaquinu se sajqelieA [eatiofisyes pue (UOKRIASP pJepuels) Ueaw se pajuasald a1am sa|gerien m:o:c:coow

e} Apoq [e10} ‘4G ‘anssi} asodipe [e10} ‘11 ‘eaJe 8]asnw
[e191aXs ‘WIAIS ‘auneala-gq 10eq ‘Answondiosqe Ael-X ABiaua-enp ‘vxa ‘Aydesbowol paindwod ‘1D ‘eale adeyins Apoq ‘YSg ‘Xapul ssew Apoq ‘NG ‘ssew uea] Jejnaipuadde ‘N7 :SUOIRINSIY

€20 (zor) 182 (L6)z9z (oom zlz (6x) 491 vxa

g@Merd  (T6=N) %582 108 (/8=N) %S8>1ad  (8.T=N) IV LSANSLIaRIRYD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

kers Prev. Author manuscript; available in PMC 2024 April 02.

/omari

Cancer Epidemiol B



Page 20

Cheng et al.

*(24e2 Jensn ‘Bulurel) 8dUBISISaL) WIR UoIeZIWOpPURL pue ‘(3dVI/X0dVD A1-N4S/X04T104) uawibal ‘(woa) ybiay ‘(uswom ‘usw) xas ‘(sieak) abe 1oy parsnlpy

q

'@ P3ONP31 J0 AGUINU B} 0} 4431 SIUANT,

‘Jey Apoq [e10} ‘491 ‘8nssi} asodipe [e10) ‘11 ‘eaJe 8|9S [e1a|9)s ‘WIAIS ‘UOIeInsp
pJepuels ‘gs ‘Alsusiul asop aAIe|al |y ‘auneald-gq 10eq Answondiosqe Ael-x ABisus-fenp ‘wxa ‘Aydeibowoy paindwiod ‘1D ([eAlsiul 8USPIIU0D ‘D ‘ssew ues| Jejnaipuadde NV :SUoeIAIqaY

(L0T'25°0) 620 (0T ‘¥S0) SL°O 9. 29T 491 vXd
(2z1'€90) 280 (ET'T'T90) €80 6. 0T vl 1D
anssi] asodipy
(0e'T'67°0) 080  (6¥'T'08°0) 60'T 95 8TT SSeIN B|9SNIA 10€Q
(#8'0°2£0) 950 (68°0 '6%°0) 99°0 9. 29T TV VXa
(18°0'870) 950 (€0°T‘25°0) 9270 6. 0LT VIAS 1O
ETRNIN
gPasnipy parsnipeun eSlusAg  8z1g ajdwes  sjuawiaanses| uomisodwo) Apog
134 paonpay

(958> 1Y) 1Ay padnpay 40} soney SpPO 8yl Yum (asealoul s Jad) Siuswainsesy uonisodwo) Apog Jo Ssuoieidossy paisnipeun pue paisnlpy ayl

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 April 02.



Page 21

Cheng et al.

*($x99M) uoIIRINp JUBWILaI] pue ‘(3Jed [ensn ‘Bulures) aouelsSISal) WLk uoireziwopuel (3dvI/X0dVI ‘AT1-N4S/X04104) uswibal ‘(wa) ybiay ‘(uswom ‘usw) xas ‘(sieak) abe Joy _oﬁw:._ud\n

"SJUBAS 9SIBAPR 819A8S PUB 81RIBPOW JO Jaquinu (OS) Ues 8y} 0] S1ajal Jsgquinu CER

ey Apoq [e101 ‘41 ‘anssn asodipe (210} ‘11 ‘eale 8jasn
[218]9%S "WINIS ‘UOIRIASD pJepue)s ‘ds ‘aunesso-ed 10eq ‘Alswondiosqe Aei-x ABiaus-fenp ‘vxa ‘AydesBowol paindwod ‘| D {[eAlsiul 80UBPIIUOD ‘1D ‘ssew ues| Jejnolpuadde ‘|TV :SUOIBIABIGOY

(eve 'v1-)TST  (9'1€'6'T-) 9°€T waoze CRyRms (%1'68) 6ET 9T 441 vxa
(0se'v0-) 09T (8TE'9T-) 6°€T o oe Caln (%¢'68) OVT ST VL 10
anssi] asodipy
(T61'68T-)ST-  (€ST'¥6-)2C (021 (s1)60 (%8'G8) 26 €TT SseNl 3JosNINl 1DEA
(8Lz'02-)0o6  (0cz'eL-)e9 o oe Caln (%T°68) 6€T 95T W1V vXd
(T1e'28-) L6 (9L2've-) 0TI e oz (CRIRa: (%2z'68) OvT ST VINS 10
ETRSN
nvﬁm:.—ﬁ/\ paisnipeun sjuswainsealy uonisodwo) Apog

281940 157 18 JBQUINN JUBAT 894D 18414 1@ JBQUINN JUBAT  (04) JqUUNN 89USIIN2IO  92IS ajdwres

(90)sebuey) annesy

SJUBAT 3SIBAPY 9JaN3S pUR B1RISPOIA
0 JaquinpN ays ul (94) sabuey) anneay syl yum (asealou] gs Jad) siuswainsealy uonisodwo) Apog Jo suoneidossy paisnipeun pue paisnipy ayl

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

kers Prev. Author manuscript; available in PMC 2024 April 02.

/omari

Cancer Epidemiol B



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data Source and Study Population
	Muscle
	Adipose Tissue
	Outcomes
	Patient Characteristics
	Statistical Analysis
	Data Availability Statement

	RESULTS
	RDI and Adverse Events
	Sensitivity Analysis
	Stratification Analysis

	DISCUSSION
	Clinical Impact
	Strengths and Limitations

	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

