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Association of body composition with toxicity to first-line chemotherapy and
three-year survival in women with ovarian adenocarcinoma
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ABSTRACT
Background: This study aimed to evaluate the association of body composition with toxicity to first-
line chemotherapy and three-year survival in women with ovarian adenocarcinoma.
Methods: We enrolled, in a retrospective cohort, 239 women treated with carboplatin and paclitaxel
between 2008 and 2017. Pretreatment computed tomography scans were used to quantify skeletal
muscle index (SMI), skeletal muscle radiodensity (SMD), and subcutaneous adipose tissue index (SATI).
Chemotherapy doses, related toxicities, potential drug-drug interactions (DDI), and clinical variables
were collected from medical records. Outcomes were the number of adverse events � grade 3 tox-
icity, toxicity-induced modification of treatment (TIMT), and three-year survival.
Results: Average age was 56.3 years and 35.1% had myopenia. Almost 33% had TIMT and 51.3% pre-
sented any grade 3 toxicity. Potential severe DDI occurred in 48.1% of the patients and 65.1% died
three years after the first treatment. The SMD and SATI below the median were independent predic-
tors for the number of adverse events � grade 3 and TIMT. Also, SMD was the only body composition
parameter able to predict reduced three-year survival. The SMI was not associated with any of
the outcomes.
Conclusion: Fewer amounts of SATI and low SMD were associated with the occurrence of toxicity to
chemotherapy, and the low SMD increased the risk of death in the three years after onco-
logic treatment.
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Introduction

Ovarian cancer is the eighth most common type of cancer
worldwide and the seventh most incident in Brazil among
women [1,2]. It represents approximately 2.3% of all cancer
deaths, with a high lethality rate, since four out of five
patients are diagnosed with advanced disease [3]. The com-
bination of carboplatin and paclitaxel administered every
3weeks is the standard chemotherapeutic regimen for the
treatment of epithelial ovarian cancer [4]. The most common
adverse events of this protocol include neurotoxicity and
hematopoiesis suppression, triggering anemia, thrombocyto-
penia, and leucopenia [5,6].

Patients with advanced age, comorbidities, poor perform-
ance status, and changes in nutritional status are known to
be more likely to have adverse events during chemotherapy
[7,8]. Toxicity to chemotherapy may lead to modifications in
the planned regimen, including delay, dose reduction, or per-
manent discontinuation of treatment [9] and its determinants
must be identified as early as possible.

It has been well described in the literature that changes
in body composition, such as reduced skeletal muscle (SM)
and fat mass increase the risk of toxicity and may reduce
response to the treatment [10,11]. Other studies suggest that
myosteatosis, i.e., an increase of intra- and intermuscular fat,

that can be measured radiologically by muscle radiodensity,
is also associated with a lower tolerance to antineoplastic
agents [12–14].

Methodological differences are observed in studies of
body composition and cancer chemotherapy toxicity, such as
the concomitant analysis of different chemotherapy regimens
[15] and the inclusion of patients with different types of can-
cer, leading to heterogeneous results [16]. There are few
studies on toxicity for chemotherapy that assess the pres-
ence of comorbidities, the concomitant use of supportive
drugs (palliative, analgesic, and antiemetic therapies that
help control adverse events), or those used for comorbidities
control [17–19], which may increase the number of drug
interactions [20].

Finally, studies that associate body composition with the
toxic effects of chemotherapy, especially in ovarian cancer
patients, are still scarce, and, so far, only one study has been
found that considers the carboplatin and paclitaxel protocol
[19]. Besides, most existing studies evaluated relapsed cancer
patients and/or used body mass index as a parameter of
analysis [21,22], which is unable to differentiate the SM
content and the fat mass content [23]. Our hypothesis is
that body composition parameters when adjusted for con-
founding variables, may explain severe chemotherapy
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toxicity events and short-term survival in patients with
adenocarcinoma ovarian cancer.

This study aims to evaluate the association between body
composition parameters and the outcomes toxicity to carbo-
platin and paclitaxel chemotherapy protocol and three-year
survival in women with ovarian adenocarcinoma who have
undergone cancer treatment at a referral center in Brazil.

Material and methods

Study design

In this retrospective cohort, we enrolled patients with histo-
pathological confirmation of adenocarcinoma-type epithelial
ovarian cancer who received carboplatin and paclitaxel as
the first-line chemotherapy and had computed tomography
(CT) images at the level of the third lumbar vertebra (L3)
available up to 90 days before or 15 days after the first cycle
of chemotherapy. The study was conducted at a
Gynecological Cancer Reference Institution in Rio de Janeiro
– RJ, Brazil, between January 1, 2008, and December
31, 2017.

Exclusion criteria were women with a synchronous tumor,
those who underwent chemotherapy at another institution,
with low-quality CT images, and those who had disease pro-
gression before starting chemotherapy. The patient selection
flowchart for the study is described in Figure 1.

Data collection

Information regarding age, race, histological subtype, tumor
grade, tumor staging, comorbidities, and performance status
were collected from medical charts. The International
Federation of Gynecology and Obstetrics (FIGO) criteria for
gynecological cancers was used for staging, considering the
current version when the cancer diagnosis occurred [24–26].
Nonmalignant comorbidities were classified according to the
Charlson Comorbidity Index (CCI) [27]. Performance status
was classified according to the Eastern Cooperative Oncology
Group [28].

Chemotherapy treatment data included the number of
cycles, potential severe drug-drug interaction (DDI), treat-
ment delay (at least 7-days delay, associated with a medical
report in the medical chart with the reason for the delay due
to toxicity), dose reduction (when temporary or permanent
administration of a lower carboplatin dose than the target
area under the curve (AUC) at the beginning of treatment or
a 20% reduction in paclitaxel from the starting dose),

monotherapy (discontinuation of any given drug, carboplatin
or paclitaxel) and permanent treatment discontinuation due
to toxicity.

Chemotherapy toxicity
The standard chemotherapy scheme adopted by the
Institution’s Clinical Oncology Service for ovarian cancer is
based on intravenous infusions on the first day (D1) of pre-
chemotherapy drugs (dexamethasone: 20mg; ondansetron:
8mg; diphenhydramine: 50mg; and ranitidine: 50mg) and
intravenous infusion of carboplatin, AUC 5–6, and paclitaxel
at 175mg/m2 also at D1, repeatedly every 21 days for six
cycles [29]. AUC was calculated using Calvert Equation
[Carboplatin Dose (mg) ¼ Target area under the curve (mg/
mL/min) � (Glomerular filtration rate (GFR) þ 25)] [30].
Variations in the number of cycles, administration interval,
carboplatin, and paclitaxel dose occurred due to the need to
adjust to the clinical condition of the patients.

Chemotherapy toxicity data were recorded for each cycle
and up to 30 days after the last cycle. Severe toxicity caused
by chemotherapy is traditionally evaluated during the first
cycle and defined as dose-limiting toxicity in phase one stud-
ies [31]. However, studies assessing body composition in can-
cer patients, in general, defined as dose-limiting toxicity the
presence of severe adverse events leading to temporary or
permanent chemotherapy dose reduction, permanent discon-
tinuation, treatment delay, treatment-related hospitalization,
or death, which might not be the most appropriate
term [32–35].

Given the controversies about the use of this term in
observational studies, toxicity-induced modification of treat-
ment (TIMT) has been used to refer to any toxicity that
resulted in delayed treatment, dose reduction, discontinu-
ation of any given chemotherapy and/or permanent discon-
tinuation due to toxicity, when related to the effects of
chemotherapy toxicity, as recommended by Kok et al. [36].

Laboratory tests were collected in an electronic medical
record, within the period from 30 days before the first cycle
to 30 days after each cycle, for the evaluation of the follow-
ing toxicities: hematologic (hemoglobin, leukocytes, platelets,
and neutrophils), hepatic, and renal. Glomerular filtration rate
was calculated using the simplified CKD-EPI formula, accord-
ing to a specific race, gender, and serum creatinine in mg/
dL. GFR was considered low when < 60ml/min/1.73 m2, as
recommended by Kidney Disease: Improving Global
Outcomes (KDIGO) [37].

Chemotherapy-related toxicity was assessed by gathering
the grade ranging from 0 (absence of event) up to 5 (in
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(n=239)
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Figure 1. Flowchart for patient selection in the study.
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cases of death) reported on medical charts for each adverse
event throughout the first-line treatment, according to the
Common Toxicity Criteria for adverse events of the National
Cancer Institute (CTCAE/NCI). The grade of the hematological,
hepatic, and renal toxicities was classified by the researchers,
using the CTCAE/NCI version 5.0 [38]. For all adverse events,
grade � 3 was defined as severe toxicity. Alopecia was
not considered as severe toxicity, since it is not a life-
threatening condition.

Platinum sensitivity was classified as refractory (relapse
during or within 4weeks following platinum-based chemo-
therapy), resistant (relapse under 6months from last
platinum therapy as platinum-resistant), partially platinum-
sensitive (relapse between 6 and 12months), or platinum-
sensitive (relapse after more than 12months) [39].

Survival
Overall survival was defined as the time from the first treat-
ment (surgery or chemotherapy) to death by any cause.
Patients who were alive after a three-year follow-up date
were censored.

Pharmacotherapy and evaluation of drug interaction
We assessed all recipes prescribed before each chemother-
apy cycle. All drugs used for comorbidities treatment or
symptoms management, that was prescribed or dispensed in
the outpatient pharmacy section during chemotherapy treat-
ment were considered for DDI evaluation. The supportive
medication and regular medications used for comorbidities
control were classified according to the Anatomical
Therapeutic Chemical system, considering the main anatom-
ical/pharmacological groups or 1st level and pharmacological
or therapeutic groups or 2nd level [40]. Potentially nephro-
toxic drugs were identified using the UptoDateVR database
[41] (Supplementary Table 2).

Finally, the database Drugs.com Statistics [42] was used to
identify if any medication interacted pharmacologically. Data
sources included IBM Watson Micromedex and Cerner
MultumTM. All drugs with severe interaction (highly clinically
significant) with carboplatin and paclitaxel chemotherapeutic
drugs and/or with the supportive drugs used in the protocol
(ondansetron, dexamethasone, diphenhydramine, and raniti-
dine) were collected (Figure 2). Patients who received at least

one potentially severe interactive drug were considered as
exposed to drug interaction.

Body composition assessment by computed tomography
For the body composition evaluation, an image at the L3
level was selected for each patient. A single trained
researcher (K.A.B.), who was blinded to outcome assessment,
selected the L3 and analyzed the SM and subcutaneous adi-
pose tissue areas of the cross-sectional images according to
tissue-specific Hounsfield Units Mitsiopoulos et al. [43], with
the aid of Slice O Matic software version 5.0 (Tomovision,
Canada). All images were subsequently reviewed by an expe-
rienced researcher (G.V.C). Approximately 10% of those
images were also analyzed by the reviewer and the inter-
observer variance of SM was below 1.0% (inter-observer
intraclass correlation coefficient, ICC of 0.98; 95%
CI¼ 0.97–0.99).

The skeletal muscle area included the psoas, paraspinal,
lumbar square, transverse abdominal, internal and external
oblique, and rectus abdominis muscles. Skeletal muscle index
(SMI, cm2/m2), after normalized by squared height, and was
used to classify myopenia, according to the cutoff point
established for women: SMI �38.9 cm2/m2 [44]. Skeletal
muscle radiodensity (SMD) was assessed as the mean HU of
the skeletal muscle area [45,46].

The subcutaneous adipose tissue index (SATI, cm2/m2),
normalized by the squared height, was the only adipose tis-
sue compartment included in the analysis. Because the pelvic
masses are in most cases large, the visceral adipose compart-
ment and, thus, the total fat mass, could not be quantified.
Given the lack of cutoff point established in the literature for
the other body composition parameters, SMD (HU) and SATI
(cm2/m2) were presented according to their median distribu-
tion (50th percentile) for comparison between groups (21.24
HU and 61.76 cm2/m2, respectively).

Data analysis

The collected data were analyzed using the statistical pro-
gram, Statistical Package for Social Sciences, version 25.0,
SPSS (Chicago-USA). The mixed-effects Poisson Regression
model was analyzed using R, version 04.2 (package lme4).

Kolmogorov-Smirnov test was used to determine whether
the continuous variables deviate from a normal distribution.

noitcaretnigurd-gurdereveSsgurD

noitcaretnioNnitalpobraC

noitcaretnioNlexatilcaP

Dexamethasone Ciprofloxacin, fentanyl, oxycodone, moxifloxacin 

Ondansetron Fentanyl, tramadol, sertraline, amitriptyline, citalopram, haloperidol, 

moxifloxacin 

edimarepoLeniditinaR

No interactionenimardyhnehpiD

Figure 2. Chemotherapy protocol drugs with potential severe drug-drug interaction with regular and support medications waived at Institution during the treat-
ment of patients. SOURCE: Drugs.com Statistics (2020) [42].
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Associations between categorical variables were analyzed by
Chi-square test (v2) or Fisher’s exact test.

Multivariable Mixed-effects Poisson Regression models
were performed to identify possible factors contributing to
the outcome number of adverse events�grade 3 with the
chemotherapy cycles as the clustering variable. The clinical
variables that made up the models were selected according
to their significance in the univariable analysis, when p< .20:
performance status (PS) � 2 (vs. <2), first cycle monotherapy
(vs. no), potential severe DDI (vs. no), SMD below the median
– HU (vs. above the median) and SATI below the median –
cm2/m2 (vs. above the median). Those considered as clinic-
ally relevant or as exposure variables of interest, such as age
(continuous), CCI 0 point (vs. �1 point), first cycle dose
reduction (vs. no), and SMI <38.9 cm2/m2 (vs. �38.9 cm2/m2)
were also included in the model.

Multivariable logistic regression models were performed
for the outcome TIMT, considering the following variables
selected according to their significance in the univariable
analysis, when p< .20, except for SMI <38.9 cm2/m2 (vs.
�38.9 cm2/m2) and age (each year increase), which presented
p> .4 but were included as exposure variables of interest: PS
� 2 (vs. <2), CCI 0 point (vs. �1 point), potential severe DDI
(vs. no), SMD below the median – HU (vs. above the median)
and SATI below the median – cm2/m2 (vs. above the
median). The number of cycles was not considered as an
independent variable for the TIMT outcome since patients
who discontinued treatment due to toxicity performed fewer
cycles and it could generate a reverse causality bias.

Multivariable Cox regression models assessed the associ-
ation of the independent variables with the outcome three-
year survival, considering the following variables selected
according to their significance in the univariable analysis,
when p< .20: age (each year increase), PS � 2 (vs. <2),
chemotherapy sensitivity (platinum sensitivity and partially
sensitive vs. platinum-resistant and platinum-refractory),
tumor staging (continuous), SMI <38.9 cm2/m2 (vs.
�38.9 cm2/m2), SMD below the median – HU (vs. above the
median) and SATI below the median – cm2/m2 (vs. above
the median). For all analyzes, a significance level of 5%
was adopted.

Ethical aspects

The project was approved by the Research Ethics Committee
of the Institution under number 466.070/2013.

Results

The study included 239 women with ovarian adenocarcin-
oma, mostly aged less than 65 years (75.7%), with an average
age of 56.3 (± 11.4) years. Roughly 87% of the patients had
advanced disease (stage III-IV) before starting chemotherapy
treatment and the prevalence of myopenia was 35.1%. The
other clinical-pathological characteristics are described in
Table 1. Nearly 14% and 16% of patients have already started
chemotherapy with dose adjustment and monotherapy,
respectively, while 10.5% of the women experienced dose
reduction of carboplatin and/or paclitaxel and only 4.6%
changed the protocol to monotherapy during treatment.

Treatment was delayed or permanently discontinued due
to toxicity in approximately 22% and 5% of patients, respect-
ively. Also, 51.3% of the patients had at least one adverse
event� grade 3, disregarding the alopecia, 32.6% had TIMT
and 61.5% died within three years after starting cancer treat-
ment, surgery or chemotherapy, with a median survival time
of 23.3months (Table 1).

The chemotherapy-related adverse events with the high-
est incidence were nausea (65.7%), anemia (81.7%), leuko-
penia (60.5%), neutropenia (55.5%), and hepatic toxicity
(52.2%) when we considered all toxicity grades, except alo-
pecia. The least frequent adverse events were hypoacusis
(1.7%), renal toxicity (5.4%), dysgeusia (6.7%), and hyporexia
(6.7%). Considering only events with toxicity �3, except alo-
pecia, neutropenia occurred in 35.9%, anemia 13.8%, leuco-
penia 10.1%, hepatic toxicity 4,2%, and nausea 3.0%
(Supplementary Table 1). Potentially nephrotoxic drugs were
not associated with grade 3 toxicity events or renal toxicity
(data not shown).

In the adjusted models for the outcome number of
adverse events� grade 3 (Table 2), SMD below the median
was an independent predictor (RR 1.67, CI 1.25–2.25)
whereas SMI <38.9 cm2/m2 did not show significant

Table 1. Clinical, pathological, and treatment-related characteristics of women with ovarian adenocarcinoma (n¼ 239).

Variables
Overall
n (%)

Skeletal muscle index (cm2/m2)

p�

Skeletal muscle density (HU)

p�
<38.9
n (%)

�38.9
n (%)

<p50
n (%)

�p50
n (%)

Clinical-pathological characteristics
Age (years)
<65 181 (75.7) 57 (67.9) 124 (80.0) .04 73 (61.3) 108 (90.0) .01
�65 58 (24.3) 27 (32.1) 31 (20.0) 46 (38.7) 12 (10.0)
Histological subtype (n¼ 186)
Serous 137 (73.7) 47 (77.0) 90 (72.0) .39 66 (78.6) 71 (69.6) .16
Endometrioid 15 (8.1) 5 (8.2) 10 (8.0) 6 (7.1) 9 (8.8)
Mucinous 17 (9.1) 7 (11.5) 10 (8.0) 9 (10.7) 8 (7.8)
Clear cells 9 (4.8) 1 (1.6) 8 (6.4) 1 (1.2) 8 (7.8)
Mixed 8 (4.3) 1 (1.6) 7 (5.6) 2 (2.4) 6(5.9)

Tumor staging (n¼ 214)
Stage I-II 28 (13.1) 7 (10.0) 21 (14.6) .40 13 (12.1) 15 (14.0) .84
Stage III-IV 186 (86.9) 63 (90.0) 123 (85.4) 94 (87.9) 92 (86.0)

(continued)
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Table 1. Continued.

Variables
Overall
n (%)

Skeletal muscle index (cm2/m2)

p�

Skeletal muscle density (HU)

p�
<38.9
n (%)

�38.9
n (%)

<p50
n (%)

�p50
n (%)

Tumor grade (n¼ 159)
Grade I-II 40 (25.2) 15 (26.8) 25 (24.3) .85 12 (16.0) 28 (33.3) .02
Grade III 119 (74.8) 41 (73.2) 78 (75.7) 63 (84.0) 56 (66.7)

Performance status (n¼ 235)
0–1 159 (67.7) 48 (57.1) 111 (73.5) .01 76 (65.0) 83 (70.3) .41

2–3 76 (32.3) 36 (42.9) 40 (26.5) 41 (35.0) 35 (29.7)
Charlson’s comorbidity indexa

0 point 110 (46.0) 44 (52.4) 66 (42.6) .50 43 (36.1) 67 (55.8) .02
1 point 98 (41.0) 31 (36.9) 67 (43.2) 56 (47.1) 42 (35.0)
2 points 26 (10.9) 9 (9.5) 22 (11.6) 16 (13.4) 10 (8.3)
3 points 5 (2.1) 1 (1.2) 4 (2.6) 4 (3.4) 1 (0.8)

Glomerular filtration rate
<60ml/min/1.73m2 25 (10.5) 9 (10.7) 16 (10.3) 1.00 20 (16.8) 5 (4.2) .01
�60ml/min/1.73m2 214 (89.5) 75 (89.3) 139 (89.7) 99 (83.2) 115 (95.8)

Treatment characteristics
Platinum sensitivity (n¼ 208)b

Platinum sensitive 90 (43.3) 21 (31.3) 69 (48.9) .05 42 (42.0) 48 (44.4) .03
Platinum partially sensitive 22 (10.6) 11 (16.4) 11 (7.8) 17 (17.0) 5 (4.6)
Platinum resistant 62 (29.8) 21 (31.3) 41 (29.1) 26 (26.0) 36 (33.3)
Platinum refractory 34 (16.3) 14 (20.9) 20 (14.2) 15 (15.0) 19 (17.6)

Number of cycles
<6 52 (21.8) 23 (27.4) 29 (18.7) .14 24 (20.2) 28 (23.3) .64
�6 187 (78.2) 61 (72.6) 126 (81.3) 95 (79.8) 92 (76.7)

First cycle dose reductionc

No 206 (86.2) 68 (81.0) 138 (89.0) .12 98 (82.4) 108 (90.0) .10
Yes 33 (13.8) 16 (19.0) 17 (11.0) 21 (17.6) 12 (10.0)

First cycle monotherapyd

No 201 (84.1) 69 (82.1) 132 (85.2) .58 92 (77.3) 109 (90.8) .01
Yes 38 (15.9) 15 (17.9) 23 (14.8) 27 (22.7) 11 (9.2)

Potential severe drug-drug interaction
No 124 (51.9) 42 (50.0) 82 (52.9) .69 56 (47.1) 68 (56.7) .16
Yes 115 (48.1) 42 (50.0) 73 (47.1) 63 (52.9) 52 (43.3)

Treatment-related complications
Overall dose reductione 33 (13.8) – – – – – –
Carboplatin reduction
No 214 (89.5) 77 (91.7) 137 (88.4) .51 102 (85.7) 112 (93.3) .06
Yes 25 (10.5) 7 (8.3) 18 (11.6) 17 (14.3) 8 (6.7)

Paclitaxel reduction
No 228 (95.4) 78 (92.9) 150 (96.8) .20 110 (92.4) 118 (98.3) .03
Yes 11 (4.6) 6 (7.1) 5 (3.2) 9 (7.6) 2 (1.7)

Delayf

No 187 (78.2) 71 (84.5) 116 (74.8) .10 89 (74.8) 98 (81.7) .21
Yes 52 (21.8) 13 (15.5) 39 (25.2) 30 (25.2) 22 (18.3)

Monotherapyg

No 229 (95.8) 78 (92.9) 151 (97.4) .10 113 (95.0) 116 (96.7) .54
Yes 10 (4.2) 6 (7.1) 4 (2.6) 6 (5.0) 4 (3.3)

Interruptionh

No 227 (95.0) 79 (94.0) 148 (95.5) .76 110 (92.4) 117 (97.5) .08
Yes 12 (5.0) 5 (6.0) 7 (4.5) 9 (7.6) 3 (2.5)

Adverse events �grade 3i

No 116 (48.5) 39 (46.4) 77 (49.7) .69 50 (42.0) 66 (55.0) .05
Yes 123 (51.3) 45 (53.6) 78 (50.3) 69 (58.0) 54 (45.0)

Number of adverse events �grade 3
0 116 (48.5) 39 (46.4) 77 (49.7) .88 50 (42.0) 66 (55.0) .13
1–2 94 (39.3) 34 (40.5) 60 (38.7) 53 (44.5) 41 (34.2)
�3 29 (12.1) 11 (13.1) 18 (11.6) 16 (13.4) 13 (10.8)

Toxicity-induced modification of treatmentj

No 161 (67.4) 59 (70.2) 102 (65.8) .56 71 (59.7) 90 (75.0) .01
Yes 78 (32.6) 25 (29.8) 53 (34.2) 48 (40.3) 30 (25.0)

aNonmalignant comorbidities, points attributed to systemic arterial hypertension (n¼ 107), diabetes mellitus (n¼ 30), congestive heart failure (n¼ 11), peripheral
vascular disease (n¼ 13), chronic pulmonary disease (n¼ 10), and mild liver disease (n¼ 3). bPlatinum sensitivity: refractory (relapse <1month), resistant
(relapse 1–6months), partially sensitive (relapse 6–12months) or sensitive (relapse > 12months); cFirst cycle dose reduction: reduction of carboplatin (area
under the curve four or less) and/or paclitaxel (20% less) due to comorbidities or poor performance status; dFirst cycle monotherapy: carboplatin or paclitaxel
suspension due to comorbidities or poor performance status; eDose reduction: temporary or permanent administration of a lower carboplatin dose than the tar-
get AUC at the beginning of treatment or a 20% reduction in paclitaxel from the starting dose; fDelay: at least 7-days delay reported in medical charts due to
toxicity; gMonotherapy: discontinuation of any given drug, carboplatin or paclitaxel; hInterruption: permanent discontinuation of treatment due to toxicity;
iAlopecia not considered; jToxicity-induced modification of treatment: any toxicity that resulted in delayed treatment, dose reduction, discontinuation of any
given chemotherapy and/or permanent discontinuation due to toxicity.� Chi-square or Fisher’s exact test.
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influence. In both models, SATI below the median increased
the risk of the outcome by 42% and 53% (models 1 and 2,
respectively). Besides, a potential severe DDI was associated
with at least a 50% greater risk of experiencing adverse
events�grade 3 in both models.

The presence of potential severe DDI was also associated
with a higher risk of TIMT, and SMD below the median (OR
2.25, CI 1.17–4.31), but not SMI <38.9 cm2/m2 was able to
predict the risk of TIMT. In both models, SATI below the
median increased the risk of the outcome (Table 2).

Table 3 shows the association of the independent varia-
bles with three-year overall survival. PS, resistance to chemo-
therapy, and tumor staging were significantly related to
worse survival. The only body composition parameter that
independently predicted this outcome was SMD below the
median (HR 2.66, CI 1.68–4.20).

Discussion

The goal of chemotherapy dose determination is to strike a
balance between optimal efficacy and severe toxicity, which
may lead to delays or dose reductions of the administered
drug. In this sense, researchers have been interested in
developing new strategies that consider body composition in
determining chemotherapy dose [11].

However, before considering an individual’s body compos-
ition in chemotherapy planning, observational studies
describing the association between body composition and
toxicity outcomes need to be refined. Our study took a step
further in this research area, considering as confounding vari-
ables the potential presence of drug interaction, performance
status, and comorbidities, as well as enrolling a relatively
homogeneous population, regarding the tumor site, hist-
ology, and systemic treatment received.

A total of 13.8% and 15.9% of the patients have already
started chemotherapy with dose reduction and monother-
apy, respectively, similar to the described previously for solid
tumors treated with chemotherapy (15%), including gyneco-
logical cancer [47]. Also, 13.8% required dose adjustments
during treatment. The literature reports dose reductions

between 8% and 53% in the carboplatin and paclitaxel
protocol for gynecological cancer patients [6,9,48–50].

Only for four patients, there was no record of adverse
events during treatment. Regardless of the toxicity grade,
nausea occurred in 65.7%, being the most incident symptom,
higher than the 57.3% reported by Lhomm�e et al. (2008) for
377 ovarian cancer patients [51].

Except for the incidence of nausea, hematologic toxicities
were the most frequent, especially anemia, leukopenia, and
neutropenia. Considering only the incidence of hemato-
logical toxicities�grade 3, the incidence found for neutro-
penia (35.9%) and anemia (13.8%) were much higher than
the reported by Du Bois et al. (2003) for ovarian cancer
patients treated with the same protocol, 17.4% and 1.4%,
respectively [52].

The prevalence of myopenia in our study was 35.1%. In
the literature, this prevalence varies from 11% to 50.4%
among ovarian cancer patients [53–56], depending on the
cutoff point used for the SMI classification. Despite the need
for a greater consensus on the most appropriate cutoff point,
myopenia has been associated with increased chemotherapy
toxicity in patients with different types of solid
tumors [57–59].

Table 2. Regression models for adverse events� grade 3 and toxicity-induced modification of treatment.

Models

Number of adverse events � grade 3a Toxicity-induced modification of treatmentb

RR CI (95%) OR CI (95%)

Model 1 – SMI
SMI< 38.9 cm2/m2 1.14 0.87–1.51 0.64 0.34–1.22
SATI< 61.76 cm2/m2 1.42 1.08–1.87 2.21 1.18–4.15
Potential severe drug-drug interaction 1.59 1.21–2.08 2.16 1.20–3.89
Age (each year increase) 0.98 0.97–1.00 1.00 0.97–1.03
Performance status �2 1.27 0.95–1.70 1.68 0.91–3.12
Comorbidity (vs. no) 1.02 0.77–1.36 1.95 1.02–3.74

Model 2 – SMD
SMD< 21.24 HU 1.67 1.25–2.25 2.25 1.17–4.31
SATI< 61.76 cm2/m2 1.53 1.16–2.00 2.18 1.18–4.05
Potential severe drug-drug interaction 1.50 1.14–1.97 1.95 1.08–3.53
Age (each year increase) 0.98 0.96–0.99 0.98 0.95–1.01
Performance status �2 1.24 0.93–1.66 1.61 0.86–2.99
Comorbidity (vs. no) 0.98 0.74–1.30 2.01 1.05–3.87

CI: Confidence interval; HU: Hounsfield unit; OR: Odds ratio; RR: Relative Risk; SATI: Subcutaneous adipose tissue index; SMD: Skeletal muscle radiodensity; SMI:
Skeletal muscle index. aMultivariable Mixed Effects Poisson Regression Models, additionally adjusted for first cycle dose reduction and first cycle monotherapy.
bMultivariable Logistic Regression.

Table 3. Multivariable Cox regression models for three-year overall survival.

Models HR CI (95%)

Model 1 – SMI
SMI< 38.9 cm2/m2 1.20 0.77–1.87
SATI< 61.76 cm2/m2 0.81 0.53–1.23
Platinum resistant/refractory 6.20 3.93–9.77
Age (each year increase) 1.02 1.00–1.04
Tumor staging 1.66 1.21–2.27
Performance status �2 1.99 1.29–3.05

Model 2 – SMD
SMD< 21.24 HU 2.66 1.68–4.20
SATI< 61.76 cm2/m2 0.88 0.58–1.34
Platinum resistant/refractory 7.58 4.72–12.18
Age (each year increase) 1.00 0.98–1.02
Tumor staging 1.49 1.09–2.05
Performance status �2 2.27 1.47–3.51

CI: Confidence interval; HR: Hazard ratio; HU: Hounsfield unit; SATI:
Subcutaneous adipose tissue index; SMD: Skeletal muscle radiodensity; SMI:
Skeletal muscle index.

1616 K. D. A. BRUNO ET AL.



On the other hand, in our study, myopenia was not asso-
ciated with the occurrence of the number of adverse even-
ts� grade 3, TIMT, and three-year survival, even after
adjustments for confounding variables. To date, only two
studies evaluated myopenia as a predictor of toxicity to car-
boplatin and paclitaxel chemotherapy in women with ovar-
ian cancer. The median area of the psoas muscle was
reported as independently associated with peripheral neur-
opathy in one of them [19]. However, the isolated evaluation
of the psoas is not recommended, since it is not a represen-
tative measure of total skeletal muscle [60]. Another recent
study, although using a slightly different cutoff, did not find
any differences in the frequency of dose reduction, dose
delay, changes in chemotherapy regimen, or toxicity among
ovarian cancer patients stratified by the presence of myope-
nia. Furthermore, myopenia was not associated with worse
survival [61].

Myopenia does not necessarily indicate reduced muscle
quality, as skeletal muscle mass may have high or low radio-
density [62,63]. In contrast, SMD, generally interpreted as
myosteatosis, is moderately correlated with biopsy-proven
triglyceride content in healthy and diabetic individuals [64],
as well as in cancer [65]. Low muscle radiodensity has been
associated with systemic inflammation and worse functional
status [66], higher risk of chemotherapy toxicity [15,67,68],
and shorter survival [69].

In the present study, SMD below the median was an inde-
pendent predictor of the number of adverse events�grade
3, TIMT, and three-year survival. Dijksterhuis et al. [68] eval-
uated 88 patients with advanced esophagogastric cancer
treated with standard first-line palliative chemotherapy and
identified that pretreatment SMD was independently associ-
ated with grade 3–4 toxicity (OR 0.94, 95% CI 0.89–1.00).
Conversely, da Rocha et al. [70] did not identify low SMD as
a predictive factor for reduced drug dose, delay, or defini-
tively discontinue the protocol. Patients with low SMD may
have a lower metabolically active skeletal muscle and, there-
fore, a higher risk of toxicity since hydrophilic drugs are
mainly metabolized in this tissue. However, the mechanisms
by which SMD relates to these outcomes remain unknown.

Regarding survival outcome, a meta-analysis of six studies
found an unfavorable association among low SMD and 3 (OR
3.0, CI 2.0–4.5) and 5-year survival (OR 2.3, CI 1.6–3.4) in
1226 women with epithelial ovarian cancer [71].

Adipose tissue compartment, represented in this study by
SATI, was also associated with the number of adverse even-
ts� grade 3 and TIMT, but not with three-year survival. Only
one previous study evaluated adiposity in patients with
relapsed ovarian cancer treated with trabectedin and pegy-
lated liposomal doxorubicin in a randomized, multicenter,
open, phase III study context. Authors observed that, among
overweight and obese patients, those who discontinued
chemotherapy or reduced the dose due to the presence of
adverse events�grade 3, had a significantly lower average
fat mass than those who did not (24.0 Kg vs. 27.3 Kg; p¼ .03)
[22]. Hydrophobic drugs, such as paclitaxel, are distributed in
adipose tissue and may increase toxicity to this drug in
patients with reduced fat mass as there is a smaller volume

of distribution to adipose tissue, resulting in higher plasma
levels of systemic drugs [72].

The presence of potential severe DDI independently pre-
dicted the risk of grade � 3 toxicity events, TIMT, and three-
year mortality. Cancer patients are particularly at higher risk
of drug interactions because they generally take many drugs
during treatment, including supportive care medications and
drugs to treat comorbidities, beyond cytotoxic and molecu-
larly targeted agents [73], requiring dose reduction and/or
discontinuation of chemotherapy. DDI may interfere with
response to treatment, by decreasing response or increasing
toxicity of a regimen [74].

Patients with platinum-refractory and the platinum-resist-
ant disease typically have low response rates to subsequent
chemotherapy (20%), a median progression-free survival of
3–4months, and median overall survival in the range of
12–15months [75]. In our study, patients who were refrac-
tory or resistant to platinum had an increased risk of death
within three years after starting treatment. Worse PS and
tumor staging were also associated with three-year survival,
as expected.

Finally, the presence of any comorbidity was associated
with TIMT. These results highlight that considering these clin-
ical characteristics in the adjusted models when assessing
body composition parameters as predictors of chemotherapy
outcomes is of great importance.

The limitations of the study are mostly related to its retro-
spective nature, which prevented the inclusion of other
important variables for toxicity studies, such as the systemic
inflammation profile and albumin [76]. The analysis of the
medications was also made through outpatient dispensation
records, and it cannot be ensured that the patients
adequately consumed the prescribed medication. Toxicity
events may be underreported, which may partly explain the
most frequent observation of hematological events, as
recording this information is less susceptible to error, as the
results of the laboratory tests and are available electronically
in the institution.

Only patients who had pretreatment CT images could be
included, which greatly restricted the study sample size com-
pared to the population of patients with similar characteris-
tics seen at the institution during the study period. Also, the
high prevalence of patients with PS �2 who have undergone
chemotherapy is probably one of the reasons for the high
rates of TIMT and mortality found. Moreover, due to the
occurrence of large pelvic masses, it was not possible to
appraise visceral adipose tissue and, consequently, the calcu-
lation of body fat mass, which is may also be associated with
ovarian cancer chemotherapy toxicity [22]. Altogether, these
limitations should be considered when interpreting our
results, as they could reduce the external validity of
the study.

In conclusion, subcutaneous adipose tissue and SMD
below the median were associated with a greater occurrence
of adverse events� grade 3 and TIMT, and only SMD was an
independent predictor of three-year survival. Further clinical
studies with a prospective design and in a larger set of
patients are needed to clarify the mechanisms underlying
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the association with myosteatosis and adipose tissue to
chemotherapy-related toxicities. To date, there is no evi-
dence supporting that body composition should be consid-
ered to define drug dosing or as a guide for therapy
decisions. Until studies testing the impact of such interven-
tion on therapeutic efficacy, including survival, are available,
early identification of body composition disorders will ensure
specialized intervention based on nutritional counseling,
nutritional supplements, and physical exercise
before treatment.
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