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Abstract

Background Chemotherapy is an effective treatment with good clinical response in patients with cancer. However, it can
cause exacerbated toxicities in patients and consequently change the course of treatment. Some factors may interfere with
this toxicity such as body composition, especially in gastrointestinal cancer. The aim of this study was to evaluate the effects
of body composition, nutritional status, and functional capacity scale in predicting the occurrence of toxicities in gastrointes-
tinal cancer patients during chemotherapy treatment.

Methods This is a prospective study with gastrointestinal cancer patients at the beginning of chemotherapy treatment.
Sarcopenia and muscle attenuation were assessed using the skeletal muscle index from computerized tomography by measur-
ing cross-sectional areas of the L3 tissue (cm?/m?). Cachexia was graded according to involuntary weight loss associated with
sarcopenia. Nutritional status was assessed by using anthropometric evaluation and Patient-Generated Subjective Global As-
sessment. Functional capacity was evaluated by handgrip strength and Eastern Cooperative Oncology Group (ECOG) Perfor-
mance Status scale. Haematological gastrointestinal and dose-limiting toxicities (DLTs) were defined according to National
Cancer Institute Common Toxicity Criteria. The associations among sarcopenia, cachexia, nutritional status, and functional ca-
pacity with DLT were assessed by univariate and multivariate Cox regression model.

Results A total of 60 patients were evaluated (55% male, 60.9 + 14.0 years) and followed up for a mean of 55 days. Most
patients had normal weight (44.2%) and good ECOG Performance Status (<1) at baseline (78%). During the chemotherapy pe-
riod, the most prevalent toxicities were diarrhoea, nausea, and anorexia, but the presence of DLT was similar between cycles
(P > 0.05). Cachexia was associated with a higher toxicity manifested by diarrhoea (P = 0.02), nausea (P = 0.02), and anorexia
(P < 0.01 and P =0.03 at Cycles 1 and 2, respectively). Sarcopenic and cachetic individuals experienced more toxicities and DLT
during chemotherapy. The only factors associated with DLT in the multivariate Cox regression analyses including the presence
of metastasis and the chemotherapy protocol were cachexia and the ECOG scale (P < 0.001 for both).

Conclusions Cachexia and ECOG score may identify patients with an increased risk for developing severe toxicity events dur-
ing chemotherapy treatment for gastrointestinal cancer.
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Introduction

Cancer is one of main causes of morbidity and mortality world-
wide with 8.2 million deaths annually in the world.? In Brazil,
600 000 new cases are predicted to occur in 2018, and gastro-
intestinal cancer is still one of the leading causes of cancer-
related death in cancer diagnosed patients.” Gastrointestinal
cancers are highly prevalent in the population, being associ-
ated with elevated rates of malnutrition—almost 80%>—and
negative clinical outcomes such as poor chemotherapy toler-
ance (increase toxicity occurrence, surgical complications,
postoperative complications, increased risk of infection and
longer hospitalization, and lower overall survival).*>

Gastrointestinal cancer treatment includes different strate-
gies including surgery, chemotherapy, and radiation therapy.®
Specifically, there is great heterogeneity in the ability of
adults with cancer to tolerate chemotherapy.’” Differences
in body composition have been frequently related in studies,
and a probable explanation for toxicities is based on pharma-
cokinetics of dosing chemotherapy when calculated using
body surface area parameters of fat-free mass, which really
represents the distribution volume of cytotoxic chemother-
apy drugs.® The presence of sarcopenia that requires low
muscle mass as well as evidence of low muscle strength or
physical performance,’ is believed to be associated with
higher chemotoxicity.*'°™® However, most of the studies
which have evaluated the associations between body compo-
sition and toxicity are retrospective studies and did not in-
clude other conditions associated with muscle mass loss
such as the presence of cachexia, or muscle attenua-
tion.®> %1114 additionally, in the majority of the studies with
cancer patients, sarcopenia is defined as low muscle mass
assessed using computed tomography (CT) images without
other muscle function parameters.

Other common condition in cancer patients is cachexia,
recognized by previous studies®*® as a multifactorial and of-
ten irreversible syndrome characterized by inflammation
and loss of muscle with or without the loss of fat mass lead-
ing to progressive functional impairment.*> Another charac-
teristic of cachexia would be involuntary weight loss in the
absence of simple starvation,™® and this assessment may be
difficult in clinical practice,*® especially for investigation in
retrospective studies. Once sarcopenia can be one of the ele-
ments of the proposed definition for cachexia, most cachectic
individuals are also sarcopenic, but the occurrence is depen-
dent on the patient response to tumour progression, includ-
ing the activation of the inflammatory response and
energetic inefficiency involving the mitochondria.’

In addition to sarcopenia and cachexia, other factors such
as muscle attenuation have been shown to independently
predict toxicity in gastrointestinal cancer.*®*° Although some
studies have shown an association between performance sta-
tus and nutritional screening tools in the prognosis of oncol-
ogy patients,?>*? the studies did not show associations of

these parameters with toxicities during chemotherapy. Thus,
this study aimed to investigate which parameter of body
composition, namely, low muscle mass or muscle attenua-
tion, the presence of cachexia, nutritional status, or func-
tional capacity, better predicts toxicity during chemotherapy
in gastrointestinal cancer.

Methods
Design and subjects

A single-centre prospective study was conducted in a primary
care hospital—Liga Norteriograndense Contra o Céncer, Brazil.
The patients were recruited from January to December 2017.
The study protocol was approved by the Human Research
Ethics Committee at UFRN (Protocol No. 1.953.759 CAAE
64765517.0.0000.5292). Inclusion criteria were histopatholog-
ical gastrointestinal cancer diagnosis, CT exam performed
30 days before the start of chemotherapy, no prior chemo-
therapy and adequate bone marrow reserve. Exclusion criteria
were the presence of other diseases which cause a decrease in
muscle mass and performance status by the Eastern Coopera-
tive Oncology Group Performance Status (ECOG-PS) > 3 at the
beginning of chemotherapy. Sample size was calculated ac-
cording to a previous study that evaluated the association be-
tween sarcopenia and dose-limiting toxicity (DLT) during one
cycle of chemotherapy in 72 resectable oesophageal cancer
patients’® with a power of 80% and an alpha of 0.05
(G*Power®, version 3.1.9.2; Institute for Experimental Psy-
chology in Dusseldorf, Germany).

Procedures

All eligible patients were asked about their interest in partic-
ipating in the study. After verbal acceptance and signing an
informed consent form, the subjects were submitted to an
initial assessment performed during diagnosis and staging of
the disease, including body composition by CT scan before
starting the first chemotherapy cycle.

Clinical and pathological data were obtained from the elec-
tronic records at the Hospital: demographic and clinical data
such as age, gender, primary tumour site, histological type,
chemotherapy regimens used, and ECOG-PS.

Patients were followed for three chemotherapy cycles re-
gardless of the duration of each cycle, which was established
by the physician according to the recommendations for each
cancer type. The goal of chemotherapy, for these patients,
was to reduce the tumour size before surgery (21 patients
with neoadjuvant chemotherapy), reduce the chance of
spreading after surgery (27 patients with adjuvant chemo-
therapy), or palliative chemotherapy (12 patients). The patients
had their nutritional and functional assessment evaluated on
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the first day of each cycle. Gastrointestinal toxicity was evalu-
ated up to 72 h at the beginning of each cycle by medical record
or phone contact. Haematological toxicity was assessed
through the biochemical data available in the medical record
and collected before the start of the next chemotherapy cycle.

Nutritional, functional, and body composition
assessment

Body mass index (BMI) was calculated from height and weight.
Then, patients were classified as underweight, normal weight,
overweight, or obese according to WHO.?* Nutritional status
was evaluated by the Patient-Generated Subjective Global As-
sessment (PG-SGA). Patients classified as A were considered
well nourished, while patients classified as B and C were con-
sidered malnourished.?® Cachexia was classified according
the parameters proposed by Fearon®®: involuntary weight loss
>5% over the last 6 months in the absence of simple starva-
tion; weight loss >2% with a BMI < 20 kg/m?; or weight loss
>2% with low skeletal muscle index (SMI).

Functional capacity was assessed at the beginning of each
chemotherapy cycle by handgrip strength and by the ECOG-
PS, and low functional capacity was defined as ECOG-PS > 2.2
Handgrip strength (kg) was measured using a dynamometer
(Jamar®) with the dominant hand. The patients kept their
hand on a table with their elbow maintained at 90°, and they
were asked to squeeze the dynamometer handle at maxi-
mum strength for at least 3 s for diagnosing dynapenia (hand-
grip strength <30 and <20 kg for male and female patients,
respectively).’

CT scans were evaluated for muscle mass analysis. Skeletal
muscle area was measured on axial CT images?® at the level
of the third lumbar vertebra (L3) using appropriate software
(Slice O’Matic, Tomovision, CA).?” Skeletal muscle was nor-
malized for height to obtain the SMI (cm?/m?). Low muscular-
ity and low muscle attenuation were defined according to the
cut-off point proposed by Martin et al.?® adjusted by gender
and BMI. All patients with low muscularity by CT scan analysis
plus dynapenia were considered sarcopenic.

Toxicity assessment and dose limiting

Toxicity was graded according to the National Cancer Insti-
tute Common Toxicity Criteria, version 5.0%° in four grades,
with Grades 3 and 4 being indicative of severe toxicity.
Toxicity groups were defined as (i) gastrointestinal toxicity,
which included changes such as nausea, constipation,
diarrhoea, anorexia, abdominal pain, gastritis, dysphagia,
xerostomia, reflux, vomiting, mucositis, and weight loss;
and (ii) haematological toxicity, which included changes such
as anaemia, leucopenia, neutropenia, thrombocytopenia,
and renal function.

Toxicity data were obtained after each chemotherapy cy-
cle, as previously described. The DLT was defined as the need
to reduce the drug dose, to delay, or definitively to discon-
tinue the protocol. Patient toxicity assessments were ob-
tained after each chemotherapy cycle (1, 2, and 3). The
analysis compares rates of Grade 3/4 toxicity (serious toxicity)
and DLT defined for drug dose reduction, delay, or definitive
interruption with sarcopenia and cachexia.

Figure 1 Flow diagram of patient recruitment and follow-up. CT, computed tomography; DLT, dose-limiting toxicity.
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Statistical analysis

Statistical procedures were performed using SPSS for
Win/v.20.0 (Statistical Package for Social Sciences, Chicago,
IL, USA). Data normality was verified by the Kolmogorov—
Smirnov test, asymmetry, and kurtosis. Parametric descrip-
tive data were presented in mean and standard deviation
(SD), and categorical data were demonstrated as counts and
percentages. Comparisons between categorical variables
were tested using chi-squared test or Fisher’s exact test.
Cox regression models were used to assess hazard ratios
(HR) for DLT, after adjustment for presence of metastasis
and protocol of chemotherapy. The significance level was
adopted at P < 0.05.

Results

A total of 84 patients with a gastrointestinal cancer were ini-
tially screened in a single centre in Brazil from March 2017 to
February 2018. Therefore, 60 patients were enrolled in this
study. Figure 1 summarizes the follow-up of study volunteers.

Table 1 describes the baseline demographic characteristics
of the patients, chemotherapy regimens, and nutritional
characteristics. The majority of patients was male (55%), with
a mean age of 60 years. Colorectal cancer was most prevalent
representing almost half of the population, followed by gas-
tric cancer. Furthermore, even if the majority of patients
had normal weight, 55% met the criteria for cachexia and al-
most 24% were sarcopenic (low muscle mass plus
dynapenia). Of total cachectic patients (n = 33), all had weight
loss higher than 5% over past 6 months, and 12 (about one
third) also had low muscularity. Most patients had good per-
formance status at the beginning of treatment (ECOG-PS < 2),
but four patients died during follow-up (mean 55 days) due to
high chemotherapy toxicity (neutropenic fever), with one oc-
curring after finishing the third cycle.

The haematological and gastrointestinal toxicity frequen-
cies and DLT are shown in Table 2. The most prevalent gastro-
intestinal toxicities in the present study were nausea,
diarrhoea (Cycles 1, 2, and 3), abdominal pain (Cycle 1), and
anorexia (Cycle 3). Neutropenia was the most incident toxic-
ity among the haematological ones in Cycles 1 and 2. How-
ever, the same prevalence was observed for leukopenia,
anaemia, and neutropenia in Cycle 3. No patient in the study
presented thrombocytopenia or elevated creatinine. Malnu-
trition, detected by PG-SGA, increased considerably during
chemotherapy, identified as 58% of the patients malnour-
ished in Cycle 1 and almost 86% in the last cycle. Dynapenia
and ECOG-PS status results also worsened during follow-up.

Table 3 shows the association between sarcopenia, ca-
chexia, and muscle attenuation with toxicities. Sarcopenia
was associated with anorexia in Cycle 1 (P = 0.045) and nau-
sea in Cycle 2 (P = 0.044). Patients with low muscle

Table 1 Clinical and nutritional characteristics at baseline (n = 60)

n (%) Mean (SD)

60.9 (14.0)

Age (years)
<60 years
>60 years
Gender
Female
Male
Ethnicity
Caucasian
Non-Caucasian
Tumour site
Oesophageal
Gastric 1
Colon/rectum 3
Other gastrointestinal site
(liver and pancreas)
Clinical TNM stage
Il 8(13.3
i 24 (40.0
\% 28 (46.7
Treatment modalities
Chemotherapy 1
Chemotherapy + radiotherapy?® 2
Chemotherapy + surgery 2
Chemotherapy + radiotherapy® + surgery
Chemotherapy protocol
5FU + leucovorin®
FOLFOX®
Paclitaxel + carboplatin®
Others
Height (m)
Weight (kg)
Body mass index (kg/m?)
Underweight
Normal weight 2
Overweight 1
Obese
Weight loss in 6 months (%)
Skeletal muscle index (cmz/m )
Male
Female
Muscle attenuation (Hounsfield unit)

27 (45)
33 (55)

27 (45)

1.60 (0.09)
61.5(14.9)
24.5 (5.7)

12.4 (8.8)

53.5(10.1)
46.4 (8.4)
37.8 (9.1)

Low muscle attenuation (50.0)
Sarcopenia 14 (23.3)
PG-SGA
Nourished 25 (41.7)
Malnourished 35 (58.3)
ECOG-PS scale
0-1 47 (78.3)
2 13 (21.7)

ECOG-PS, Eastern Cooperative Oncology Group Performance Sta-
tus; PG-SGA, Patient-Generated Subjective Global Assessment;
TNM, Stage according to American Joint Committee on Cancer
(AJCCQ) Cancer Staging Manual 7th edition.

“Radiotherapy protocol: 50.4 Gy.

PSFyY (370 mg/mz) + leucovorin (50 mg/mz).

“Folfox: Oxaliplatin 85 mg/m” + leucovorin 400 mg/m® + 5-FU
400 mg/m? + continuous 5-FU 2.400 mg/m? in 46 h.

dpaclitaxel (50 mg/m?) + carboplatin (AUC 2).

attenuation showed a significantly higher nausea toxicity in
Cycle 1 (P = 0.031). Cachexia was associated with nausea
(P =0.02) in the first cycle. Self-report toxicity anorexia was
associated with cachexia in the first and second cycle
(P = 0.001 and P = 0.026, respectively). Cachectic patients
had significantly more DLT in all cycles. The relationship
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Table 2 Frequency of haematological and gastrointestinal toxicities and
dose-limiting toxicity during chemotherapy [n (%)]

Cycle 1 Cycle 2 Cycle 3
Variables (n = 60/100%) (n = 58/100%) (n = 36/100%)
Haematological toxicities
Anaemia 3 (5.0) 7(12.1) 4(11.1)
Leukopenia 4 (6.6) 5(8.6) 2 (5.6)
Neutropenia 7 (11.6) 2 (3.5) 2 (5.6)
Gastrointestinal toxicities
Nausea 15 (25.0) 8 (13.8) 12 (33.3)
Constipation 3 (5.0) 2 (3.5) 3(8.3)
Diarrhoea 8(13.3) 14 (24.1) 6 (16.7)
Anorexia 7(11.6) 11 (19.0) 9 (25.0)
Abdominal pain 14 (23.3) 6(10.3) 4(11.1)
Gastritis 0 (0.0) 0 (0.0) 1(2.8)
Dysphagia 6 (10.0) 3(5.2) 3(8.3)
Dry mouth 0 (0.0) 0 (0.0) 2 (5.6)
Reflux 0 (0.0) 1(1.7) 1(2.8)
Vomiting 3 (5.0) 4 (6.9) 1(2.8)
Mucositis 0 (0.0) 0 (0.0) 0 (0.0)
Weight loss 0 (0.0) 2 (3.5) 0 (0.0)
Dose-limiting toxicity
Present 14 (23.3) 12 (20.7) 8(22.2)

between biochemical adverse events and body composition
showed an association between sarcopenia and leukopenia
during chemotherapy (P = 0.036). Patients with sarcopenia,
low muscle attenuation, and cachexia experienced more
high-grade toxicities during treatment. Details about the as-
sociations between sarcopenia, cachexia, low muscle attenu-
ation, and dynapenia are available in Supporting Information.

Significant predictors of chemotherapy toxicity (DLT) were
identified in univariate and multivariate Cox regression
models (Table 4) after adjustment for the presence of metas-
tasis and chemotherapy protocol: cachexia (HR = 10.65; CI
2.99-37.99, P < 0.01) and ECOG performance status
(HR = 3.56; Cl 2.10-18.45, P = 0.03).

Discussion

Assessment of nutritional status and identification of
sarcopenia and cachexia contribute to the decision regarding
which patients would benefit from chemotherapy and which
patients only need supportive care. This study was the first to
show that even though all measures of muscle mass loss
(sarcopenia, muscle attenuation, and cachexia) have associa-
tion with some gastrointestinal toxicity variables, only ca-
chexia and functional capacity (ECOG-PS) were dose-limiting
toxicity predictors.

In recent years, studies in area of body composition and
cancer have focused on the relationship between the quan-
tity and quality of the skeletal muscle in outcomes such as
mortality and quality of life.3%3! About toxicity outcome, pre-
vious studies have already shown the impact of sarcopenia
for different gastrointestinal cancers such as colon and rec-
tum,® oesophagus,®* breast cancer,®? and gastric cancer.®

Table 3 Associations with toxicities and body composition during chemotherapy (n = 60)

Cycle 3
Sarcopenia

(n = 12/33.3%)

Cycle 2

Cycle 1

Cachexia
(n = 24/66.7%)

LMA

(n = 22/61.1%)

Cachexia
(n = 31/53.4%)

LMA

Cachexia
(n = 29/50%)

(n = 33/55%)

LMA
(n = 30/50%)

Sarcopenia
(n = 13/22%)

Sarcopenia
(n = 14/23.3%)

Variables

Haematological

Anaemia

Leukopenia

Neutropenia

Gastrointestinal
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Table 4 Univariate and multivariate Cox regression analyses of association between toxicity (DLT) with different muscle measurements and nutritional

status (n = 60)

Univariate HR (95% Cl) P-value Multivariate® HR (95% Cl) P-value
Age (years) 0.78
<60 years 1
>60 years 0.78 (0.35-1.71)
Gender 0.14
Female 1
Male 0.55 (0.25-1.21)
Ethnicity 0.95
Non-Caucasian 1
Caucasian 3 (0.43-2.46)
Smoking history 0.52
Never smoked 1
Previous smoker 0.68 (0.29-1.59)
Current smoker 1.93 (0.25-14.89)
Diagnosis time 0.23
1-2 months 1
3-6 months 1.82 (0.42-7.89)
>6 months 0.84 (0.16-4.35)
Treatment modalities 0.87
Chemotherapy 1
Chemotherapy + radiotherapy 0.88 (0.29-2.70)
Chemotherapy + surgery 0.96 (0.32-2.95)
Chemotherapy + radiotherapy + surgery 1.51 (0.41-5.64)
Chemotherapy protocol 0.30
5FU + leucovorin 1
FOLFOX 0.77 (0,22-2.69)
Paclitaxel + carboplatin 1.92 (0.73-5.09)
Others 2.59 (0.73-9.15)
Clinical TNM stage 0.76
I 1
11l 0.70 (0.22-2.72)
[\ 0.93 (0.30-2.89)
Metastasis presence 1.21 (0.55-2.65) 0.64
Body mass |ndex 0.14
<25 kg/m 1
>25 kg/m 1.93 (0.77-4.82)
PG-SGA 0.44
Nourished 1
Malnourished 0.73 (0.33-1.60)
Dynapenia 3.58 (0.84-15.22) 0.09
Sarcopenia 2.23 (0.98-5.06) 0.06
Low muscle attenuation 1.90 (0.85-4.24) 0.11
Cachexia 9.00 (2.68-30.24) <0.001 10.65 (2.99-37.99) <0.001
ECOG-PS scale 0.01 <0.001
0-1 1 1
>2 5.88 (2.54-13.63) 6.51 (2.10-18.45)

ECOG-PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; PG-SGA, Patient-Generated Subjective Global As-
sessment; TNM, Stage according to American Joint Committee on Cancer (AJCC) Cancer Staging Manual 7th edition.

@Cox regression model adjusted for the presence of metastasis and chemotherapy protocol.

However, this is the first prospective study to date which
tracked patients during three chemotherapy cycles and also
assessed other muscle mass loss and functional capacity pa-
rameters. These analyses may contribute to better under-
standing of the variables that have an impact on the toxicity
and prognosis of patients with gastrointestinal cancer.
Patients’ nutritional status at baseline was similar with
other studies in the literature which indicate BMI adequacy
and considerable frequencies of sarcopenia and cachexia. As
observed in other studies, this panorama reflects the increas-
ing rates of overweight/obesity in this population and pro-
posed that less importance should be placed on BMI.>® All
patients classified with cachexia in the present study had

weight loss higher than 5% in the previous 6 months. How-
ever, considering only weight loss to define cachexia can be
inadequate, as this fails to account for fluid accumulation,
large tumour burden, and the fat visceral organ atrophy pres-
ent in patients with cancer.>* On the other hand, the present
cachexia diagnostic criterion confounds sarcopenia diagnoses
by considering only the low muscularity in its definition
(weight loss >2% and low SMI).*> Thus, whenever possible,
measures of inflammation can be assessed in these patients
to complement the diagnosis of cachexia, and the diagnostic
of sarcopenia in cancer patients should also include the func-
tion assessment. In the present study, this measure was not
obtained because it was not part of the routine of exams of
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the patient. Finally, although the measure of inflammation is
extremely important, it is not mandatory according to the
current consensus.

The prevalence of sarcopenia and cachexia was almost
52%, and half of the sample had low muscle attenuation. Ca-
chexia induces systemic inflammation and metabolic alter-
ations, which in combination with a decrease in body
protein stores may explain the poor prognosis in these pa-
tients.3® In the present study, the prevalence of sarcopenia
was 23% at the beginning of chemotherapy. According to
Ryan,** sarcopenia is present in between 20% and 70% of pa-
tients, depending on the tumour type and how sarcopenia is
defined, thus constituting a limitation making it difficult to
compare them due to the variety of cut-off points for
sarcopenia that were used.*>?%3® |n other studies, reduced
muscle attenuation was also associated with poor prognosis
such as more fatigue—the effect of activating the immune
system and fatty infiltration in muscle.3” In patients with re-
nal cell carcinoma,®® higher muscle density was indepen-
dently associated with survival (HR = 1.85; P = 0.004), and
low muscle attenuation in patients with metastatic mela-
noma was associated with high grades in immune-related ad-
verse events (OR = 3.57, Cl 1.09-11.77, P = 0.036).%’

Although both low muscle mass and low muscle function is
required for the diagnostic of sarcopenia,®® nowadays, re-
searchers have discussed their independent effects in differ-
ent conditions, and which is more important for selected
outcomes. In elderly, low muscle function seems to have
the greatest impact on the risk for physical dependence com-
pared with having low muscle mass alone.3 In contrast,
Alexandre et al.*® observed that only low muscle mass was
associated with an increased risk for impaired physical inde-
pendence in the same population. For hospitalized patients,
the loss in muscle mass is also important, due to the fact that
many drugs are metabolized in skeletal muscle mass, espe-
cially chemotherapeutic agents.”° It is also important to
recognize that skeletal muscle mass serves as the reserve of
amino acids, and its depletion can be considered an indepen-
dent risk factor for surgical patients.* The present data
showed that low muscle function only was not associated
with toxicities during chemotherapy in cancer patients, and
low muscle quality (muscle attenuation) had a low impact (re-
sults showed in Supporting Information).

In the present study, 54 (75%) patients experienced some
grade of self-reported toxicity during chemotherapy. The
most frequent toxicities related were nausea, diarrhoea,
and anorexia. In a study with colorectal cancer patients un-
dergoing treatment with a 5-flurouracil (5-FU)/leucovorin
protocol, Prado et al® found that neutropenia, diarrhoea,
and nausea were also the most frequent. Similar results were
observed by Kim et al.*? and Zietarska et al.*® Regarding hae-
matological toxicities, there was no significant difference in
the incidence of neutropenia, anaemia, creatinine, and
thrombocytopenia toxicities between the sarcopenic or non-

sarcopenic and the cachetic or non-cachetic patients at base-
line. Miyata et al.” also did not find a significant difference in
patients during neoadjuvant chemotherapy for oesophageal
cancer. This lack of toxicity is probably due to the high cut-
off points for biochemical toxicity adopted in the literature®®
to ensure patient safety.

In our study, patients with sarcopenia, cachexia, and low
muscle attenuation presented higher toxicity values com-
pared to their controls, however without statistical signifi-
cance for most variables. This result may be partly attributed
to good control of the chemotherapy treatment dosage which
minimized the adverse effects, since the relationship between
reduced muscle mass and toxicity to chemotherapy is
known.**™*3 Other studies have shown similar results, finding
body composition that is predictive of Grades 3—4 toxicities in
colorectal cancer patients.'®** Efforts should be made by
medical staff to reduce toxicity during chemotherapy cycles
to avoid dose reduction or treatment interruption.

The DLT frequency was relatively high in the sample, and
cachectic patients experienced significantly more DLT than
non-cachectic patients. No association was observed be-
tween sarcopenia and DLT. Differently, Mir et al.** in evaluat-
ing patients with hepatocellular carcinoma observed that
sarcopenic patients experienced significantly more DLT than
non-sarcopenic patients (82% vs. 31%, P = 0.005). In the same
way, Cousin® analysed many different chemotherapy proto-
cols and found that regardless of the drug type, patients with
a higher toxicity grade had significantly lower SMI. In a cohort
of patients receiving neoadjuvant treatment for esophago-
gastric cancer, Tan'? showed that the presence of sarcopenia
was significantly associated with DLT (54.5 vs. 28.9%). In sum-
mary, these studies (which did not assess the presence of ca-
chexia) demonstrated that decreased muscle mass and
presence of sarcopenia are associated with poor prognostic
and less survival after chemotherapy, independent of proto-
col or gastrointestinal tumour site. Future studies investigat-
ing dose reductions in patients with sarcopenia, cachexia,
and muscle attenuation are necessary to clarify the impact
of body composition in DLT.

The present univariate model only suggested a maintained
association between cachexia and ECOG with toxicities when
the model was adjusted in multivariable analyses. Poor per-
formance status patients (ECOG-PS > 2) usually tolerate che-
motherapy poorly, with increased toxicity compared to
patients with ECOG-PS 0-1.***" In the present study, poor
performance status was also a predictor of toxicity in gastro-
intestinal cancer patients. This underscores the need to iden-
tify clinical characteristics of poor performance status
patients, avoiding overtreatment. Although low muscle mass
and low muscle attenuation have been associated with
poorer tolerance to chemotherapy,”**3” and low muscle at-
tenuation is highly prevalent in the present study, we did
not find this association. One possible explanation is the high
prevalence of cachexia in patients, or the small sample size.
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A relatively high proportion of patients exhibited cachexia,
but not too high, while other studies (above 60%).>>% In the
present study, cachexia was the best toxicity predictor in the
sample, while sarcopenia was not a predictor in the regres-
sion model, which is different from other studies in the liter-
ature. This condition could be associated with increased
treatment toxicity, and frequently necessitate premature in-
terruption. Additionally, cachectic patients have poor perfor-
mance status.’® Thus, a vicious cycle develops; cachexia
reduces the possibility of using cytotoxic agents, thus leading
to disease progression, and this in turn promotes the devel-
opment of resistant cachexia.** Most research to date has fo-
cused on treating muscle depletion as part of the cachexia
syndrome using nutritional, exercise, and pharmacological in-
terventions; however, these single-agent therapies have not
provided promising results.*®

It is important to highlight that different instruments in lit-
erature for assessing loss of muscle mass can produce a rela-
tive variability in frequency of sarcopenia and cachexia, and
there are multiple methods of adjusting the result for height
or for BMI.>® Recently, Blauwhoff-Buskermolen et al.>* found
a large variation of prevalence of low muscle mass (13% to
93%) with different techniques (anthropometry, CT, and bio-
electrical impedance) in cancer patients, and it has repercus-
sion in diagnosis of cachexia and sarcopenia. However,
despite a large disagreement between muscle measures in
identifying a low muscle mass in these patients, the effect
on the diagnosis of cancer cachexia was limited. The recent
review of the European Consensus of Sarcopenia recognizes
the different skeletal muscle mass assessment tools. Accord-
ing to this consensus, for the detection of low muscle quan-
tity and quality, dual x-ray absorptiometry (DXA) is advised
in clinical practice and bioelectrical impedance analyses
(BIA), computed tomography (CT), and magnetic resonance
imaging (MRI) in research studies.>®

Like sarcopenia, the PG-SGA nutritional assessment tool
was not predictive for toxicity. Although there is no consen-
sus on the optimal tool to be employed in the oncology set-
ting and little research has been performed to assess
whether tools currently in use are adequately capturing pa-
tients with nutrition-related syndromes,®* recent findings
highlight the strong association between nutritional assess-
ment and survival prediction in oncology populations.?® Al-
though malnutrition is a frequent feature of patients with
advanced cancer, and 58.3% of patients of the present study
had a diagnosis of malnourishment in the beginning of che-
motherapy treatment by PG-SGA, 46.7% of these patients
were overweight or obese at this time point. This issue needs
to be more discussed in future studies, with a focus on
sarcopenic obesity.

To the best of our knowledge, this is the first study to as-
sess CT images and compare different parameters of nutri-
tional status, body composition, and functional capacity
tools to prospectively predict toxicity in different

chemotherapy cycles. However, we recognize that the study
has several limitations. This study is a single-centre investiga-
tion with small sample size. Therefore, our results should be
interpreted with caution before being extrapolated to the
general population. Another limitation was the evaluation of
gastrointestinal toxicity only 72 h after each chemotherapy
cycle. It is known that some toxicities may occur after this pe-
riod,®” and this may have underestimated the frequency of
toxicity. The different primary sites of cancer and conse-
quently their different chemotherapeutic schemes should
also be recognized as a limitation. Finally, another factor that
deserves to be remembered is that 35% of patients were un-
dergoing radiotherapy concomitant with chemotherapy, and
the toxicities may have been due to this other treatment
modality.

Despite some limitations, the strength of this study is lon-
ger follow-up time and the possibility of longitudinal nutri-
tional status and functional capacity monitoring. Thus, this
study contributes to narrow the gap in literature about the
relationship in baseline cachexia, sarcopenia, muscle density,
and functional status with implications in evaluating toxicities
during three cycles.

In conclusion, our findings suggest that cachexia diagnosis
was better than sarcopenia and muscle attenuation as the
better predictor for haematological and gastrointestinal toxic-
ities during chemotherapy in a gastrointestinal cancer popu-
lation. In practice, the application and use of the diagnostic
criteria for cachexia based on sarcopenia using CT (the gold
standard method of body composition analysis in oncology
patients) can be used to predict adverse clinical outcomes
and identify patients who need a more specific nutritional
therapy.
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