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Abstract
Background: Low muscle mass is associated with worse cancer treatment outcomes. Although dual-energy X-ray absorptiom-

etry or computerized tomography-based analysis have both been widely studied in this clinical setting, studies in the use of bio-

electrical impedance analysis (BIA) remain limited. The aim of this prospective study was to investigate for association between

body composition estimated by BIA and hematologic adverse events in early-stage breast cancer patients receiving chemotherapy.

Methods: A total of 144 female patients were enrolled. Before the first cycle of chemotherapy, body weight and fat-free mass

were measured by a BIA device and then those values were converted into body mass index and fat-free mass index. Association

between fat-free mass index and composite adverse events (CAEs), including grade 4 neutropenia, febrile neutropenia, or relative

dose intensity <85%, was explored. Results: CAEs occurred in 85 patients (59%), and point biserial correlation showed an

inverse correlation between the fat-free mass index and CAE. No included patients were sarcopenic (fat-free mass index

<11.4 kg/m2). Receiver operating characteristic curve analysis revealed <14.85 kg/m2 as the cutoff value indicating a low fat-

free mass index. Using this cutoff, 85 patients were classified as having a low fat-free mass index, and 62 of those patients

(72.9%) had CAE (relative risk: 1.86, P< .001). After adjusting for other factors, a low fat-free mass index was found to be inde-

pendently associated with a high CAE (adjusted odds ratio: 4.562, 95% CI: 2.162-9.627, P< .001). Conclusion: Low fat-free mass

index is an independent predictor of increased risk of hematologic adverse events in early-stage breast cancer patients receiving

chemotherapy. Estimation of fat-free mass index by BIA may identify at-risk patients so that interventions can be considered to

improve treatment outcomes.
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Abbreviations
aOR, adjusted odds ratio; AUC, area under the curve; BIA, bioelectrical impedance analysis; BMI, body mass index; CAE,

composite adverse event; CI, confidence interval; CT, computed tomography; CTCAE, common terminology criteria for

adverse events; DXA, dual energy X-ray absorptiometry; EBC, early-stage breast cancer; FFM, fat-free mass; FFMI, fat-free

mass index; HER2, human epidermal growth factor receptor 2; INC-EU, Impact of Neutropenia in Chemotherapy—European

Study Group; NPV, negative predictive value; OR, odds ratio; PA, phase angle; PPV, positive predictive value; RDI, relative

dose intensity; ROC curve, receiver operating characteristic curve; VIF, variance inflation factor
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Introduction
Breast cancer is the most common cancer, and the leading cause
of cancer death among women worldwide, including in
Thailand.1,2 Patients with early-stage breast cancer (EBC)
usually require multimodality treatments, including surgery,
adjuvant radiotherapy, and systemic therapy, which has suc-
cessfully decreased breast cancer mortality.3 Adjuvant systemic
therapy includes endocrine therapy, human epidermal growth
factor receptor 2 (HER2) targeted therapy, and chemotherapy.
Although adjuvant chemotherapy improves survival, toxicity
remains a major concern. Based on data from randomized con-
trolled trials of adjuvant chemotherapy in node-positive breast
cancer patients, grade 4 leukopenia was found in 17% of
patients, and grade 3 or 4 non-hematologic adverse events
occurred in 20% of patients.4 Moreover, a retrospective
cohort study of EBC patients treated with chemotherapy at
our center found that 35% of patients developed grade 4 neutro-
penia, and febrile neutropenia occurred in 9%.5

According to the Impact of Neutropenia in Chemotherapy—
European Study Group (INC-EU) Prospective Observational
European Neutropenia Study, older age, lower weight, higher
planned dose intensity and number of planned cycles of anthra-
cycline or taxane, vascular comorbidity, lower baseline white
blood cell count, and higher baseline bilirubin were identified
as independent risk factors for grade 4 neutropenia.6

Moreover, a previous retrospective study by our group and a
systematic review of the effect of body weight on
chemotherapy-induced toxicity in EBC patients found that
obese patients experienced significantly fewer neutropenic
events when compared with the number of neutropenic events
experienced by lean patients.5,7 This finding may be due to dif-
ferences in nutritional status and body composition.

Body composition is a term used to describe the relative
amounts of body components including fat mass, muscle
mass, bone mass, and body water. Dual-energy X-ray absorpti-
ometry (DXA) is a 3-compartment model that is widely used for
body composition analysis. Other validated tools for measuring
body composition include computerized tomography
(CT)-defined skeletal muscle at the third lumbar vertebra (L3)
level, and bioelectrical impedance analysis (BIA). A prior meta-
analysis demonstrated low muscle mass, or sarcopenia to be
associated with poor survival outcomes in patients with solid
tumors.8 Sarcopenia was also reported to be associated with
toxicity outcome and time-to-treatment failure in metastatic

breast cancer patients receiving taxane-based chemotherapy.9

Furthermore, lower muscle mass and higher fat mass were
found to be associated with increased risk of toxicity-induced
modifications of treatment in EBC patients receiving
chemotherapy.10,11

Most previous studies in cancer patients performed body
composition measurement using either CT-based analysis or
DXA scan. However, BIA is a widely available, easy to use,
and less expensive method for predicting fat-free mass (FFM)
with no radiation-associated risks to the patient. Moreover,
BIA was evaluated and validated against DXA scan in both
healthy persons and cancer patients.12,13 Accordingly, the aim
of this study was to investigate for association between body
composition estimated by BIA and hematologic adverse
events in EBC patients receiving chemotherapy.

Materials and Methods

Study Design and Participants
This prospective observational cohort study was conducted at
the Division of Medical Oncology of the Department of
Medicine, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok, Thailand during June 2019 to
December 2019. Female patients aged 18 years or older with
histologically confirmed stage I-III breast cancer treated with
(neo)adjuvant anthracycline-based and/or taxane-based chemo-
therapy were eligible for inclusion. Patients with cardiac
pacemaker, cardioverter-defibrillator, orthopedic prosthesis,
presence of ascites or pleural effusion, and patients who
received primary prophylaxis with granulocyte
colony-stimulating factor were excluded from this study.
Patients who were lost to follow up before completing the
fourth cycle (which prevented determination of the patient’s
neutropenic status) were withdrawn from the final analysis.
We conducted and reported the study in accordance with the
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) guidelines.14 Written informed
consent were obtained from all patients prior to enrollment
in the study. We have de-identified all patient details to
protect the privacy of the patients. The study protocol was
approved by the Siriraj Institutional Review Board
(SIRB) (Protocol no. 286/2562(EC3), COA no. Si346/2019),
and was registered in the Thai Clinical Trials Registry (TCTR
reg. no. TCTR20190702004).
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Procedure
Demographic and clinical data including age, comorbidity,
menopausal status, performance status, TNM stage, and
tumor characteristics were collected at baseline. Before admin-
istration of the first cycle of chemotherapy, all participants were
evaluated using a BIA device to measure the components of
body composition, including body weight, fat mass, FFM,
bone mass, and phase angle (PA). FFM includes muscle mass
and vital organ mass, excluding fat mass and bone. PA reflects
the relative contribution of fluid (resistance) and cell mem-
branes (reactance) which is positively associated with reactance
and negatively associated with resistance. Thus, higher PA sug-
gests large quantities of intact cell membranes.15 Body mass
index (BMI) was calculated by dividing body weight in kilo-
gram by height in meters squared (formula: weight (kg) /
[height (m)]2). The formula for calculating fat-free mass
index (FFMI) was FFM (kg) / [height (m)]2. In the original pro-
tocol, the plan was to measure each participant with 2 different
BIA devices (InBody 770; InBody Co., Ltd; and, Tanita
RD-800; Tanita Corporation). However, due to problems with
the availability of the InBody 770, the protocol was amended
to body composition measurement with at least one BIA
device. Complete blood count was assessed before each cycle
of chemotherapy and at the nadir period after the first cycle
of chemotherapy. Neutropenia related adverse events were
graded using Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0. The total dose of each chemother-
apy, and the duration from the first cycle to the end of the

chemotherapy were recorded and analyzed. Relative dose inten-
sity (RDI) was calculated using the following equation:

RDI= (delivereddose÷ actualdelivered time)

(standardcalculateddose÷ standarddeliveredtime)
×100

Outcome
The primary objective was to investigate the association
between a low FFMI and the composite adverse event (CAE)
rate. CAE was defined as grade 4 neutropenia, febrile neutrope-
nic event, and a dose reduction or delay due to neutropenia
leading to an RDI <85%. The exploratory outcomes were the
appropriate FFMI cut point, the sensitivity and specificity of
the FFMI, and the effect size as defined by odds ratio, particu-
larly in obese patients with a low FFMI. Agreement in the
results between the 2 BIA devices used in this study was
included as an exploratory endpoint in the amended protocol.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT)
flow diagram of the patient enrollment process.

Table 1. Baseline Patient Demographic and Clinical Characteristics.

Characteristics Number (%)

Age (years), median (range) 56 (26 -75)
≥65 years, n (%) 20 (13.5%)

ECOG, n (%)
0 107 (72.3%)
1 41 (27.7%)

Menopausal status, n (%)
Pre/perimenopausal 63 (42.6%)
Postmenopausal 84 (56.8%)
Missing 1 (0.7%)

Vascular comorbidity, n (%)a 56 (37.8%)
Disease stage, n (%)

Stage I 57 (38.5%)
Stage II 36 (24.3%)
Stage III 55 (37.2%)

Histology, n (%)
Invasive ductal carcinoma 133 (89.9%)
Invasive lobular carcinoma 9 (6.1%)
Invasive carcinoma, NOS 6 (4.0%)

ER positive, n (%) 107 (72.3%)
HER2 positive, n (%) 49 (33.1%)
Treatment setting, n (%)

Adjuvant 116 (78.4%)
Neoadjuvant 32 (21.6%)

Chemotherapy regimen, n (%)
Anthracycline-containing (AC, AC → Tb) 136 (91.9%)
Non-anthracycline containing (TCb) 12 (8.1%)

Baseline AST/ALT levels
<1.5× upper normal limit 142 (95.9%)
1.5-3× upper normal limit 6 (4.1%)

Baseline WBC ≤5000 cell/mm3, n (%) 16 (10.8%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NOS, not
otherwise specified; ER positive, estrogen receptor positive; HER2 positive,
human epidermal growth factor receptor 2 positive; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; WBC, white blood cell.
aConsisted of diabetes mellitus, hypertension, hypercholesterolemia, ischemic
heart disease, or peripheral arterial disease.
bAC, doxorubicin/cyclophosphamide; AC → T, doxorubicin/
cyclophosphamide followed by paclitaxel; TC, docetaxel/cyclophosphamide.
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Sample Size Calculation and Statistical Analysis
A sample size of greater than 122 patients was calculated using
the formula published by Green16 with a 95% confidence inter-
val and medium size of relationship with the following 9 factors
included in the equation: age, performance status, comorbidity,
stage, chemotherapy regimen, baseline white blood cell count,
BMI, FFMI, and PA.

Patient baseline demographic and clinical characteristics were
summarized using descriptive statistics, including number and
percentage, median and range, and mean and range.
Association between FFMI and CAE was investigated using
point-biserial correlation estimation. Univariate and multivariate
analyses were performed using binomial logistic regression anal-
ysis to identify factors independently associated with the CAEs
outcome. The results of those analyses are presented as odds
ratio (OR) and adjusted odds ratio (aOR)—both with their 95%
confidence interval (CI). Regarding exploratory outcomes, pre-
diction analysis of FFMI was performed using receiver operating
characteristic (ROC) curve analysis, and the appropriate FFMI
cutoff value was estimated using Youden’s index. In the
amended protocol, agreement between the 2 BIA devices used
in this study was analyzed using linear correlation,
Bland-Altman plot, and paired Student’s t-test for mean compar-
ison. Predictive performance parameters, including sensitivity,
specificity, positive predictive value (PPV), and negative predic-
tive value (NPV), were also examined. All statistical analyses
were performed using PASW Statistics (formerly SPSS
Statistics) version 18.0 (SPSS Inc.), and a P-value less than .05
was considered statistically significant for all tests.

Results
A total of 170 breast cancer patients were screened consecu-
tively during June 2019 to November 2019. Eighteen patients
were not enrolled due to advanced stage or male gender. Four

patients receiving primary granulocyte colony-stimulating
factor prophylaxis were also excluded. The remaining 148
patients were enrolled in this study. Of those, 4 patients were
lost to follow up before completing the fourth cycle of chemo-
therapy, so 144 patients were included in the final analysis
(Figure 1).

Patient Characteristics
The demographic and clinical characteristics of the 148 enrolled
patients are listed in Table 1. The median age was 56 years
(range 26-75), 14% of the population was aged 65 years or
more. Performance status classified by Eastern Cooperative
Oncology Group (ECOG) grading revealed 72% as ECOG0.
57% were postmenopausal. 90% of patients had invasive
ductal carcinoma. Hormone receptor positive and HER2 posi-
tive breast cancer were detected in 72% and 33% of patients,
respectively. Chemotherapy was given as adjuvant treatment
setting in 78% of patients. Approximately 10% of patients
had a baseline white blood cell equal to or below 5000 cell/
mm3.

Events of Interest
Of the 144 patients who received at least 4 cycles of chemother-
apy, CAE was observed in 59% of participants. The CAE
results, including grade 4 neutropenia, febrile neutropenia,
and RDI <85%, are shown in Table 2. Grade 4 neutropenia
occurred in 57.6% of total participants. Twelve patients
(8.3%) experienced grade 3 febrile neutropenia, but no grade
4 febrile neutropenia was observed. A reduction in RDI to
<85% due to neutropenic event occurred in 19 patients (13.2%).

Body Composition
Body composition of 148 participants as measured by BIA is
shown in Table 2. Only 74 participants were measured with
both BIA devices. The average body weight of participants
was 59.5 kg (range 35-84.5). The mean BMI was 24.64 kg/m2.
The mean FFM by Tanita RD-800 and InBody 770 was 35.28
and 35.43 kg, respectively. The average FFMI was 14.59 kg/
m2 by Tanita RD-800 and 14.65 kg/m2 by InBody 770. No
patients had an FFMI below 11.4 kg/m2 which is the cutoff for
sarcopenia according to international consensus.17

Agreement Between BIA Devices
Due to the limited availability of the InBody 770 device, only 74
patients were measured with both devices. FFM agreement anal-
ysis between the Tanita RD-800 and the InBody 770 was per-
formed using linear correlation and Bland-Altman plot. The
results showed a significant correlation between the FFM
results from the 2 BIA devices (R= 0.937, P< .01). The FFM
mean comparison did not demonstrate any significant difference,
with mean difference ±SD of 0.12± 1.81 kg (95% CI −0.30 to
0.54, P= .571). The Bland-Altman plot showed good agreement

Table 2. Body Composition and Composite Adverse Event Data.

Height (cm), mean (range) 155.4 (140-170)
Body weight (kg), mean (range) 59.5 (35-84.5)
Body surface area (m2), mean (range) 1.59 (1.16-1.98)
BMI (kg/m2), mean (range) 24.64 (17.16-35.03)
Tanita RD-800 measurement
Fat-free mass (kg), mean (range) 35.28 (27.05-44.65)
FFMI (kg/m2), mean (range) 14.59 (12.06-17.25)

Inbody 770 measurementa

Fat-free mass (kg), mean (range) 35.43 (25.2-49.1)
FFMI (kg/m2), mean (range) 14.65 (11.89-18.71)

Composite adverse event, n (% total)b 85 (59.0%)
Grade 4 neutropenia 83 (57.6%)
Febrile neutropenia 12 (8.3%)
RDI <85% 19 (13.2%)

Abbreviations: BMI, body mass index; FFMI, fat-free mass index; RDI, relative
dose intensity.
aBased on patients who underwent measurement by both BIA devices (n= 74).
bComposite adverse event percentage was calculated based on patients who
completed at least 4 cycles of chemotherapy only (n= 144).
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between FFM estimated by both BIA devices, indicated by no
fixed bias and small limits of agreement (−3.50, 3.74 kg).
However, a clear proportional bias (r= 0.711, P< .001) was
observed, with underestimation and overestimation for low and
high values of FFM, respectively (Figure 2).

ROC Curve Analysis
Prediction analysis of FFMI and CAE was performed using
ROC curve analysis. The area under the ROC curve (AUC)
for FFMI and CAE was 0.675 (Figure 3). Youden’s index
had the highest value when FFMI was 14.85 kg/m2. At this
value, the sensitivity, specificity, PPV, and NPV were 72.9%,
61%, 72.9%, and 61%, respectively, and the relative risk was
1.86 (power of 97.8% at an alpha error of 0.05). Compared to
FFMI, a BMI less than 25 kg/m2 showed lower predictive
power with sensitivity, specificity, PPV, and NPV values of
68.2%, 59.3%, 70.7%, and 56.5%, respectively.

Association Between FFMI and the Primary Outcome
The primary endpoint showed a significant inverse correlation
between FFMI and CAE with a correlation coefficient of
−0.289. The results of univariate and multivariate analyses to
identify factors independently associated with CAE are shown
in Table 3. The magnitude of the effect of CAE in the 4 different
FFMI quartiles is shown in Table 4. Univariate analysis found
low FFMI (<14.85 kg/m2) and low BMI (<25 kg/m2) to be sig-
nificantly associated with the occurrence of a CAE. Subsequent
multivariate analysis revealed low FFMI to be the only indepen-
dent predictor of CAE (aOR: 4.562, 95% CI: 2.162-9.627; P<
.001). Additional analysis using data of the 74 patients with

body composition estimated by InBody 700 revealed that low
FFMI and lower PA were also significantly associated with
CAE (aOR: 4.096 [95% CI: 1.286-13.046; P= .017] and 4.886
[95%CI: 1.541-15.490; P= .007]), respectively.

After including the 4 patients who were lost to follow-up
into association analysis for a best-case and worst-case sce-
nario, the association between FFMI and CAE was similar.
Similar to the previous univariate analysis, this univariate anal-
ysis also showed significant association between FFMI and
CAE. From multivariate analysis, the adjusted ORs in the best-
case and worst-case scenarios were 4.505 (95% CI:
2.161-9.389) and 4.219 (95% CI: 2.034-8.752), respectively.

Discussion
This is the first prospective observational cohort study to investi-
gate the association between body composition estimated by BIA
and hematologic adverse events in patients with EBC who were
treated with adjuvant or neoadjuvant chemotherapy. We found
a significant inverse correlation between FFMI and CAE rate,
which was defined as grade 4 neutropenia, febrile neutropenia,
and a dose reduction or delay due to neutropenia leading to an
RDI <85% (aOR: 4.562, 95%CI: 2.162-9.627; P< .001).

The majority of patients (92%) in this study received
anthracycline-based regimen, and AC (doxorubicin/cyclophos-
phamide) followed by paclitaxel was most commonly pre-
scribed (53%), AC was given in 39% and only 8% of patients
received non-anthracycline with TC (docetaxel/cyclophospha-
mide) regimen. The baseline characteristics of our patients
(age, menopausal status, comorbidity, and BMI) were similar
to those reported from other Asian studies in which EBC
patients received anthracycline-based regimen.18,19 The

Figure 2. Fat-free mass (FFM) estimated by Tanita RD-800 and InBody 770. (A) Bland-Altman plot; mean difference (95% limits of agreement
(± 2SD)) 0.12 (−3.5, 3.74) kg. The dotted line represents the regression line between mean FFM Tanita RD-800 and FFM InBody 770 and
difference between FFM Tanita RD-800 and FFM InBody 770 (r= 0.711, P < .001). (B) Scatter plots (R2= 0.874, SEE= 1.09628).
Abbreviations: SD, standard deviation; R2, R squared; SEE, standard error of the estimate.
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incidence of febrile neutropenia and dose reduction or delay
leading to RDI <85% in our study was comparable to that
reported from Korean study (8.3% vs 8.5% and 13% vs 11%,
respectively).19 However, the incidence of grade 4 neutropenia
in our study was 57.6%, which is higher than the 44.6%
reported by Kim HS et al,19 and the 34% reported from the
INC-EU Prospective Observational European Neutropenia
Study.6 The higher incidence of grade 4 neutropenia in our
study might be related to ethnicity and body composition.
Previous study found a higher percentage of body fat at the
same BMI in Chinese population as compared to Caucasian
population.20 In addition, the average FFMI in our study popu-
lation (14.6 kg/m2) was lower than the average value (16.7 kg/
m2) reported in Chinese population.21

Our analysis demonstrated a significant correlation between
low FFMI and the occurrence of a CAE. Multivariate logistic
regression analysis revealed an FFMI <14.85 kg/m2 to be an inde-
pendent risk factor for increased risk of having a hematologic
adverse events during chemotherapy in patients with EBC. Our
univariate analysis showed BMI to be a significant predictor of
CAE; however, did not survive multivariate analysis to achieve
independent association. Multicollinearity was suspected since
FFM is a part of body weight. Multicollinearity testing was

performed, which showed a moderate correlation with R-square
value of 0.73 and a variance inflation factor (VIF) of 3.96. The
result of multivariate analysis that was performed after excluding
FFMI from the regression analysis equation showed BMI to be
the only independent factor with an adjusted OR of 2.966 (95%
CI: 1.46-6.04, P= .003). Nevertheless, the effect of BMI on
CAE was smaller than that exerted by FFMI.

In some cases, like sarcopenic obesity, BMI and FFMI are dis-
cordant. Prior studies reported that these patients had a higher
chance of developing toxicity from chemotherapy, as well as
having poorer survival.22,23 In our study, 62 patients (43%)
were obese as defined by BMI ≥25 kg/m2, and 12 of those 62
patients (19.3%) were found to have an FFMI lower than
14.85 kg/m2. Ten of those 12 cases (83.3%) with obesity with
low FFMI developed CAE. The odds ratio with continuity correc-
tion between low FFMI and high FFMI in obese patients was
8.04 (95%CI: 1.8-35.87). As such, FFMI may be a useful tool
for identifying obese patients who are at risk for hematologic
adverse events from chemotherapy.

Our study result is consistent with the results of other studies
that reported that poor body composition metrics, such as low
skeletal muscle gauge measured by CT-based analysis, were
significantly associated with increased treatment-related

Figure 3. Receiver operating characteristic (ROC) curve analysis of fat-free mass index (FFMI) and body mass index (BMI).
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toxicities in EBC patients.10 Another observational study that
used DXA scan to assess body composition in EBC patients
receiving chemotherapy found higher absolute fat mass and
higher relative fat mass to be significantly associated with
increased toxicity that led to the need for treatment modifica-
tions.11 The results of this study and previous study highlight
the need for further investigation to identify appropriate inter-
ventions for improving body composition, such as exercise
and dietary interventions, to reduce the incidence of CAE and
improve treatment outcomes.

This is the first prospective study to demonstrate a correla-
tion between body composition estimated by BIA and hemato-
logic adverse events in EBC patients receiving chemotherapy.
BIA is more widely available, easier to use, and less expensive
compared to CT or DXA scan. FFMI estimated by BIA may be
used to identify patients who might be at high risk for develop-
ing toxicity from chemotherapy.

Limitations
This study has some mentionable limitations. First, the BIA
device that we used for all participants in this study (Tanita
RD-800) is a consumer-level product. However, we evaluated
and demonstrated agreement between the Tanita RD-800 and
the InBody 770, the latter of which is a professional-level
device and was validated against DXA.24 Second, our study
enrolled only EBC patients, so the FFMI cutoff value of
14.85 kg/m2 may not be generalizable to women with more
advanced stages of breast cancer. Third and last, we did not
include male breast cancer patients because males physiologi-
cally have a higher proportion of muscle components compared
to females. The FFMI cut point in male patients may be higher,

Table 3. Univariate and Multivariate Logistic Regression Analysis to Identify Factors That Independently Predict Composite Adverse Events.

Univariate Multivariate

Factors n (%) OR (95%CI) P Adjusted OR (95%CI) P

Age

<65 years 76/124 (61.3%) *
≥ 65 years 9/20 (45.0%) 0.517 (0.199-1.339) .174 0.776 (0.270-2.229) .637

Vascular morbidity
No 55/91 (60.4%) *
Yes 30/53 (56.6%) 0.854 (0.430-1.697) .652

ECOG
0 63/104 (60.6%) *
1 22/40 (55.0%) 0.795 (0.381-1.662) .543

Stage
I 55/92 (59.8%) *
II–III 30/52 (57.7%) 0.917 (0.460-1.829) .806

Chemotherapy
Anthracycline 79/132 (59.8%) *
Non-anthracycline 6/12 (50.0%) 0.671 (0.205-2.192) 0.509 0.820 (0.220-3.065) .768

WBC
>5000 cell/mm3 73/128 (57.0%) *
≤5000 cell/mm3 12/16 (75.0%) 2.260 (0.691-7.389) .177 3.261 (0.921-11.545) .067

FFMI
≥14.85 kg/m2 23/59 (39.0%) *
<14.85 kg/m2 62/85 (72.9%) 4.219 (2.076-8.574) <.001 4.562 (2.162-9.627) <.001

BMI
≥25 kg/m2 27/62 (43.5%) *
<25 kg/m2 58/82 (70.7%) 3.133 (1.569-6.256) .001 **

Abbreviations: OR, odds ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; WBC, white blood cell; FFMI, fat-free mass index; BMI,
body mass index.
A P-value <.05 indicates statistical significance.
*Defined as reference.
**BMI was excluded from the multivariate analysis due to suspicion of multicollinearity.

Table 4. Magnitude of the Effect of CAE in the Different FFMI
Quartiles.

Quartile OR (95% CI) P-value

FFMI <13.85 kg/m2 6.566 (2.325-18.539) <.001
FFMI 13.85-14.57 kg/m2 5.372 (1.976-14.601) .001
FFMI 14.58-15.32 kg/m2 3.571 (1.346-9.475) .011
FFMI >15.32 kg/m2 Reference —

Abbreviations: CAE, composite adverse events; FFMI, fat-free mass index; OR,
odds ratio; 95% CI, 95% confidence interval.
A p-value<.05 indicates statistical significance.

Thanestada et al 7



so further investigation in different population should be
conducted.

Conclusion
Low FFMI is an independent predictor of increased risk of
hematologic adverse events in EBC patients receiving chemo-
therapy. Estimation of FFMI by BIA may identify at-risk
patients so that interventions can be considered to improve
treatment outcomes.
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