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Body composition changes during and after curative chemotherapy in patients 
with testicular cancer

Otakar Semerada, Tomas Buchlerb, Jiri Vejmelkaa, Aneta Rozsypalovab, Jitka Tomesovac, Pavel Kohouta

Background. Testicular cancer is associated with excellent prognosis and cure is achieved in most patients with ad-
vanced cancer treated with cisplatin-based chemotherapy. However, testicular cancer survivors are at increased risk 
of accelerated atherosclerosis, which significantly contributes to their late morbidity and mortality. Atherosclerosis is 
associated with a higher proportion of fat mass and especially with increased amount of visceral fat. We explored the 
effects of cisplatin-based chemotherapy on body composition during and after the treatment. 
Patients and Methods. We studied 30 testicular cancer patients before chemotherapy, after the second cycle of che-
motherapy and three months after the end of chemotherapy. Body composition parameters were evaluated using 
bioelectrical impedance analysis (BIA). 
Results. Three months after the end of chemotherapy the fat mass had increased from 22.04±7.15% to 23.92±7.33% 
(P=0.026) and visceral fat volume had increased by 17% from 2.36±1.75l to 2.77±1.94l (P=0.013). In the whole sample 
there was a decrease in muscle mass after the second cycle of chemotherapy (-1.33 ± 2 kg on average; P=0.005). The 
changes in body composition varied according to distinct baseline fat mass.
Conclusion. Cisplatin-based chemotherapy was associated with increase of fat mass, visceral fat, and body mass index. 
We also observed decrease in muscle mass and total body water. Our results suggest that BIA could help to target pre-
ventative measures to avert the acceleration of atherosclerosis in patients treated with cisplatin-based chemotherapy. 
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INTRODUCTION 

Testicular germ-cell tumours (TGCT) are diagnosed 
in approximately 500 men in the Czech Republic every 
year1. It is the most common tumour of men aged 15 to 
40 years2. More than 90% of all patients achieve long-
term survival3. Non-oncological complications such as 
accelerated atherosclerosis significantly contribute to late 
morbidity and mortality of patients with the history of 
TGCT (ref.4-9). A double or higher risk of cardiovascular 
disease has been observed in long-term survivors8,10. The 
problem is currently not receiving enough attention dur-
ing the long-term follow-up of these patients by urologists, 
oncologists, or general practitioners. Therefore, an active 
approach to identify and treat long-term complications 
together with lifestyle adjustments could significantly 
reduce post-therapeutic morbidity and mortality in this 
population.

The higher incidence of atherosclerotic complications 
during long-term observation is phenomenon that has 
not been fully explained yet. Patients after chemotherapy 
containing cisplatin had significant increase in the BMI 
and a higher prevalence of obesity6,7,9,11-13. Bleomycin and 
cisplatin are known to induce endothelial damage14. Fat-
free mass (FFM) decline is associated with loss of muscle 

strength, immune, pulmonary, and cardiac function15. 
Changes in body fat content are not routinely measured 
in these patients as a part of follow-up. Subjective meth-
ods of nutritional assessment such as questionnaires do 
not provide information about body composition. Bipedal 
bioelectric impedance is a simple, non-invasive method 
for assessing body composition which has already been 
used in cancer patients. It is well suited for longitudinal 
monitoring of changes in fat/water content during can-
cer treatment16. The aim of this study is to evaluate the 
change in body composition using BIA with a focus on 
fat mass in patients with testicular tumours during and 
after chemotherapy. 

PATIENTS AND METHODS

This study enrolled men starting chemotherapy for 
advanced TGCT at the Department of Oncology, First 
Faculty of Medicine of Charles University and Thomayer 
Hospital since November 2016 to October 2018. The par-
ticipants had histologically confirmed testicular tumour 
to be treated with chemotherapy. 

The bleomycin/etoposide/cisplatin (BEP) chemother-
apy protocol was used with curative intentions in all pa-
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tients following radical orchidectomy. For etoposide, the 
dose was 100 mg/m2 and for cisplatin 20 mg/m2 on days 
1-5 in each chemotherapy cycle. For bleomycin, the fixed 
dose was used 30 mg on day 1, 8, and 15 of each cycle17. 

To measure changes in body composition the Medical 
Body Composition Analyzer Seca 515 (Seca mBCA 515) 
was used. An 8-point bioelectric impedance analysis was 
performed at a frequency range of 5 - 50 kHz with an 
electric current of 100 µA. The weight was determined 
by the scale integrated in the Seca mBCA 515. The height 
was determined by a standardized technique with a metal 
stadiometer with an accuracy of 1 mm. Seca analytics 115 
software was used to analyse the data. The measurements 
were performed according to the NIHR Southampton 
Biomedical Research Centre standard protocol18. 

The output of each measurement was basic anthropo-
metric data such as height, weight, and waist circumfer-
ence. BMI was calculated as weight (kilograms) divided 
by height (meters2). Furthermore, bioimpedance analysis 
data include fat-mass and fat-free mass, muscle mass, total 
body water and its extracellular fraction, basal metabo-
lism, and phase angle. BIA measurements were performed 
before the start of chemotherapy, after the second cycle 
of chemotherapy and then 3 months after the end of che-
motherapy. Patients who did not undergo all 3 planned 
BIA measurements were excluded from the evaluation of 
changes in body composition. Student t-tests were used to 
assess the significance of changes in parameters obtained 
from BIA. The summary statistics are presented as means 
and standard deviation. In all tests a P<0.05 was consid-
ered as significant. 

RESULTS

Thirty men with newly diagnosed testicular tumour 
participated in the study. Patients with a history of can-
cer and chemotherapy were excluded. The mean age of 
patients was 37 years and ranged from 22 to 60 years. 
The race of all patients participating in the study was 
Caucasian. Histopathology of the tumour showed semino-
ma in six patients (20% of the cohort) and nonseminoma 
in 24 patients (80% of the cohort) (Table 1). Three cycles 
of chemotherapy were most frequently used (14 patients), 
9 patients underwent 4 cycles of chemotherapy and in 
7 patients only 2 cycles of chemotherapy were applied. 

Twenty-three patients out of 30 enrolled in the study 
underwent 3 planned measurements due to the length of 
the study, limited patient compliance, and health prob-
lems not related to underlying cancer. Data from these 23 
patients were used to assess changes in body composition. 
The evaluable cohort of 23 patients was divided in two 
groups according to the initial representation of fat mass 
(FM) (group A and group B). The discriminatory value 
for the inclusion of patients in these two groups was 20% 
of FM found at the first BIA measurement, before the 
start of chemotherapy. Group A included patients with 
FM over 20% (13 patients). Group B included patients 
whose FM was under 20% (10 patients). Values over three 
measurements ​​are reported generally for the entire patient 
population (n=23) and separately for group A (n=13) and 
B (n=10). Data obtained by BIA are shown in Table 2 and 
will be commented in more detail below.

We used bioelectrical impedance analysis to detect 
changes in body composition during cancer treatment. We 

Table 1. Characteristics of study participants.

    Number %

Mean age (n = 30) 37 years
Number of cycles  
of chemotherapy (n = 30)

4 cycles 9 30

  3 cycles 14 47
  2 cycles 7 23
Smoking status (n = 28) smoker 5 18
  ex-smoker 9 32
  non-smoker 14 50
Arterial hypertension (n = 28) yes 7 25
  no 21 75
Diabetes mellitus (n = 28) yes 1 4
  no 27 96
Dyslipidemia (n = 28) yes 7 25
  no 21 75
Histological type of tumour  
(n = 30)

seminomatous  
germ-cell tumour

6 20

 
non-seminomatous  
germ-cell tumour

24 80

Stage I 7 30.4
  II 9 39.1
  III 7 30.4
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observed significant weight gain (+3.03 ± 4 kg; P=0.001) 
three months after the completion of chemotherapy 
in the whole sample. Interestingly, patients in group A 
achieved more than threefold weight gain (+4.63 ± 4.03 
kg; P=0.001) compared to patients in group B (+0,96 ± 
3 kg; P=0.34) (Fig. 1). Along with the weight gain, BMI 
also increased during the study. There was a shift from 
initial BMI 26.65±3.98 to 27.19±4.19 (P=0.046) at the end 
of the study in the whole cohort. The number of obese 
patients increased by 50% in the time of third measure-
ment compared to the initial number. 

In the whole cohort, the proportion of fat body mass 
increased during each BIA measurement. Patients in the 
whole sample gain +1.88 ± 3.70% (P=0.026) of fat mass 
between the first and third measurement. We also ob-
served differences in timing of fat mass gain. In group A 
there was a maximal increase between the second and the 
third measurement. On the contrary, in group B, maxi-
mal increase in the proportion of fat body mass occurred 
between the first and second measurement +2.7 ± 1.68% 
(P=0.002) (Fig. 2).

The increase in visceral fat was even more pronounced 
than the increase of the fat mass. The amount of visceral 
fat rose by 17% between the first and third measurement 
in the whole sample. In group A, we observed continual 
increase of visceral fat. In group B, there was a significant 
increase (+0.4 ± 0.2 l; P=0.0002) between first and second 
BIA but insignificant decrease in the amount of visceral 
fat between second and third measurement. Changes in 
waist circumference correlated with development in vis-
ceral fat. 

Another parameter we monitored was muscle mass. 
In the whole sample we observed a decrease in muscle 
mass between the first and second measurement (mean 
difference -1.33 ± 2 kg; P=0.005). The loss of muscle mass 
was measured in 17 out of 23 patients. The decrease of 
muscle mass was more pronounced in the group B. We 
observed restoration of muscle mass with mean difference 
+1.18 ± 2.16 kg (P=0.018) between the second and third 
measurement in the whole sample. However, patients in 
group B did not achieve the muscle mass values they had 
prior to chemotherapy, even three months after the end 
of the treatment. Despite the decrease in muscle mass 
during chemotherapy, none of the patients deteriorated 
to sarcopenia. Sarcopenia cut-off point for men was es-
tablished as ASM/hight2 < 7.0 kg/m2 according to Gould 
et al.19 (Fig. 3).

The relative amount of total body water was gradually 
decreasing in all three BIA measurements in the whole 
sample. The most significant decrease was in group B 
between the first and second measurement (-2.03±1.5%; 
P=0.002).

DISCUSSION

In a cohort of TGCT patients treated with cisplatin-
based chemotherapy, we observed a significant increase 
of fat mass, visceral fat, and BMI three months after 
the initiation of chemotherapy compared to the initial 

Fig. 1. Average weight change during the measurement. Data 
and error bars represent the mean ± SEM.

Fig. 2. The average change in the proportion of fat mass dur-
ing the measurement. Data and error bars represent the mean 
± SEM.

Fig. 3. Mean change in appendicular skeletal mass index 
(ASM/m2) during BIA measurements. Data and error 
bars represent the mean ± SEM.

measurement. There was also a concomitant significant 
decrease in muscle mass and total body water after the 
second cycle of chemotherapy compared to initial values.

In comparison to the general population, the TGCT 
survivors have significantly higher risk of several late can-
cer and non-oncological complications. Patients receiving 
cisplatin-based chemotherapy regimens are at increased 
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Table 2. Changes in body composition in patients with testicular tumours undergoing chemotherapy. All measured values are 
expressed as mean ± standard deviation. 

    1st BIA 1st BIA 
versus  
2nd BIA,    
P value

2nd BIA 2nd BIA 
versus  
3rd BIA,    
P value 

3rd BIA 1st BIA 
versus  
3rd BIA,    
P value

Body weight (kg) Whole cohort 86.28±15.44 0.078 84.88±14.22 0.001 87.91±15.83 0.062 
  Group A 90.6±15.52 0.052 88.35±14.9 0.001 92.97±15.66 0.087
  Group B 80.67±14.11 0.784 80.37±12.59 0.337 81.33±14.17 0.492
Waist circumference (cm) Whole cohort 93.57±12.74 0.084 95.02±12.11 0.685 95.48±13.84 0.090
 Group A 100.27±11.71 0.488 101±12.12 0.516 102.08±13.74 0.352
  Group B 84.85±8.04 0.096 87.25±6.61 0.823 86.9±8.49 0.018
Visceral fat (l) Whole cohort 2.36±1.75 0.014 2.62±1.78 0.281 2.77±1.94 0.013
  Group A 3.36±1.71 0.374 3.51±1.9 0.206 3.78±1.93 0.113
  Group B 1.06±0.54 0.0002 1.46±0.57 0.953 1.45±0.89 0.029
Fat mass (%) Whole cohort 22.04±7.15 0.046 23.27±6.79 0.294 23.92±7.33 0.026
  Group A 26.78±5.38 0.919 26.87±6.52 0.241 28±6.41 0.329
  Group B 15.88±3.42 0.001 18.58±3.6 0.959 18.62±4.62 0.017
Fat-free mass (%) Whole cohort 77.96±7.15 0.046 76.73±6.79 0.294 76.08±7.33 0.026
  Group A 73.22±5.38 0.916 73.13±6.52 0.241 72±6.41 0.329
  Group B 84.12±3.42 0.001 81.42±3.6 0.959 81.38±4.62 0.017
Muscle mass (kg) Whole cohort 32.67±4.59 0.005 31.34±4.65 0.018 32.51±4.21 0.643
  GroupA 32.27±3.83 0.058 31.33±3.72 0.039 32.52±3.96 0.441
  Group B 33.19±5.6 0.044 31.35±5.86 0.206 32.51±4.74 0.294
BMI (kg/m2) Whole cohort 26.65±3.98 0.161 26.3±3.70 0.002 27.19±4.19 0.046
  Group A 28.52±3.83 0.141 27.96±3.64 0.002 29.30±3.85 0.083
  Group B 24.21±2.73 0.805 24.14±2.6 0.291 24.45±2.88 0.347
Total body water (l) Whole cohort 48.70±6.45 0.020 47.33±5.67 0.040 48.37±5.85 0.533
  Group A 48.10±5.16 0.220 47.11±5.31 0.110 48.46±5.44 0.529
  Group B 49.48±8.06 0.060 47.61±6.39 0.190 48.26±6.64 0.205
Total body water (%) Whole cohort 56.70±5.10 0.100 55.93±4.78 0.250 55.35±5.27 0.769
  Group A 53.31±3.85 0.760 53.49±3.75 0.160 52.38±4.73 0.337
  Group B 61.12±2.34 0.002 59.09±2.44 0.850 59.20±3.01 0.864

risk of hypertension, hyperlipidemia, obesity, metabolic 
syndrome, and their consequences in the form of myo-
cardial infarction or stroke4. The risk of cardiovascular 
complications is the highest in patients diagnosed and 
treated before the age of 35 (ref.20). Patients treated with 
bleomycin, etoposide, cisplatin (BEP) chemotherapy had 
a 3.1 times higher risk of myocardial infarction compared 
to the control population11. 

We found that patients with TGCT had significant 
weight gain between the second and third BIA measure-
ment. Weight gain after chemotherapy has been also 
described by Freedman et al.21 in breast cancer patients 
receiving chemotherapy. In our study the separate evalu-
ation of two patient groups with different initial FM re-
vealed difference in body composition changes due to 
chemotherapy between those two groups. Patients in high 
initial FM (group A) achieved more than threefold weight 
gain compared to patients with low initial FM (group 
B). This trend may potentially lead to long-term adverse 
health effects in high FM patients, including a shift to obe-
sity and its metabolic consequences. Obesity is a major 
contributor to cardiovascular disease, hypertension and 
stroke22. In concordance with weight gain, the BMI values 
significantly increased three months after chemotherapy 

in the whole sample. The number of obese patients at the 
end of the study was 50% higher than at baseline.  

In the whole sample, the proportion of fat body mass 
increased during the study. Similar change of body com-
position was observed in study of Freedman et. al.21 as 
well. In case of our patients we also observed difference 
in timing of fat mass gain. While stabilization and pos-
sible return to the original favourable body composition 
can be expected based on the observed trend in group B 
patients, an adverse metabolic effect may result in group 
A patients, where the adipose tissue growth accelerated 
during three months after the end of the chemotherapy. 

Visceral fat mass has been shown to be metabolically 
active and is identified as a major factor to adverse ef-
fects on glucose and lipid metabolism, and endothelial 
dysfunction23,24. Visceral fat expresses more inflamma-
tory cytokines than subcutaneous fat. Increased amount 
of visceral fat may contribute to chronic low grade, sys-
temic, inflammatory state. The inflammation triggered by 
adipose tissue may also lead to increased occurrence of 
vascular diseases25. The consequences of atherosclerosis 
contribute significantly to the mortality and morbidity 
of patients after successful TGCT treatment. Our results 
show that, the amount of visceral fat increased in all three 
measurements in the whole sample. 
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Loss of muscle mass represents an accurate prognostic 
factor for augmented treatment toxicity, worsened out-
comes, and overall reduced survival in cancer patients26. 
In the whole sample there was a decrease in muscle mass 
between the first and second measurement, although not 
reaching the sarcopenia threshold. This is most likely be-
cause the study included relatively young patients with 
high initial muscle mass. 

In the whole sample mean of total body water de-
creased between the first and the second measurement. 
This might be caused by cisplatin nephrotoxicity. Cisplatin 
nephrotoxicity is a result of the transport of cisplatin into 
renal epithelial cells, damage of nuclear and mitochon-
drial DNA, activation of multiple cell death pathways 
and initiation of an inflammatory response27. Polyuria is 
commonly associated with cisplatin nephrotoxicity28. In 
the third measurement, the lower proportion of total body 
water was more affected by increase of body fat mass. 

Our study shows significant changes in the body com-
position in patients with TGCT treated with cisplatin-
based chemotherapy. However, one of the limitations of 
this single centre study is the relatively small number of 
patients. We did not perform BIA measurement at similar 
time points in healthy controls. The design of the study 
thus precluded to differentiate between effects of treat-
ment and time. Although chemotherapy is highly likely 
the cause of observed changes in body composition, we 
cannot with certainty differentiate between effects mediat-
ed by chemotherapy and changes in lifestyle, food intake, 
or corticosteroids treatment (as part of the anti-emetic 
regimen). However, the relatively low doses of steroids 
and the absence of their administration after the end of 
chemotherapy suggest that their effect on the change in 
body composition was not significant.

CONCLUSION

The standard treatment of testicular cancer patients 
with BEP chemotherapy leads to early loss of muscle mass 
and total body water. The simultaneous increase in fat 
mass and visceral fat gradually becomes more pronounced 
with longer time interval after the end of chemotherapy. 
These changes in body composition are related to the 
initial FM. Patients with high baseline FM are more likely 
to develop adverse changes in body composition after the 
chemotherapy and might have a higher incidence of ath-
erosclerosis complications in the future. Preventive mea-
sures based on the results of BIA can help to avoid risk 
of these negative effects. 

A prospective study in larger group of patients with 
a longer follow-up period will clarify whether adverse 
changes in body composition measured early after che-
motherapy correlate with the incidence of future athero-
sclerotic complications.
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