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S T R U C T U R E D  A B S T R A C T   

Introduction: Loss of skeletal muscle (SM) and gain of subcutaneous fat (SCF) are known side-effects of androgen- 
deprivation in treatment of prostate cancer. Scarce data is available concerning the effects of abiraterone/pred 
(ABI) on body composition and no published data regarding enzalutamide (ENZA). Our objective was to analyse 
the effects of ENZA on SM/SCF and to compare the results with ABI in patients with metastatic castration- 
resistant prostate-cancer (mCRPC). 
Patients and Methods: 54 patients starting ABI (n = 17) or ENZA (n = 37) at a single-centre between 2012 and 
2018 were retrospectively identified. SM and SCF were assessed using CT-scans at baseline and after a median of 
10.8 months on treatment. A deep learning image-segmentation software was used to quantify SM and SCF. In a 
subgroup of patients receiving ENZA within a trial, we investigated change of SM using serial timepoints. 
Results: Median time of treatment with ABI/ENZA was 14.6 months. A significant loss of SM compared to baseline 
was observed for ENZA (mean loss 5.2%, p<0.0001) and ABI (mean loss 3.0%, p = 0.02). SCF was not signifi-
cantly altered. The effects of both drugs did not differ significantly. Loss of SM occurred early on during treat-
ment with ENZA. 
Conclusion: Treatment with ENZA seems to lead to a loss of SM which is comparable to that of ABI. Further 
evaluation in larger patient-cohorts is warranted. In routine care, counselling of patients about side effects of 
ABI/ENZA should include discussions about SM loss.   

Microabstract: (60 words) 

Androgen-deprivation in prostate cancer leads to loss of skeletal 
muscle and gain of subcutaneous fat. Little is known about the effects of 
abiraterone and enzalutamide on body composition. Using an image- 
segmentation-software we assessed skeletal muscle and subcutaneous 
fat before and during treatment with the two drugs in a cohort of 54 
patients. Both enza and abi caused significant muscle loss. 

Introduction 

In recent years, the treatment landscape of advanced prostate cancer 
has changed considerably. Abiraterone and enzalutamide have been 
shown to improve survival of men with metastatic castration-resistant 
prostate cancer (mCRPC) [1,2,3,4]. More recently, several trials also 
demonstrated impressive survival advantages when docetaxel [5], [6], 
abiraterone [7], [8] or enzalutamide [9], [10] were introduced earlier in 
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the course of disease and were added at start of androgen-deprivation 
therapy (ADT) in the hormone-sensitive setting (castration-naive pros-
tate cancer, CNPC). The median time on treatment with abiraterone or 
enzalutamide in the latter trials was in the range of two to three years 
which puts potential side effects of these treatments into a new focus of 
interest. 

One important side effect of hormonal manipulation is its influence 
on body composition. Androgens such as testosterone are positively 
correlated with skeletal muscle mass and show a negative correlation 
with fat mass [11]. For patients on ADT it has been shown that their 
skeletal muscle mass significantly decreases as a result of treatment [12, 
13,14,15]. For prostate cancer patients receiving ADT the typical 
pattern observed is loss of skeletal muscle accompanied by an increase in 
fat mass [16,17,18]. A muscle mass of more than two standard de-
viations below that typical of healthy adults is a commonly used defi-
nition of sarcopenia [19], [20]. 

Sarcopenia can negatively affect quality of life as it leads to fatigue, 
reduced mobility, frailty, and an increase in the risk of falls [21], [22] 
which is of particular relevance for patients with advanced prostate 
cancer who frequently have bone metastases and an additionally 
increased risk of fractures due to cancer treatment related bone loss. 

So far, data concerning the influence of the novel hormonal agents 
(NHA) abiraterone and enzalutamide on body composition is scarce. 
Loss of skeletal muscle has been reported for a cohort of patients treated 
with abiraterone [23]. There is however, no published data concerning 
the effect of enzalutamide on skeletal muscle and as yet no direct 
comparison between the two NHA regarding their effect on body 
composition. In particular, serial measurements under treatment are 
missing. We hypothesized that enzalutamide would negatively influence 
skeletal muscle mass but that abiraterone would have a more pro-
nounced effect due to its co-administration with glucocorticoids. We 
therefore evaluated two cohorts of mCRPC patients who received either 
enzalutamide or abiraterone and investigated the influence of the two 
treatments on skeletal muscle (SM) and subcutanous fat (SCF) tissue. In 
a subgroup of patients, we also evaluated the effects of enzalutamide on 
muscle mass over time using serial three-monthly measurements. 

Patients and methods 

Patients 

Institutional approval had been granted for the project and use of 
clinical patient data (research ethics committee reference: 17/NW/ 
0060) prior to data collection and analysis. 

Patients who had started treatment at The Christie NHS Foundation 
Trust between 2012 and 2018 and having received either enzalutamide 
or abiraterone for mCRPC were retrospectively identified from the NHS 
Blueteq High Cost Drugs database. 

The primary objective of our study was to evaluate the effect of 
enzalutamide on SM and SCF and to compare the findings with the effect 
of abiraterone. Secondary objectives included identifying prognostic 
factors for SM and SCF change as well as for overall survival. 

To assess the effect of NHA treatment on body composition a baseline 
CT-scan (timepoint 1) before treatment start and a follow-up CT-scan 
(timepoint 2) taken while the patient had been on the drug were 
required. Baseline was considered as a maximum of three months before 
initiation of treatment. CT-scans were performed for clinical restaging or 
radiotherapy planning. All patients maintained their standard ADT 
alongside treatment with abiraterone and enzalutamide and were pre-
scribed NHA at standard doses, enzalutamide 160 mg once daily and 
abiraterone 1000 mg with concurrent prednisolone 10 mg daily (2). 
Clinical patient characteristics were extracted from electronic patient 

records. Baseline blood values such as PSA, full blood count and lactate 
dehydrogenase (LDH) were collected before start of NHA treatment. 
Measurements were only considered usable if they were no older than 28 
days before the start of treatment. 

As routine clinical practice for mCRPC patients on treatment with 
abiraterone/enzalutamide at The Christie does usually not include reg-
ular CT-scans, we separately assessed a cohort of patients on enzaluta-
mide monotherapy within a clinical trial with regular three-monthly 
imaging based disease assessment. This cohort of patients was used to 
assess change of SM covering multiple serial timepoints. Approval of the 
study sponsor was obtained prior to usage of the trial scans for analysis. 

Image analysis 

A CT slice located through the centre of the L3 vertebra was manu-
ally identified. An in-house U-NET (U-shaped convolutional neural 
network), previously validated on lung cancer patients [24], automati-
cally segmented the SM and SCF areas for this slice and the two neigh-
bouring slices. Segmentations were visually checked and amended 
where necessary. Areas of SM and SCF were averaged from three 
consecutive slices at the L3 level as previously described [19,25]. 

Statistical analysis 

Patients’ clinical and demographic characteristics were analysed by 
summary statistics (N (%), mean, median and range). Blood markers 
were checked for normality and log2 transformed when appropriate. To 
assess whether a change in SM or SCF area occurred in patients between 
timepoint 1 and timepoint 2, paired student t-tests were performed. 
Differences between the two treatment groups were assessed using un-
paired student t-tests. The correlation between continuous clinical fac-
tors and any change of SM or SCF were tested using pearson correlation 
tests, while categorical clinical factors were tested using unpaired stu-
dent t-tests. 

Survival analysis was performed using Kaplan Meier curves and cox 
proportional hazard regression, respecting the linearity and propor-
tionality assumptions. Biomarkers were binarized using the maximally 
selected rank statistics to determine the optimal cut-off. Overall survival 
was defined as time from start of treatment with enzalutamide or abir-
aterone until date of death or last seen in clinic (censored patients). All 
tests were carried out on a significance level of 0.05, using the statistical 
software platform R 3.6.2. 

Results 

Ninety patients were identified from the electronic patient records as 
having suitable imaging studies for assessment. Thirty-three patients 
had to be excluded from analysis due to factors relating to CT-scans 
including insufficient quality, L3 exclusion, inclusion of artefacts such 
as catheter lines and hernial repairs between timepoints (Fig. 1). Three 
additional patients were excluded on detailed clinical review because 
they had received abiraterone for CNPC and the analysis was restricted 
to CRPC. In total 54 patients were included for data analysis, 37 
receiving enzalutamide and 17 abiraterone. 

Treatment time was between 2012 and January 2020. Thirty patients 
had received enzalutamide pre-chemotherapy and seven patients after 
chemo. For abiraterone the corresponding numbers were fifteen and two 
respectively. 

Table 1 shows baseline characteristics of all patients. Median age at 
treatment start was 69 years. Median total duration of NHA treatment 
was 14.6 months while follow-up CT-scans were obtained after a median 
of 10.8 months on treatment. A majority of 69% of patients had a 
Gleason score of eight and above. Median PSA at treatment initiation 
was 73 μg/l. Most patients had either only bone (15/47 with this in-
formation available, 32%) or bone and lymph node metastases (17/47, 
36%). 

2 for easier readability we will always use the term abiraterone whenever we 
are referring to the combination abiraterone plus prednisolone 
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Change of skeletal muscle (SM) and subcutaneous fat (SCF) during 
treatment 

Patients on both treatments experienced a significant loss of SM. 
Patients on enzalutamide showed a mean decrease of SM between 
baseline and follow-up of 5.2% (ppaired t-test<0.0001, Fig. 2a). Patients 
receiving abiraterone lost a mean of 3.0% (ppaired t-test=0.02, Fig. 2b). 
For SCF, we could not identify a pattern of change during treatment, 
some patients gained SCF while others lost SCF on both abiraterone and 
enzalutamide treatment. Changes for SCF did not reach statistical sig-
nificance (p = 0.933 and p = 0.474 respectively) (Fig. 2c and d). 

Performing a formal statistical comparison between abiraterone and 
enzalutamide concerning their effects on SM and SCF, we could not 
observe a statistically significant difference (p = 0.148 for the compar-
ison of SM, Fig. 3a and p = 0.564 for the comparison of SCF, Fig. 3b). 
Both drugs seem to have similar effects on body composition. 

We also assessed the influence of patients` baseline body composi-
tion on the development of muscle loss during treatment. We observed 
no significant difference between patients who were obese (BMI>30) at 
baseline vs. non-obese and for patients who met a definition of being 
sarcopenic at baseline (defined as having a baseline lumbar skeletal 
muscle index at level L3 of < 52.4cm2/m2 as described previously for 
cancer patients [19], [25]) vs. those who were non-sarcopenic (data not 
shown). 

There was also no difference between patients fulfilling the criteria 
of sarcopenic obese (BMI>30 plus skeletal muscle index of < 52.4cm2/ 
m2) at baseline vs. those who were non-sarcopenic obese (BMI>30 and 
skeletal muscle index of > 52.4cm2/m2). These results however should 
be interpreted with caution because clinical data were incomplete, 
resulting in decreased statistical power. BMI was available for 29 and 
skeletal muscle index could be calculated for 40 patients only (data not 
shown). 

Change of SM over time 

Eight patients of our study population received enzalutamide mon-
otherapy as part of a clinical trial and underwent protocol mandated 
three-monthly imaging assessment. These scans were used to analyse 
change of SM over time. Decrease of SM occurred early after treatment 
initiation and was already apparent after three to six months on 

treatment and reached a plateau thereafter for most of the patients 
(Fig. 4). 

Clinical records and scans were assessed in detail for one patient who 
demonstrated temporary muscle gain. This patient was reported as being 
an avid golfer who had reduced his physical activity due to scapula and 
back pain. The gain in skeletal muscle demonstrated by this patient 
coincided with a return to regular golf playing noted in the clinical 
records. 

Prognostic factors and survival 

Clinical patient characteristics extracted from the hospital records 
were assessed for possible correlation with change of SM and SCF during 
treatment. We found that presence of bone metastases at baseline and a 
neutrophil-to-lymphocyte ratio of > 2.5 were significantly associated 
with loss of SM (p = 0.025 and p = 0.035, Suppl. Fig. 1a and b). 

Loss of SCF during treatment was significantly higher in patients 
with elevated LDH levels at baseline (p = 0.01, Suppl. Fig. 1c), sug-
gesting a more aggressive disease phenotype as an underlying factor for 
SCF loss. Patients with a higher percentage of SM loss during treatment 
were also more likely to have a substantial loss of SCF (p-value = 0.003 
Suppl. Fig. 1d). 

Using univariate proportional cox regression we checked whether 
clinical characteristics and change in body composition had a significant 
influence on patients’ overall survival. Neither baseline SM area nor loss 
of SM during treatment were prognostic for survival (Suppl Table 1), 
however we found that a lower SCF area at any timepoint and a higher 
percentage of SCF loss during treatment were significantly associated 
with a worse survival (Table 2). Further baseline factors associated with 
decreased survival were lower haemoglobin levels and higher levels of 
ALP (alkaline phosphatase) and LDH (Table 2, all Kaplan-Meier curves 
provided in Suppl. Fig. 2). We did not observe a significant effect of 
other baseline factors on survival such as BMI, patient age, albumin 
levels, baseline PSA (all factors tested listed in Suppl. Table 1). Multi-
variate analysis was not undertaken due to the small sample size. 

Discussion 

We here report the effects of enzalutamide treatment on body 
composition in a single-centre cohort of patients with mCRPC and give a 

Fig. 1. Selection of patients included in the analysis. pts: patients; enza: enzalutamide; abi: abiraterone; CNPC: castration-naive prostate cancer. *e.g. because of 
hernia repair, catheters, incomplete segmentations. 
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first formal comparison between the effects of enzalutamide and abir-
aterone. Our initial hypothesis was that abiraterone might have a more 
pronounced negative impact on SM because of the co-administration 
with glucocorticoids. However, we found that both drugs seemed to 
have a similar effect and both seem to cause significant loss of SM during 
treatment. This finding suggests that the on-target effects of the two 
drugs are more important for loss of SM than the co-administration with 
glucocorticoids. This observation is in line with a report by Pezaro et al. 
[23] who found that single agent abiraterone without glucocorticoids 
led to loss of SM which was in the range of three to four percent and 
comparable to our findings. Addition of dexamethasone to abiraterone 
did not result in a further decrease of SM in this report. 

Our study has limitations. The different groups were unbalanced and 
our sample size is small and was mainly limited by the policy in routine 
care at The Christie which does not include regular CT-based disease 
assessment. CT scans were allowed for baseline measurements if they 
were done within 3 months prior to starting abiraterone/enzalutamide 
possibly leading to an imbalance between patients. There is also some 
concern that the follow-up CT-scans were performed because of clinical 
suspicion of insufficient disease control and that loss of SM could actu-
ally occur secondary to disease progression. However, the patients in our 
cohort had their follow-up scan at a median of 10.8 months on treat-
ment. Median total time on treatment was 14.6 months indicating that 
most patients were still judged as benefitting from treatment and 

therefore continued on the drug after their follow-up scans. Moreover, 
our cohort of trial patients receiving enzalutamide and having three- 
monthly CT-scans actually showed that loss of SM occurred within the 
first three to six months after treatment start and then showed a degree 
of plateauing which suggests that SM loss might in fact be attributed to a 
drug effect rather than disease progression. This finding of early 
occurrence of SM loss is in line with the aforementioned study of Pezaro 
et al. [23] and a study evaluating sarcopenia during ADT [12] which 
found that SM loss was greatest in men starting ADT as compared with 
those who had been on ADT for a longer time. Our findings are also in 
line with an as yet not formally published abstract by Ramalingam et al. 
[26] describing loss of SM cross sectional area for patients treated with 
enzalutamide. Change of SM in this abstract occured from baseline to six 
months on treatment. However, no change in SM was observed within 
the six months prior to initiation of enzalutamide, which was likely a 
time of disease progression. 

On the contrary, our data suggests that loss of SCF might be attrib-
uted to disease progression or an aggressive disease phenotype rather 
than a drug effect of abiraterone or enzalutamide. Besides established 
prognostic factors predicting for survival in mCRPC such as haemoglo-
bin, ALP and LDH levels [27], [28] at treatment start we also found that 
loss of SCF was significantly associated with higher baseline LDH levels. 
Moreover, less baseline SCF at treatment start of abirater-
one/enzalutamide and a more pronounced loss of SCF during treatment 
were all factors associated with a worse prognosis and shorter survival of 
patients in our cohort. These data have to be interpreted with caution as 
the analysis is likely underpowered due to the small study population 
and because groups were unbalanced for possible other prognostic fac-
tors. However, our observation is in line with work published by Antoun 
and colleagues [29] who also found that mCRPC patients in the 
post-chemo setting had a shorter survival if their subcutaneous adipose 
tissue index was below the median value. 

Taken together, even though our analysis was retrospective and 
limited by the small sample size and partly incomplete clinical data, it 
supports previous findings of SM loss during treatment with abirater-
one/enzalutamide. This finding is of importance to patients with pros-
tate cancer as loss of SM can negatively affect quality of life and also 
contribute to increase frailty and risk of falls and fractures. Under-
standing side effects of treatment is even more important in light of 
recent trials establishing enzalutamide as a standard option also for 
nmCRPC [30] and both abiraterone and enzalutamide for CNPC [7,8,9], 
resulting in treatment durations exceeding two to three years. Impor-
tantly men live fortunately much longer with these modern treatments 
and therefore it is of utmost importance for their quality of life to be 
mobile in this time. 

Further validation of our findings in larger, prospective patient co-
horts with regular CT-scan assessments is warranted to improve our 
understanding of how these drugs effect SM over time. Moreover, it 
deserves further study whether the early combination of enzalutamide/ 
abiraterone at start of ADT results in an even more pronounced loss of 
SM than ADT alone. 

Investigating controlled interventions to help prevent muscle loss 
during NHA treatment is also warranted. First trials assessing controlled 
interventions are underway (NCT02256111). 

Conclusion 

In summary, we performed a first formal comparison of the effects of 
abiraterone and enzalutamide on body composition. Both drugs seem to 
cause a significant loss of skeletal muscle. Further validation in larger 
patient cohorts and in earlier disease settings is warranted. In routine 
care, we suggest that counselling of patients about side effects of abir-
aterone/enzalutamide should include discussions about SM loss and 
encouraging patients to increase their physical activity during treatment 
to counteract the side effect of muscle loss. 

Table 1 
Patient characteristics.  

Patient characteristics 

Number of patients 
Total 54 
on Enzalutamide 37 (69%) 
on Abiraterone 17 (31%) 
Age at treatment start 
Median (years) 69 
Time on ABI/ENZA 
Median total treatment time (months) 14.6 
Median at timepoint of follow-up scan (months) 10.8 
Previous time on ADT 
Median (months) 30 
Gleason score 
<7 3 (7%) 
7 11 (24%) 
8 9 (20%) 
9 20 (44%) 
>9 2 (4%) 
No information 9 
PSA at treatment start Ref. 0–4 μg/l 
Median 73 
Min-max 5–721 
Haemoglobin at treatment start Ref. 130–180 g/l 
Median 135 
Min-max 83–150 
Alkaline phosphatase (ALP) at treatment start Ref. 30–130 IU/l 
Median 107 
Min-max 42–4052 
Lactate dehydrogenase (LDH) at treatment start Ref: 200–550IU/l 
Median 396 
Min-max 281–854 
Body mass index at treatment start (kg/m2) 
<25 1 (4%) 
25–30 13 (46%) 
>30 14 (50%) 
No information 26 
Sites of metastatic spread at treatment start 
Bone only 15 (32%) 
Bone and lymph nodes 17 (36%) 
Lymph node only 10 (21%) 
Visceral only (lung/liver) 1 (2%) 
Visceral and other 4 (9%) 
No/incomplete information 7 

Abi: abiraterone; enza: enzalutamide; ADT: androgen deprivation therapy; PSA: 
prostate specific antigen ; Ref.: reference range. 
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Clinical practice points: (225 words) 

Abiraterone (ABI) and enzalutamide (ENZA) have been shown to 
improve survival of men with metastatic castration resistant prostate 
cancer (mCRPC). Side effects of these treatments are emerging as an 
important new focus of interest. Known adverse effects of androgen 
deprivation therapy (ADT) are loss of muscle substance and gain of fat 
(sarcopenic obesity). So far, little is known concerning the effect of ABI 
and ENZA on body composition. We compared the effects of the two 
drugs on skeletal muscle substance (SM) and subcutaneus fat (SCF) tis-
sue in a cohort of mCRPC patients treated at a single centre. Both drugs 
led to a significant loss of SM whereas SCF was not significantly altered. 
Our finding is of importance for patients with prostate cancer as SM loss 
may have a negative impact on Quality of life. Further validation in 

larger patient cohorts is warranted. Considering that these drugs have 
recently been introduced also for castration-naive disease, assessing the 
effect of the early combination of ADT plus ABI/ENZA on body 
composition also warrants further study, as does investigating the effect 
of controlled interventions such as resistance training to prevent SM loss 
during treatment. In routine care, counselling of patients about side 
effects of ABI/ENZA should include discussions about SM loss and 
encouraging patients to increase their physical activity during treatment 
to counteract the side effect of muscle loss. 

Fig. 2. Change of skeletal muscle and subcutaneous fat area during treatment. a)+b) change of skeletal muscle in per cent for enzalutamide (a), n = 37 patients) and 
abiraterone (b), n = 17 patients). c)+d) change of subcutaneous fat in per cent for enzalutamide (c), n = 35 usable measurements) and abiraterone (d), n = 16 usable 
measurements) (three scans were unusable for SCF analysis because parts of SCF tissue were missing on the CT slice). 

Fig. 3. Statistical comparison of the effects of ABI (abiraterone) and ENZA (enzalutamide) on loss of skeletal muscle (a) and subcutaneos fat (b).  
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