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                        ORIGINAL ARTICLE    

 Hypofractionated passively scattered proton radiotherapy 
for low- and intermediate-risk prostate cancer is not associated 
with post-treatment testosterone suppression      

    WHOON JONG     KIL  1,2  ,       ROMAINE C.     NICHOLS  ,   JR  1,2  ,       BRADFORD S.     HOPPE  1,2  ,    
   CHRISTOPHER G.     MORRIS  1,2  ,       ROBERT B.     MARCUS  ,   JR  1,2  ,       WILLIAM     MENDENHALL  1,2  , 
      NANCY P.     MENDENHALL  1,2  ,       ZUOFENG     LI  1,2  ,       JOSEPH A.     COSTA  3  ,    
   CHRISTOPHER R.     WILLIAMS  3     &         RANDAL H.     HENDERSON  1,2    

  1 Department of Radiation Oncology, University of Florida, Gainesville, Florida, USA,  2 University of Florida Proton 
Therapy Institute, Jacksonville, Florida, USA and  3  Division of Urology, University of Florida Shands Hospital, 
Jacksonville, Florida, USA                             

  Abstract 
  Background . To investigate post-treatment changes in serum testosterone in low- and intermediate-risk prostate cancer 
patients treated with hypofractionated passively scattered proton radiotherapy.  Material and methods.  Between April 2008 
and October 2011, 228 patients with low- and intermediate-risk prostate cancer were enrolled into an institutional review 
board-approved prospective protocol. Patients received doses ranging from 70 Cobalt Gray Equivalent (CGE) to 72.5 CGE 
at 2.5 CGE per fraction using passively scattered protons. Three patients were excluded for receiving androgen deprivation 
therapy (n    �    2) or testosterone supplementation (n    �    1) before radiation. Of the remaining 226 patients, pretreatment serum 
testosterone levels were available for 217. Of these patients, post-treatment serum testosterone levels were available for 207 
in the fi nal week of treatment, 165 at the six-month follow-up, and 116 at the 12-month follow-up. The post-treatment 
testosterone levels were compared with the pretreatment levels using Wilcoxon ’ s signed-rank test for matched pairs.  Results.  
The median pretreatment serum testosterone level was 367.7 ng/dl (12.8 nmol/l). The median changes in post-treatment 
testosterone value were as follows:  � 3.0 ng/dl ( � 0.1 nmol/l) at treatment completion;  � 6.0 ng/dl ( � 0.2 nmol/l) at six 
months after treatment; and  � 5.0 ng/dl (0.2 nmol/l) at 12 months after treatment. None of these changes were statistically 
signifi cant.  Conclusion.  Patients with low- and intermediate-risk prostate cancer treated with hypofractionated passively 
scattered proton radiotherapy do not experience testosterone suppression. Our fi ndings are consistent with physical meas-
urements demonstrating that proton radiotherapy is associated with less scatter radiation exposure to tissues beyond the 
beam paths compared with intensity-modulated photon radiotherapy.   

 Prostate cancer has been found to have a low  α / β  ratio, 
suggesting that high dose-per-fraction radiotherapy 
(RT) may have a relatively greater killing effect on 
cancer cells compared to conventionally fractionated 
RT [1 – 3]. Several studies evaluating hypofractionated 
intensity-modulated RT (IMRT) for patients with 
localized prostate cancer have demonstrated accept-
able toxicity profi les with prostate-specifi c antigen 
(PSA) control rates comparable to those achieved with 
conventionally fractionated treatment [4,5]. 

 Photon-based external-beam RT for prostate 
cancer, in a number of studies, has been associated 

with a decline in the patient ’ s serum testosterone 
level after treatment [6 – 10]. This decline in serum 
testosterone may be a result of scatter radiation to 
the testes or a non-specifi c stress response. If, in fact, 
the decline in serum testosterone is due to scatter 
radiation, this effect may be more pronounced for 
patients treated with escalated doses, larger radiation 
fi elds, or multiple-fi eld plans, as occurs during IMRT 
with the delivery of many monitor units. 

 Proton therapy is a highly conformal type of RT. 
In contrast to advanced x-ray-based therapies such 
as IMRT which achieve conformality by delivering 
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multiple beams from multiple angles intersecting on 
the target, proton therapy achieves conformality by 
modulating the intensity of the dose deposition 
 along  the beam path. Data support proton therapy 
as an effective treatment with minimal side effects 
for men with prostate cancer [11,12]. Additionally, 
based on physical measurement, proton therapy is 
associated with less scatter radiation to tissues 
beyond the beam paths than photon IMRT when 
the prostate is irradiated [13]. 

 Previously, our institution reported that conven-
tionally fractionated proton therapy for prostate can-
cer was not associated with a decline in serum 
testosterone levels after treatment for a group of 171 
patients with low- and intermediate-risk disease 
treated on two prospective institutional review board 
(IRB)-approved studies [14]. We had no a prior rea-
son to believe that hypofractionated proton therapy 
would be more or less likely to be associated with 
testosterone suppression. The present study was 
undertaken to validate the fi ndings of the previous 
study by performing a similar analysis of pre- and 
post-treatment serum testosterone levels for a larger 
group of patients treated on an IRB-approved pro-
spective study of hypofractionated proton therapy for 
localized prostate cancer.  

 Material and methods 

 Between April of 2008 and October of 2011, 228 
patients with low- and intermediate-risk prostate 
cancer were enrolled and treated according to a Uni-
versity of Florida Proton Therapy Institute (UFPTI) 
institutional review board-approved protocol. 

 For the purposes of the present analysis, three 
patients were excluded for receiving androgen depri-
vation therapy (n    �    2) or testosterone supplementa-
tion (n    �    1) before proton therapy. A pretreatment 
serum testosterone level was available for 217 of the 
remaining 228 patients. These 217 patients were 
included in the present analysis. Immediate post-
proton therapy testosterone levels, obtained during 
the fi nal week of treatment, were available for 207 
patients. Testosterone levels at six and 12 months 
after proton therapy were available from 165 and 116 
patients, respectively. Testosterone levels before treat-
ment and at each interval after proton therapy were 
compared. No patient in this study reported taking 
exogenous testosterone supplements during proton 
therapy or the follow-up period. No patient received 
androgen deprivation therapy for a treatment failure 
during the follow-up period. 

 Of the 217 patients, 117 (54%) were treated for 
low-risk disease and 100 (46%) for intermediate-risk 
disease. Patients in the low-risk group were prescribed 
a dose of 70 cobalt Gray equivalent (CGE) to the  prostate 

alone. Patients in the  intermediate-risk group were pre-
scribed a dose of 60 CGE to the prostate and proximal 
seminal vesicles (SV), with a 12.5 CGE boost to the 
prostate if normal tissue constraints allowed. Thus, all 
117 patients in the low-risk group received a total dose 
of 70 CGE; 77 of the 100 patients in the intermediate-
risk group received a total dose of 72.5 CGE, and 23 
patients in the intermediate-risk group received a total 
dose of 70 CGE. All proton therapy sessions were 
delivered at 2.5 CGE per fraction using passively scat-
tered protons. Overall, 205 patients were treated with 
one fi eld daily using lateral or lateral oblique fi elds and 
12 patients were treated with two fi elds daily. No 
patient received RT to the pelvic nodes. 

 For target delineation, the contoured prostatic 
and, when applicable, the proximal seminal vesicle 
clinical target volume (CTV) corresponded to the 
gross tumor volume (GTV) without expansion. The 
planning target volume (PTV) expanded upon the 
CTV by 6 mm in the cranial, caudal and lateral 
directions and by 4 mm in the anterior and posterior 
directions. Typical proton therapy fi elds and dose 
distributions are shown in  Figure 1. Daily online KV 
imaging was utilized to  position patients prior to 
each RT fraction. 

 To evaluate the effect of proton dose and target 
volume, we separated the patients into three groups: 
70 CGE to prostate only, 70 CGE to prostate  �  SV 
(reducing off the SV after 60 CGE), and 72.5 CGE 
to prostate  �  SV (reducing off the SV after 60 CGE). 
Furthermore, to evaluate the effect of age on the 
testosterone levels after proton therapy, we separated 
the patients into three age groups:  �   60 years (n    �    53), 
60 – 70 years (n    �    121), and    �   70 years (n    �    43). 

 The SAS and JMP statistical software programs 
(SAS Institute, Cary, NC, USA) were used for all 
statistical estimations. The Wilcoxon signed-rank test 
was used to test for a non-zero difference between the 
pretreatment testosterone levels and each successive 
follow-up point. These same paired differences were 
further stratifi ed by the strata of selected prognostic 
factors, and the Wilcoxon rank-sum test was used to 
detect any statistically signifi cant differences.   

 Results 

 Pretreatment patient characteristics for of the 217 
patients included in this analysis can be found in 
Table I. The median follow-up for all patients was 
2.0 years. 

 Compared with the baseline testosterone level 
before proton therapy, there were no signifi cant 
changes at any follow-up point within one year after 
comple tion of proton therapy. The median  testosterone 
level was 364.7 ng/dl (12.7 nmol/l) at treatment 
completion, 361.7 ng/dl (12.6 nmol/l) at six months, 
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pretreatment, immediate post-treatment, six- and 
12-month follow-up levels after proton therapy in 
each age group ( �   60 years, not signifi cant; 60 – 70 
years, p    �    0.4945; and     �   70 years, not signifi cant). 

 All patients in the low-risk group (n    �    117) 
received 70 CGE as planned. Of 100 patients in the 
intermediate-risk group, 77 patients were able to 
receive 72.5 CGE and 23 patients had a reduced 
prescription dose of 70 CGE to meet normal tissue 

and 372.7 ng/dl (12.9 nmol/l) at 12 months after 
 treatment (Figure 2). 

 Patients ’  age at diagnosis did not affect testoster-
one levels after proton therapy. The mean testosterone 
 levels before proton therapy stratifi ed by age group 
were as follows:  �   60 years, 326.7 ng/dl (11.3 nmol/l); 
60 – 70 years, 334.8 ng/dl (11.6 nmol/l); and     �   70 
years, 406.2 ng/dl (14.1 nmol/l), not signifi cant. There 
was no statistically signifi cant difference between the 

  Figure 1.      (A) A typical treatment plan utilizing lateral or lateral oblique fi elds with an associated dose volume histogram. (B) A typical 
fi eld aperture used to treat prostate and proximal seminal vesicles.  
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  Table I. Pretreatment patient characteristics.  

Characteristic Value

Race
   White 209 pts (96.3%)
   Black 7 (3.2%)
   Hispanic 1 (0.4%)
Mean age 64.5 yrs (median, 66 yrs; 

range, 41 – 83 yrs)
Serum testosterone level
   Mean 386.7 ng/dl or 13.4 nmol/L
   Median 367.7 ng/dl or 12.8 nmol/L
   Range 82 – 974 ng/dl or 2.8 – 33.8 nmol/L

constraints. Before proton therapy, the mean testos-
terone levels were 358.1 ng/dl (12.4 nmol/l) in the 
70 CGE group and 326.7 ng/dl (11.3 nmol/l) in the 
72.5 CGE group (not signifi cant). The proton dose 
(70 vs. 72.5 CGE) had no effect on the testosterone 
levels after proton therapy compared with the pre-
treatment levels (at completion of proton therapy 
and then six and 12 months later, the p-value not 
signifi cant). 

 The proton target volume (prostate only vs. pros-
tate  �  SV) also had no effect on the testosterone level 
after proton therapy compared with the pretreatment 
level (at completion of proton therapy and then six 
and 12 months later, the p-value not signifi cant). 
When we separated the patients into three groups, 70 
CGE to prostate only, 70 CGE to prostate  �  SV 
(reducing off the SV after 60 CGE), and 72.5 CGE 
to prostate  �  SV (reducing off the SV after 60 CGE), 
there were no statistically signifi cant differences in the 

post-treatment testosterone levels (at completion of 
proton therapy and then six and 12 months later).   

 Discussion 

 Declines in testosterone or dihydroxytestosterone 
 levels have been reported after external beam radia-
tion therapy (EBRT) for prostate cancer [6 – 10,15]. 
Zagars et   al. [6] compared serum testosterone levels 
before and after prostate cancer patients received 
conventional pelvic EBRT to a median dose of 68 Gy 
(range 66 – 78 Gy). None of the patients received 
EBRT to the pelvic nodes. There was a median 16% 
decrease in serum testosterone levels at three months 
after completion of EBRT (p    �    0.001). 

 Pickles et   al. [8] reported statistically signifi cant 
drops in serum testosterone in patients with prostate 
cancer after RT. Although the vast majority of the 
patients received EBRT to the prostate only, testos-
terone after EBRT decreased to an average of 83% 
of pre-EBRT levels. Furthermore, 7.5% of patients 
experienced a decrease in testosterone greater than 
50% of the baseline testosterone level. On  multivariate 
analysis, radiation fi eld size, radiation fraction size, 
and lower testosterone levels prior to radiation ther-
apy were found to be a predictor for adverse changes 
in testosterone after pelvic EBRT. 

 Recently, Oermann et   al. [10] investigated serum 
testosterone levels in 26 men with low- or intermediate-
risk prostate adenocarcinoma before and after hypof-
ractionated stereotactic body RT (SBRT). The median 
age of the patients was 69 years (range 48 – 79 years). 

  Figure 2.      Testosterone values at each time interval are shown. The central line of the box is the median. The upper and lower edges of the 
box represent the 1st and 2nd quartiles of the data. The interior of the box includes the middle 50% of the data points.  
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The prescription dose was 36.25 Gy in 5  fractions of 
7.25 Gy over two weeks to the prostate or prostate 
and proximal SVs. The authors observed a 23.7% 
decline in total testosterone levels after hypofraction-
ated SBRT. The authors determined that patients 
received a median dose of 2.1 Gy (range 1.1 – 5.8 Gy) 
to the testes from scattered radiation. 

 Daniell et   al. [15] compared serum testosterone 
level changes between patients treated with RT ver-
sus those treated with surgery. The authors found a 
27.3% lower serum testosterone level in patients 
after pelvic EBRT than after radical prostatectomy. 
Other studies have also demonstrated declines in 
serum testosterone in men with pelvic malignancies 
undergoing pelvic EBRT [16,17]. 

 In contrast to the above studies, Seal [18] and 
Grigsby and Perez [19] reported no changes in tes-
tosterone levels after pelvic EBRT (65 – 70 Gy). Both 
investigators, however, did fi nd a signifi cant decrease 
in dihydroxytestosterone and an increase in luteiniz-
ing hormone (LH) and follicle-stimulating hormone 
(FSH) after pelvic EBRT. 

 Due to anatomic proximity, it has been hypothe-
sized that scattered radiation to the Leydig cells of the 
testes from pelvic EBRT would be correlated with 
decreased serum testosterone levels. Scatter dose to 
testes from the full course of conventional pelvic 
EBRT (68 – 70 Gy) for prostate cancer has been 
reported to be approximately 2 Gy [6,8,20]. Recent 
IMRT data demonstrate a testicular dose ranging 
from 0.84 Gy with prostate-only treatment to 6.3 Gy 
with pelvic EBRT plus a prostate boost [21]. 

 Brachytherapy may be associated with a lower tes-
ticular dose than photon-based EBRT. The estimated 
testicular dose from scattered radiation was 19 cGy 
with I-125 implants in a study by Mydlo and Lebed 
[22] and 2 cGy with Pd-103 implants in the study by 
Taira et   al. [23]. The latter group reported that patients 
who received primary brachytherapy did not experi-
ence declines in serum testosterone level after treat-
ment [23]. The authors suggest that the lower scattered 
dose to the testes would be the likely explanation for 
the lack of testosterone suppression. Interestingly, in 
the same study, men who received low-dose (20 – 45 
Gy) supplemental pelvic EBRT after brachytherapy, 
as opposed to defi nitive pelvic EBRT doses of 70 Gy 
or higher, also did not experience a testosterone 
decline. The authors postulate that the relatively lower 
dose (20 – 45 Gy) of pelvic EBRT produced a lower 
scattered dose to the testes that was too low to cause 
a decline in serum testosterone levels. 

 The effect of scattered radiation on Leydig cell 
function may be age dependent with older men osten-
sibly being more likely to demonstrate Leydig cell 
injury from low-dose radiation than younger men [24]. 
The available literature suggests a minimal change in 

testosterone levels after testicular  irradiation in young 
men [8,25,26]. Shapiro et   al. [26] examined altera-
tions of testicular function in 27 men after EBRT for 
soft tissue sarcoma. The median age of patients in 
this study was 48 years. Radiation dose to the testes 
ranged from 0.01 to 25 Gy. The authors reported no 
changes in the serum testosterone levels at follow-up 
to 30 months. In contrast, the previously noted stud-
ies looking at older patients receiving photon-based 
EBRT for prostate cancer did demonstrate testoster-
one suppression. 

 While Hall argued that passively scattered proton 
irradiation would produce higher out-of-fi eld neutron 
doses compared with IMRT [27], his theory was 
based on the measurements performed at the original 
Harvard cyclotron, which is no longer in clinical use. 
Paganetti et   al. [28] questioned the applicability of 
these data to modern proton facilities. More impor-
tantly, Yoon et   al. [13] demonstrated that secondary 
neutron doses in a humanoid phantom produced by 
passively scattered protons in a contemporary facility 
is only about 10% of the secondary photon doses 
from IMRT for a prostate cancer patient. Other addi-
tional studies also show the low secondary neutron 
dose from scattering-mode proton delivery [29,30]. 
Furthermore, the secondary neutron doses can be 
controlled by the design of, and material used in, the 
proton beam line [13,29,30]. 

 In conclusion, hypofractionated passively scattered 
proton therapy for low- and intermediate-risk prostate 
cancer patients treated per a UFPTI protocol did not 
signifi cantly impact serum testosterone levels within 
the 12 months after completing treatment. The fi nd-
ings of the present study are consistent with those of 
a previous study of conventionally fractionated pas-
sively scattered proton therapy from our institution. 
These two studies stand in contrast to the various 
studies demonstrating testosterone suppression in 
prostate cancer patients receiving photon-based EBRT. 
We believe that these two studies provide a biochem-
ical validation of physics-based studies illustrating that 
proton therapy is associated with a low scatter dose to 
organs beyond the target and beam path.         

  Declaration of interest:  The authors report no 
confl icts of interest. The authors alone are  responsible 
for the content and writing of the paper.   
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