
Background: Moderately hypofractionated radiotherapy 
(MHRT) is an accepted treatment for localized prostate can-
cer; however, limited MHRT data address high-risk prostate 
cancer (HRPC) and/or African American patients. We report 
clinical outcomes and toxicity profiles for individuals with 
HRPC treated in an equal access system. 
Methods: We identified patients with HRPC treated with 
MHRT at a US Department of Veterans Affairs referral center. 
Exclusion criteria included < 12 months follow-up and elec-
tive nodal irradiation. MHRT included 70 Gy over 28 fractions 
or 60 Gy over 20 fractions. Acute and late gastrointestinal (GI) 
and genitourinary (GU) toxicities were graded using Common 
Terminology Criteria for Adverse Events, version 5.0. Clini-
cal endpoints, including biochemical recurrence-free survival 
(BRFS), distant metastases-free survival (DMFS), overall sur-
vival (OS), and prostate cancer–specific survival (PCSS) were 
estimated using Kaplan-Meier methods. Clinical outcomes, 
acute toxicity, and late toxicity-free survival were compared 
between African American and White patients with logistic re-
gression and log-rank testing.

Results: Between November 2008 and August 2018, 143 pa-
tients with HRPC were treated with MHRT and followed for 
a median of 38.5 months; 82 (57%) were African American 
and 61 were White patients. Concurrent androgen depriva-
tion therapy (ADT) was provided for 138 (97%) patients for a 
median duration of 24 months. No significant differences be-
tween African American and White patients were observed 
for 5-year OS (73% [95% CI, 58%-83%] vs 77% [95% CI, 
60%-97%]; P = .55), PCSS (90% [95% CI, 79%-95%] vs 
87% [95 % CI, 70%-95%]; P = .57), DMFS (91% [95% CI, 
80%-96%] vs 81% [95% CI, 62%-91%]; P = .55), or BRFS 
(83% [95% CI, 70%-91%] vs 71% [95% CI, 53%-82%];  
P = .57), respectively. Rates of acute grade 3+ GU and GI 
were low overall (4% and 1%, respectively). Late toxicities 
were similarly favorable with no significant differences by 
race.
Conclusions: Individuals with HRPC treated with MHRT in an 
equal access setting demonstrated favorable clinical outcomes 
that did not differ by race, alongside acceptable rates of acute 
and late toxicities.
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Although moderately hypofractionated 
radiotherapy (MHRT) is an accepted 
treatment for localized prostate cancer, 

its adaptation remains limited in the United 
States.1,2 MHRT theoretically exploits α/β ratio 
differences between the prostate (1.5 Gy), blad-
der (5-10 Gy), and rectum (3 Gy), thereby re-
ducing late treatment-related adverse effects 
compared with those of conventional fraction-
ation at biologically equivalent doses.3-8 Mul-
tiple randomized noninferiority trials have 
demonstrated equivalent outcomes between 
MHRT and conventional fraction with no appre-
ciable increase in patient-reported toxicity.9-14 
Although these studies have led to the accep-
tance of MHRT as a standard treatment, the 
majority of these trials involve individuals with 
low- and intermediate-risk disease.

There are less phase 3 data addressing MHRT 
for high-risk prostate cancer (HRPC).10,12,14-17 Only 
2 studies examined predominately high-risk 
populations, accounting for 83 and 292 patients, 

respectively.15,16 Additional phase 3 trials with 
small proportions of high-risk patients (n = 126, 
12%; n = 53, 35%) offer limited additional infor-
mation regarding clinical outcomes and toxicity 
rates specific to high-risk disease.10-12 Numer-
ous phase 1 and 2 studies report various field 
designs and fractionation plans for MHRT in 
the context of high-risk disease, although the 
applicability of these data to off-trial popula-
tions remains limited.18-20

Furthermore, African American individuals 
are underrepresented in the trials establishing 
the role of MHRT despite higher rates of pros-
tate cancer incidence, more advanced disease 
stage at diagnosis, and higher rates of prostate 
cancer–specific survival (PCSS) when com-
pared with White patients.21 Racial disparities 
across patients with prostate cancer and their 
management are multifactorial across health 
care literacy, education level, access to care 
(including transportation issues), and issues 
of adherence and distrust.22-25 Correlation of  
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patient race to prostate cancer outcomes var-
ies greatly across health care systems, with the 
US Department of Veterans Affairs (VA) equal 
access system providing robust mental health 
services and transportation services for some 
patients, while demonstrating similar rates of 
stage-adjusted PCSS between African Ameri-
can and White patients across a broad range 
of treatment modalities.26-28 Given the paucity 
of data exploring outcomes following MHRT 
for African American patients with HRPC, 
the present analysis provides long-term clini-
cal outcomes and toxicity profiles for an off-
trial majority African American population with 
HRPC treated with MHRT within the VA.

METHODS
Records were retrospectively reviewed under 
an institutional review board–approved proto-
col for all patients with HRPC treated with de-
finitive MHRT at the Durham Veterans Affairs 
Healthcare System in North Carolina between 
November 2008 and August 2018. Exclusion 

criteria included < 12 months of follow-up or 
elective nodal irradiation. Demographic vari-
ables obtained included age at diagnosis, race, 
clinical T stage, pre-MHRT prostate-specific 
antigen (PSA), Gleason grade group at diagno-
sis, favorable vs unfavorable high-risk disease, 
pre-MHRT international prostate symptom 
score (IPSS), and pre-MHRT urinary medication 
usage (yes/no).29

Concurrent androgen deprivation therapy 
(ADT) was initiated 6 to 8 weeks before MHRT 
unless medically contraindicated per the discre-
tion of the treating radiation oncologist. Patients 
generally received 18 to 24 months of ADT, with 
those with favorable HRPC (ie, T1c disease with 
either Gleason 4+4 and PSA < 10 mg/mL or 
Gleason 3+3 and PSA > 20 ng/mL) receiving  
6 months after 2015.29 Patients were simulated 
supine in either standard or custom immobiliza-
tion with a full bladder and empty rectum. MHRT 
fractionation plans included 70 Gy at 2.5 Gy 
per fraction and 60 Gy at 3 Gy per fraction. Ra-
diotherapy targets included the prostate and  

TABLE 1 Patient Demographic Data by Race
Criteria African American (n = 82) White (n = 61) Total (N = 143) P value

Age, median (IQR), y 65 (62-69) 66 (63-70) 66 (62-70) .42a

Clinical T stage, No. (%)
    T1a/2a
    T2b/2c
    T3a/4

55 (67)
14 (17)
13 (16)

34 (56)
13 (21)
14 (23)

89 (62)
27 (19)
27 (19)

.37b

Gleason grade group, No. (%)
    1
    2 
    3
    4
    5

2 (2)
12 (15
10 (12)
41 (50)
17 (21)

4 (7)
3 (5)
7 (11)
26 (43)
21 (34)

6 (4)
15 (10)
17 (12)
67 (47)
38 (27)

.11b

Radiotherapy
    Duration, median (IQR), d
    Total dose, No. (%) 
        60 Gy
        70 Gy

40.0 (37.0-42.0)

16 (20)
66 (80)

40.0 (38.0-42.0)

4 (7)
57 (93)

40.0 (38.0-42.0)

20 (14)
123 (86)

.34a

.03 b

High-risk subgroup, No. (%)
    Favorable 
    Unfavorable

16 (20)
66 (80)

12 (20)
49 (80)

28 (20)
115 (80)

.98b

Before MHRT 
    Prostate-specific antigen, median (IQR)
    IPSS score, median (IQR)
    Urinary medications, No. (%)
        None
        ≤ 1 

15.0 (8.2-32.6)
11.0 (6.0-16.0)

54 (66)
28 (34)

11.5 (7.0-22.8)
14.0 (10.0-23.0)

40 (66)
21 (34)

14.4 (7.8-28.6)
12.0 (8.0-17.0)

94 (66)
49 (34)

.11a

.02a

.97b

ADT use, No. (%)
    Yes 
    No

79 (96)
3 (4)

59 (97)
2 (3)

138 (97)
5 (3)

.90b

Abbreviations: ADT, androgen deprivation therapy; MHRT, moderately hypofractionated radiotherapy.
aWilcoxon rank sum test.
bχ2 test.
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seminal vesicles without elective nodal cov-
erage per institutional practice. Treatments 
were delivered following image guidance, ei-
ther prostate matching with cone beam com-
puted tomography or fiducial matching with kilo 
voltage imaging. All patients received intensity- 
modulated radiotherapy. For plans deliv-
ering 70 Gy at 2.5 Gy per fraction, con-
straints included bladder V (volume receiving) 
70 < 10 cc, V65 ≤ 15%, V40 ≤ 35%, rectum 
V70 < 10 cc, V65 ≤ 10%, V40 ≤ 35%, femo-
ral heads maximum point dose ≤ 40 Gy, pe-
nile bulb mean dose ≤ 50 Gy, and small 
bowel V40 ≤ 1%. For plans del iver ing  
60 Gy at 3 Gy per fraction, constraints included 
rectum V57 ≤ 15%, V46 ≤ 30%, V37 ≤ 50%, 
bladder V60 ≤ 5%, V46 ≤ 30%, V37 ≤ 50%, and 
femoral heads V43 ≤ 5%.

Gastrointestinal (GI) and genitourinary (GU) 
toxicities were graded using Common Terminol-
ogy Criteria for Adverse Events (CTCAE), version 
5.0, with acute toxicity defined as on-treatment 
< 3 months following completion of MHRT. Late 
toxicity was defined as ≥ 3 months following 
completion of MHRT. Individuals were seen in 
follow-up at 6 weeks and 3 months with PSA 
and testosterone after MHRT completion, then 
every 6 to 12 months for 5 years and annually 
thereafter. Each follow-up visit included history, 
physical examination, IPSS, and CTCAE grading 
for GI and GU toxicity.

The Wilcoxon rank sum test and χ2 test were 
used to compare differences in demographic 
data, dosimetric parameters, and frequency 
of toxicity events with respect to patient race. 
Clinical endpoints including biochemical recur-
rence-free survival (BRFS; defined by Phoenix 
criteria as 2.0 above PSA nadir), distant metas-
tases-free survival (DMFS), PCSS, and over-
all survival (OS) were estimated from time of 
radiotherapy completion by the Kaplan-Meier 
method and compared between African Amer-
ican and White race by log-rank testing.30 Late 
GI and GU toxicity-free survival were estimated 
by Kaplan-Meier plots and compared be-
tween African American and White patients by 
the log-rank test. Statistical analysis was per-
formed using SAS 9.4.

RESULTS
We identified 143 patients with HRPC treated 
with definitive MHRT between November 2008 
and August 2018 (Table 1). Mean age was  
65 years (range, 36-80 years); 57% were Afri-

can American men. Eighty percent of individu-
als had unfavorable high-risk disease. Median 
(IQR) PSA was 14.4 (7.8-28.6). Twenty-six per-
cent had grade group 1-3 disease, 47% had 
grade group 4 disease, and 27% had grade 
group 5 disease. African American patients had 
significantly lower pre-MHRT IPSS scores than 
White patients (mean IPSS, 11 vs 14, respec-
tively; P = .02) despite similar rates of preradi-
otherapy urinary medication usage (66% and 
66%, respectively).

Eighty-six percent received 70 Gy over  
28 fractions, with institutional protocol shift-
ing to 60 Gy over 20 fractions (14%) in June 
2017. The median (IQR) duration of radiother-
apy was 39 (38-42) days, with 97% of individu-
als undergoing ADT for a median (IQR) duration 
of 24 (24-36) months. The median follow-up 
time was 38 months, with 57 (40%) patients 
followed for at least 60 months.

Grade 3 GI and GU acute toxicity events were 
observed in 1% and 4% of all individuals, re-
spectively (Table 2). No acute GI or GU grade 4+ 
events were observed. No significant differences 
in acute GU or GI toxicity were observed be-
tween African American and White patients.

No significant differences between Af-
rican American and White patients were ob-
served for late grade 2+ GI (P = .19) or GU  
(P = .55) toxicity. Late grade 2+ GI toxicity was 
observed in 17 (12%) patients overall (Figure 
1A). One grade 3 and 1 grade 4 late GI event 
were observed following MHRT completion: 
The latter involved hospitalization for bleed-
ing secondary to radiation proctitis in the con-
text of cirrhosis predating MHRT. Late grade 
2+ GU toxicity was observed in 80 (56%) pa-
tients, with late grade 2 events steadily increas-
ing over time (Figure 1B). Nine late grade 3 
GU toxicity events were observed at a median 

TABLE 2 Frequency of Acute Toxicity Events 

 Acute toxicity grades
African American  

(n = 82)
White  

(n = 61)
Total  

(N = 143) P value

Genitourinary, No. (%)
    0
    1
    2
    3

19 (23)
22 (27)
36 (44)

5 (6)

18 (30)
11 (18)
31 (51)

1 (2)

37 (26)
33 (23)
67 (47)

6 (4)

.31

Gastrointestinal, No. (%)
    0
    1
    2
    3

70 (85)
6 (7)
5 (6)
1 (1)

48 (79)
9 (15)
3 (5)
1 (2)

118 (83)
15 (10)

8 (6)
2 (1)

.52
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of 13 months following completion of MHRT,  
2 of which occurred more than 24 months after 
MHRT completion. No late grade 4 or 5 GU 
events were observed. IPSS values both before 
MHRT and at time of last follow-up were avail-
able for 65 (40%) patients, with a median (IQR) 
IPSS of 10 (6-16) before MHRT and 12 (8-16) 
at last follow-up at a median (IQR) interval of  
36 months (26-76) from radiation completion.

No significant differences were observed 
between African American and White patients 
with respect to BRFS, DMFS, PCSS, or OS 
(Figure 2). Overall, 21 of 143 (15%) patients 
experienced biochemical recurrence: 5-year 
BRFS was 77% (95% CI, 67%-85%) for all 
patients, 83% (95% CI, 70%-91%) for African 
American patients, and 71% (95% CI, 53%-
82%) for White patients. Five-year DMFS was 
87% (95% CI, 77%-92%) for all individuals, 
91% (95% CI, 80%-96%) for African Ameri-
can patients, and 81% (95% CI, 62%-91%) 
for White patients. Five-year PCSS was 89% 
(95% CI, 80%-94%) for all patients, with 
5-year PCSS rates of 90% (95% CI, 79%-
95%) for African American patients and 87% 
(95% CI, 70%-95%) for White patients. Five-
year OS was 75% overall (95% CI, 64%-
82%), with 5-year OS rates of 73% (95% CI, 
58%-83%) for African American patients and 
77% (95% CI, 60%-87%) for White patients. 

DISCUSSION
In this study, we reported acute and late GI 
and GU toxicity rates as well as clinical out-
comes for a majority African American popu-
lation with predominately unfavorable HRPC 

treated with MHRT in an equal access health 
care environment. We found that MHRT was 
well tolerated with high rates of biochemical 
control, PCSS, and OS. Additionally, outcomes 
were not significantly different across patient 
race. To our knowledge, this is the first report 
of MHRT for HRPC in a majority African Ameri-
can population.

We found that MHRT was an effective 
treatment for patients with HRPC, in particu-
lar those with unfavorable high-risk disease. 
While prior prospective and randomized stud-
ies have investigated the use of MHRT, our 
series was larger than most and had a pre-
dominately unfavorable high-risk popula-
tion.12,15-17 Our biochemical and PCSS rates 
compare favorably with those of HRPC trial 
populations, particularly given the high pro-
portion of unfavorable high-risk disease.12,15,16 
Despite similar rates of biochemical control, 
OS was lower in the present cohort than in 
HRPC trial populations, even with a younger 
median age at diagnosis. The similarly high 
rates of non–HRPC-related death across race 
may reflect differences in baseline comorbidi-
ties compared with trial populations as well as 
reported differences between individuals in the 
VA and the private sector.31 This suggests that 
MHRT can be an effective treatment for pa-
tients with unfavorable HRPC.

We did not find any differences in out-
comes between African American and White 
individuals with HRPC treated with MHRT. Fur-
thermore, our study demonstrates long-term 
rates of BRFS and PCSS in a majority African  
American population with predominately  

FIGURE 1 Toxicity-Free Survival for African American and White Patients

Abbreviations: GI, gastrointestinal; GU, genitourinary.
The log-rank test did not determine any significant between-group difference (A, P = .19; B, P = .56).
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unfavorable HRPC that are comparable 
with those of prior randomized MHRT stud-
ies in high-risk, predominately White popu-
lations.12,15,16 Prior reports have found that 
African American men with HRPC may be 
at increased risk for inferior clinical out-
comes due to a number of socioeconomic, 
biologic, and cultural mediators.26,27,32 Such 
individuals may disproport ional ly ben-
efit from shorter treatment courses that 
improve access to radiotherapy, a well- 
documented disparity for African American 
men with localized prostate cancer.33-36 The VA 
is an ideal system for studying racial disparities 
within prostate cancer, as accessibility of men-
tal health and transportation services, income, 
and insurance status are not barriers to pre-
ventative or acute care.37 Our results are con-
cordant with those previously seen for African 
American patients with prostate cancer seen in 
the VA, which similarly demonstrate equal out-
comes with those of other races.28,36 Incorpo-
ration of the earlier mentioned VA services into 
oncologic care across other health care sys-
tems could better characterize determinants 
of racial disparities in prostate cancer, includ-
ing the prognostic significance of shortening 
treatment duration and number of patient vis-
its via MHRT.

Despite widespread acceptance in pros-
tate cancer radiotherapy guidelines, routine 
use of MHRT seems limited across all stages 
of localized prostate cancer.1,2 Late toxicity is 
a frequently noted concern regarding MHRT 
use. Higher rates of late grade 2+ GI toxicity 
were observed in the hypofractionation arm 
of the HYPRO trial.17 While RTOG 0415 did 
not include patients with HRPC, significantly 
higher rates of physician-reported (but not  
patient-reported) late grade 2+ GI and GU tox-
icity were observed using the same MHRT 
fractionation regimen used for the majority 
of individuals in our cohort.9 In our study, the 
steady increase in late grade 2 GU toxicity is 
consistent with what is seen following conven-
tionally fractionated radiotherapy and is likely 
multifactorial.38 The mean IPSS difference of 
2/35 from pre-MHRT baseline to the time of 
last follow-up suggests minimal quality of life 
decline. The relatively stable IPSSs over time 
alongside the > 50% prevalence of late grade 
2 GU toxicity per CTCAE grading seems con-
sistent with the discrepancy noted in RTOG 
0415 between increased physician-reported 

late toxicity and favorable patient-reported 
quality of life scores.9 Moreover, significant 
variance exists in toxicity grading across scor-
ing systems, revised editions of CTCAE, and 
physician-specific toxicity classification, par-
ticularly with regard to the use of adrenergic 
receptor blocker medications. In light of these 
factors, the high rate of late grade 2 GU tox-
icity in our study should be interpreted in the 
context of largely stable post-MHRT IPSSs 
and favorable rates of late GI grade 2+ and 
late GU grade 3+ toxicity.

Limitations
This study has several inherent limitations. 
While the size of the current HRPC cohort is 
notably larger than similar populations within 
the majority of phase 3 MHRT trials, these 
data derive from a single VA hospital. It is un-
clear whether these outcomes would be rep-
resentative in a similar high-risk population 
receiving care outside of the VA equal access 
system. Follow-up data beyond 5 years was 
available for less than half of patients, partially 
due to nonprostate cancer–related mortality 
at a higher rate than observed in HRPC trial 
populations.12,15,16 Furthermore, all GI toxic-
ity events were exclusively physician reported, 
and GU toxicity reporting was limited in the 

FIGURE 2 Clinical Outcomes Across Patient Race 

Abbreviation: PC, prostate cancer.
The log-rank test did not determine any significant between-group difference (A, P = .57; 
B, P = .55; C, P = .57; D, P = .92).
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off-trial setting with not all patients routinely 
completing IPSS questionnaires following 
MHRT completion. However, all patients were 
treated similarly, and radiation quality was ver-
ified over the treatment period with mandated 
accreditation, frequent standardized output 
checks, and systematic treatment review.39

CONCLUSIONS
Patients with HRPC treated with MHRT in an 
equal access, off-trial setting demonstrated fa-
vorable rates of biochemical control with ac-
ceptable rates of acute and late GI and GU 
toxicities. Clinical outcomes, including biochem-
ical control, were not significantly different be-
tween African American and White patients, 
which may reflect equal access to care within 
the VA irrespective of income and insurance sta-
tus. Incorporating VA services, such as access 
to primary care, mental health services, and 
transportation across other health care systems 
may aid in characterizing and mitigating racial 
and gender disparities in oncologic care.  
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