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Abstract 

Background:  Several studies have reported patient-related risk factors for late rectal bleeding following convention‑
ally fractionated radiotherapy for prostate cancer. We investigated patient-related risk factors for late rectal bleeding 
after hypofractionated radiotherapy.

Methods:  A total of 231 patients with local or locally advanced prostate cancer treated with hypofractionated 
radiotherapy (70 or 67.2 Gy in 28 fractions) were evaluated retrospectively. All patients received intensity-modulated 
radiotherapy with daily image guidance. The relationships between late rectal bleeding and risk factors like diabetes, 
hypertension, cirrhosis, and anticoagulant use were analyzed.

Results:  During a median follow-up of 23 months, the crude rates of grade ≥ 1, grade ≥ 2, and grade ≥ 3 late rectal 
bleeding were 23.8%, 16.9%, and 9.5%, respectively. Cirrhosis and anticoagulant use predicted an increased risk of 
grade ≥ 3 rectal bleeding in multivariable analyses (hazard ratio [HR] 14.37, 95% confidence interval [CI] 3.09–66.87, 
P = 0.001, and HR 2.93, 95% CI 1.14–7.55, P = 0.026, respectively). The non-anticoagulant group had a significantly 
superior 5-year freedom from grade ≥ 3 bleeding compared to the anticoagulant group in a propensity-weighted 
log-rank analysis (88.0% vs. 76.7%, P = 0.041). A receiver operating characteristic curve analysis revealed that rectal 
bleeding was minimized in the anticoagulant group if the equivalent dose at fractionation of 2 Gy (EQD2) V77 Gy of 
the rectum was < 4.5% or if the EQD2 V8.2 Gy was < 71.0%.

Conclusions:  Patients taking anticoagulants or those with cirrhosis had a significantly higher risk of severe late rectal 
bleeding than other patients after hypofractionated radiotherapy for prostate cancer in the present study. The bleed‑
ing risk could be lowered by minimizing hotspots in patients taking anticoagulants.
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Background
External beam radiotherapy offers excellent long-term 
disease control in patients with localized prostate can-
cer and is currently accepted as one of the standard 
treatments [1, 2]. Recent large-scale randomized studies 
have reported that hypofractionated radiotherapy, which 
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provides larger doses per fraction than conventionally 
fractionated radiotherapy, led to non-inferior outcomes 
compared to the conventional protocol in terms of bio-
chemical or clinical failure and toxicity [3–5]. The theo-
retical background for hypofractionated radiotherapy 
is that prostate cancer has a low α/β value (the dose at 
which the linear and quadratic components of cell killing 
are equal), which means that using large doses per frac-
tion increases the therapeutic effect [6–8]. In addition, 
hypofractionated radiotherapy improves patient conveni-
ence and lowers medical costs by reducing the number 
of fractions and enabling shorter treatment periods; thus, 
its clinical adoption is increasing.

Chronic proctitis, which can occur after curative radio-
therapy for local or locally advanced prostate cancer, is a 
major problem that has a profound effect on a patient’s 
quality of life. Chronic rectal symptoms include rectal 
bleeding, loose stools, urgency, pelvic pain, and tenes-
mus, with intermittent bleeding being the most common. 
It occurs a median of 8 to 12  months after the end of 
radiotherapy, and the incidence rate is 2%–20% in studies 
of patients with pelvic malignancies who have received 
external beam radiotherapy or brachytherapy [9, 10].

For prostate cancer patients deemed to have a high 
likelihood of severe rectal complications, careful 
attempts must be made to reduce the rectal radiation 
dose, or treatment options other than radiotherapy have 
to be considered. Several previous studies of the patient 
characteristics associated with chronic radiation procti-
tis have reported anticoagulant use, patient age, a history 
of myocardial infarction or congestive heart failure, and 
diabetes as significant factors [11–17]. In particular, the 
relative risk of late rectal bleeding in patients on antico-
agulants was as high as 2.5–4.8 [12–14].

However, most of the patients included in those studies 
received conventionally fractionated radiotherapy. Frac-
tion size is known to be the dominant factor in deter-
mining late radiation-induced toxicity in normal organs 
[18]. The incidence and risk factors of late rectal bleed-
ing after hypofractionated radiotherapy might differ from 
those seen after conventionally fractionated radiotherapy. 
Therefore, we investigated the patient-related risk factors 
for late rectal bleeding after hypofractionated radiother-
apy for prostate cancer, focusing on anticoagulant use.

Methods
This study considered patients who received curative 
radiotherapy for local or locally advanced prostate 
cancer from May 2013 to February 2020 at Samsung 
Changwon Hospital in Changwon, Korea. The inclu-
sion criteria were no evidence of distant metas-
tasis, ≥ 3  months of follow-up, and completion of 
scheduled radiotherapy. A total of 231 patients who 

met those criteria were included and analyzed. The 
patient medical records were reviewed retrospectively 
with institutional review board (IRB) approval (IRB no. 
SCMC 2020–11-003–001).

After deciding to receive radiotherapy, all patients pro-
ceeded to the simulation process. A rectal enema was 
performed about 2  h before the simulation and each 
treatment. In addition, to keep the bladder volume con-
stant, patients were instructed to drink about 300 mL of 
water after voiding about 30  min before the simulation 
and each treatment. To reduce radiation-induced rec-
tal toxicity and infra-fractional prostate motion, a rectal 
balloon made in house was inserted during the simula-
tion and each treatment [19, 20]. Simulation computed 
tomography images were taken at a 2.5  mm slice thick-
ness with a contrast dye injection (IOBRIX®inj.350; 
Taejoon Pharm Co., Ltd., Seoul, Korea). Patients were 
positioned in a supine position using an immobilization 
device in which the rectal balloon was fixed. Then, each 
patient underwent a magnetic resonance image test with 
a slice thickness of 2.5 mm on T2 axial image sets using 
the same preparation and posture used during the com-
puted tomography simulation. Digital images from the 
computed tomography and magnetic resonance imaging 
scans were transferred to an Eclipse treatment planning 
system (version 11.0, Varian Medical Systems, Palo Alto, 
CA, USA) and fused for target delineation. The clinical 
target volume was defined as the entire prostate with or 
without seminal vesicles in definitive radiotherapy and 
as the prostate bed in adjuvant or salvage radiotherapy 
shown on the T2 axial image. Seminal vesicles were 
included in the target volume when there was pathologic 
or radiologic evidence of their involvement. The pros-
tate planning target volume (PTV) was extended from 
the clinical target volume using an 8 mm margin in the 
superior–inferior direction and a 3  mm margin in the 
other directions while taking prostate movement into 
account. Regional lymphatic areas were also included 
in the target volume in patients with clinical evidence 
of lymph node metastasis or with a high probability of 
lymph node metastasis derived from the Roach formula 
[21]. The rectal wall was contoured from a level 10 mm 
below the lower PTV edge to a level 10  mm above the 
upper PTV edge. The protocol stipulates that ≥ 95% of 
the PTV receive the prescribed dose. A maximum dose 
of 107% was allowed to < 2% of the PTV. The treatment 
schedule consisted of 70 Gy in 28 fractions (2.5 Gy/frac-
tion) for definitive radiotherapy and 67.2 Gy (2.4 Gy/frac-
tion) for adjuvant or salvage radiotherapy. When regional 
lymphatic areas were included in the target volume, the 
simultaneous integrated boost technique was used with a 
dose of 50.4 Gy (1.8 Gy/fraction) scheduled for the nodal 
PTV.
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Dose constraints for plan optimization were that ≤ 25% 
and ≤ 50% of the bladder should receive > 60 and > 35 Gy, 
respectively, and ≤ 7%, ≤ 20%, ≤ 50%, and ≤ 90% of the 
rectal wall should receive > 70, > 50, > 25, and > 12  Gy, 
respectively, with a maximum dose of 74 Gy. Both static 
intensity-modulated radiation therapy and volumetric-
modulated arc therapy plans were generated for each 
patient, and the plan with superior dosimetric quality 
in terms of normal organ dose, target homogeneity, and 
conformity was selected for treatment. Image-guided 
radiation therapy was performed using pretreatment 
cone-beam computed tomography imaging to reduce 
geometric uncertainty regarding the patient setup and 
rectal balloon position. The rectal balloon was always 
inserted at the same depth in the same patient and used 
as a surrogate for prostate location in the pretreatment 
verification. A fiducial maker was not implanted for pros-
tate localization.

Patients were followed up every 3–6  months for the 
first 5 years and then yearly thereafter. All patients were 
asked about rectal symptoms at each follow-up visit. In 
patients with rectal bleeding, endoscopy was recom-
mended, and, depending on the severity, observation, 
steroid suppositories, sucralfate enemas, or cauteriza-
tions were performed. A careful retrospective inspection 
of the medical records was performed to find late rec-
tal bleeding that appeared ≥ 90  days after radiotherapy. 
Toxicities were graded with reference to the European 
Organization for Research and Treatment of Cancer/
Radiation Therapy Oncology Group (RTOG) morbid-
ity scores for the rectum. Rectal bleeding was graded 
as follows: grade 1, minor or infrequent rectal bleeding 
improving without any intervention; grade 2, intermit-
tent bleeding that required medication; grade 3, bleeding 
that required an invasive intervention, which typically 
included cauterization; grade 4, bleeding that required 
a transfusion or surgery; grade 5, bleeding associated 
with death. Endoscopists at our hospital were active in 
performing endoscopy to confirm radiation proctitis, 
and, thus, all patients with grade ≥ 2 toxicity and most 
patients with grade 1 toxicity were assessed via sigmoi-
doscopy or colonoscopy.

A biostatistician performed the statistical analyses. All 
variables were tested in binary fashion, with continuous 
variables dichotomized by their median values, including 
the generalized equivalent uniformed dose (gEUD) as a 
rectal dose parameter. The gEUD is a single organ–spe-
cific parameter to account for the biological response 
according to the delivered dose distribution in that organ. 
In this study, gEUDs were calculated using DVHmetrics 
of the R statistical computing software (https://​www.r-​
proje​ct.​org/; R Foundation for Statistical Computing, 
Vienna, Austria).

The gEUD is defined as follows:

where vi is the fractional organ volume receiving a dose 
Di and a is a parameter that describes the volume effect 
[22]. The a and α/β ratios were assumed to be 8 and 3 for 
the rectum, respectively [23]. Prognostic factors for rectal 
bleeding were evaluated using logistic regression analy-
ses. The characteristics of the non-anticoagulant and 
anticoagulant groups were compared using independ-
ent Pearson’s chi-squared testing. To reduce the effects 
of selection bias between the two groups, significant dif-
ferences in patient characteristics were adjusted using an 
inverse probability of treatment weighting (IPTW) and 
propensity scoring. Kaplan–Meier curves for freedom 
from rectal bleeding were generated, and comparisons 
were made using the log-rank test. A receiver operating 
characteristic (ROC) curve analysis was used to test the 
association between rectal bleeding and the rectal wall 
dose. The equivalent dose in 2.0 Gy fractions (EQD2) of 
the 70, 50, 25, and 12 Gy for late rectal bleeding were 77, 
47.9, 19.5, and 8.2 Gy, respectively, and these values were 
used for ROC curve analysis. Dosimetric parameters with 
an area under the ROC curve (AUC) ≥ 0.6, lower 95% 
confidence interval value ≥ 0.5, and both sensitivity and 
specificity > 60% were considered reasonable predictors 
[24]. All statistical analyses were performed using the 
STATA version 15.1 software program (Stata Corpora-
tion, College Station, TX, USA) and R software program 
(Additional file  1: Table  S1). A two-sided P value < 0.05 
was considered to be statistically significant.

Results
The patient characteristics are shown in Table 1. Of the 
231 patients, 167 had high- or very high–risk prostate 
cancer (72.3%) when classified using the National Com-
prehensive Cancer Network risk categories. There were 
47, 117, and 8 patients (20.4%, 50.7%, and 3.5%) with dia-
betes, hypertension, and cirrhosis, respectively. Of the 
80 patients (34.6%) on anticoagulants, 72 started using 
them before radiotherapy and 8 started using them after 
radiotherapy. Forty-one patients with major cardiovascu-
lar risks, such as hypertension, diabetes, and hyperlipi-
demia, used anticoagulants for the primary prevention 
of cardiovascular disease. Anticoagulants for secondary 
prevention were used in 22 patients with coronary artery 
disease, 8 with atrial fibrillation, 8 with ischemic stroke, 
and 1 with heart failure. Aspirin, clopidogrel, warfarin, 
and other anticoagulants were used in 48, 22, 4, and 12 
patients, respectively, and six patients used multiple anti-
coagulants. Definitive radiotherapy was performed in 146 

gEUD = (
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patients (69.7%), and the others received adjuvant or sal-
vage radiotherapy. All patients underwent intensity-mod-
ulated radiotherapy, which was volumetric-modulated 
arc therapy in 68.8% of cases.

The median follow-up period was 23  months (range, 
3–86  months). The median time to rectal bleeding was 
12  months (range: 3–46  months). Grade ≥ 1, grade ≥ 2, 
and grade ≥ 3 rectal bleeding occurred in 61, 39, and 22 
patients, respectively. Endoscopy confirmed that 6 of 
the 22 patients with grade 1 rectal bleeding had hemor-
rhoids, not radiation proctitis. All patients with grade ≥ 2 
rectal bleeding were confirmed to have radiation procti-
tis. Therefore, grade ≥ 1, grade ≥ 2, and grade ≥ 3 rectal 
bleeding related to radiation proctitis occurred in 55, 
39, and 22 patients (crude rates: 23.8%, 16.9%, and 9.5%), 
respectively. In both univariable and multivariable analy-
ses, ≥ T3 disease, hypertension, cirrhosis, and gEUD pre-
dicted a greater risk of grade ≥ 2 rectal bleeding (hazard 
ratio [HR] 3.32, 95% confidence interval [CI] 1.28–8.65, 
P = 0.014; HR 2.98, 95% CI 1.32–6.69, P = 0.008; HR 
22.37, 95% CI 3.65–36.99, P = 0.001; and HR 2.42, 95% 
CI 1.09–5.40, P = 0.031, respectively) (Table  2). Cir-
rhosis and anticoagulant use were associated with a 
greater risk of grade ≥ 3 rectal bleeding in both univari-
able and multivariable analyses (HR 14.37, 95% CI 3.09–
66.87, P = 0.001; HR 2.93, 95% CI 1.14–7.55, P = 0.026, 
respectively).

Because severe rectal bleeding (grade ≥ 3) could sig-
nificantly affect a patient’s quality of life, further analy-
ses were conducted on anticoagulant use. For cirrhosis, 
further analysis was not performed due to an insufficient 
number of patients. To verify the relationship between 
anticoagulant use and rectal bleeding, patients were 
divided into two groups by anticoagulant use (Table  3, 
Additional file 1: Table S2). Both groups had similar dis-
ease risk categories and treatment characteristics; how-
ever, patients in the anticoagulant group were older than 
those in the non-anticoagulant group (age ≥ 74  years: 
62.5% vs. 48.3%, P = 0.004), and diabetes mellitus and 
hypertension were more common in the anticoagu-
lant group (32.5% vs. 13.9%, P = 0.001; 67.5% vs. 41.7%, 
P < 0.001, respectively). Of the 151 patients in non-anti-
coagulant group, 24 and 10 patients developed grade ≥ 2 
and grade ≥ 3 rectal bleeding (crude rates: 15.9% and 
6.6%), respectively. Of the 80 patients in the antico-
agulant group, grade ≥ 2 and grade ≥ 3 rectal bleeding 
occurred in 15 and 12 patients (crude rates: 18.8% and 
15.0%), respectively. Patients on anticoagulants had a 
significantly higher risk of grade ≥ 3 rectal bleeding than 
those who did not (HR 2.49, 95% CI 1.02–6.05, P = 0.044). 
The difference in the risk of grade ≥ 3 rectal bleeding 
remained significant even after compensating for the 
main effect of all variables on anticoagulant use using 

Table 1  Patient characteristics

gEUD, generalized equivalent uniformed dose; IMRT, intensity-modulated 
radiation therapy; PSA, prostate-specific antigen

Variables Number (%)

Age (years)

 Median 74

 Range 52–90

Risk category

 Very low–low 16 (6.93)

 Intermediate 48 (20.78)

 High–very high 167 (72.29)

Gleason score

 2–6 33 (14.29)

 7 105 (59.74)

 8–10 93 (40.26)

Initial PSA concentration (μg/L)

 Median 12.1

 Range 2.1–507.5

T stage

 T1 8 (3.46)

 T2 73 (31.60)

 T3 127 (54.98)

 T4 23 (9.96)

Diabetes

 No 187 (79.65)

 Yes 47 (20.35)

Hypertension

 No 114 (49.35)

 Yes 117 (50.65)

Cirrhosis

No 223 (96.5)

Yes 8 (3.5)

Anticoagulation use

No 151 (65.4)

Yes 80 (34.6)

Whole-pelvic radiotherapy

 No 161 (69.70)

 Yes 70 (30.30)

Androgen-deprivation therapy

 No 53 (22.94)

 Yes 178 (77.06)

Previous surgery

 No (70 Gy) 146 (63.20)

 Yes (67.2 Gy) 85 (36.80)

IMRT technique

 Static 72 (31.17)

 Arc 159 (68.83)

gEUD (Gy)

 Median 58.3

 Range 51.1–67.2
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Table 2  Univariable and multivariable analyses for grade ≥ 2 and grade ≥ 3 late rectal bleeding

CI, confidence interval; gEUD, generalized equivalent uniformed dose; HR, hazard ratio; IMRT, intensity-modulated radiation therapy; PSA, prostate-specific antigen

Variables Grade ≥ 2 rectal bleeding Grade ≥ 3 rectal bleeding

Univariable Multivariable Univariable Multivariable

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (years)

  < 74 [Reference] [Reference]

  ≥ 74 1.17 (0.5–2.33) 0.664 1.30 (0.53–3.17) 0.564

Risk category

 Very low–low [Reference] [Reference]

 Intermediate 0.81 (0.14–4.67) 0.817 0.30 (0.04–2.36) 0.255

 High–very high 1.66 (0.36–7.67) 0.517 0.85 (0.18–4.03) 0.833

Gleason score

 2–6 [Reference] [Reference]

 7 1.40 (0.44–4.50) 0.572 0.82 (0.21–3.31) 0.786

 8–10 1.74 (0.54–5.58) 0.351 1.34 (0.35–5.14) 0.668

Initial PSA concentration (μg/L)

  < 10 [Reference] [Reference]

 10–20 1.52 (0.64–3.64) 0.345 1.43 (0.49–4.15) 0.512

  ≥ 20 1.96 (0.83–4.59) 0.124 1.31 (0.44–3.94) 0.437

T stage

 T1–2 [Reference] [Reference] [Reference]

  ≥ T3 2.38 (1.04–5.45) 0.041 3.32 (1.28–8.65) 0.014 1.94 (0.69–5.48) 0.209

Diabetes

 No [Reference] [Reference]

 Yes 1.22 (0.53–2.77) 0.643 0.59 (0.17–2.09) 0.416

Hypertension

 No [Reference] [Reference] [Reference]

 Yes 2.22 (1.08–4.58) 0.031 2.98 (1.32–6.69) 0.008 1.19 (0.49–2.87) 0.701

Cirrhosis

 No [Reference] [Reference] [Reference] [Reference]

 Yes 17.27 (3.34–89.26) 0.001 22.37 (3.65–36.99) 0.001 11.39 (2.63–49.40) 0.001 14.37 (3.09–66.87) 0.001

Whole-pelvic radiotherapy

 No [Reference] [Reference]

 Yes 1.56 (0.76–3.19) 0.226 1.35 (0.54–3.39) 0.517

Androgen-deprivation therapy

 Yes [Reference] [Reference]

 No 1.40 (0.65–3.05) 0.393 1.29 (0.48–3.49) 0.612

Radiation dose

 67.2 Gy [Reference] [Reference]

 70 Gy 1.6 (0.86–4.04) 0.117 1.28 (0.50–3.27) 0.611

IMRT technique

 Static [Reference] [Reference]

 Arc 1.02 (0.49–2.16) 0.953 0.97 (0.38–2.49) 0.945

Anticoagulation use

 No [Reference] [Reference] [Reference]

 Yes 1.22 (0.60–2.49) 0.582 2.49 (1.02–6.05) 0.044 2.93 (1.14–7.55) 0.026

gEUD (Gy)

  < 58.3 [Reference] [Reference] [Reference]

 ≥ 58.3 3.01 (1.42–6.39) 0.004 2.42 (1.09–5.40) 0.031 1.49 (0.61–3.63) 0.384
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IPTW methods (HR 2.94, 95% CI 1.08–7.95, P = 0.034). 
Freedom from rectal bleedings were compared between 
the two groups using a propensity-weighted log-rank 
analysis (Fig.  1). There was no significant difference in 
the actuarial rates of 5-year freedom from grade ≥ 1 
and grade ≥ 2 bleeding between the non-anticoagulant 
and anticoagulant groups (61.0% vs. 62.2%, P = 0.905; 

69.6% vs. 72.9%, P = 0.854, respectively). However, the 
non-anticoagulant group had significantly better 5-year 
freedom from grade ≥ 3 bleeding than the anticoagulant 
group (88.0% vs. 76.7%; P = 0.041).

We conducted a ROC curve analysis of the dosimetric 
parameters of the rectal wall volume in the non-antico-
agulant and anticoagulant groups, respectively (Table 4). 

Table 3  Comparisons between the anticoagulant and non-anticoagulant groups

AC, anticoagulant; IMRT, intensity-modulated radiation therapy; IPTW, inverse probability of treatment weighting; PSA, prostate-specific antigen

Variables Non-AC (%) AC (%) Before IPTW After IPTW
P value P value

Age (years) 0.004 0.891

  < 74 78 (51.7) 30 (37.5)

 ≥ 74 73 (48.3) 50 (62.5)

Risk category 0.106 0.947

 Very low–low 9 (6.0) 7 (8.8)

 Intermediate 26 (17.2) 22 (27.5)

 High–very high 116 (76.8) 51 (63.7)

Gleason score 0.211 0.987

 2–6 18 (11.9) 15 (18.8)

 7 67 (44.4) 38 (47.5)

 8–10 66 (43.7) 27 (33.8)

Initial PSA concentration (μg/L) 0.138 0.802

  < 10 51 (33.8) 37 (46.2)

 10–20 50 (33.1) 24 (30.0)

  ≥ 20 50 (33.1) 19 (23.8)

T stage 0.085 0.613

 T1–2 47 (31.1) 34 (42.5)

  ≥ T3 104 (68.9) 46 (57.5)

Diabetes 0.001 0.883

 No 130 (86.1) 54 (67.5)

 Yes 21 (13.9) 26 (32.5)

Hypertension  < 0.001 0.782

 No 88 (58.3) 26 (32.5)

 Yes 63 (41.7) 54 (67.5)

Cirrhosis 0.560 0.698

 No 145 (96.0) 78 (97.5)

 Yes 6 (3.97) 2 (2.50)

Whole-pelvic radiotherapy 0.202 0.575

 No 101 (66.9) 60 (75.0)

 Yes 50 (33.1) 20 (25.0)

Androgen-deprivation therapy 0.231 0.973

 No 31 (20.5) 22 (27.5)

 Yes 120 (79.5) 58 (72.5)

Radiation dose 0.462  0.788

 67.2 Gy 53 (35.1) 32 (40.0)

 70 Gy 98 (64.9) 48 (60.0)

IMRT technique 0.360  0.893

 Static 44 (29.1) 28 (35.0)

 Arc 107 (70.9) 52 (65.0)
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In the non-anticoagulant group, EQD2 V77 Gy had the 
highest AUC value (0.601) among the parameters, but 
the lowest confidence interval was < 0.5. Other param-
eters were not significant in predicting rectal bleeding 
in the non-anticoagulant group. All dosimetric param-
eters had higher AUC values in the anticoagulant group 
than in the non-anticoagulant group (Fig.  2). EQD2 
V77 Gy (AUC = 0.715, P = 0.002) and EQD2 V8.2  Gy 
(AUC = 0.657, P = 0.017) significantly predicted rectal 
bleeding in the anticoagulant group. The AUC values of 
EQD2 V47.9  Gy and EQD2 V8.2  Gy were not consid-
ered reasonable predictors because their lower confi-
dence interval value was < 0.5. The cut-off points were 
EQD2 V77 Gy = 4.5% (Youden’s index 0.358, sensitivity 
71.4%, and specificity 64.4%) and EQD2 V8.2 Gy = 71.0% 
(Youden’s index 0.332, sensitivity 85.7%, and specificity 
47.5%). When considering the AUC value, sensitivity, and 
specificity together, EQD2 V77 Gy was the most predic-
tive parameter for rectal bleeding in the anticoagulant 
group.

Discussion
In this study, the crude rates of grade ≥ 1, grade ≥ 2, and 
grade ≥ 3 late rectal bleeding after hypofractionated radi-
otherapy for localized prostate cancer were 23.8%, 16.9%, 
and 9.5%, respectively. Hypertension and cirrhosis pre-
dicted an increased risk of grade ≥ 2 rectal bleeding. The 
use of an anticoagulant and the presence of cirrhosis pre-
dicted an increase in the risk of grade ≥ 3 rectal bleeding. 
In particular, the crude rate of grade ≥ 3 rectal bleeding 
in patients on anticoagulants was 15.0%, which was sig-
nificantly higher than the 6.6% rate in patients not taking 
anticoagulants.

Many dosimetric studies have been conducted on the 
risk factors for proctitis after external beam radiotherapy 
for prostate cancer. Early studies focusing on dose esca-
lation showed that doses exceeding 70–74 Gy with con-
ventional fractionation were associated with a high rate 
of late gastrointestinal toxicity [25, 26]. It is not yet clear 
whether hypofractionated radiotherapy is associated 
with an increase in late gastrointestinal toxicity. Franco 
et  al. performed a meta-analysis to compare radiation 

Fig. 1  Freedom from rectal bleeding in the non-anticoagulant and 
anticoagulant groups as found in a propensity-weighted log-rank 
analysis. Results are stratified as grade ≥ 1 rectal bleeding (a), 
grade ≥ 2 rectal bleeding (b), and grade ≥ 3 rectal bleeding (c)

Table 4  Receiver operating characteristic curve analysis of dosimetric parameters of rectal wall volume for late rectal bleeding in the 
anticoagulant and non-anticoagulant groups

AC, anticoagulant; AUC, area under the receiver operating characteristic curve; CI, confidence interval; EQD2; equivalent dose at fractionation of 2 Gy

Rectal dose (EQD2) Non-AC AC

Cutoff point AUC (95% CI) P value Cutoff point AUC (95% CI) P value

V77 Gy 5.3% 0.601 (0.490–0.712) 0.035 4.5% 0.715 (0.579–0.850) 0.002

V47.9 Gy 18.8% 0.573 (0.455–0.690) 0.099 19.6% 0.623 (0.482–0.764) 0.048

V19.5 Gy 36.8% 0.539 (0.424–0.653) 0.247 41.9% 0.603 (0.464–0.742) 0.082

V8.2 Gy 87.4% 0.512 (0.398–0.625) 0.419 71.0% 0.657 (0.525–0.788) 0.017
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toxicity in high-risk prostate cancer patients who under-
went conventional fractionation (EQD2 55.1–82 Gy) and 
hypofractionated radiotherapy (EQD2 45–108.6 Gy) [27]. 

Patients who received hypofractionated radiotherapy had 
about 28% more late genitourinary toxicity than those 
who received conventionally fractionated treatment. 
However, the two fractionation groups did not differ in 
acute gastrointestinal, acute genitourinary, or late gas-
trointestinal toxicity. In patients with low-/intermediate-
risk prostate cancer, the hypofractionation technique 
was associated with favorable late grade 2 gastrointesti-
nal toxicity only with 3-dimensional conformal radiation 
therapy (3DCRT) (9% in the 3DCRT-Hypo group [EQD2 
61.9–119.4 Gy] vs. 18% in the 3DCRT-CV group [EQD2 
66–108  Gy], P < 0.0001) [28]. In patients who under-
went intensity-modulated radiation therapy, late grade 
2 toxicity did not differ significantly between the hypo-
fractionation group (EQD2 3.3–84.2  Gy) and the con-
ventional fractionation group (EQD2 74–86 Gy) (12% vs. 
13%, P = 0.0878). In the NRG Oncology RTOG 0415 trial 
comparing two treatment schedules (70  Gy in 28 frac-
tions vs. 73.8 Gy in 41 fractions), patients who received 
hypofractionated radiotherapy experienced more grade 
2 and 3 late gastrointestinal adverse events than those 
who received conventionally fractionated radiotherapy 
(grade 2: 18.3% vs. 11.4%, P = 0.005; grade 3: 4.1% vs. 
2.4%, P = 0.19, respectively) [29]. Compared to the hypo-
fractionated radiotherapy group in RTOG 0415, who 
received the same treatment schedule as that used in the 
current study, patients in this study had a slightly lower 
rate of grade 2 toxicity (16.9% in this study vs. 22.4% in 
RTOG 0415) but a higher rate of grade 3 toxicity (9.5% 
in this study vs. 4.1% in RTOG 0415). This may be due 
to the relatively high proportion of anticoagulant users in 
this study.

Several previous studies have shown that patients 
taking anticoagulants have an increased risk of rectal 
bleeding following external beam radiotherapy for pros-
tate cancer. According to a study by Takeda et  al. that 
evaluated 232 patients who underwent radiotherapy for 
localized prostate cancer, the 50 patients who used anti-
coagulants had a 5-year incidence of grade 2 or 3 late rec-
tal toxicity of 10.1%, compared to that of 4.3% in the 182 
patients who did not take anticoagulants (P = 0.004) [14]. 
The total dose in that study ranged from 70–80 Gy, with 
2.0  Gy per fraction. Choe et  al. analyzed 568 patients 
who received definitive radiotherapy for prostate cancer, 
79 of whom were taking an anticoagulant (warfarin or 
clopidogrel) [12]. That treatment schedule had a median 
total dose of 72.0  Gy, with 1.8 or 2.0  Gy per fraction. 
The anticoagulant group had a significantly higher risk 
of grade ≥ 3 bleeding than the non-anticoagulant group 
(4-year actuarial risk: 15.5% vs. 3.6%, risk ratio 2.51, 95% 
CI 1.72–3.66, P < 0.001). Schreiber et al. assessed the risk 
of late rectal bleeding in terms of the timing and type 
of anticoagulation used in 465 patients who received 

Fig. 2  Receiver operating characteristic curve of a rectal equivalent 
dose at fractionation of 2 Gy V8.2 Gy (a), V19.5 Gy (b), V47.9 Gy (c), and 
V77 Gy (d) for predicting late rectal bleeding
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dose-escalated radiotherapy (minimum dose of 75.6 Gy, 
with 1.8  Gy per fraction). They found that patients on 
clopidogrel or warfarin during radiotherapy had a sig-
nificantly increased risk of rectal bleeding, with a 4-year 
freedom from rectal bleeding rate of 75.2%, compared to 
that of 94.7% in those never on anticoagulation (HR 4.84, 
95% CI 1.84–12.68, P = 0.001). However, anticoagulant 
use after radiotherapy (84 patients, 29.2% in total anti-
coagulant users) was not associated with a rectal bleed-
ing risk of less than 10%. In this study, which evaluated 
patients who received hypofractionated radiotherapy, 
anticoagulant use was also significantly associated with 
a higher risk of grade ≥ 3 rectal bleeding, with an HR of 
2.94. The relationship between the timing of anticoagu-
lant use and rectal bleeding was not analysed because it 
was beyond the scope of this study. Further studies are 
needed to determine how the timing of anticoagulant use 
affects the risk of rectal bleeding. Another interesting 
point in our results is that the use of an anticoagulant was 
significantly associated only with grade ≥ 3 toxicity, not 
with grade 1–2 toxicity. It can thus be inferred that anti-
coagulants are associated with the severity rather than 
frequency of rectal bleeding; in other words, they serve 
to maintain or worsen rectal bleeding that has already 
begun, rather than acting as a trigger.

In addition to anticoagulant use, several previous stud-
ies have reported that advanced age, myocardial infarc-
tion, congestive heart failure, diabetes, hormone therapy, 
severe internal iliac artery calcification, and inflamma-
tory bowel disease are significant patient-related risk fac-
tors for late rectal toxicity after radiotherapy for prostate 
cancer [11, 16, 17, 30–32]. In this study, unlike previous 
ones, advanced age and diabetes were not significantly 
related to late rectal bleeding. Instead, hypertension and 
liver cirrhosis were found to be prognostic factors for 
rectal bleeding. Hypertension probably increases vascu-
lar injury and intestinal ischemia following radiotherapy 
and impairs tissue repair [10]. Decreased platelet produc-
tion, increased platelet destruction from hypersplenism, 
and decreased synthesis of clotting factors might explain 
the increased risk of rectal bleeding in cirrhotic patients 
[33, 34]. To our knowledge, this is the first study to find 
a significant correlation between cirrhosis and radiation-
induced rectal toxicity. Further studies with more cir-
rhotic patients are needed to verify this hypothesis.

In this study, patients on anticoagulants and those with 
cirrhosis had a significantly higher risk of grade ≥ 3 rec-
tal bleeding than those who did not, and EQD2 V77 Gy 
was the most predictive parameter for rectal bleeding 
in the anticoagulant group. For prostate cancer patients 
at high risk of rectal bleeding, hypofractionated dose-
escalated radiotherapy should be used with caution. The 
use of rectal spacers, which increase the prostate–rectal 

interface, thereby reducing rectal toxicity, may benefit 
these patients [35]. In addition, it is necessary to mini-
mize hotspots in patients on an anticoagulant.

Our conclusions are subject to the inevitable limita-
tions of a retrospective analysis. First, the aims and treat-
ment fields of radiotherapy were heterogeneous in the 
enrolled patients. Second, it was difficult to clarify which 
anticoagulants were more associated with rectal bleed-
ing due to the variety of medications used. Third, it is 
unclear whether the rectal bleeding observed in patients 
on anticoagulants is caused by the anticoagulant itself or 
by other comorbidities that led to the taking of the anti-
coagulant. The strength of our study is that all included 
patients underwent hypofractionated radiotherapy using 
the intensity-modulation technique with daily image 
guidance, which has been widely used in recent years. 
Our results could be a good reference for other centers 
implementing similar treatment practices. In addition, 
grade ≥ 2 rectal bleeding was endoscopically confirmed 
to be related to radiation proctitis in all patients, improv-
ing the reliability of our results.

Conclusions
In conclusion, patients taking anticoagulants and those 
with cirrhosis had a significantly higher risk of severe late 
rectal bleeding after hypofractionated radiotherapy for 
prostate cancer compared to other patients in the present 
study. Sufficient consultation about late complications of 
radiotherapy and other possible treatment options is nec-
essary for patients with the aforementioned risk factors. 
The bleeding risk could be lowered by minimizing hot-
spots in patients on an anticoagulant.
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