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of neo-adjuvant hormones in prostate cancer

AISLING S. BARRY!, MARY T. DUNNE?, CIARA A. LYONS?, MARIE A. FINN?,
BRIAN MOULTONY, JUDY C. TAYLOR?, CARMEL M. O’SHEA?,
PIERRE G. THIRION! & JOHN G. ARMSTRONG!

I Department of Radiation Oncology, St Luke’s Hospital, Dublin, Ireland, *Clinical Trials Resource Unit,

St Luke’s Hospital, Dublin, Ireland, 3Department of Nursing, St Luke’s Hospital, Dublin, Ireland,

441 Ireland Cooperative Research Group, Dublin and 5Centre for Cell Research and Cancer Biology, Queen’s
University Belfast

ABSTRACT

Background. To assess the temporal patterns of late gastrointestinal (GI) and genitourinary (GU) radiotherapy toxicity
and resolution rates in a randomised controlled trial (All-Ireland Cooperative Oncology Research Group 97-01) assess-
ing duration of neo-adjuvant (NA) hormone therapy for localised prostate cancer.

Material and methods. Node negative patients with > 1 of: PSA > 20 ng/mL, Gleason score =7, and stage T3 or
more, were included. Follow-up, including toxicity assessment, was three-monthly in the early stages and yearly there-
after.

Results. Median follow-up from the end of RT was 6.8 years. In the interval between 90 days following the end of
RT and the last toxicity assessment, GI and GU toxicity (any grade) was found in 50% and 51% of 240 and 241 patients,
respectively. For those who did develop toxicity, the median time from end of RT until the first development of any
grade GI or GU toxicity was 1.2 years and 1.6 years, respectively, whilst median time to final resolution was 1.6 years
and 2.2 years, respectively. Grade 2 (G2) or greater GI and GU toxicity occurred in 29 (12.1%) and 40 (16.6%) patients,
respectively. The proportion with unresolved G2 + GI and GU toxicity was 89% and 79%, respectively, in year 1, 69%
and 65% in year 2, 59% and 52% in year 3 and 27% and 32% in year 5.

Conclusion. Long-term toxicities continue to occur many years after NA hormone therapy and RT. The rate of occur-
rence does not appear to reduce within the time frame during which our patients were followed. The percentage of
patients suffering from G2 + toxicity at any time is however low. Resolution of these toxicities continues for the duration
of the follow-up.

Selecting optimal therapy for localised prostate can-
cer presents a complex choice for physicians and
their patients. Efficacy and toxicity are key consider-
ations in making that choice. There is considerable
literature describing risk factors for the development
of long-term radiotherapy (RT)-induced toxicities
and the overall occurrence of these toxicities. The
time course of occurrence, evolution and resolution
of gastrointestinal (GI) and genitourinary (GU) tox-
icities are less frequently described [1-5]. These tem-
poral patterns of toxicities may be valuable in helping
doctors and patients in selecting the most appropri-
ate intervention and therapy if any is required.

This paper reports the cumulative incidence
and temporal evolution of treatment related GI and
GU toxicities in prostate cancer patients who were
included in a randomised controlled trial (RCT)
treated with localised three-dimensional (3D) RT
and either four-months (arm 1) or eight-months
(arm 2) neo-adjuvant hormonal therapy (NAHT).
These data may be used to advise patients about
the frequency and projected time course of their
expected GI and GU toxicities and may influence
decision making regarding intervention versus
conservative management.
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Material and methods
Patient population

Between 1997 and 2001, 276 patients with interme-
diate- and high-risk adeno-carcinoma of the prostate
were randomised into a phase III RCT. The trial
compared biochemical failure after four months and
eight months of NAHT followed by RT [6]. The
eligibility criteria excluded patients with established
nodal disease or metastases. Patients met one or
more of the following criteria: PSA>20 ng/mL,
Gleason score =7, and stage T3 or more. All patients
had a Karnofsky performance status (KPS) of =70.
Exclusion criteria included previous treatment for
prostate cancer (other than transurethral resection
of the prostate), bilateral orchidectomy, prior ADT
for prostate cancer, prior malignancies (other than
non-melanoma skin cancer), and uncontrolled severe
medical illnesses.

The design, objectives, patient eligibility
criteria, treatment methods, statistical consider-
ations and main trial outcome have been reported
previously [6].

Treatment: Neo-adjuvant hormonal therapy four
versus eight months

HT consisted of monthly intramuscular injections of
the luteinising hormone-releasing hormone agonist
triptorelin (Decapeptyl) 3.75 mg once each month
and oral flutamide (Drogenil) anti-androgen tablets
(250 mg three times daily).

Radiotherapy modalities

3DCRT was used (70 Gy in 35 fractions by a 3-field
technique). The last month of hormonal therapy
was used to simulate and plan the radiation. The
patients were positioned supine and underwent
computed tomography (CT) planning using 0.5-cm
slices through the pelvis. The rectum and bladder
were delineated with an external contour only. The
target volume was drawn by placing a 1-cm margin
around the entire prostate and seminal vesicles. This
margin was reduced to 0.5 cm in the region of the
anterior rectal wall. Treatment was prescribed to an
isodose that completely encompassed the target.
The maximal permitted hot spot within the target
volume was 110%. The dose-volume constraints
were that no part of the rectum should receive
>74 Gy; not >30% of the rectum should receive
100% of the dose; and not >50% of the bladder
should receive 100% of the dose. Multiple fields
with customised blocking were used. If necessary, a
cone down was performed after 50 Gy (excluding
the superior portions of the seminal vesicles from

the target volume) to limit the dose to the small
bowel to 50 Gy.

Patient follow-up

Follow-up was monthly for the first year, three
monthly between years 2 and 3, and yearly thereafter.
It included a medical history, rectal examination,
PSA blood test and toxicity assessment. GI (non-
specific bowel) and GU toxicity was graded using
RTOG-EORTC criteria [7]. Morbidity data were
recorded at baseline, weekly during RT and at each
follow-up visit, by physician-directed questions.

Statistical analyses

The worst severity toxicity documented was consid-
ered the final toxicity, even if the complication
resolved later on. Final resolution of a G2 morbidity
meant symptoms ceased to exist, i.e. were deemed to
be GO and no further toxicity was recorded up to last
assessment. The prevalence was defined as the
number of cases of graded toxicity at a given time.
The date of the toxicity event was taken as the date
of the first documentation of the highest grade for
each patient. Times to acute toxicity were calculated
from the start date of EBRT to the toxicity event or
to the date of last assessment up to 90 days following
the end of RT for each patient. Times to late toxicity
were calculated from 90 days post-EBRT to the tox-
icity event or date of last assessment. Unresolved
acute toxicities were considered to be new late tox-
icities. Times to final resolution were calculated from
the date of the toxicity event to the date of final
resolution or date of last assessment.

To assess the time behaviour of symptoms, toxic-
ity grades are given at yearly intervals for seven years
after treatment. These interval toxicity grades resulted
from the worst symptom observed within each of the
periods. Patients who did not attend for follow-up as
required by the study or who were not assessed for
toxicity because of disease progression were therefore
excluded from relevant intervals. Data were not avail-
able for detailed toxicities because of the morbidity
scale used so, e.g. only GI toxicity is reported here
and not rectal bleeding.

The Kaplan-Meier method was used to estimate
times to both the toxicity event and to final resolution
[8]. The Cox proportional hazards model [9] was
used to assess the independent impact of all poten-
tially important explanatory variables (age group,
duration of neo-adjuvant hormones, acute toxicity,
KPS and T-stage) on late toxicity. The influences of
age group, duration of neo-adjuvant hormones, acute
toxicity, KPS and T-Stage were assessed. All statisti-
cal tests were two-sided and assessed for significance
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at the 0.05 level. SPSS statistical software version
20.0 (SPSS, Chicago, IL, USA) was used for all
analyses.

Results

As previously published [6,10], no significant
difference was observed in biochemical failure-
free survival, prostate cancer-specific survival, overall
survival or toxicity between the four- and eight-
month arms.

Toxicity data for 247 patients were analysed
for this study (Supplementary Figure 1, available online
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.927072). Two hundred and forty-
one patients had data for late toxicity. Table I gives
the pre-treatment characteristics of these patients.
Only three patients had a baseline documented
urinary co-morbidity.

Acute GI and GU toxicity

In the interval between the start of RT and 90 days
following the end of RT, GI and GU toxicity (any
grade) was found in 127 (52%) and 198 (81%),
respectively of 244 patients. G2 + acute GI and GU
toxicity was 45 (18%) and 84 (34%), respectively.
No patient developed grade 3 or higher GI toxicity.
Fourteen (7%) patients developed grade 3 (10
patients in arm 2), and one (0.5%) patient in arm 2
developed grade 4 GU toxicity. For those who devel-
oped toxicity, the maximum GI and GU toxicity in
this interval developed after the end of RT in 29
(23%) and 48 (24%), respectively of patients.

Late GI toxicity: Rate and temporal trend

In the interval between 90 days following the end of
RT and the latest follow-up GI toxicity (any grade)
was found in 121 (50%) patients (Figure 1). G2 or
greater GI toxicity was 29 (12.1%). Four patients
(1.7%) had grade 3 or higher GI toxicity (all in the
8-month arm).

Prevalence of GI symptoms showed fluctuation
with 65 (28.5%) patients experiencing maximum GI
toxicity within the first year after the end of RT. and
39 (20.6%) patients between three- and four years
post-RT. Prevalence of GI symptoms G2 + showed
fluctuation with maximum values between one
and three years after the end of RT (Figure 2;
Supplementary Table I, available online at http:/
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.927072).

At five years the cumulative risk (hazard) of
G2+ GI toxicity was 16%. The five-year risk of
developing G2 and G3 GI toxicity was 13.3% and

Table I. Randomised trial ICORG 97-01: Neo-adjuvant hormone
therapy prior to radiation. Pre-treatment characteristics™.

Analysis of late
toxicity (n=241)

Age (years)

Mean 66.3
Median 67.3
Age group
=60 41 (17%)
61-65 49 (20%)
66-70 110 (46%)
>70 41 (17%)
KPS
70 3 (1%)
80 28 (12%)
90 180 (75%)
100 30 (12%)
PSAT
Median ug/LL 14.5
Range ug/L 0.6-263
PSAT group 73 (30%)
=10 79 (33%)
10-1-20 89 (37%)
>20

Gleason score
<7

102 (42%)

=17 106 (44%)

>7 33 (14%)
T Stage

T1 25 (10%)

T2 68 (28%)

T3 132 (55%)

T4 16 (7%)

Risk stratification (protocol)

Intermediate 131 (54%)
High 110 (46%)
Risk group (NCCN) 45 (19%)
Intermediate 120 (50%)
High 76 (31%)
Very high
Co-morbidities
CAD/HTN 78 (32%)
Hip replacement 17 (7%)
Diverticulitis 5 (2%)
Diabetes 22 (9%)

* Data are number of patients unless otherwise stated; T PSA refers
to the last PSA result before the start of hormone therapy. CAD/
HTN, Coronary artery disease/hypertension.

2.4%, respectively. For the 121 who did develop GI
toxicity, the median time from end of RT until
the first development of any grade GI toxicity was
1.2 years.

Late GU roxicities: Rate and temporal trend

In the interval between 90 days following the end of
RT and the latest follow-up GU toxicity (any grade)
was found in 124 (51%) patients. G2 +late GU
toxicity was 16.6%; higher than that for G2 + late GI
toxicity. Two patients (1%) developed Grade 3 GU
toxicity.
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Figure 1. Cumulative incidence of late gastrointestinal and
genitourinary toxicity.

Prevalence of GU symptoms showed more fluc-
tuation than GI symptoms with 26% (60 patients)
experiencing maximum GU toxicity within the first
year of finishing RT, then decreasing to 19.9%
(43 patients) in year 1-2, but rising again to 24%
(34 patients) 5—6 years post-RT. Prevalence of GU
symptoms G2 + was lowest within the first year post-RT
and the highest 2-3 years post-RT (Figure 2).

At five years the cumulative risk of G2 + GU tox-
icity was 20%. For the 124 who did develop GU tox-
icity, the median time from end of RT until the first
development any grade GU toxicity was 1.6 years.

Resolution

Symptoms of late toxicity were not stable over time.
Toxicity sometimes resolved for a number of

follow-up visits but then appeared again or even
worsened at a later visit.

Late GI and GU toxicity (any grade) had final
resolution in 94 (78%) and 82 (66%) men, respec-
tively. Median time to final resolution of GI and GU
toxicity (any grade) was 1.6 years and 2.2 years,
respectively (Figures 3 and 4). A shorter time to final
resolution was seen for grade 1 GI and GU toxicities
(median 1.1 and 1.6 years, respectively) in 76/92
(83%) and 59/84 (70%) patients, respectively, as
opposed to G2 + toxicities with a median time to
final resolution of 3.4 and 3.0 years, respectively. The
proportion of unresolved G2 GI and GU toxicities,
respectively, were 89% and 79% at one year, 69%
and 65% at two years, 59% and 52% at three years
and 27% and 32% at five years. All three patients
with grade 3 GI toxicity (all in arm 2) resolved
(at 1.5, 2.9, and 3.2 years). The one instance of grade
4 GI toxicity in arm 2 did not resolve. Of the two
patients with grade 3 GU toxicities, there was resolu-
tion in only one patient, at 2.8 years.

Twelve patients (48%) with G2 late GI toxicity
had had G1 acute GI toxicity (Table II). Acute GI
toxicity (p=0.008) was an independent predictor of
late GI toxicity (Table III). The estimated hazard or
risk of late GI toxicity increases by 1.8 and 1.7 times,
respectively, for those with grades 1 and 2 acute GI
toxicity compared to those with no acute GI toxicity.

Sixteen patients (42%) with G2 late GU toxicity
had had G1 acute GU toxicity (Table II). Acute GU
toxicity (p=0.015) was an independent predictor of
late GU toxicity (Table III). Initial KPS was also
predictive of late GU toxicity (but not GI toxicity).
The estimated hazard or risk of late GU toxicity
increases by 1.9 times for those with a KPS of 70 or
80 compared with those with a KPS of 90-100. On

% of patients

Within 1st
year

1-2years 2-3 years

3-4 years

4-5years 5-6 years

6-7 years

Time since the end of RT

Figure 2. Prevalence of late Grade 2 + toxicity after RT for prostate cancer.
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Figure 3. Time to final resolution of late Grade 2 + gastrointestinal
toxicity.

multivariate analysis, KPS remained as significant.
The estimated hazard or risk of late GU toxicity
increases by 1.34 times for those with a KPS of
70-80 compared to those with a KPS of 90-100
adjusting for acute toxicity. The estimated hazard or
risk of late GU toxicity increases by 1.3 times for
those with acute GU toxicity compared to those with
no acute GU toxicity, adjusting for initial KPS.

Discussion

Late roxicity

The overall incidence of late G2+ GI and GU
toxicity was 12.1% and 16.6%, respectively. Our fig-
ures are similar to those reported by the MRC dose-
escalation trial [11,12] where at two years 15% of
patients had G2 + GI toxicity and 17% had G2 + GU
toxicity (Table IV). We also showed slightly more
patients with Grade 1 GI than GU toxicity and
slightly more G2 + GU than GI toxicity.

Our study supports previous reports that acute
GI and GU toxicities were independent predictors
of late toxicity. Of note, patients’ KPS was an inde-
pendent predictor of late GU toxicity. In a study of
973 patients, Jereczek-Fossa [13] et al. reported that
any grade late GU toxicity was seen in 36.5% of
patients who had experienced acute urinary symp-
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Figure 4. Time to final resolution of late Grade 2 + genitourinary
toxicity.

toms, compared with 51% in our study. In addition,
a higher grade of acute GU toxicity was predictive
for a higher grade of late GU toxicity [13]. In the
Dutch Multicentre trial [14—16], the authors observed
that late effects were a direct consequence of the ini-
tial tissue injury. Late urinary toxicity has also been
linked independently to previous history of a TURP
and radiation doses higher than 70 Gy [17].

One weakness of our study is the use of the
RTOG-EORTC grading criteria. The RTOG-
EORTC late radiation morbidity score does “not
cover the range of radiation morbidity and uses gen-
eral definitions on broad categories” [18]. The NCI
Common Terminology Criteria for Adverse Events
(CTCAE) describes side effects more completely
than the RTOG-EORTC scale. Another weakness is
the use of physician-directed questions. Several stud-
ies have shown that physicians systematically under-
report patients’ symptoms [19].

Time course of development

The majority of patients who experienced G1 or
higher GI and GU toxicity did so within the first two
years post-RT. This is similar to studies by Zelefsky
[1], Karlsdottir [4] and Huang [5] where the median
time to development of late GI toxicity is 12-30
months. As mentioned above median time to
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Table II. Acute by late GI and GU toxicity.

Late GI grade (percentage of late that was also acute)

Acute GI grade 0 1 2 3 4 Total

0 65 (56%) 36 (39%) 6 (24%) 3 (100%) 0 (0%) 110 (46%)
1 32 (28%) 38 (41%) 12 (48%) 0 (0%) 0 (0%) 82 (35%)
2 19 (16%) 18 (20%) 7 (28%) 0 (0%) 1 (100%) 45 (19%)
Total 116 92 25 3 1 237

Late GU grade (percentage of late that was also acute)

Acute GU grade 0 1 2 3 4 Total

0 27 (23%) 8 (10%) 9 (24%) 0 (0%) 0 (0%) 44 (19%)
1 51 (44%) 42 (51%) 16 (42%) 1 (50%) 0 (0%) 110 (46%)
2 33 (28%) 27 (33%) 9 (24%) 0 (0%) 0 (0%) 69 (29%)
3 4 (3%) 5 (6%) 4 (10%) 1 (50%) 0 (0%) 14 (6%)
4 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.4%)
Total 116 82 38 2 0 238

Note: This table only includes those patients for whom we had both an acute toxicity assessment and a
late toxicity assessment. GI + GU: For 5 patients we had an acute assessment but no late assessment and
for 3 patients we had a late assessment but no acute assessment. GI: For another patient we had an acute
assessment but no late assessment.

development of toxicity was similar between GI and
GU groups in our cohort. Of those that developed
toxicity, the median time to development was longer
for those who had GU toxicity than GI toxicity (1.6
years vs. 1.2 years). Similar to our study, Zelefsky
et al. noted that GU toxicities tended to occur at a
later stage compared with GI toxicity (30 months vs.
17 months) [1].

Zietman [20] et al. found that most late G2 + GI
morbidity was seen by three years, however, GU
morbidity continued to accumulate. At three years,
the actuarial risk of a GU event of G2 or higher was
15% (conventional RT) and 13% (high-dose),
increasing to 19% and 18% by five years. Capp
et al. [21] analysed data from self-assessment ques-
tionnaires from patients who were treated within
the randomised trial of NAHT and radiation ther-
apy and reported a gradual increase of GI urgency

over time with almost 15% of patients affected at
4-5 years.

Our patients were however treated 14-17 years
ago. New techniques such as intensity-modulated
radiation therapy (IMRT) or volumetric modulated
arc therapy (VMAT) spare surrounding organs and
tissue and may give less or different side effects.
Thus, the results from this study may only be valid
for CRT.

Prevalence

As previously stated, the prevalence of GI and GU
symptoms showed fluctuation with maximum val-
ues within the first year post-RT. The prevalence of
grades 2 + GI and GU symptoms, based on smaller
numbers and so possibly the result of random vari-
ation in the reporting of side effects, also showed

Table III. Cox regression analysis of late bowel toxicity (n=253).

Univariate analysis

Multivariate analysis

Covariate Ref. category HR

95% CI p HR 95% CI p

Acute bowel toxicity
Acute bowel toxicity

No toxicity 1.36
No toxicity

1.08-1.70  0.008

0.009

Grade 1 1.801 1.20-2.70  0.004

Grade 2 1.730 1.07-2.81  0.026
KPS 90-100 KPS 70-80 1.28 0.80-2.07 0.310
Acute bladder toxicity No toxicity 1.28 1.05-1.57 0.015 1.27 1.03-1.56 0.025
Acute bladder toxicity No toxicity 0.086

Grade 1 1.628 0.95-2.80 0.077

Grade 2 1.985 1.11-3.54  0.020

Grade 3-4 2.315 1.06-5.06 0.036

KPS 90-100 KPS 70-80 1.87 1.19-2.92 0.006 1.34 1.07-1.68 0.010

CI, confidence interval; HR, hazard ratio or relative risk.
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Table IV. Cumulative incidence of late RTOG grade =2 toxicity in five randomized trials.

Trial [Reference]

MD Anderson [23]

NKI [14-16]

PROG 9509 [20] RMH pilot [24] MRC RTO1 [11,12]

RT dose Gy 70 68 70.2 74 74

Setting Us The Netherlands US UK UK, Australia,
New Zealand

Sites Single site Multisite Single site Single site Multisite

No. of patients 301 669 393 126 843

Toxicity scale RTOG-LENT RTOG/EORTC RTOG RTOG original RTOG original

modified:

Median follow-up (years) 8.7 5.8 5.5 6.2 5.3

Grade =2 13% 25% 9% 23% 33%

Analysis time point and By 10 years cumulative By 7 years cumulative “Late” By 2 years By 5 years

type snapshot cumulative cumulative
Resolved toxicity No data XX No data No data @

*Composite score including rectal bleeding. xx, The incidence of rectal bleeding stabilized after 5 years, with no new cases observed after

5 years. The incidence of faecal incontinence did not stabilize.

fluctuation, with maximum values between 1 and 3
and 2-3 years, respectively, post-RT. This fluctua-
tion seen in our group of patients does not appear
to be commonly cited in the literature. Prevalence
rates of GI toxicity have been reported with maxi-
mum values ranging from 1 to 4 years post-RT
[2,3,5]. Researchers from the University of Chicago
[3] analysed a group of patients who received a dose
of 60-74 Gy for prostate cancer. The numbers of
patients with grade 2 and 3 GI toxicity were highest
at 3—4 years from the end of RT (2.9%) and dropped
to 1.5% at five years after treatment. Karlsdottir
et al. [4] reported the prevalence data in 247 patients
with prostate cancer who were treated with confor-
mal radiation therapy to a dose of 70 Gy. Grade 2
or higher rectal toxicities affected 4-5% of patients
at 12-24 months after treatment and only 1.4% of
patients at five years. Syndikus et al. [12] found that
the prevalence of moderate and severe GI toxicities
lessened after three years. Like Abdalla [3] and
Karlsdottir [4], Odrazka et al. [22] found that the
prevalence of rectal symptoms declined over time—
from a maximum of 7.1% at 1.5 years to 2.5% at
five years for grade 2 symptoms and from 1.9% at
two years to 1.3% at five years for grade 3 symp-
toms. However, the prevalence curve in the Odrazka
study clearly showed two peaks for both grade 2 and
3 toxicities. The first peak was found at approxi-
mately 1.5-2 years and the second lower peak at
4.5-5 years after treatment. Minimum prevalence
was situated between these two peaks, at approxi-
mately three years from the end of RT. The Odrazka
study of 320 patients and a median follow-up of 6.5
years, found the five-year risk of developing rectal
toxicity grade 2 and grade 3 to be 15.6% and 7%,
respectively, compared to 13.3% and 2.4% found
in our study.

Time course of resolution

A similar number of patients with G2 + GI and GU
toxicity (61% and 58%, respectively) had symptom
resolution in a similar median length of time (3.2 vs.
3.0 years). This contrasts with the data of Zelefsky
et al. [1], where they found that it took 26 months
for patients with a G2 + GI toxicity to resolve and
only seven months for those with G2 + GU toxicity
to resolve. They also found that more people with
G2 + GI toxicity resolved than those with G2 + GU
toxicity (91% vs. 81%).

Conclusion

Our study reports the temporal patterns of GI and
GU toxicity post-NAHT and -RT. We show clearly
that long-term toxicities continue to occur over many
years. The percentage of patients suffering from
G2 + toxicity at any time is however low. The resolu-
tion of these toxicities continues at a similar rate for
the duration of the follow-up. These data may be
used to advise patients about the frequency and pro-
jected time course of their expected GI and GU tox-
icities and may influence decision making regarding
intervention versus conservative management.
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