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Abstract

Background: In men with node-positive prostate cancer after radical prostatectomy there are limited data on the value of adding andro-
gen deprivation therapy (ADT) to postoperative radiotherapy.

Objective: To determine whether there is a clear oncologic benefit to ADT in the setting of node-positive prostate cancer treated with
postoperative radiotherapy.

Methods: We analyzed data for 372 prostate cancer patients treated at San Raffaele Hospital with postoperative radiotherapy for node-
positive disease after radical prostatectomy, 272 received both ADT and radiotherapy. Eighty-six men were followed without an event for
more than 10 years.

Results: Patients who received postoperative radiotherapy + ADT had more aggressive disease, with higher preoperative PSA level,
higher rate of ISUP grade 5, pT3b-T4 tumors and >3 positive nodes. At multivariable Cox regression, the comparison between men treated
by postoperative radiotherapy + ADT vs. radiotherapy alone did not show a significant difference for overall (hazards ratio: 0.91; 95% confi-
dence interval: 0.45, 1.84; P =0.8) and cancer-specific survival (hazards ratio: 5.39; 95% confidence intervall: 0.70, 41.39; P =0.11). These
results remained consistent in a number of sensitivity analyses, including propensity score matching. Consideration of 95% Cls suggests
that a clinically significant benefit of ADT in node-positive patients receiving radiotherapy after surgery is unlikely.

Conclusions: We can exclude the sort of large survival benefit that would be required to justify the risks and toxicities of ADT in men
with node-positive disease receiving postoperative radiotherapy. Awaiting larger and more powered studies on this topic, men with pN+
prostate cancer treated with postoperative radiotherapy should not receive ADT outside well-controlled clinical trials. © 2019 Elsevier Inc.
All rights reserved.
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1. Introduction inevitable harbinger of recurrence: about 1 in 3 patients

with positive lymph nodes remain recurrence free at long-

Lymph node metastases are found in approximately 15%
of patients treated by radical prostatectomy. Although nodal
involvement is clearly a poor prognostic sign, it is not an
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term follow-up even in the absence of postoperative treat-
ment [1]. This suggest prognostic heterogeneity in men
with positive lymph nodes that should be taken into consid-
eration in order to avoid overtreatment.

Androgen deprivation therapy (ADT) is the gold stan-
dard treatment for metastatic prostate cancer. Historically,
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patients with nodal metastases after radical prostatectomy
were managed with ADT on the grounds of improved sur-
vival over postoperative observation [2]. Subsequent evi-
dence that a combination of ADT and adjuvant radiotherapy
is beneficial over ADT alone [3] has contributed to a shift
in the treatment paradigm, with positive lymph nodes no
longer considered a sign of disseminated disease but poten-
tially cured by treatments aimed at local control. The ratio-
nale behind the use of radiotherapy in this setting is that
nodal metastases are deemed an adverse pathologic feature
after radical prostatectomy, expression of advanced, high-
risk (but localized) disease. Given this premise, it seems rea-
sonable that cancer control might result from local rather
than systemic therapy, in keeping with overwhelming evi-
dence that adjuvant radiotherapy is beneficial in node-nega-
tive patients with other adverse pathologic features [4,5].
This raises the obvious question of the relative contribution
of ADT to treatment effect. Research data are sparse on this
point [6], having focusing predominantly on whether radio-
therapy adds to ADT rather than the other way around [7,8].

ADT causes a large number of side effects, including hot
flashes, fatigue and impaired libido, as well as risks such as
metabolic and cardiovascular complications [9]. For these
reasons, the use of ADT in combination with postoperative
radiotherapy for node-positive prostate cancer would only
be justified if it resulted in a substantial decrease in cancer-
specific death.

To test whether the addition of ADT to postoperative
radiotherapy improves survival compared to radiotherapy
alone, we examine a cohort of node-positive prostate cancer
patients treated at high-volume institution.

2. Methods

We analyzed data of 643 prostate cancer patients who
received postoperative radiotherapy with or without ADT
for node-positive disease after radical prostatectomy. All
patients received surgery as primary treatment at San Raf-
faele Hospital between 1991 and 2017. An extended pelvic
lymph node dissection was performed in all the cases,
which included the removal of obturator, external iliac, and
hypogastric nodes. Postoperative treatments were adminis-
tered within 6 months from surgery and all patients were
followed for more than 6 months. The decision to adminis-
ter additional ADT was based on the clinical judgement of
each treating physician according to individual patient and
cancer characteristics. Prostate specific antigen (PSA) level
within eight weeks of surgery was available for 187 (50%)
patients. We excluded patients who received neoadjuvant
treatment (n=229) and those who had missing pathologic
data (n =42), resulting in 372 men eligible for the analyses.

Postoperative radiotherapy consisted of local radiation to
the prostatic bed with or without the seminal vesicle bed and
pelvic lymph nodes area (whole-pelvis radiotherapy). All pati-
ents were treated with high-energy photon beams (6—18 mV)
at conventional fractionation (1.8—2 Gy/ fraction), at a

median dose of 68 Gy (interquartile range [IQR]: 66, 70)
using previously described techniques [3,10]. A full descrip-
tion of the methods of radiotherapy is available in Supplemen-
tary appendix A.

ADT consisted of either bilateral orchiectomy or
luteinizing hormone releasing hormone agonist. ADT was
generally intended to be lifelong. However, given the retro-
spective nature of our study, it is uncertain whether patients
discontinued treatment after a period of ADT.

The primary outcome of the study was cancer-specific
survival. Secondary outcomes were overall survival and
clinical recurrence, defined as positive imaging plus
PSA > 0.2 ng/ml in two consecutive measurements. The
cause of death was defined by the attending urologist or
oncologist who followed the patients or by death certificate.

Statistical analyses

Our statistical analyses consisted of several steps. First,
we compared disease characteristics between the groups
using the Wilcoxon rank-sum and Chi-squared tests. Sec-
ond, Kaplan-Meier methods were used to estimate cancer-
specific and overall survival in the two groups. Cox propor-
tional hazards regression was used to compare survival
between the groups. The Cox model was adjusted for age,
number of positive nodes (categorized as 1—2 vs. 3+) and
the risk of biochemical recurrence derived from the
MSKCC nomogram [11], which includes preoperative
(PSA level) and pathologic variables (grade, stage, nodal
involvement, and margins status). Third, we built a compet-
ing risk regression model with cancer-specific mortality as
the outcome and death from other causes as the competing
event. Finally, we conducted a number of sensitivity analy-
sis to assess the robustness of our findings. To explore
whether differences in outcome were related to baseline dif-
ferences between groups, we restricted our analysis to men
with pathologic International Society of Urological Pathol-
ogy (ISUP) grade 3 to 5. In a separate analysis, we also
excluded patients treated before 2005, when a different
ISUP grading system was used. Moreover, we repeated the
analyses after excluding patients with PSA persistence,
defined as PSA > 0.1 ng/ml within 8 weeks of surgery. To
test whether the effect of ADT might differ according to
nodal burden, we repeated the analyses in patients with 1 to
2 vs. 3+ positive nodes [12]. Moreover, since the probabil-
ity of being treated by radiotherapy alone or in combination
with ADT may be affected by disease characteristics, we
used a propensity score approach. The individual probabil-
ity of receiving postoperative radiotherapy + ADT was cal-
culated using a logistic regression model according to age,
MSKCC nomogram-derived risk of biochemical recurrence
(BCR) and number of positive nodes. This likelihood was
then used to match in a 1:2 ratio patients in the radiotherapy
group to men treated by radiotherapy + ADT with similar
(&£ 5%) probability in order to create a more homogeneous
subcohort.
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Table 1
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Descriptive characteristics of 372 patients treated by radical prostatectomy who had N+ disease at surgical pathology, stratified by postoperative treatments

Postoperative radiotherapy Postoperative radiotherapy + ADT P value
(N=100;27%) (N=272;73%)
Year of surgery
<2005 17 (17%) 98 (36%) 0.002
2006-2010 39 (39%) 90 (33%)
>2010 44 (44%) 84 (31%)
Age,y 67 (60, 71) 64 (60, 69) 0.077
Preoperative PSA level, ng/ml 9.4 (6.6, 19.0) 11.1 (7.3, 19.5) 0.2
Pathologic ISUP grade
1-2 22 (22%) 44 (16%) 0.5
3 26 (26%) 69 (25%)
4 14 (14%) 34 (13%)
5 38 (38%) 125 (46%)
Pathologic stage
T2-T3a 39 (39%) 83 (31%) 0.12
T3b-T4 61 (61%) 189 (69%)
Positive surgical margins 46 (46%) 157 (58%) 0.044
Number of positive nodes
1-2 82 (82%) 172 (63%) 0.001
3+ 18 (18%) 100 (37%)
PSA persistence (>0.1 ng/ml) 14 (14%) 40 (15%) 0.2
Unknown 37 (37%) 148 (54%)

ADT =androgen deprivation therapy.
3. Results

Table 1 describes the characteristics of our study cohort.
Although differences between the groups were statistically
significant only in few cases, men receiving radiother-
apy + ADT generally had more aggressive disease, includ-
ing higher preoperative PSA level, higher rate of ISUP

grade 5, pT3b-T4 tumors and greater metastatic burden (>3
positive nodes).

There were 48 all-cause and 18 cancer-specific deaths.
Median follow-up for survivors was 77 months (interquar-
tile range: 44, 113) with 86 patients followed for more than
10 years without an event. The predicted 10-year overall
survival was 81% (95% confidence interval [CI]: 63%,
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Fig. 1. Kaplan Meier curves for overall survival stratified by treatment group. Blue line: radiotherapy (RT). Red line:

therapy (ADT). (Color version of figure is available online).

4 6 8 10
Years from surgery

61 39 20 13

206 162 110 73

radiotherapy + androgen deprivation



C.A. Bravi et al. / Urologic Oncology: Seminars and Original Investigations 38 (2020) 204—209 207

100+ |
o\o \_|_|_|_\—|_L\—|_|—|—
ol 90
=
=
=)
(%]
O
5 80
(0]
o
P
o)
2
S 70
(&)
60
T T T T T T
0 2 4 6 8 10
Years from surgery
Number at risk
RT 100 84 61 39 20 13
RT + ADT 272 256 206 162 110 73

Fig. 2. Kaplan Meier curves for cancer-specific survival stratified by treatment group. Blue line: radiotherapy (RT). Red line: radiotherapy + androgen depri-

vation therapy (ADT). (Color version of figure is available online).

91%) for patients treated by radiotherapy alone and 85%
(95%CI: 78%, 90%) for those who received radiotherapy
and ADT (Fig. 1). The predicted 10-year cancer-specific
survival was 98% (95%CI: 87%, 100%) for the radiother-
apy group and 92% (95%CI: 87%, 95%) for men who
received radiotherapy + ADT (Fig. 2).

The results of our Cox regression analyses are shown in
Table 2. There was no significant difference in overall sur-
vival between men treated by radiotherapy + ADT vs.
radiotherapy alone (hazards ratio [HR]: 0.91; 95%CI: 0.45,
1.84; P=0.8). Similarly, the risk of cancer-specific death

Table 2
Multivariable Cox proportional hazard model to assess the association
between postoperative treatments and survival outcomes

Variable Hazards 95% confidence P-value
ratio interval
All-cause mortality
Postoperative treatment
Radiotherapy Ref
Radiotherapy + ADT 0.91 0.45,1.84 0.8
Cancer-specific mortality
Postoperative treatment
Radiotherapy Ref
Radiotherapy + ADT 5.39 0.70,41.39 0.11
Clinical recurrence
Postoperative treatment
Radiotherapy Ref
Radiotherapy + ADT 241 1.09,5.31 0.029

ADT = androgen deprivation therapy.
Models adjusted for age, risk of BCR according to the MSKCC
nomogram and number of positive nodes (1-2 vs. 3+).

was not significantly different between men treated with
radiotherapy + ADT vs. those who received radiotherapy
alone (HR: 5.39; 95%CI 0.70, 41.39; P =0.11). This finding
was confirmed in the competing risk analysis used to pre-
dict cancer-specific death with death from other causes as
the competing event (HR: 5.60; 95%CI 0.68, 45.86;
P=0.11). Although consideration of the 95% C.I. indicates
that a clinically relevant effect of ADT cannot be excluded,
these results are compatible with a limited oncologic benefit
of ADT when administered in combination with radiother-
apy for node-positive prostate cancer.

A total of 77 patients developed clinical recurrence. The
predicted 10-year clinical recurrence-free survival was 92%
(95%CI: 82%, 96%) for patients treated by radiotherapy
alone and 70% (95%CI: 63%, 76%) for those who received
radiotherapy and ADT. At multivariable analyses, the risk
of clinical recurrence was higher in the radiotherapy and
ADT group compared to radiotherapy alone (HR: 2.41;
95%CI: 1.09, 5.31; P =0.029; Table 2).

Results of our sensitivity analyses are described in sup-
plementary appendix B. In brief, our findings were unal-
tered when the analyses were restricted to patients with
ISUP grade 3 to 5 tumors, to the subgroup treated after
2005 and after excluding patients with PSA persistence.
We did not find evidence of a different effect of ADT
according to the number of positive nodes: the risk of clini-
cal recurrence in the ADT group did not differ in case of
positivity in 1 to 2 (HR: 2.05, 95% CI: 0.79, 5.33; P=0.14)
vs. 3+ (HR: 3.93, 95% CI: 0.93, 16.65; p =0.063) nodes. In
our propensity score analysis, there were no statistically sig-
nificant differences in baseline characteristics between
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radiotherapy vs. radiotherapy + ADT after adjusting for pro-
pensity score (supplementary appendix C). Results were
similar to our main analysis, with no significant difference
between radiotherapy + ADT vs. radiotherapy alone for
cancer-specific survival (HR: 3.27; 95% CI: 0.37; 28.46;
P =0.3). Results were also similar to our primary analysis
for clinical recurrence (HR: 2.18; 95% CI: 0.88, 5.41;
P =0.094).

4. Discussion

We were not able to demonstrate a survival benefit from
ADT administered with postoperative radiotherapy in men
with node-positive prostate cancer. Moreover, the lower
bound of the 95% C.I. for the effect of ADT on cancer-
specific survival excluded a benefit sufficient enough to
warrant treatment-related risks and toxicities [9].

Previous evidence showed improved survival for ADT
over postoperative observation [13], but a prognostic advan-
tage over other treatment strategies such as radiotherapy has
never been observed in this patient group. In an observational
study of 773 patients with node-positive disease, Tilki et al.
compared oncologic outcomes of men treated with adjuvant
radiotherapy, adjuvant ADT or observation followed by sal-
vage radiotherapy in case of relapse. After a median follow-
up of 33 months, patients receiving adjuvant radiation ther-
apy had better metastasis-free survival than those treated
with adjuvant ADT; there was no difference in survival
between patients receiving adjuvant ADT without radiother-
apy compared to those who were initially observed [14]. Sim-
ilarly, a population-based study on postoperative treatments
for pN+ patients showed better 5-year overall survival for
men undergoing radiotherapy than for those receiving hor-
monal therapy [15]. Although limited by short follow-up and
the lack of strong oncologic endpoints such as cancer-specific
death, these data suggest that if an intervention is needed in
case of nodal involvement at surgical pathology, that should
be radiotherapy rather than ADT. This is consistent with liter-
ature showing a benefit from the addition of radiotherapy to
postoperative ADT. In a series of 1,107 patients treated with
hormonal therapy for pN+ prostate cancer, radiation therapy
significantly improved cancer-specific survival after a
median follow-up of seven years [16], a finding confirmed by
several other papers [3,17,18]. Taken together, these findings
support the administration of radiotherapy for node-positive
disease. However, we do not see evidence that ADT is of
additional value to radiotherapy in this population. The litera-
ture on this issue is limited, and the hypothesis that ADT
improves survival of men receiving radiation therapy has
never been directly addressed in a prospective study. The rel-
ative contribution of hormonal therapy in this setting may be
extrapolated from a subgroup analysis of the RTOG 85-31
trial. Therein, investigators assessed the impact of ADT in
N+ patients undergoing radiotherapy: in a subcohort of
42 patients treated after radical prostatectomy, the study did
not show oncologic benefit associated with hormonal therapy

[19]. Given the lack of studies on this topic, the added value
of a combination strategy over radiotherapy alone is far from
established. In this regard, our results are compatible with the
hypothesis that the benefit from ADT observed by Messing
et al. [ 13] might not hold true in patients receiving postopera-
tive radiotherapy for node-positive disease.

Note that we do not claim that ADT increases the risk of
cancer death but, rather, that the CI for cancer-specific sur-
vival does not seem to include a clinically relevant effect.
Since a clear survival benefit is necessary to justify the
increased risk of death from other causes associated with
ADT [3], caution should be paid in administering ADT to
men with pN+ prostate cancer treated with postoperative
radiotherapy. Awaiting confirmatory studies, our results
suggest that a combination strategy should not be given out-
side well-controlled clinical trials. Note also that we are not
making a general claim about the value of ADT in prostate
cancer patients undergoing radiotherapy. ADT is of proven
benefit for patients undergoing initial treatment by radio-
therapy [20] or in the case of salvage radiotherapy for
patients with node-negative disease [21].

Our study is not devoid of limitations. For example, we
cannot rule out residual confounding from known or
unknown variables. Since the study included patients treated
over more than 25 years, it is possible that aspects of clinical
care that have changed over time might influence our results.
That said, our results remained consistent in a number of sen-
sitivity analyses. Still, we cannot exclude that future advan-
ces in imaging modalities or better understanding of disease
biology might allow for the identification of certain sub-
groups of patients who may benefit from ADT. In addition,
consideration of baseline characteristics might raise concerns
for selection bias, that is, patients treated by radiotherapy and
ADT had more aggressive disease. To address this issue, we
performed propensity score matching with no meaningful
differences in survival results. Moreover, it is noteworthy
that a similar concern has been raised in a prior paper [3].
However, patients treated with radiotherapy + ADT had bet-
ter overall and cancer-specific survival than those who
received ADT alone despite worse prognostic profile and as
such, the added value of radiotherapy was claimed. In our
study, although men treated by radiotherapy and ADT had
similarly more aggressive disease, we did not observe a sur-
vival difference. This seems more compatible with a limited
contribution of ADT than with a selection bias.

Our results argue against current guidelines that recom-
mend a combination of ADT and radiotherapy as treatment
option for node-positive disease [7,8]. Rather, our findings
support the inclusion of radiotherapy alone among postop-
erative strategies. Historically, identification of nodal
metastases during radical prostatectomy was an indication
for discontinuing surgery. The belief that nodal metastases
were a sign of systemic cancer was the rationale for the use
of ADT, the standard of care for metastatic prostate cancer.
Consideration of nodal involvement has changed, and now-
adays it is unlikely that a patient would be told he has
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systemic disease in case of N+ pathology. By contrast, the
administration of ADT seems guided by cultural inheritance,
that is, evidence of metastases mandates systemic therapy.
However, it has been demonstrated that patients with nodal
metastases have remarkably better prognosis that those who
have bone or visceral metastases [22,23], suggesting that
these are biologically different phases of tumor spread. For
this reason, it is plausible that ADT might not be as effec-
tive in nodal metastases as it is for systemic disease. Having
said that, while radiotherapy is a well-established treatment
for node-positive disease after radical prostatectomy, there is
currently no evidence supporting the addition of ADT to
radiation therapy. Our findings have thus also implications
for empirical research. The benefits and harms of ADT in
combination with postoperative radiotherapy should be prop-
erly assessed (i.e. using the adequate reference group). In
this regard, we call for randomized controlled trials testing
radiotherapy vs. radiotherapy + ADT in patients with node-
positive prostate cancer after radical prostatectomy.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/].
urolonc.2019.09.018.
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