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Background: There is little level 1 evidence regarding the relative efficacy and toxicity of
whole pelvic radiotherapy (WPRT) compared with prostate-only radiotherapy (PORT) for
localized prostate cancer.

Methods: We used Cochrane, PubMed, Embase, Medline databases, and
ClinicalTrials.gov to systematically search for all relevant clinical studies. The data on
efficacy and toxicity were extracted for quality assessment and meta-analysis to quantify
the effect of WPRT on biochemical failure-free survival (BFFS), progression-free survival
(PFS), distant metastasis-free survival (DMFS), overall survival (OS), gastrointestinal (Gl)
toxicity, and genitourinary (GU) toxicity compared with PORT. The review is registered on
PROSPERO, number: CRD42021254752.

Results: The results revealed that compared with PORT, WPRT significantly improved 5-
year BFFS and PFS, and it was irrelevant to whether the patients had undergone radical
prostatectomy (RP). In addition, for the patients who did not receive RP, the 5-year DMFS
of WPRT was better than that of PORT. However, WPRT significantly increased not only
the grade 2 or worse (G2+) acute Gl toxicity of non-RP studies and RP studies, but also
the G2+ late Gl toxicity of non-RP studies. Subgroup analysis of non-RP studies found
that, when the pelvic radiation dose was >49 Gy (equivalent-doses-in-2-Gy-fractions,
EQD-2), WPRT was more beneficial to PFS than PORT, but significantly increased the risk
of G2+ acute and late GU toxicity.

Conclusions: Meta-analysis demonstrates that WPRT can significantly improve BFFS
and PFS for localized prostate cancer than PORT, but the increased risk of G2+ acute and
late Gl toxicity must be considered.

Systematic Review Registration: PROSPERO CRD42021254752.
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BACKGROUND

Prostate cancer is the most frequent cancer in men, accounting
for more than 1 in 5 new diagnoses (1, 2). In western societies,
prostate cancer has a high cure rate, but it is also the second
leading cause of cancer deaths for men (3, 4). The main
treatments for prostate cancer are radical prostatectomy (RP),
radiotherapy (RT), and hormone therapy (HT). RT is a crucial
treatment strategy for men who received a diagnosis of localized
prostate cancer (5, 6). However, there has been considerable
controversy over whether to choose whole pelvic radiotherapy
(WPRT) or prostate-only radiotherapy (PORT) for localized
prostate cancer.

At present, there is little level 1 evidence regarding the relative
efficacy and toxicity of WPRT compared with PORT for localized
prostate cancer, and relevant clinical randomized controlled
trials have drawn confusing conclusions (7-12). A Phase III
clinical trial, the Radiation Therapy Oncology Group (RTOG)
9413, showed that for localized prostate cancer, WPRT improved
progression-free survival (PFS) compared with PORT (12-14).
However, the French Genitourinary Study Group (GETUG)-01
found that compared with PORT, WPRT had no statistically
significant improvement in PFS, event-free survival (EFS), and
overall survival (OS) (11, 15). A recent Phase III randomized
clinical trial of prostate-only or whole-pelvic radiation therapy in
high-risk prostate cancer (POP-RT) pointed out that WPRT for
localized prostate cancer improved the biochemical failure-free
survival (BFFS) and distant metastasis-free survival (DMFS)
compared with PORT, but resulted in a significant increase in
late grade 2 or worse (G2+) genitourinary (GU) toxicity (9, 16).

This study systematically reviewed clinical studies comparing
WPRT to PORT for localized prostate cancer. The data on
efficacy and toxicity were extracted for quality assessment and
meta-analysis to quantify the effect of WPRT on BFFS, PES and
DMES, OS, gastrointestinal (GI) toxicity, and GU toxicity
compared with PORT.

METHODS

Literature Search

We used Cochrane, PubMed, Embase, Medline databases, and
ClinicalTrials.gov to systematically search for eligible trials from
inception until October 10, 2021, by two study investigators
independently. The following search terms were used: “Prostatic
Neoplasms”[Mesh] AND “Radiotherapy”[Mesh] AND
“Pelvis”[Mesh]. Detailed search terms were shown in
Supplementary Table 1. The review is registered on PROSPERO,
number: CRD42021254752.

Inclusion Criteria, Study Eligibility, and
Data Extraction

The Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) criteria were used for article selection
(Figure 1). Two investigators independently searched and
selected literature, included in randomized controlled trials

(RCTs) and cohort studies (CRS), and excluded articles with
metastatic prostate cancer. The article must include one of the
biochemical failure-free survival (BFFES), progression free survival
(PES), distant metastasis-free survival (DMES), survival overall
(OS), gastrointestinal (GI) toxicity, and genitourinary (GU)
toxicity for data extraction. For studies with multiple
publications, or where there was overlap in the patients studied,
the most recent publication was chosen. Any queries were checked
by a second reviewer and resolved by consensus.

Statistical Analysis

The results of time-to-event outcomes, BFES, PES, DMFS, and
OS, were reported as hazard ratios (HRs) with 95% confidence
interval (CIs), and the most fully adjusted HRs were extracted to
prevent interference from other variables. The results of GI
toxicity and GU toxicity were recorded as risk ratios (RRs)
with 95% Cls. The following effect modifiers on the end points
were tested using subgroup analysis: radical prostatectomy (RP),
androgen deprivation therapy (ADT), radiation dose, and
radiotherapy technology.

Heterogeneity was assessed using the y° test and the I
statistic. Significant heterogeneity was indicated by p < 0.05 in
Cochrane Q tests and a ratio greater than 50% in I’ statistics,
which led to the use of random-effects models according to the
DerSimonian and Laird method (17, 18). Otherwise, these tests
were negative for heterogeneity, and fixed-effects models were
chosen. Statistical analyses were performed using the Cochrane
Review Manager, version 5.3. A confidence level of 95% (p <
0.05) was considered statistically significant.

Risk of Bias

RCTs were evaluated using the Cochrane Risk of Bias Tool (19),
and the CRS were analyzed using the Newcastle-Ottawa Scale
(20). Furthermore, funnel plots of standard errors vs. effect
estimates were inspected for publication bias (21, 22).

RESULTS

Included Studies

A total of 4,680 publications and 52 registered clinical studies
were identified from the literature search, and 16 studies that met
the eligibility criteria were finally selected, including 6
randomized controlled trials (RCTs) (7-12) and 10 cohort
studies (CRS) (23-32). Four studies that met the inclusion
criteria were excluded because of no hazard ratio available for
survival (33-36). The PRISMA study selection diagram is shown
in Figure 1. Of the 16 studies, 9 studies did not perform radical
prostatectomy (non-RP), and the patients of the other 7 studies
received radical prostatectomy (RP). A total of 10,212
participants were enrolled, of which 3,393 participants received
whole pelvic radiotherapy (WPRT), and 6,819 participants
received prostate-only radiotherapy (PORT). The overall
median follow-up time for efficacy was 64.8 months, and
toxicity was 50.5 months. A summary of the studies
characteristics is presented in Table 1.
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FIGURE 1 | Study selection. Flowchart of trials included and excluded from meta-analysis.
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No hazard ratio for survival (N=4)

Biochemical Failure-Free Survival

Six studies (9, 10, 26, 29-31) with a total of 3,795 patients
examined BFFS at 5 years. The forest plot (Figure 2A) indicated
that for the patients did not undergo prostatectomy, WPRT was
associated with superior BFFS relative to PORT (HR 0.23, CI
0.10-0.52, p < 0.001). Similarly, WPRT also improved the 5-year
BFFS when the patients had undergone prostatectomy (HR 0.58,
CI 0.50-0.68, p < 0.001). Overall, WPRT significantly improved
5-year BFFS (HR 0.56, CI 0.48-0.66, p < 0.001) compared with
PORT (I* = 40%, p = 0.14). All patients who did not undergo
prostatectomy received ADT, whereas the studies of patients
treated with prostatectomy were divided into three subgroups
based on the use of ADT. The subgroup analysis of the RP

studies showed that WPRT had excellent BFFS than PORT, free
from the effect of ADT (Supplementary Figure 1A).

Progression-Free Survival

Progression-free survival (PFS) data were available from four
studies (7, 10-12), 3,278 patients. The forest plot (Figure 2B)
indicated that, in comparison with PORT, WPRT significantly
improved PFS for non-RP studies (HR 0.85, CI 0.73-0.98, p =
0.03) and RP studies (HR 0.71, CI 0.51-0.98, p = 0.04). In the
subgroup of non-RP studies, when all patients received ADT,
WPRT remained improved PFS (HR 0.83, CI 0.71-0.98, p =
0.02). Conversely, when patients received ADT selectively, the
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FIGURE 2 | Forest plots of BFFS (A), PFS (B), DMFS (C) and OS (D). CI, confidence interval; WPRT, whole-pelvic radiotherapy; PORT, prostate-only radiotherapy;
BFFS, biochemical failure-free survival; PFS, progression-free survival; DMFS, distant metastasis-free survival; OS, overall survival.

TABLE 2 | Subgroup analysis of other potential heterogeneity factors for survival outcomes in non-prostatectomy studies.

Heterogeneity factors

Age > 66 for PFS
Yes 0.77 [0.60, 1.00]
No 0.83[0.70, 0.98]

Duration of ADT for PFS
Long-term ADT
Short-term ADT

Dose >49 Gy* for PFS

0.88 [0.59, 1.31]
0.85[0.72, 0.99]

Yes 0.83[0.70, 0.98]

No 0.92 [0.66, 1.02]
Risk goup for PFS

Low risk 0.71[0.41, 1.21]

Intermediate and high risk
Age > 66 for OS

Yes 0.95[0.77,1.18]

No 0.55[0.18, 1.64]
Duration of ADT for OS

Long-term ADT

Short-term ADT

0.95 [0.75, 1.20]

0.92 [0.41, 2.05]
0.93 [0.75, 1.16]

Hazard ratio (95% CIl) WPRT vs. PORT

p-Value p-Value for Interaction ? (%)
p=0.05 p=0.67 0
p=0.03

p =0.58 p =0.85 0
p=0.04

p=0.03 p=0.53 0
p=0.56

p=0.21 p=0.34 0
p=0.66

p =0.64 p =034 0
p=0.28

p=084 p =0.98 0
p =052

WPRT, whole-pelvic radiotherapy; PORT, prostate-only radiotherapy; ADT, androgen deprivation therapy; BT, brachytherapy; BFFS, biochemical failure-free survival; PFS, progression-

free survival; DMFS, Distant metastasis-free survival; OS, overall survival.
*Equivalent-doses-in-2-Gy-fractions, EQD-2.

there was no statistically significant difference in the G2+ acute
GU toxicity of non-RP studies (RR 1.06, CI 0.91-1.25, p = 0.43)
and RP studies (RR 1.15, CI 0.80-1.66, p = 0.45). According to
the forest plots (Figure 3D), there was still no significant
difference in the G2+ late GU toxicity of non-RP studies (RR
1.33, CI 0.83-2.13, p = 0.23) and RP studies (RR 1.36, CI 0.97-
1.91, p = 0.07). The risk difference of toxicity has been presented
in Supplementary Figure 3.

Subgroup Analysis of Potential
Heterogeneity Factors for Gl Toxicity and
GU Toxicity in Non-RP Studies

Further subgroup analysis of non-RP studies indicated that when
pelvic radiation dose was >49 Gy (EQD-2), WPRT significantly
increased the G2+ acute GU toxicity (RR 1.26, CI 1.04-1.54, p =
0.02; Figure 4A) and late GU toxicity (RR 2.04, CI 1.33-3.15,p =
0.001; Figure 4B). On the contrary, when pelvic radiation dose

Frontiers in Oncology | www.frontiersin.org

January 2022 | Volume 11 | Article 796907


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Wang et al. Localized Prostate Cancer and Meta-Analysis
A Acute Gl Acute GU
WPRT PORT Risk Ratio Risk Ratio WPRT PORT Risk Ratio Risk Ratio
1.1.1 Patients did not undergo radical prostatectomy 1.3.1 Patients did not undergo radical prostatectomy
Dearnaley PIVOTAL 3 62 2 61 12%  148[0.26,853 I n— Mantini 2011 19 168 29 190 105%  0.74[043,1.27] -/
Vebonad 2 iy o 1= Vi POPRT ® 01 s o 0w Tssioerzon I—
McDonald 2014 38 103 19109 108%  212[1.31,342] — urthy POP- o \
Murthy POP-RT 35 107 27 107 157%  1.30[0.85, 1.98] T Pommier GETUG-01 59 225 68 221 265%  0.85[0.63,1.14] =
Roach RTOG 9413 144 300 27 131 221%  2.26[158,3.23] - Roach RTOG 9413 97 309 29 131 157%  1.42[0.99,203] —
Subtotal (95% Cl) 749 598 60.2%  1.75[1.41,2.18] * Subtotal (95% Cl) 912 758 824%  1.06[0.91,1.25] >
Total events 237 % Total events 264
Heterogeneity: Chi* = 7.54, df = 4 (P = 0.11); 12 = 47% Heterogeneity: Chi* = 7.53, df = 4 (P = 0.11); I* = 47%
Test for overall effect: Z = 5.02 (P < 0.00001) Test for overall effect: Z = 0.79 (P = 0.43)
1.1.2 Patients underwent radical prostatectomy 1.3.2 Patients underwent radical prostatectomy
Deville 2011 2 3% 9 31 56%  210[1.14,387 — Deville 2011 8 36 331 12%  230[0.67,7.91] ]
Isi\i?;)‘\ii 17 1:1;9 7 1(:;5 j 3;: 2.14 {o 92, 3 ge} — Ishii 2016 15 119 11 105 4.5% 1.20 [0.58, 2.50] -
Waldstein 2017 54 128 115 447  29.8% 1.64[1.27,2.12] - Waldstein 20:7 20 128 69 447 11 9:/0 1.01[0.64, 1.60] L
Subtotal (95% Cl) 283 583 39.8%  1.76 [1.40,2.22] * Subtotal (95% CI) 283 583 17.6%  1.15[0.80, 1.66] ->
Total events 93 131 Total events 43 83
Heterogeneity: Chi* = 0.83, df = 2 (P = 0.66); I = 0% Heterogeneity: Chi* = 1.52, df = 2 (P = 0.47); I*= 0%
Test for overall effect: Z = 4.79 (P < 0.00001) Test for overall effect: Z = 0.75 (P = 0.45)
Total (95% Cl) 1032 1181 100.0%  1.76 [1.49, 2.06] ¢ Total (95% Cl) 1195 1341 100.0%  1.08[0.93, 1.25] >
Total events 330 225 Total events 307 287 ) ) .
Heterogeneity: Chi* = 8.37, df = 7 (P = 0.30); I = 16% Sor  on b s poo b Chi*=9.14,df =7 (P =0.24); ' = 23% o oz o5 1 T

Test for overall effect: Z = 6.86 (P < 0.00001)
Test for subgroup differences: Chi* = 0.00, df = 1 (P = 0.98), I* = 0%

Cc Late GU
WPRT PORT Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed.95% CI

Favours WPRT  Favours PORT

Risk Ratio
M-H, Fixed. 95% Cl|

1.2.1 Patients did not undergo radical prostatectomy

Dearnaley PIVOTAL 15 62 10 62 164%  1.50(0.73,3.08] ™
McDonald 2014 16 103 6 109 9.4% 2.82[1.15,6.93] —
Murthy POP-RT 9 110 5 112 80%  1.83[0.63,5.30] T
Roach RTOG 9413 55 300 9 131 204%  2.59[1.32,5.0] -
Subtotal (95% CI) 584 44 539%  219[147,327] *
Total events 9 30

Heterogeneity: Chi* = 1.72, df = 3 (P = 0.63); ! = 0%
Test for overall effect: Z = 3.84 (P = 0.0001)

1.2.2 Patients underwent radical prostatectomy
Deville 2011 136 0 31 09%
Waldstein 2017 18 128 63 447 452%
Subtotal (95% CI) 164 478 46.1%
Total events 19 63

Heterogeneity: Chi? = 0.34, df = 1 (P = 0.56); I* = 0%

Test for overall effect: Z = 0.11 (P = 0.91)

259[0.11,61.49]
1.00 [0.61, 1.62]
1.03 [0.64, 1.66]

Total (95% CI) 748 892 100.0% 1.6 [1.22,2.24] *
Total events 14 93
. Chit= 5= = 339
Heterogeneity: Chi* = 7.41, df = 5 (P = 0.19); I = 33% o505 20

Test for overall effect: Z = 3.26 (P = 0.001)
Test for subgroup differences: Chi? = 5.65, df = 1 (P = 0.02), I* = 82.3%

0.1 10
Favours WPRT  Favours PORT

only radiotherapy; Gl, gastrointestinal; GU, genitourinary.

was <49 Gy (EQD-2), there was no significant difference in the
G2+ acute GU toxicity (RR 0.82, CI 0.63-1.06, p = 0.14;
Figure 4A) and late GU toxicity (RR 0.92, CI 0.74-1.15, p =
0.46; Figure 4B). Moreover, the higher pelvic radiation dose (>49
Gy, EQD-2) had a significant increase in G2+ acute and late GU
toxicity of WPRT (p = 0.009 and 0.001, respectively; Figure 4).
On the other hand, meta-regression analysis showed no
significant correlation between prostate radiation dose and GU
toxicity (Supplementary Table 2).

In addition, subgroup analysis of radiotherapy technology
indicated that compared with intensity-modulated radiation
therapy (IMRT), three-dimensional conformal radiotherapy
(3D-CRT) increased G2+ late GI toxicity of WPRT without
significant difference (Figure 5). The risk difference of radiation
dose and radiotherapy technology on GU toxicity has been
presented in Supplementary Figures 4, 5.

Quality Assessment and Risk of Bias

We used the Cochrane Risk of Bias Tool to evaluate the risk of
bias in RCTs, and the results showed that most of the evidence
was moderate-to-good quality (Supplementary Figure 6). The
included CRS demonstrated Newcastle-Ottawa scores consistent
with a low to moderate risk of bias (Supplementary Table 3). We
assessed the publication bias using funnel plots comparing effect
size and measure of precision across our primary analysis
(Supplementary Figure 7). Although some comparisons
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FIGURE 3 | Forest plots of Acute Gl (A), Late GI (B), Acute GU (C), and Late GU (D). Cl, confidence interval; WPRT, whole-pelvic radiotherapy; PORT, prostate-

involved a small number of studies, we did not identify
evidence of a publication bias.

DISCUSSION

There has been considerable controversy over whether to choose
whole pelvic radiotherapy (WPRT) or prostate-only
radiotherapy (PORT) for localized prostate cancer (37). This
meta-analysis included six randomized controlled studies
(RCTs) (7-12) and ten cohort studies (CRS) (23-32). Of the
16 studies, 9 studies did not perform radical prostatectomy (non-
RP), and the patients of the other 7 studies received radical
prostatectomy (RP). The effects of WPRT and PORT on
biochemical failure-free survival (BFFS), progression-free
survival (PFS), distant metastasis-free survival (DMFS), and
overall survival (OS) were analyzed. The BFFS is strictly based
on serum prostate-specific antigen (PSA) level and is a crucial
outcome indicator for evaluating prostate cancer (38). Some
adverse survival events of localized prostate cancer were caused
by local progression, regional or nodal failure, and distant
metastasis. Therefore, many studies also supplemented PFS as
an outcome indicator (7, 10-12, 39). Recent studies found that
DMFS was a strong surrogate of overall survival in localized
prostate cancer that was associated with a significant risk of
death from prostate cancer (40, 41). This meta-analysis revealed
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FIGURE 4 | Subgroup analysis of radiation dose for non-RP studies. Acute GU (A) and Late GU (B) of pelvic radiation dose. Cl, confidence interval; WPRT, whole-

that compared with PORT, WPRT significantly improved 5-year
BFES and PFS, and it was irrelevant to whether the patients had
undergone radical prostatectomy (RP). In addition, for the
patients who did not receive RP, the 5-year DMFS of WPRT
was better than that of PORT.

ADT and radical prostatectomy (RP) were factors that
improved the survival rates of prostate cancer when comparing
WPRT and PORT. Radiotherapy (RT) combined with ADT is the
recommended radical treatment for high-risk localized prostate
cancer (42-44). The Southwest Oncology Group (SWOG) 8794
(45) indicated that RT combined with RP was more beneficial to
BFFS and DMFS. In addition, radiation dose, radiotherapy
technology, and the extent of radiotherapy pelvic lymph node
coverage also have an impact on survival and toxicity (37, 46). This
meta-analysis attempted to evaluate the effect of WPRT on the
survival and toxicity of localized prostate cancer compared with
PORT under the influence of these factors.

The National Comprehensive Cancer Network (NCCN)
recommends that if the prostate tumor is aggressive, ADT
should be routinely used. However, RTOG 9601 cleared that

with the use of ADT, side effects also occurred (such as
gynecomastia) (47). Ramey et al. (30) revealed a potentially
additive effect to WPRT and ADT. WPRT+ADT was
significantly beneficial for BFFS (HR = 0.56) compared with
PORT+ADT, and the addition of ADT to WPRT could further
improve BFES than WPRT alone. In the postoperative setting,
although there is no level 1 evidence for choosing WPRT or
PORT, more than 70% of radiation oncologists suggest that
WPRT should be used after prostatectomy (30, 48). The
subgroup analysis of this study indicated that whether
combined with ADT or not, WPRT significantly improved
BFFS of patients undergoing RP compared to PORT
(Supplementary Figure 1A).

Although a host’s immune system may be able to remove a
single tumor cell, it may be reasonable to advocate inclusion of
the WPRT to eradicate or diminish residual cells with metastatic
potential (49). However, it remains unclear how much of the
survival outcomes that may be improved with the addition of
WPRT is caused by the effect on micrometastasis or secondarily
results from the improved local tumor control (50). On the other
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FIGURE 5 | Subgroup analysis of radiotherapy technology for non-RP studies. Acute Gl (A), Late Gl (B), Acute GU (C), and Late GU (D). Cl, confidence interval;
WPRT, whole-pelvic radiotherapy; PORT, prostate-only radiotherapy; Gl, gastrointestinal; GU, genitourinary.

hand, Conventional imaging modalities perform poorly in
detecting lymph node metastases from prostate cancer, and
25%-40% of patients who undergo radical prostatectomy with
an extended pelvic lymphadenectomy have these identified by
histology (51). Since patients with lymph node metastases have
been shown to benefit from pelvic radiotherapy, these false-
negative diagnosis errors may also be one of the reasons that
WPRT has an advantage over PORT in the clinical benefit. We
further analyzed the possible dependence between the clinical
benefit of WPRT and patient characteristics (including age,
Gleason score, and Nodal Risk). The results showed that
younger patients (age <66 years) seemed to derive a greater
benefit for BFFS and DMFS with WPRT (p = 0.03 and 0.01,
respectively). However, the Gleason score and nodal risk of
localized prostate cancer did not have a significant effect on
the clinical benefit of WPRT (Table 3).

The extent and adequacy of radiotherapy pelvic lymph node
coverage may also be a critical factor affecting the benefit of WPRT
in prostate cancer (37). Proponents of WPRT argue that the lack
of benefit demonstrated by the GETUG-01 and RTOG 9413 trials
may be due in part to inadequate coverage of the pelvic lymph
nodes, given that the respective superior field borders of S1/2 and
L5/S1 would not provide full dose coverage to the entire superior
pelvic lymph node basins (52). Spratt et al. (53) looked at lymph
node recurrence patterns after external beam radiotherapy of the
prostate in men who did not have their lymph nodes treated. It
was found that there was a high incidence of pelvic lymph node
recurrences above the internal and external iliac lymph node

regions. The recent Phase III trial, POP-RT, evaluated the
benefit of WPRT with extended superior coverage to L4/5, and
pointed out that WPRT improved the BFES, disease-free survival
(DES), and DMFS compared with PORT, but resulted in a
significant increase in late grade 2 or worse (G2+) genitourinary
(GU) toxicity (Table 4).

The RTOG 9413 (12) reported that WPRT plus neoadjuvant
hormonal therapy (NHT) significantly improved PFS and BFFS
and there was no difference between groups in grade 3 or worse
(G3+) late GU toxicity, but caused a significant increase in the
risk of G3+ gastrointestinal (GI) toxicity. Our meta-analysis
further demonstrated that the toxicity of WPRT on G2+ acute
and late GU was related to whether the pelvic radiation dose was
>49 Gy (EQD-2). On the other hand, the toxicities of GI and GU
are also related to radiotherapy technology (54). Wortel et al.
concluded that intensity-modulated radiation therapy (IMRT)
resulted in significant reductions in G2+ acute and late GI
toxicity and acute GU toxicity compared to three-dimensional
conformal radiation therapy (3D-CRT) (55, 56). Our subgroup
analysis of radiotherapy technology indicated that compared
with IMRT, 3D-CRT increased G2+ late GI toxicity of WPRT
without significant difference (Figure 5).

This study has several limitations. First, subgroup analyses
were restricted by the study-level nature of the data. Second, a
follow-up only longer than 5 years is inadequate to thoroughly
evaluate the impact of one therapeutic approach over another,
especially with respect to “harder clinical end-points” such as
DMES, overall, and cancer-specific survival. At present, two
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TABLE 3 | The possible dependence between the clinical benefit of WPRT and patient characteristics in RCTs.

Heterogeneity factors RCT No. of events/Total no.WPRT PORT Hazard ratio (95% CIl) WPRT vs. PORT p-Value

Age years for BFFS POP-RT
<66 2/59 22/58 0.08 [0.02, 0.35] 0.03
>66 5/51 7/54 0.66 [0.21, 2.10]

Gleason for BFFS POP-RT
<8 2/57 9/56 0.22 [0.05, 1.01] 0.88
>8 5/53 20/56 0.24 [0.09, 0.64]

Nodal Risk for BFFS POP-RT
<40% 4/59 11/60 0.36 [0.12, 1.14] 0.28
<40% 3/561 18/562 0.15[0.04, 0.50]

Gleason for PFS GETUG 12
<8 52/111 27/89 1.26 [0.76, 2.09] 0.20
>8 53/97 30/61 0.95 [0.59, 1.53]

Age years for DMFS POP-RT
<66 2/59 17/58 0.11[0.03, 0.49] 0.01
>66 5/51 3/54 1.63[0.39, 6.85]

Gleason for DMFS POP-RT
<8 2/57 6/56 0.32[0.06, 1.60] 0.88
>8 5/53 14/56 0.37[0.13, 1.04]

WPRT, whole-pelvic radiotherapy; PORT, prostate-only radiotherapy; RCT, randomized controlled trial; BFFS, biochemical failure-free survival; PFS, progression-free survival; DMFS,

distant metastasis-free survival.

TABLE 4 | Pelvic CTV lymph node volume and outcomes of Non-RP studies.

First Institution Area of Pelvic CTV Lymph Node Key Findings
Author
Blanchard GETUG The upper limit of the pelvis could be either S1-S2 (small There was no association between biochemical PFS and the use of
pelvis) or L5-S1 (large pelvis) WPRT
Braunstein Harvard Beginning at the bifurcation of the aorta to the common iliac A decreased risk of ACM was noted with the use of WPRT versus
arteries (approximating vertebral levels L4 and L5) and PORT. However, a combination of WPRT and ADT did not further
included internal and external iliac chains improve ACM compared with PORT with ADT
Dearnaley CRUK Lower border L5 on sagittal CT WPRT had a modest side effect profile.
Ishii Tane General Obturator vessels, the common, external and internal iliac WPRT resulted in no significant increase in acute GU toxicity when
Hospital, Japan vessels compared with PORT
Mantini Catholic University, ~ Presacral, obturator, internal iliac, and external iliac chains No significant differences were seen in acute and late Gl and GU
[taly toxicity among the patients treated with WPRT or PORT
McDonald  University of Starting at L5-S1 junction WPRT increases the rates of acute and late Gl toxicity
Alabama, USA
Murthy Tata Memorial Starting at L4-5 junction to include bilateral common iliac, WPRT improved BFFS and DFS as compared with PORT, but OS did
Centre, India external iliac, internal iliac, presacral not appear to differ. WPRT resulted in increased G2+ late GU toxicity
as compared to PORT
Pommier  GETUG Routine radiation field coverage to the S1/2 interspace WPRT was well tolerated but did not improve PFS.
Roach RTOG The pelvic CTV lymph node volumes at the L5/S1 interspace  NHT plus WPRT improved PFS compared with NHT plus PORT albeit

(the level of the distal common iliac and proximal presacral
lymph nodes)

increased risk of grade 3 or worse intestinal toxicity

GETUG, French Genitourinary Study Group, CRUK, Cancer Research UK; RTOG, Radiation Therapy Oncology Group; WPRT, whole-pelvic radiotherapy; PORT, prostate-only
radiotherapy; PFS, progression-free survival; ACM, all-cause mortality; ADT, androgen deprivation therapy; NR, not reported; GU, genitourinary; Gl, gastrointestinal; BFFS, biochemical
failure-free survival; DFS, disease-free survival; OS, overall survival; G2+, grade 2 or worse; NHT, neoadjuvant hormonal therapy.

randomized controlled trials of longer than 10 years of follow-up
have been published. The GETUG-01 showed that pelvic nodes
irradiation did not statistically improve 10-year event-free
survival (EFS) or OS in the whole population but may be
beneficial in selected low- and intermediate-risk prostate
cancer patients treated with exclusive radiation therapy (11).
The RTOG 9413 demonstrated that WPRT plus NHT improved
10-year PFS compared with PORT plus NHT (12). More
research publications with longer than 10 years of follow-up
are needed for the next longer follow-up meta-analysis.

In conclusion, this meta-analysis demonstrates that WPRT
significantly improved 5-year BFES and PFS compared with
PORT in localized prostate cancer. Moreover, for the patients
who did not receive RP, the 5-year DMFS of WPRT was better
than that of PORT. However, WPRT significantly increased not
only the grade 2 or worse (G2+) acute GI toxicity of non-RP
studies and RP studies, but also the G2+ late GI toxicity of non-
RP studies. Subgroup analysis of non-RP studies found that
when the pelvic radiation dose was >49 Gy (equivalent-doses-in-
2-Gy-fractions, EQD-2), WPRT was more beneficial to PFS than
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PORT, but significantly increased the risk of G2+ acute and late
GU toxicity.
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