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Abstract

Purpose

To investigate whether whole pelvic radiotherapy (WPRT) improves biochemical relapse-

free survival (bRFS) vs. prostate bed radiotherapy (PBRT) in prostate cancer patients

receiving salvage radiotherapy (SRT) after radical prostatectomy.

Methods

Data from patients with prostate cancer who underwent SRT for biochemical recurrence

between 2005 and 2012 in two academic institutions were retrospectively reviewed.

Patients treated with WPRT in one hospital were compared with patients treated with PBRT

in the other. Propensity scoring was performed to balance the characteristics of the different

treatment groups, and bRFS was compared.

Results

Data from a total of 191 patients were included in the analysis (WPRT, n = 108; PBRT, n =

83). The median follow-up period was 66 months. Prior to matching, patients who received

WPRT had higher pathologic Gleason scores as well as a higher incidence of pre-SRT PSA

levels >0.5 ng/mL and lower rates of concurrent androgen-deprivation therapy. Propensity

score matching balanced these characteristics and generated a cohort comprising 56

patients from each group. In the matched cohort, the 5 year bRFS of the WPRT group was

significantly higher than that of the PBRT group (65.9 vs. 42.2%, p = 0.017). Multivariate

analysis revealed that WPRT was an independent prognostic factor for bRFS (hazard ratio:

0.45, 95% confidence interval: 0.26–0.75, p = 0.002). This benefit of WPRT on bRFS was
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maintained in subgroup analyses, especially in patients with preoperative PSA level�20

ng/mL or pre-SRT PSA level�0.4 ng/mL.

Conclusions

These data suggest that, following radical prostatectomy, elective WPRT during SRT may

improve bRFS compared with PBRT in selected patients. Patients with preoperative PSA

level�20 ng/mL or pre-SRT PSA level�0.4 ng/mL represent a potential subgroup who ben-

efit most from receiving WPRT. Results of prospective randomized trials are awaited to con-

firm this finding.

Introduction

Salvage radiotherapy (SRT) of the prostate bed in patients with biochemical recurrence (BCR)

after radical prostatectomy (RP) for the treatment of prostate cancer is associated with higher

rates of biochemical control as well as lower rates of distant metastases, cancer-specific mortal-

ity, and all-cause mortality in some patients [1–3]. Consequently, its use has been included in

guidelines developed by the American Urological Association in collaboration with the Ameri-

can Society for Radiation Oncology [4]. However, more than half of all patients treated with

SRT will experience disease progression [1, 5, 6] and more intensive treatment approaches are

required to improve outcomes in these patients.

Extending the radiation field to the whole pelvis (whole pelvic radiotherapy, WPRT) in

addition to androgen-deprivation therapy (ADT) improved progression-free survival among

high-risk patients with an intact prostate [7]. This strategy could also be a rational approach to

improving outcomes among patients with BCR after RP and could also improve outcomes in

patients with a high risk of pelvic nodal metastasis. A randomized study (RTOG 0534 SPPORT

trial) is currently ongoing to investigate the role of WPRT and ADT during SRT, and several

retrospective studies have been published, although the conclusions are conflicting [8–11].

These retrospective studies were conducted over a long period of time, beginning in the 1980s,

and include inconsistencies in terms of Gleason grading, as well as diagnostic and therapeutic

techniques. Therefore, these data may not reflect current practice in patients treated with SRT.

Here, we conducted a retrospective comparison of outcomes in terms of biochemical con-

trol as a primary endpoint from two institutions that favor different treatment approaches,

offering either prostate bed radiotherapy (PBRT) or WPRT.

Materials and methods

Data were reviewed from 345 consecutive patients with surgically staged prostate cancer

treated with postoperative radiotherapy (RT) after RP between 2005 and 2012 at the Seoul

National University Bundang Hospital or Asan Medical Center. None of the patients showed

any clinical evidence of distant metastases before they received SRT. Current study was con-

ducted in accordance with the standards and regulations of Korean Good Clinical Practice.

Investigators are authorized to proceed the study with approvals of the institutional review

board of Seoul National University Bundang Hospital and Asan Medical Center. The require-

ment for informed consent to participate the study was waived due to its retrospective design.

From this 345 patients in data repository, patients with pathologic lymph node metastases

at the time of RP (n = 27), adjuvant RT (n = 18), ADT initiated either prior to RP or>6
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months prior to SRT (n = 20), a Roach score�15% for the risk of lymph node involvement

(n = 3), and clinical follow-up period less than 1 year (n = 4) were excluded. The Roach equa-

tion for lymph node involvement, as well as its recommend cutoff value, has been largely

adopted in clinical practice and in major randomized trials, such as RTOG 9413 [7, 12]. As we

aimed to analyze the impact of elective WPRT compared with PBRT, patients were excluded if

they did not receive pelvic lymph node dissection (PLND; n = 36), if they had either clinically

suspicious local recurrence (n = 6) or lymph node metastases (n = 12) at the time of SRT, or if

they received either WPRT or PBRT discordant with the institution’s preference (n = 28). Ulti-

mately, a total of 191 patients with lymph node-negative prostate cancer patients who were

treated with SRT for biochemical relapse after RP were included in this study (data in S1

Dataset).

All patients underwent pre-SRT evaluation with pelvic computed tomography, bone scan

and laboratory tests, which included assessment of PSA levels. Multiparametric magnetic reso-

nance imaging was performed in 113 patients (59%). Patients subsequently underwent either

PBRT or WPRT. Details of the radiation technique used have been described previously [13–

15]. In brief, the clinical target volume (CTV) of WPRT included prostate bed, seminal vesicle,

and presacral, obturator, internal iliac, and external iliac nodal regions. The upper border of

the CTV was the level of the common iliac bifurcation, which was generally located or imme-

diately above the L5–S1 interspace. The planning target volume was a 3 mm expansion posteri-

orly and 5–7 mm expansion for the remainders of the CTV. The whole pelvis was irradiated

with a total dose of 46 Gy in 23 fractions in most cases. Radiation to the whole pelvis was fol-

lowed by a boost dose of 20 Gy in 10 fractions in most cases. The median total dose to prostate

bed for patients receiving WPRT was 66.0 Gy (range 64.0–70.0 Gy). Meanwhile, for patients

treated with PBRT, a total dose of 64.8–70.2 Gy (median 66.0 Gy) was delivered in daily frac-

tional dose of 1.8–2.0 Gy to the prostate bed. After completion of SRT, patients were moni-

tored by digital rectal examination and PSA testing every 3 months for 2 years and at least

every 6 months thereafter. Imaging studies were undertaken as clinically indicated. Biochemi-

cal relapse post-SRT was defined as two consecutive PSA levels>0.2 ng/mL.

To adjust for significant imbalances in baseline characteristics between the PBRT and

WPRT groups, propensity score matching was performed. This approach can be applied to

minimize selection bias in observational data [16]. The propensity score of each patient was

calculated using multivariate logistic regression for WPRT with the baseline covariates, which

included age at SRT, preoperative PSA level, pathologic Gleason scores (pGS), extracapsular

extension, seminal vesicle invasion (SVI), surgical margin status, pre-SRT PSA level, total radi-

ation dose to the prostate bed, number of harvested lymph nodes, the use of ADT, and the

duration of ADT. The biochemical relapse-free survival (bRFS) was calculated from the begin-

ning of SRT to the date of the second PSA reading of>0.2 ng/mL. Kaplan–Meier analysis was

conducted to estimate bRFS with and without propensity score matching. A log-rank test was

used to compare differences in bRFS by treatment method. For multivariate analysis for bRFS,

the Cox proportional hazards analysis was performed. Variables with P-values <0.1 in the uni-

variate analyses and clinically important variables were included as co-variables in the multi-

variate analysis. Two-sided P-values <0.05 were considered to indicate statistical significance.

All analyses were carried out with statistical program R (R Foundation for Statistical Comput-

ing, Vienna, Austria. http://www.r-project.org/).

Results

Data from 191 patients were included in the analysis (PBRT, n = 83; WPRT, n = 108). The

median follow-up period was 66 months with an interquartile range (IQR) of 53–89 months.
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The median age at RP and SRT was 66 and 67 years, respectively; the median total prostate bed

dose was 66.0 Gy, and median pre-SRT PSA level was 0.550 ng/mL. Intensity modulated radio-

therapy and three-dimensional conformal radiotherapy were used in 71% and 29% of patients,

respectively. WPRT was offered to 44% of patients with a pGS of 7 and 72% with a pGS of

8–10. ADT was administered concurrently with SRT in 103 (54%) patients (56% pGS 7, 51%

pGS 8–10). Median duration of ADT was 17.0 months (IQR 9.7–24.0 months). Median num-

ber of nodes dissected was five (IQR 3–7). Details of descriptive statistics relating to patient,

tumor, and treatment characteristics for the entire cohort (n = 191), as well as the propensity

score-matched cohort (n = 112), are summarized in Table 1. In the entire cohort, there were

significant imbalances in these characteristics between the two groups. Briefly, patients who

underwent WPRT had higher pGS as well as higher rates of pre-SRT PSA levels >0.5 ng/mL,

and lower rates of concurrent ADT. Propensity score matching resulted in a cohort of 56

patients in each group. In the matched cohorts, there were no between-group differences with

respect to patient, tumor, and treatment characteristics.

Fig 1 shows the Kaplan–Meier survival curves of the entire and matched cohorts. The 5

year bRFS rate of the WPRT vs. PBRT groups in the initial unmatched cohort were 59.1% vs.

47.4% (P = 0.247, Fig 1A). In the matched cohort, the 5 year bRFS rate of the WPRT group was

significantly higher than that of the PBRT group (65.9% vs. 42.2%, P = 0.017, Fig 1B).

Table 2 summarizes the results of univariate and multivariate analysis for bRFS. In the uni-

variate analysis, involved surgical margin, no SVI, lower pre-SRT PSA, and the addition of

ADT to SRT were significantly associated with improved bRFS. After multivariate analysis, age

at SRT (adjusted hazard ratio [HR] 0.97, 95% confidence interval [CI] 0.93–0.99, P = 0.040),

pre-SRT PSA level (adjusted HR 4.25, 95% CI 2.35–7.70, P< 0.001), use of WPRT (adjusted

HR 0.45, 95% CI 0.26–0.75, P = 0.002), and the addition of ADT to SRT (adjusted HR 0.31,

95% CI 0.18–0.52, P< 0.001) retained a significant association with bRFS.

Subgroup analyses were performed to identify the population that experienced the greatest

benefit from WPRT. When patients were divided by preoperative PSA level, 112 patients had

preoperative PSA level�20 ng/mL and 79 patients had >20 ng/mL. For patients with preoper-

ative PSA level�20 ng/mL, those who received WPRT had a significantly higher 5 year bRFS

rate than those who did not (66.5% vs. 38.7%, P = 0.007, Fig 2A). Meanwhile, WPRT conferred

no benefit over PBRT in patients with preoperative PSA level>20 ng/mL. The 5 year bRFS

rate of the WPRT vs. PBRT were 48.7% vs. 59.1% (P = 0.214, Fig 2B).

When patients were grouped by pre-SRT PSA level of 0.4 ng/mL based on the previous

observational study [8] which reported pre-SRT PSA level�0.4 ng/mL to be associated with

improved bRFS with WPRT, 67 patients had pre-SRT PSA level<0.4 ng/mL and 124 patients

had�0.4 ng/mL. WPRT conferred no benefit over PBRT in patients with pre-SRT PSA level

<0.4 ng/mL (the 5 year bRFS 65.1% vs. 60.5%, P = 0.811, Fig 3A). For patients with pre-SRT

PSA level�0.4 ng/mL, there was a significant benefit of WPRT compared to PBRT (the 5 year

bRFS 56.8% vs. 36.5%,; P = 0.043, Fig 3B).

Meanwhile, WPRT failed to show significant benefit in patients with SVI (P = 0.348) or

involved surgical margin (P = 0.083).

Discussion

Approximately 30% of patients treated with RP for prostate cancer experience disease recur-

rence, often first evidenced by rising PSA levels [17, 18]. SRT reduces the incidence of distant

metastases, cancer-specific mortality, and all-cause mortality compared with observation only

[1–3]. However, the optimal radiation target volume, which is based on individualized risk,

has not been established in this setting, and RT to the prostatic bed only is recommended by
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several consensus guidelines [19, 20]. Limitations to establishing the anatomic location of the

occult disease with current imaging modalities also hinder the selection of an appropriate tar-

get volume. A recent study reports patterns of recurrence after PBRT, as identified by C-11

choline positron emission tomography [21]. In this study, the majority of recurrences were

located outside the prostate fossa and in the pelvic nodal area, particularly inferior to the aortic

bifurcation. Although these findings should be interpreted with caution, being hypothesis-gen-

erating at best, they did suggest a possible need for nodal irradiation. For selected, high-risk

patients, WPRT is often used to irradiate pelvic lymph nodes, which may harbor occult metas-

tases [11, 22]. This study furthers understanding of the clinical implications of BCR after RP

and the treatment effect of WPRT during SRT, confirming the results of previous studies

Table 1. Baseline variables before and after propensity score matching, stratified by radiation field (PBRT vs. WPRT).

Entire cohort Propensity score-matched cohort

PBRT WPRT PBRT WPRT

(N = 83) (N = 108) P-value (N = 56) (N = 56) P-value

Age at SRT (years) 68 (63–73) 67 (61–71) 0.105 67 (62–73) 67 (63–72) 0.859

Preoperative PSA (ng/mL)

Median (IQR) 16.8 (10.5–28.6) 16.7 (9.7–32.5) 0.268 16.6 (10.3–28.3) 19.0 (12.5–33.7) 0.657

<10 17 (20.5%) 28 (25.9%) 0.661 12 (21.4%) 9 (16.1%) 0.671

10–20 31 (37.3%) 36 (33.3%) 23 (41.1%) 22 (39.3%)

>20 35 (42.2%) 44 (40.7%) 21 (37.5%) 25 (44.6%)

Pathologic Gleason score 0.000 1.000

7 59 (71.1%) 46 (42.6%) 39 (69.6%) 39 (69.6%)

8–9 24 (28.9%) 62 (57.4%) 17 (30.4%) 17 (30.4%)

Harvested lymph nodes (n) 5.0 (4.0–8.0) 4.0 (3.0–6.0) 0.164 4.0 (3.3–7.0) 4.0 (3.0–6.8) 0.680

Extracapsular extension 0.391 0.834

No 23 (27.7%) 23 (21.3%) 17 (30.4%) 15 (26.8%)

Yes 60 (72.3%) 85 (78.7%) 39 (69.6%) 41 (73.2%)

Seminal vesicle invasion 1.000 0.678

No 52 (62.7%) 67 (62.0%) 38 (67.9%) 41 (73.2%)

Yes 31 (37.3%) 41 (38.0%) 18 (32.1%) 15 (26.8%)

Involved surgical margin 0.621 0.692

No 27 (32.5%) 40 (37.0%) 18 (32.1%) 21 (37.5%)

Yes 56 (67.5%) 68 (63.0%) 38 (67.9%) 35 (62.5%)

pre-SRT PSA (ng/mL)

Median (IQR) 0.46 (0.27–0.88) 0.60 (0.38–0.86) 0.263 0.51 (0.30–0.98) 0.61 (0.37–0.91) 0.638

<0.5 46 (55.4%) 39 (36.1%) 0.002 28 (50.0%) 20 (35.7%) 0.135

0.5–1.0 19 (22.9%) 52 (48.1%) 15 (26.8%) 25 (44.6%)

>1.0 18 (21.7%) 17 (15.7%) 13 (23.2%) 11 (19.6%)

Total dose to prostate bed (Gy) 66.0 (64.8–66.6) 66.0 (66.0–66.0) 0.240 66.0 (64.8–70.0) 66.0 (66.0–66.0) 0.946

Total dose to whole pelvis (Gy) – 46.0 (44.0–46.0) – – 46.0 (44.0–46.0) –

Use of ADT 0.010 0.705

No 29 (34.9%) 59 (54.6%) 29 (51.8%) 26 (46.4%)

Yes 54 (65.1%) 49 (45.4%) 27 (48.2%) 30 (53.6%)

Duration of ADT (months) 15.9 (9.0–25.1) 17.2 (13.6–21.1) 0.640 15.6 (8.5–25.8) 17.1 (10.9–20.9) 0.699

Categorical variables are presented as n (%), continuous variables are presented as median (interquartile range).

Abbreviations: PBRT = prostate bed only radiotherapy; WPRT = whole pelvic radiotherapy; SRT = salvage radiotherapy; PSA = prostate-specific antigen;

IQR = interquartile range; ADT = androgen-deprivation therapy.

https://doi.org/10.1371/journal.pone.0215057.t001
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demonstrating that WPRT (with or without ADT) can reduce the incidence of subsequent sec-

ondary biochemical relapse [11, 13]. With regard to the potential increase in toxicity following

WPRT compared with PBRT in the postprostatectomy RT setting, several studies have demon-

strated that the risk of developing late GI toxicity is significantly reduced with intensity modu-

lated radiotherapy compared with three-dimensional conformal radiotherapy [15, 23, 24].

In the present study, WPRT was significantly associated with improved 5 year bRFS com-

pared with PBRT after propensity score matching (65.9% vs. 42.2%, P = 0.017). In multivariate

analysis, when adjusting for other clinically meaningful risk factors (such as age, pGS, ECE,

SVI, surgical margin status, use of ADT, RT dose, and preoperative and pre-SRT PSA level)

WPRT was seen to be independently associated with a 55% reduction in the risk of biochemi-

cal relapse. Similarly, concurrent ADT use was also associated with reduced biochemical

relapse in the multivariate analysis (adjusted HR 0.31, 95% CI 0.18–0.52, P< 0.001). Regarding

the synergistic effect of RT and ADT, it is well known that ADT inhibits non-homologous end

joining, an important DNA repair process [25]. A recent study also demonstrated that RT

results in androgen receptor (AR) upregulation in various in vitro and in vivo prostate cancer

models, providing further evidence of synergism between ADT and RT [26]. The study also

assessed AR-regulated hK2 protein, demonstrating AR upregulation in approximately 20% of

patients receiving definitive RT. The efficacy of this approach, using concurrent ADT during

SRT, has also been demonstrated in two recent randomized trials, RTOG 9601 [27] and

GETUG-AFU 16 [28]. RTOG 9601 compared the outcomes of patients receiving long-term

ADT with those of patients receiving placebo during SRT and showed an improvement in

overall survival and distant metastases with long-term ADT [27]. The GETUG-AFU 16 study

demonstrated that short-term ADT administered with SRT improved progression-free sur-

vival [28]. However, the majority of patients in these trials were treated by PBRT, rather than

WPRT. Therefore, whether ADT is also beneficial with WPRT remains uncertain. This ques-

tion will be answered by the RTOG 0534 SPPORT trial, which is an ongoing study of patients

randomly assigned into three treatment groups: PBRT alone, PBRT plus short-term ADT, and

WPRT plus short-term ADT. The first report of an interim analysis of RTOG 0534 SPPORT

trial was presented recently at the 60th Annual Meeting of the American Society for Radiation

Fig 1. Biochemical relapse-free survival probability stratified based on receipt of whole pelvic radiotherapy (WPRT) or prostate bed-only

radiotherapy (PBRT) in (A) the entire cohort (n = 191) and (B) the propensity score-matched cohort (n = 112).

https://doi.org/10.1371/journal.pone.0215057.g001

Pelvic nodal irradiation in salvage radiotherapy for prostate cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0215057 April 11, 2019 6 / 11

https://doi.org/10.1371/journal.pone.0215057.g001
https://doi.org/10.1371/journal.pone.0215057


Oncology [29]. At 5 years following treatment, freedom from progression rates in the interim

analysis group were 71% for PBRT alone, 83% for PBRT plus ADT, and 89% for WPRT plus

ADT (P< 0.0001). Freedom from progression was defined as a PSA nadir + 2.0 ng/mL, clini-

cal failure, or death from any cause.

The present study has several limitations. First, the retrospective design means that it is sub-

ject to inherent bias. Adjustment for possible confounding factors was made by propensity

score matching, although it is possible that unknown confounding factors may persist. Second,

the median follow-up time of 66 months is relatively short for patients with prostate cancer,

which has a long natural history; during this time, the effects of ADT could be over-riding the

Table 2. Univariate and multivariate analysis for biochemical relapse-free survival.

Univariate Multivariate

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

Age at SRT (continuous) 0.99 (0.96–1.02) 0.435 0.97 (0.93–0.99) 0.040

Preoperative PSA (ng/mL)

�20 RL – RL –

>20 0.96 (0.63–1.45) 0.830 1.03 (0.66–1.60) 0.894

Pathologic Gleason score

7 RL – RL –

8 1.03 (0.56–1.91) 0.927 1.39 (0.69–2.83) 0.358

9 1.57 (1.00–2.46) 0.051 1.49 (0.91–2.46) 0.117

Harvested lymph nodes (n)

>4 RL – – –

�4 1.15 (0.77–1.74) 0.496

Extracapsular extension

No RL – RL –

Yes 1.10 (0.68–1.78) 0.700 1.26 (0.68–2.32) 0.469

Seminal vesicle invasion

No RL – RL –

Yes 1.55 (1.03–2.35) 0.037 1.43 (0.87–2.33) 0.156

Involved surgical margin

No RL – RL –

Yes 0.57 (0.37–0.86) 0.007 0.65 (0.39–1.08) 0.095

pre-SRT PSA (ng/mL)

<0.5 RL – RL –

0.5–1.0 1.21 (0.75–1.96) 0.439 1.73 (1.01–2.96) 0.047

>1.0 2.56 (1.53–4.29) <0.001 4.25 (2.35–7.70) <0.001

Total dose to prostate bed (Gy)

<70 RL – RL –

�70 1.00 (0.61–1.64) 0.987 0.57 (0.31–1.04) 0.064

Radiation field

PBRT RL – RL –

WPRT 0.79 (0.52–1.19) 0.252 0.45 (0.26–0.75) 0.002

Use of ADT

No RL – RL –

Yes 0.49 (0.33–0.75) 0.001 0.31 (0.18–0.52) <0.001

Abbreviations: HR = hazard ratio; CI = confidence interval; SRT = salvage radiotherapy; PSA = prostate-specific antigen; RL = referent level; PBRT = prostate bed only

radiotherapy; WPRT = whole pelvic radiotherapy; ADT = androgen-deprivation therapy.

https://doi.org/10.1371/journal.pone.0215057.t002
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biochemical control resulting from WPRT. Third, the cutoff for PLND and the extent of

PLND were not standardized among different surgeons in the current study. In most cases,

limited PLND was performed. Therefore, a certain proportion of patients who received sub-

optimal PLND might be included in the current study. The median number of pelvic lymph

nodes removed was five, indicating possible understaging. Although pelvic lymph node dissec-

tion is the most accurate method of determining nodal staging, its therapeutic benefit remains

debatable and no consistent conclusion has been reached [30–32]. Finally, toxicity data were

not reliable due to the retrospective nature of the study and therefore precluded any meaning-

ful analysis.

Fig 2. Biochemical relapse-free survival probability stratified based on receipt of whole pelvic radiotherapy (WPRT) or prostate bed-only

radiotherapy (PBRT) in (A) patients with preoperative PSA level�20 ng/mL (n = 112) and (B) patients with preoperative PSA level>20 ng/

mL (n = 79).

https://doi.org/10.1371/journal.pone.0215057.g002

Fig 3. Biochemical relapse-free survival probability stratified based on receipt of whole pelvic radiotherapy (WPRT) or prostate bed-only

radiotherapy (PBRT) in (A) patients with pre-salvage radiotherapy PSA level<0.4 ng/mL (n = 67) and (B) patients with pre-salvage

radiotherapy PSA level�0.4 ng/mL (n = 124).

https://doi.org/10.1371/journal.pone.0215057.g003
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Conclusions

Elective WPRT during SRT may improve bRFS compared with PBRT in selected patients.

Patients with preoperative PSA level�20 ng/mL or pre-SRT PSA level�0.4 ng/mL represent a

potential subgroup who benefit most from receiving WPRT. Results of prospective random-

ized trials are awaited to confirm the benefit of elective WPRT during SRT.
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