
A Multi-Institutional Matched-Control Analysis of Adjuvant and
Salvage Postoperative Radiation Therapy for pT3-4N0 Prostate
Cancer

Edouard J. Trabulsi, Richard K. Valicenti, Alexandra L. Hanlon, Thomas M. Pisansky,
Howard M. Sandler, Deborah A. Kuban, Charles N. Catton, Jeff M. Michalski, Michael J.
Zelefsky, Patrick A. Kupelian, Daniel W. Lin, Mitchell S. Anscher, Kevin M. Slawin, Claus G.
Roehrborn, Jeffrey D. Forman, Stanley L. Liauw, Larry L. Kestin, Theodore L. DeWeese,
Peter T. Scardino, Andrew J. Stephenson, and Alan Pollack
Departments of Urology and Radiation Oncology, Kimmel Cancer Center, Thomas Jefferson
University; the Department of Biostatistics, Temple University; and the Department of Radiation
Oncology, Fox Chase Cancer Center, Philadelphia, Pennsylvania; the Department of Radiation
Oncology, Mayo Clinic, Rochester, Minnesota; the Department of Radiation Oncology, University
of Michigan, Ann Arbor; the Department of Radiation Oncology, Wayne State University School of
Medicine, Detroit; and the Department of Radiation Oncology, William Beaumont Hospital, Royal
Oak, Michigan; the Department of Radiation Oncology, MD, Anderson Cancer Center; and the
Department of Urology, Baylor College of Medicine, Houston; and the Department of Urology,
University of Texas-Southwestern Medical Center, Dallas, Texas; the Department of Radiation
Oncology, Princess Margaret Hospital, Toronto, Ontario, Canada; the Department of Radiation
Oncology, Washington University, St. Louis, Missouri; the Departments of Radiation Oncology
and Urology, Memorial Sloan-Kettering Cancer Center, New York, New York; the Departments of
Radiation Oncology and Urology, Glickman Urological and Kidney Institute, Cleveland Clinic
Foundation, Cleveland, Ohio; the Department of Urology, University of Washington School of
Medicine, Seattle, Washington; the Department of Radiation Oncology, Duke University School of
Medicine, Durham, North Carolina; the Department of Radiation Oncology, University of Florida
College of Medicine, Gainesville, Florida; and the Department of Radiation Oncology, Johns
Hopkins University, Baltimore, Maryland

Abstract

OBJECTIVES—It is unclear whether postoperative salvage radiation therapy (SRT) and early

adjuvant radiotherapy (ART) after radical prostatectomy lead to equivalent long-term tumor

control. We studied a group of patients undergoing ART by comparing them with a matched

control group undergoing SRT after biochemical failure.

METHODS—Using a multi-institutional database of 2299 patients, 449 patients with pT3-4N0

disease were eligible for inclusion, including 211 patients receiving ART and 238 patients

receiving SRT. Patients were matched in a 1:1 ratio according to preoperative prostate-specific
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antigen Gleason score, seminal vesicle invasion, surgical margin status, and follow-up from date

of surgery.

RESULTS—A total of 192 patients were matched (96:96). The median follow-up was 94 months

from surgery and 73 months from RT completion. There was a significant reduction in

biochemical failure with ART compared with SRT. The 5-year freedom from biochemical failure

(FFBF) from surgery was 75% after ART, compared with 66% for SRT (hazard ratio [HR]

[H11005] 1.6, P [H11005] .049). The 5-year FFBF from the end of RT was 73% after ART,

compared with 50% after SRT (HR [H11005] 2.3, log rank [LR] P [H11005] .0007). From the end

of RT, SRT and Gleason score ≥8 were independent predictors of diminished FFBF. From the date

of surgery, Gleason score ≥8 was a significant predictor of FFBF.

CONCLUSIONS—Early ART for pT3-4N0 prostate cancer significantly reduces the risk of

long-term biochemical progression after radical prostatectomy compared with SRT. Gleason score

≥8 was the only factor on multivariate analysis associated with metastasic progression.

Postoperative radiotherapy (RT) after radical pros-tatectomy (RP) for clinically localized

prostate cancer remains controversial. Adverse pathology after surgery, such as positive

surgical margins, extracapsular extension of disease, or seminal vesicle invasion, increases

the likelihood of disease recurrence and micro scopic metastatic disease. Patient selection

and accurate disease staging remains difficult, with concerns about overtreatment of patients

never destined to fail, or undertreatment of patients with unrecognized distant metastatic

disease. The appropriate timing of postoperative RT, either early in the adjuvant setting, or

after prostate- specific antigen (PSA) recurrence in the salvage setting, remains unclear. It is

assumed, but unproven, that timely salvage RT offers the same ultimate benefit in long-term

freedom from biochemical failure as RT given in the early adjuvant setting. Randomized

studies addressing this assumption have not been performed.

To determine the appropriate use of postoperative RT after RP, we created a multi-

institutional database of postoperative patients receiving RT. Our hypothesis was that early

adjuvant RT (ART) offered improved freedom from biochemical failure compared with

delayed salvage RT (SRT) after RP. We performed a matched pair analysis comparing ART

and SRT, derived from the pooled multi-institutional database, to investigate whether early

ART improved freedom from biochemical failure.

MATERIAL AND METHODS

We collected a multi-institutional patient database of RP patients receiving postoperative RT

from 17 centers in North America. We obtained institutional review board approval at all

centers. Patients at high risk for disease recurrence (pT3-T4N0) were selected for this study

before any analysis of the database. Patients with complete data, including presurgical tumor

parameters, pathologic and surgical information, postoperative PSA measurements, RT

information, and post-RT PSA measurements were eligible for inclusion. Eligibility for

inclusion was restricted to patients with an undetectable PSA level (PSA <0.2 ng/mL) in the

immediate postoperative period. Patients with a PSA after RP that did not nadir to an

undetectable level after surgery were excluded. We divided patients into those receiving

early ART (within 12 months of surgery) and those receiving SRT after PSA recurrence (at
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least 1 year after surgery). Patients receiving SRT with a pre-RT PSA >2 ng/mL were

excluded from analysis, as were patients receiving adjuvant or neoadjuvant hormonal

therapy. Patients from both groups were matched in a 1:1 fashion, based on disease

parameters and length of follow-up from date of surgery. Matching variables included

presurgical PSA value, surgical Gleason score, patient age, surgical margin status, the

presence of seminal vesicle invasion (SVI), and the postoperative RT dose administered. We

compared the probability of freedom from biochemical failure (FFBF), metastasis-free

progression, and overall survival between groups. We defined biochemical failure after

postoperative RT as a PSA >0.2 ng/mL and rising.

Statistical Analysis

We compared continuous and categorical demographic and treatment characteristics using

two-sample t-tests and [H9273]2 statistics, respectively. We used nonparametric Wilcoxon

statistics to validate parametric findings of the two-sample t-test. We calculated univariate

estimates of biochemical failure using the Kaplan-Meier method and made comparisons in

overall profiles on the basis of the log-rank statistic. We based stepwise multivariate

analysis on the Cox proportional hazards model and the following covariates: age

(continuous), treatment (SRT vs ART), preoperative PSA (continuous), margin status

(positive vs negative), RT dose (continuous), SVI (positive vs negative), Gleason score (2-7

vs 8-10), and pathologic stage (T3 vs T4).

Patient Characteristics

We collected data on 2299 patients receiving postoperative RT after RP between 1987 and

2002. Of these patients, a total of 449 patients were eligible for inclusion. All eligible

patients had complete data available for analysis, including preoperative tumor parameters,

pathologic and surgical information, and postoperative and post-RT PSA determinations. All

had an undetectable PSA in the immediate postoperative period (PSA <0.2 ng/mL), and had

pT3-T4N0 disease on final surgical pathology. A total of 211 patients had early ART, and

238 had delayed SRT. The median PSA level before RT in the SRT cohort was 0.7 ng/mL,

with a range of 0.2-2 ng/mL. The median postoperative RT dose administered was 64 Gy

(range, 50-70 Gy).

A total of 192 patients were matched and included for analysis, in a 1:1 ratio of SRT to

ART, with 96 receiving SRT and 96 receiving ART. The surgical Gleason scores of the

patients included in the study were similar to the entire postoperative patient cohort, but

there were slightly higher rates of adverse pathologic features in the study patients. Patients

were matched for follow-up from date of surgery, with a median duration of 94 months from

surgery, and 73 months from time of postoperative RT. Table 1 lists the characteristics of

the matched patients. There were no significant differences between matched arms for

patient age or tumor parameters (PSA, Gleason, SVI, and surgical margin status), but

patients in the SRT arm received a slightly higher median RT dose (64.8 Gy vs 60.0 Gy, P

< .0001), as might be expected.
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RESULTS

The actuarial 5-year Kaplan-Meier freedom from biochemical failure (FFBF), from the date

of surgery, was 75% after ART compared with 66% for those undergoing SRT at time of

biochemical failure (hazard ratio [HR] = 1.6, 95% confidence interval [CI] 1.0-2.6, log ratio

[LR] P = .049), as shown in Figure 1. The 5-year Kaplan-Meier FFBF, from the end of RT,

was 73% after ART compared with 50% after SRT (HR = 2.3, 95% CI = 1.4-3.8, LR P = .

0007) (Fig. 2). The median FFBF after SRT was 89 months from time of surgery and 51

months from end of RT. The median FFBF for ART has not yet been reached in either

cohort. On multivariate analysis, SRT (HR = 2.4, 95% CI = 1.5-3.8, P = .0005) and Gleason

score ≥8 (HR = 2.5, 95% CI = 1.5-4.2, P = .0006) were independent predictors of increased

biochemical failure after RT. On multivariate analysis from the end of surgery, Gleason

score ≥8 was a significant predictor of BF (HR = 2.6, 95% CI = 1.5-4.4, P = .0003).

Multivariate analysis for the development of distant metastatic disease, from both the end of

RT and the date of surgery, revealed Gleason score ≥8 as a significant predictor. Other

variables that were evaluated, including patient age, surgical margin status, preoperative

PSA, Gleason score <, and timing of RT (ART vs SRT), were not independently predictive

of biochemical failure or distant metastasis.

COMMENT

Emerging evidence from the European Organization for Research and Treatment of Cancer

(EORTC) Study 22911 and the Southwest Oncology Group (SWOG) 8794 trial examining

early ART in postoperative patients with adverse pathologic features has shown significant

improvements in freedom from biochemical failure at 5 and 10 years.1,2 Patients assigned to

ART also appear less likely to develop metastatic disease with long-term follow-up.3 In

addition, a secondary analysis of the SWOG 8794 trial demonstrated that disease recurrence

was more likely to be within the prostatic fossa in patients assigned to initial observation.4

Other studies suggest that locally recurrent disease tends to undergo dedifferentiation to a

more aggressive phenotype with the passage of time.5 Taken together, these observations

suggest that there may be a benefit to achieving the highest possible local tumor control

during the initial phase of treatment, in the form of postoperative radiotherapy. These studies

confirm earlier retrospective observations of high-risk patients, for whom early ART

showed benefit in decreasing biochemical failure.6-12 Randomized trials comparing ART

and SRT after RP with adverse pathologic features have not been performed, but several

single-institution retrospective studies have demonstrated improved biochemical control

with ART.13-15

This study attempts to mimic a randomized trial through case matching in a retrospective

multi-institutional cohort, and demonstrates a significant reduction in biochemical failure for

ART compared with SRT. Using a different matching system, incorporating propensity

scores to match 339 patients, similar results were found, with SRT patients significantly

more likely to experience biochemical failure (unpublished).

Putatively, ART would benefit high-risk patients by giving additional local therapy to

microscopic residual disease when the tumor burden is smallest. This is consistent with the
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finding that SRT is more effective when given earlier, with several studies indicating that

pre-RT PSA levels <2 ng/mL,16 <0.6 ng/mL,17 or <0.5 ng/mL had the highest chance for

FFBF.18 Presumably, earlier RT allows treatment of a smaller burden of disease, and may

explain the improved outcomes noted when SRT is given with a low pre-RT PSA level. A

nomogram predicting response to SRT after RP, recently published by our

postprostatectomy radiotherapy consortium, demonstrated that pre-RT PSA was a

significant predictor of FFBF, even with PSA levels as low as 0.2 ng/mL.18 The authors

postulated that pre-RT PSA correlated with disease burden, with lower PSA values

indicating lower tumor burden and higher chances for durable response. Carrying this

postulate further, treatment in an adjuvant setting, with an undetectable PSA, presumably

represents the lowest disease burden and best chance for durable treatment response.

Ideal patient selection for postoperative RT remains paramount, because the highest-risk

patients also have a significant risk of microscopic metastatic disease, which would not be

affected by additional local therapy. Conversely, RT for low-risk patients would likely be

over-treatment, as they likely would never suffer biochemical failure. Patients with a pre-RT

PSA > 2.0 were excluded from analysis, because this patient cohort has the highest

likelihood of distant metastatic disease, for which additional local therapy would likely not

offer benefit. Thus, this comparative analysis could be considered early ART compared with

early SRT, which mimics current practice. Postoperative RT, whether ART or SRT, carries

small but definite risks, including rectal and urinary toxicity,19 but it appears that both ART

and SRT can be administered with relative safety after radical prostatectomy.20 As imaging

modalities improve, the difficulty encountered with patient selection may be lessened.

Patients were matched for follow-up from the date of RP, which most accurately simulates

the real-life decision making encountered postoperatively. Therefore, the study is biased

toward improved outcomes in the SRT arm, which by definition had shorter follow-up from

its completion than the ART, with necessarily shorter interval to demonstrate biochemical

failure. In addition, the SRT cohort was treated with a significantly higher RT dose than the

ART cohort (64.8 vs 60 Gy, respectively, P < .0001), and the median ART dose of 60 Gy in

the postoperative setting has been demonstrated to be inferior than RT doses of ≥64.8 Gy.21

Despite these significant biases favoring the SRT arm, ART had a significant improvement

in FFBF, highlighting the potential advantage of ART over SRT for high-risk patients.

Several potential weaknesses must be considered in an analysis of this type. The absence of

a cohort of patients treated with surgery alone limits the analysis. All patients in the SRT

arm had evidence of disease recurrence, whereas in the ART arm some of the patients may

not have had residual disease and may not experience a biochemical failure, which alone

may account for the improvement seen in the ART arm. This current analysis includes a

complete group of patients treated with adjuvant therapy, but only the subset of patients who

received surgery alone and subsequently developed biochemical failure. To estimate the

overall biochemical relapse experience among surgery-alone patients, the Kattan

postoperative nomogram22 was used to estimate the progression-free probability among

patients with a similar demographic profile as our series, and this nomogram estimated a

50% progression-free probability at 84 months. This is similar to the SRT arm of our study,

confirming a high risk of biochemical recurrence in this cohort.
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The retrospective design of the study may allow significant bias or the introduction of

unknown confounding variables. The case-matching strategy attempted to minimize these

limitations, but subtle differences in practice pattern may not be evident or measurable in a

retrospective series such as this one. The durable FFBF benefit was significant only on

univariate analysis from date of surgery, and only just reached statistical significance. The

Gleason score was an overwhelmingly strong predictor for long-term outcome, and we

theorize that the Gleason score obscured other potential important covariates such as the

timing of RT delivered (ART vs SRT). Other studies have demonstrated that patients with

predominant Gleason pattern 4 (Gleason 4+3 = or higher) have poorer responses to ART or

SRT.18 Also, the benefits observed were for biochemical failure only, and other clinically

significant end points such as freedom from metastasis, and cancer-specific or overall

survival were not significantly affected on multivariate analysis.

One of the strengths of this analysis rests on the centers that participated and whose patients

comprise the multi-institutional postoperative RT database. In general, these treatment

centers have strong multidisciplinary genitourinary oncology programs, with close

collaboration between the surgeons and the radiation oncologists.23 Thus, although the study

was retrospective and details of the reason for referral for SRT are not known, it is likely

that patients were referred relatively promptly. Despite this, we observed an advantage for

ART over SRT.

CONCLUSIONS

Postoperative RT after RP may benefit patients at high risk of local or delayed systemic

relapse. The benefit appears strongest for those patients with Gleason scores < 8. The timing

of postoperative RT remains controversial, because randomized trials to determine the

incremental benefit of early ART compared with delayed SRT given for biochemical failure

have not been performed. This multi-institutional, retrospective case matched comparison of

early compared with delayed postoperative RT demonstrates a significant improvement in

biochemical freedom of progression with early treatment. This study, combined with the

recent SWOG and EORTC studies, highlights the need for a randomized clinical trial to

confirm whether RP patients will benefit from ART, and whether there is any detriment to

delayed SRT administered for postoperative biochemical failure.
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Figure 1.
Five-year actuarial freedom from biochemical failure, from date of surgery.
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Figure 2.
Five-year actuarial freedom from biochemical failure, from end of RT.
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Table 1

Characteristics of matched patients

Salvage (n = 96) No. (Range or %) Adjuvant (n = 96) No. (Range or %)

Age (y [median]) 63.0 (47-75) 62.0 (42-76)

Preop PSA (ng/dL)

    Median 9.0 (1.7-39) 8.3 (1.1-65.9)

    ≤10 55 (57%) 56 (58%)

    >10 41 (43%) 40 (42%)

Gleason score

    2-6 22 (23%) 22 (23%)

    7 57 (59%) 57 (59%)

    8-10 17 (18%) 17 (18%)

Seminal vesicle invasion 23 (24%) 23 (24%)

Surgical margin status

    Positive 80 (83%) 80 (83%)

    Negative 16 (17%) 16 (17%)

Length of follow-up (mon [median])

    From date of surgery 94 (26-190) 97 (30-207)

    From date of RT 58 (1-126) 90 (24-200)

Radiation dose (Gy [median]) 64.8 (59-70)
60 (50-70)

*

Preop PSA = preoperative prostate-specific antigen; RT = radiation therapy.

*
P < .0001. No other statistical differences were found in the tumor or treatment parameters.
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