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Abstract
Background—Data regarding the difference in the clinical course from metastasis to prostate
cancer–specific mortality (PCSM) following radical prostatectomy (RP) compared with radiation
therapy (RT) are lacking.

Objective—To examine the association between primary treatment modality and prostate
cancer– specific survival (PCSS) after metastasis.

Design, setting, and participants—We used the Surveillance Epidemiology and End
Results– Medicare linked database from 1994 to 2007 for patients diagnosed with localized
prostate cancer (PCa). We used cancer stage and Gleason score to stratify patients into low and
intermediate–high risks.
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Intervention—Radical prostatectomy or radiation therapy.

Outcome measurements and statistical analysis—Our outcome is time from onset of
metastases to PCSM. Propensity score matching and Cox regression were used to analyze the
PCSM hazard for the RP group compared with the RT group.

Results and limitations—Our study consisted of 66 492 men diagnosed with PCa, 51 337 men
receiving RT, and 15 155 men undergoing RP within 1 yr of cancer diagnosis. During the study
period, 2802 men were diagnosed as having metastatic disease. A total of 916 men with
metastases were included in the propensity-matched cohort; of these men, 186 died from PCa.
During the follow-up, for the low-risk patients, the adjusted PCSS after metastasis was 86.2% and
79.3% in the RP and RT groups, respectively; for the intermediate–high-risk patients, the PCSS
after metastasis was 76.3% and 63.3% in the RP and RT groups, respectively. The hazard ratios
estimating the risk of PCSM between the RP and RT groups were 0.68 (95% confidence interval
[CI], 0.38–1.22) and 0.51 (95% CI, 0.36–0.73) for the low- and intermediate–high-risk groups,
respectively. Because of the nature of observational studies, the results may be affected by
residual confounders and treatment indication.

Conclusions—Following the development of metastases, men who received primary RP have a
longer PCSS than men who received primary RT. Our results may have implications for the
timing and nature of local PCa treatment.
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1. Introduction
Since the adoption of prostate-specific antigen (PSA) as a screening tool, more men have
received a diagnosis of prostate cancer (PCa) and have undergone treatment earlier than in
the pre-PSA era [1]. Given the prolonged natural history of PCa, management requires
careful consideration of the severity of the disease, the health of the patient, and the benefits
and risks of intervention. Radical prostatectomy (RP) and radiation therapy (RT) are two
common interventions for localized PCa [2,3]. However, there is no conclusive evidence
that either treatment is superior to the other in terms of cancer control or functional outcome
[4]. Although retrospective studies have compared the two treatments in terms of rates of
biochemical failure, metastasis-free survival, and PCa-specific survival (PCSS) [5–7], data
regarding the difference in the clinical course from metastasis to death following RP
compared with RT are lacking. Mortality [8] and morbidity precipitously increase once
metastases develop, but the biologic processes that underlie the development of tumor
metastasis and affect the natural history of disease afterward are not well understood. We
undertook this study to examine the impact of primary treatment modality on PCSS after
metastasis.

2. Methods
2.1. Study population

We used data from the Surveillance Epidemiology and End Results (SEER) database linked
to Medicare claims. SEER provides a nearly representative sample of approximately 26% of
the US population [9]. Our cohort included PCa patients aged 66–85 yr from 1994 to 2007.
Data on patients with incomplete Medicare records during the study follow-up (ie, patients
not continuously enrolled in both Medicare Part A and Part B and patients who enrolled in
health maintenance organizations) were excluded. The sample was limited to 119 997 men
diagnosed with incident localized PCa. We excluded men who were diagnosed as metastatic;
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who received palliative treatments; who had RP, RT, or androgen-deprivation therapy
(ADT) treatment before PCa diagnosis (n = 23 040); who were without cancer grade (n =
3331); or who were without primary treatments (n = 21 889). We further excluded men who
received RT with a modality other than brachytherapy, intensity-modulated radiotherapy
(IMRT), three-dimensional conformal radiotherapy (3D CRT), or a combination (n = 4589)
or who received both RP and RT during the follow-up (n = 656). After exclusion criteria, a
total of 66 492 men were included in the study.

2.2. Outcome variables
The primary outcome was PCSS after metastases. We created an algorithm [10] to identify
metastasis in men diagnosed with PCa from Medicare claims. A diagnosis of metastases had
to meet the following conditions: (1) at least two claims with International Classification of
Diseases, Ninth Revision (ICD-9), codes 198.5 (bone and bone marrow), 197.0 (lung), 197.7
(liver), or 198.3 (brain and spinal cord) and (2) two Medicare claims separated by 30 d to
minimize false positives. We defined the date of metastasis as the earliest occurrence of one
of the previously mentioned claims patterns at any time during follow-up. The occurrence of
PCa-specific mortality (PCSM) was determined from SEER cause-of-death data through
December 31, 2007.

2.3. Study covariates
The study population was divided into the following age cohorts: 66–69, 70–74, 75–79, and
≥80 yr at diagnosis. Clinical stage (extent of disease in SEER) was categorized into T1 or T2
using the American Joint Committee on Cancer classification system [11]. The SEER
registry described cancer stage as well differentiated, moderately differentiated, and poorly
differentiated based on a Gleason score of 2–4, 5–7, and 8–10, respectively, before 2003.
Starting in 2003, Gleason 7 was reclassified from moderately differentiated to poorly
differentiated. The Charlson score was derived from Medicare claims during the year prior
to PCa diagnosis using a validated algorithm [12]. Participation of state buy-in was included
in the study as a proxy for poverty. Because of the lack of PSA data before 2004, PSA was
not used to classify risk levels. Patients with well-differentiated or moderately differentiated
tumor and cancer stage ≤T2a were categorized as low risk. Patients who did not have low-
risk cancer were grouped in the intermediate–high-risk category.

We searched for Medicare claim records of computed tomography, magnetic resonance
imaging, and radionuclide bone scanning [13] from the last date of primary treatments to
metastasis. We also abstracted records of chemotherapy and ADT from 180 d after primary
treatments to metastasis and after.

2.4. Statistical methods
To compare the differences in proportions of baseline characteristics between RT and RP,
χ2tests were used. The cumulative incidence of PCSM, treating other causes of death as a
competing risk, was computed to estimate the PCSS [14]. The median follow-up time was
computed using Kaplan-Meier methods [15].

We adopted the propensity score–matching method [16] to balance observed covariates
between RT and RP. Propensity scores reflect the probability that a patient received RT or
RP based on his baseline characteristics. We defined the logit of predicted probability of
treatment as a propensity score using the following baseline characteristics: age, race, year
of diagnosis, SEER region, state buy-in, comorbidity, and cancer grade/stage. Subjects
receiving RT were matched on a one-to-one basis with subjects receiving RP. Matching was
performed based on nearest-neighbor matching, and RP and RT patients were matched
within their respective risk groups. With time from metastasis to PCSM as the response
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variable, the Cox regression method was used to analyze hazard ratios (HRs) and 95%
confidence intervals (CIs) for PCSM for RP compared with RT. Finally, we performed a
sensitivity analysis to measure the potential influence that an unmeasured confounder might
have on the HR estimates.

Descriptive analysis and propensity score matching were performed using SAS statistical
software v.9.2 (SAS Institute, Cary, NC, USA). Cox regressions were carried out using R v.
2.13, (R Foundation for Statistical Computing, Vienna, Austria). Sensitivity analyses were
conducted using Microsoft Excel. Statistical significance was set at 0.05, and all tests were
two-tailed.

3. Results
3.1. Baseline characteristics of men at diagnosis

Among a total of 66 492 men, 51 337 men receiving RT and 15 155 men receiving RP
within 1 yr of cancer diagnosis were included in the analysis (Table 1). The median follow-
up is 7.3 yr (interquartile range [IQR]: 4.7–9.9) from diagnosis. Among these 66 492 men,
2802 were diagnosed with metastases during the follow-up. Propensity score matching was
performed on these men with metastases, with a resultant 342 men in the low-risk group and
574 men in the intermediate–high-risk group. Table 2 and Table 3 demonstrate the
differences in baseline characteristics between men with metastases who received primary
RT compared with RP. These differences decreased substantially after propensity score
matching.

3.2. Prostate cancer–specific survival
Figure 1 depicts time from metastasis to PCSM for patients receiving either primary RT or
RP. The median follow-up is 33 mo (IQR: 19–59) from metastasis. Of the 916 men in the
propensity score–matching cohort, 186 died from PCa during the study period (48 men in
the low-risk group and 138 men in the intermediate–high-risk group). The median survival
time from metastasis was 30 mo (IQR: 10–95) for RP and 26 mo (IQR: 8–101) for RT.
While there was little difference in time to metastases between RT and RP, PCSS after
metastasis for the follow-up period was 86.2% for RP and 79.3% for RT among the low-risk
patients and was 76.3% for RP and 63.3% for RT among the intermediate–high-risk
patients. In the cohort, the HRs of PCSM for RP compared with RT estimated from the
unadjusted model are 0.58 (95% CI, 0.37–0.92) and 0.68 (95% CI, 0.52–0.90) for low-risk
and intermediate–high-risk groups, respectively. The HRs were nearly identical when cancer
grade and cancer stage were included as covariates. In the propensity score–matched cohort,
the HRs for RP compared with RT were 0.68 (95% CI, 0.38–0.1.22) and 0.51 (95% CI,
0.36–0.73) for the low-risk and intermediate–high-risk groups, respectively, in a
multivariable model (Table 4).

3.3. Use of imaging scans and secondary cancer therapies
From the time of primary treatment to metastasis, the RT patients received slightly more
imaging studies than the RP patients (low risk: 78.9% and 74.2%; intermediate–high risk:
82.9% and 80.5%). From 180 d after their primary treatments to metastasis, 13.3% of RT
patients and 14.6% of RP patients received chemotherapy, and 17.8% of RT patients and
25.3% of RP patients received ADT. After metastasis, 35.4% of RT patients and 38.7% of
RP patients received chemotherapy, and 9.4% of RT patients and 12.9% of RP patients
received ADT.
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3.4. Sensitivity analyses
We used the percentage of chemotherapy use and imaging studies performed after
metastasis from our cohort to estimate the effects of potential unmeasured confounders on
the HR of PCSM (Table 5). The sensitivity analyses are based on the base estimate for RP
compared with RT (0.57; 95% CI, 0.45–0.73). In these sensitivity analyses, we used 15%,
40%, 75%, and 80% as examples of prevalence rates of an unmeasured confounder in the
RP group. The hazard ratio (0.5–2.0) was presented in the analysis study as the risk estimate
associated with unmeasured confounders. For example, 15% of RP patients received
chemotherapy, and only 10% of RT patients received chemotherapy. We hypothesized that
chemotherapy may extend the length of survival by 50% [17]. After adjustment for
unmeasured confounders, the risk of PCSS is still significantly lower in RP patients (HR:
0.56; 95% CI, 0.36–0.71) compared with RT patients.

4. Discussion
This is the first study demonstrating that primary treatment may make a difference with
regard to survival time after metastasis in a large population-based cohort. In this study, men
who received RP were less likely to die from PCa after metastasis than men who received
RT. The risk of PCSM after metastasis is not associated with cancer risk at cancer diagnosis.
These results should be considered hypothesis-generating and, it is hoped, will spur further
investigations into how primary treatment may affect PCSS following metastases.

Metastases are responsible for most of the deaths among cancer patients, and few effective
treatments are available. The factors regulating the development of metastases have not been
fully elucidated, but the process of tumor self-seeding with circulating tumor cells (CTCs)
may play an essential role [18]. Studies of tumor self-seeding suggest that CTCs are the
intermediaries between primary tumors and metastases. Based on the self-seeding theory,
CTCs return to, and grow in, the primary tumor sites from their derived metastases.
Metastatic cells may affect the gene expression patterns of the parental tumor site during the
metastatic colonization and accelerate tumor progression [19]. One possible explanation for
the improved PCSS after metastasis in men receiving RP compared with men receiving RT
is that tumor self-seeding of the irradiated prostate leads to increased metastatic potential of
the cancer cells. Self-seeding may be more likely to occur in irradiated patients, in whom the
intact prostate has a large volume to fuel this process and speed up the tumor progression, in
contrast to surgical patients. Previous studies have shown that the presence and extent of
residual tumor cells within the primary site after aggressive treatment may contribute to
tumor progression and predict cancer-specific survival [20,21]. Clinically, surgical resection
of primary tumors in patients with metastatic disease has become a well-established
paradigm in the treatment of renal cell carcinoma [22,23]. This procedure may not be
curative in all patients, but the possibility of cancer-specific survival increases after
resection of primary tumor and isolated metastases. Our results add to the growing evidence
in the literature that controlling the primary site may be important in patients with metastatic
cancer.

In general, men who received primary RP have a better outcome after metastasis than men
who received primary RT in our study. However, the survival benefit is statistically
significant in the intermediate–high-risk group but not in the low-risk group. The possible
explanation is that the 10- and 15-yr PCSS is 98% and 93%, respectively, in the most recent
data [8]. The high survival rate leaves a narrow margin of effectiveness for any treatment,
and it is particularly difficult to demonstrate any treatment effect in low-risk patients.

To elucidate the potential detection bias, we looked for claim records of imaging studies
(computed tomography, magnetic resonance imaging, and radionuclide bone scanning) from
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the last date of primary treatment to metastasis. This percentage was slightly higher in RT
patients than in RP patients. While we may not be able to exclude the effect of detection bias
completely from the study, the slight difference in the rate of imaging is unlikely to account
for the large difference in survival.

We explored whether confounders could explain our findings, beyond the difference in
primary treatment and detection. One confounder could be the disparity in secondary
treatments. In RP patients, secondary treatments were started earlier and were more
prevalent than in RT patients, a finding that has been reported previously [6]. This finding
may be related to the patients’ ability to tolerate secondary therapy and to ease of diagnosing
biochemical recurrence after RP (PSA should be undetectable after RP). Our sensitivity
analysis (Table 5) addressed how the imbalance in the use of secondary treatments may
influence outcomes and found that our conclusion is relatively robust under various
scenarios.

There are some limitations to our study. First, although our algorithm to identify metastases
has been carefully validated [10], the risk of misclassification cannot be completely avoided.
Next, despite our efforts to address the selection bias in methods, our results may still be
confounded by indication, which is natural in any observational study. Also, the SEER
cancer grade was based on the highest grade recorded in the pathology report at the
diagnosis, based on surgical specimens for patients undergoing RP and biopsy for patients
without RP. This situation may cause some disparity in cancer grade between the RP and RT
groups. However, our outcome of interest was disease progression after metastasis, which
may be less prone to selection bias; although men receiving primary RT are more likely to
have a higher grade of PCa at diagnosis, we did not find that cancer grade at diagnosis was
associated with the outcome after metastasis. Our study revealed a large difference in
disease progression after metastasis between RP and RT patients. Given the results of
propensity score matching and sensitivity analysis, the difference in PCSS cannot be easily
explained by unmeasured confounders. Another limitation is that SEER reclassified Gleason
score 7 from the moderately differentiated to the poorly differentiated category in 2003.
However, the change in definition affects both RT and RP patients; therefore, our
interpretation of results should remain similar. Still another limitation is the lack of data in
SEER-Medicare regarding the prevalence of performed pelvic lymph node dissection in the
RP patients. Finally, the RT modalities used were heterogeneous and included
brachytherapy, IMRT, 3D CRT, and combination therapy. Although there is no evidence of
a survival difference between irradiation modalities in the literature, the heterogeneity in
treatment modalities and total radiation dose may affect the outcomes.

Several strengths of this population-based study are worth noting. First, our study included
patients derived from various health care settings, so the results may be more generalizable
than those of previous studies from community-based urology groups or from an
experienced surgeon in a single institution [5–7,24]. Differences in patient characteristics,
experience of the surgeon, and hospital volume have all been shown to affect patient
outcomes [25–27]. Second, men ≥65 yr are usually underrepresented in randomized
controlled trials, although approximately 50% of men diagnosed with PCa are ≥65 yr [28–
30]. Our study included only men ≥65 yr, so it fills a knowledge gap in the literature.

5. Conclusions
This population-based study suggests that primary treatment modality may affect PCSS after
metastasis. Following the development of metastases, men who had received primary RP
had a longer PCSS than men who had received primary RT. Our results may have potential
implications for the timing and nature of localized PCa treatment.
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Take-home message

Men who underwent radical prostatectomy as the primary treatment for prostate cancer
have a better prognosis than men who received radiation therapy after the development of
metastasis. This finding may have implications for the timing and nature of local prostate
cancer treatment.
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Fig. 1.
Propensity score–matched prostate cancer–specific survival in men diagnosed as having
metastases treatment by competing-risks models: (a) low risk; (b) intermediate– high risk.
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Table 1

Baseline characteristics of 66 492 men diagnosed with clinically localized (T1 or T2) prostate cancer,
according to treatment

Characteristic

Treatment

Irradiation, no. (%)
(n = 51 337)

Radical prostatectomy,
no. (%)

(n = 15 155)

p value

Age, yr

  66–69 10 434 ( 20.3) 7717 ( 50.9)

  70–74 19 608 ( 38.2) 6053 ( 39.9) <0.0001

  75–79 15 987 ( 31.1) 1234 ( 8.1)

  ≥80 5308 ( 10.3) 151 ( 1.0)

Race

  White 43 084 ( 83.9) 12973 ( 85.6)

  Black 4718 ( 9.2) 1157 ( 7.6) <0.0001

  Others 3535 ( 6.9) 1025 ( 6.8)

Year of diagnosis

  2000 or earlier 16 224 ( 31.6) 6406 ( 42.3)

  2001 or later 35 113 ( 68.4) 8749 ( 57.7) <0.0001

Region

  North central 10 816 ( 21.1) 2947 ( 19.5)

  Northeast 11 481 ( 22.4) 1474 ( 9.7) <0.0001

  South 7001 ( 13.6) 1659 ( 10.9)

  West 22 039 ( 42.9) 9075 ( 59.9)

Comorbidity

  0 38 543 ( 75.1) 12 998 ( 85.8)

  1 9124 ( 17.8) 1719 ( 11.3) <0.0001

  ≥2 3670 ( 7.2) 438 ( 2.9)

Cancer grade

1994–2002

  Well differentiated 1444 (5.4) 470 ( 5.4)

  Moderately differentiated 20 262 ( 75.5) 6899 ( 78.8) <0.0001

  Poorly differentiated 5117 ( 19.1) 1392 ( 15.9)

2003 or later

  Well differentiated 165 ( 0.7) 49 ( 0.8)

  Moderately differentiated 12 343 ( 50.4) 3140 ( 49.1) 0.169

  Poorly differentiated 12 006 (48.9 ) 3205 ( 50.1)

Cancer stage

  T1 22 828 (44.5) 6803 ( 44.9) 0.013

  T2a 7246 (14.1) 1996 ( 13.2)

  ≥T2b 21 26 (41.4) 6356 ( 41.9)
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Cancer grade: The Surveillance Epidemiology and End Results registry used a system of describing tumors as well differentiated, moderately
differentiated, and poorly differentiated based on a Gleason score of 2–4, 5–7, and 8–10, respectively, before 2003. Starting in 2003, code 7 was
reclassified from moderately differentiated to poorly differentiated.
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Table 4

Hazard ratios of risk of prostate cancer death after diagnosis of metastasis associated with radical
prostatectomy compared with radiation therapy

Cancer risk group

Characteristic

Low Intermediate–high

Radical prostatectomy vs radiation
therapy,

HR (95% CI)

Radical prostatectomy vs radiation
therapy,

HR (95% CI)

Overall cohort

Unadjusted model 0.58 (0.37–0.92) 0.68 (0.52–0.90)

Model adjusted for cancer stage and
cancer grade*

0.58 (0.37–0.92) 0.67 (0.51–0.89)

Multivariate Cox** 0.57 (0.35–0.91) 0.59 (0.44–0.79)

Propensity-matching cohort

Unadjusted model* 0.64 (0.36–1.12) 0.55 (0.39–0.77)

HR = hazard ratio; CI = confidence interval.

*
HRs were estimated from the Cox regression considering other causes of death as a competing risk.

**
Covariates included age, race, year of diagnosis, Surveillance Epidemiology and End Results region, comorbidity, cancer stage, and state buy-in.
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Table 5

Sensitivity analysis estimating the effect of an unmeasured confounder on the hazard ratio of death

Prevalence in
radical
prostatectomy
patients, %

Prevalence in
irradiation
patients, %

Cancer-specific mortality HR adjusted for unmeasured confounder (95% CI)

Unmeasured
confounder, HR 0.5

Unmeasured
confounder, HR 0.75

Unmeasured
confounder, HR 2.00

15 5 0.55 (0.35–0.87) 0.57 (0.36–0.90) 0.64 (0.41–1.01)

10 0.56 (0.36–0.90) 0.57 (0.37–0.91) 0.61 (0.39–0.96)

15 0.58 (0.37–0.92) 0.58 (0.37–0.92) 0.58 (0.37–0.92)

40 30 0.55 (0.35–0.87) 0.56 (0.36–0.90) 0.62 (0.40–0.99)

40 0.58 (0.37–0.92) 0.58 (0.37–0.92) 0.58 (0.37–0.92)

50 0.62 (0.39–0.98) 0.60 (0.38–0.95) 0.54 (0.35–0.86)

75 80 0.60 (0.39–0.96) 0.59 (0.38–0.93) 0.56 (0.36–0.89)

85 0.63 (0.40–1.00) 0.60 (0.38–0.95) 0.55 (0.35–0.87)

90 0.66 (0.42–1.05) 0.61 (0.39–0.96) 0.53 (0.34–0.85)

80 50 0.46 (0.30–0.74) 0.53 (0.34–0.84) 0.70 (0.44–1.10)

60 0.50 (0.32–0.79) 0.55 (0.35–0.87) 0.65 (0.42–1.04)

70 0.54 (0.34–0.85) 0.56 (0.36–0.89) 0.61 (0.39–0.97)

HR = hazard ratio; CI = confidence interval.
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