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adjusted Cox proportional hazard models and weighted 
Kaplan–Meier curves were used to assess survival.
Results  Compared to men who received no local treat-
ment, PCSM was lower for men who received RP ±  RT 
(HR 0.65, p  <  0.01) and for those who received RT only 
(HR 0.79, p < 0.05). Patients receiving neither RP nor RT 
demonstrated higher PCSM and ACM than those receiving 
treatment in a weighted time-to-event analysis. Men who 
received RP + RT had longer mean time from diagnosis to 
initiation of chemotherapy (100.7 ± 47.7 months) than men 
with no local treatment (48.8 ± 35.0 months, p < 0.05).
Conclusion  In patients who go on to receive chemo-
therapy, treatment of the primary tumor for prostate cancer 
appears to confer a survival advantage over those who do 
not receive primary treatment. These data suggest contin-
ued importance for local treatment of prostate cancer, even 
in patients at high risk of failing local therapy.

Keywords  Prostatic neoplasms · Chemotherapy · 
Prostatectomy · Radiation

Introduction

Widespread use routine prostate cancer screening has led 
to increasing discovery of early stage prostate cancer [1]. 
In this setting, early local treatment with curative intent, in 
the form of radical prostatectomy (RP) or radiation therapy 
(RT), has become common practice for localized prostate 
cancer. Optimal treatment strategies for high-risk prostate 
cancer with/without loco-regional spread are less well estab-
lished. In particular, the benefit of treatment of the primary 
tumor in men who ultimately are destined to develop meta-
static castrate-resistant prostate cancer (mCRPC) remains 
unclear. In men with localized high-risk prostate cancer, 
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previous studies have identified treatment of the primary 
tumor with RP followed by symptomatic management with 
ADT to be associated with improved cancer-specific sur-
vival [2, 3] and overall survival [3], when compared to ADT 
alone. Other studies examining the role of RP in men who 
ultimately develop metastatic prostate cancer have found 
conflicting results when comparing survival of men who 
underwent RP to those with intact prostates [4, 5]. Thus, 
the benefit of treatment of primary tumor in men who are at 
high risk for developing mCRPC remains unclear.

The purpose of the current study was to further charac-
terize the possible benefit of treatment of primary tumor 
using RP and/or RT in patients who go on to ultimately 
develop disease progression and receive systemic chemo-
therapy. Data demonstrating survival benefit in men who 
receive chemotherapy for mCRPC [6] have led to common 
use of these agents in the treatment of this disease. In other 
malignancies such as renal cell carcinoma, data suggest a 
survival benefit to removal of primary tumor in those who 
go on to receive systemic therapy for metastatic disease [7, 
8]. Similarly, we sought to examine the potential benefit of 
treatment of primary tumor in the prostate in patients who 
ultimately go on to receive systemic chemotherapy for 
prostate cancer, using a population-based dataset.

Materials and methods

This IRB-approved study used the linked surveillance, 
epidemiology and end results (SEER)-Medicare database. 
The SEER registries collect information on cancer cases 
diagnosed within 17 areas in the USA and include approxi-
mately 26  % of the US population [9]. The linked Medi-
care data provided detailed billing records for treatments 
provided to Medicare beneficiaries. The details about this 
method of linkage are described elsewhere [10].

We identified men aged ≥66 years diagnosed with non-
metastatic adenocarcinoma of the prostate between 1992 and 
2009. To ensure complete claims data and accurate cancer 
information, men who were diagnosed at autopsy or in nurs-
ing homes, those who were not enrolled in Medicare Parts A 
and B, or who enrolled in health maintenance organizations, 
those who were diagnosed in Louisiana in 2005, and those 
who had prior or subsequent cancers were excluded.

The population of interest is men who have treatments 
consistent with mCRPC, and the administration of ADT 
for >6 months is commonly used prior to chemotherapy for 
metastatic prostate cancer. Thus, we defined our cohort as 
men with claims evidence of receiving ADT followed by a 
claim for FDA approved chemotherapy (docetaxel or mitox-
antrone) (n = 2935). We excluded men with inadequate bill-
ing information to evaluate their doses of ADT (n =  618), 
those who did not receive ADT for at least 6  months 

(n =  619), those who were diagnosed with another cancer 
before or after the prostate cancer diagnosis (n = 361), and 
those with missing socioeconomic variables (n = 84), result-
ing in a cohort of 1614 men (see Supplemental Figure).

The exposure of interest was the type of local therapy 
given prior to ADT and chemotherapy administration. 
We placed men into three groups: RP with or without RT, 
RT alone, and no local treatment (defined as no evidence 
of RP or RT). Among the 67 patients with “RP with RT,” 
fewer than 11 received RT prior to RP, 50 % received RT 
within 1-year of RP, and the remaining 50 % ranged from 
13 months to 12 years later.

We used the International Classification of Disease, 
Ninth Revision (ICD-9) diagnosis and procedure codes and 
common procedural terminology (CPT) codes to identify 
diagnosis and treatment variables including cancer of the 
prostate, RP, RT (external beam radiation therapy, brachy-
therapy, intensity-modulated radiation therapy), ADT (use 
of GnRH agonists), and chemotherapeutic agents (doc-
etaxel and mitoxantrone). A detailed list of codes can be 
seen in Supplemental Table 1.

We also examine the year of diagnosis, ages at diagno-
sis in 5-year increments, race/ethnicity, and the US census 
region. Census tract levels of median income and education 
were stratified into quartiles. Tumor stage (T1, T2, T3, or 
T4, and unknown stage) and grade (corresponding to World 
Health Organization grade: low, medium, high or undif-
ferentiated, and unknown) of disease were based on the 
SEER-recorded variables. The Klabunde et  al. adaptation 
[11] of the Deyo method [12] was used to calculate Charl-
son comorbidity score [13, 14] from inpatient and outpa-
tient hospital and physician in the 12 months preceding the 
diagnosis of prostate cancer.

Differences within demographic variables among the 
treatment groups were compared via Chi-square (χ2). To 
minimize the effect of treatment selection bias, patient 
characteristics were adjusted with inverse probability of 
treatment weighting. Briefly, multivariable logistic regres-
sion models used year of treatment, age at diagnosis, race/
ethnicity, median income, education, stage, grade, and 
Charlson comorbidity index to estimate the probability 
the assigned treatment, conditional on observed baseline 
characteristics. The inverse of this probability, termed the 
inverse probability of treatment weight (IPTW), was then 
truncated to eliminate outliers. The balance of variables 
was confirmed by Chi-square tests of the weighted obser-
vations. With the exception of age, there were no longer 
significant differences in the treatment groups among the 
aforementioned variables. The balance was improved for 
age; however, the small number of patients over age 75 in 
the RP group made achieving total balance difficult.

Survival was defined as the number of months from can-
cer diagnosis to death. Observations were censored at the 
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end of claims availability (December 2009). Unweighted 
and IPTW-weighted Kaplan–Meier time-to-event analy-
ses were used to measure the risks of mortality by treat-
ment type and compared by log-rank test. For these curves, 
patients were assigned to their local treatment group begin-
ning at diagnosis.

IPTW-weighted time-dependent Cox proportional haz-
ard (CPH) models were fitted for prostate cancer-specific 
mortality (PCSM) and all-cause mortality (ACM). To 
reduce bias caused by the timing of local cancer treatment, 
a time-dependent covariate was included in the model. Sub-
jects were counted as “no local treatment” until the time of 
their local therapy (if initiated prior to ADT) at which point 
the relevant time-dependent covariate changed from 0 to 1 
(the RP + RT treatment indicator switched at the time of 
the second treatment).

We also evaluated the association of treatment group 
with time from diagnosis of prostate cancer to initiation 
of chemotherapy for each group using the propensity-
weighted CPH mode. Statistical analyses were performed 
using SAS statistical software, version 9.3 (SAS Institute, 
Inc, Cary, NC, USA). All statistical tests were two-sided, 
and the level of significance was set at p < 0.05.

Results

Cohort characteristics are shown in Table  1. The mean 
age was 73.1 years (SD ± 5.0 years), and median follow-
up time was 63  months. The majority (73  %, n =  1172) 
of the patients received no local therapy prior to ADT use. 
Approximately 4 % (n = 67) had RP + RT, 7 % (n = 109) 
had RP only, and 17  % (n =  266) had RT only as local 
therapy. While the use of RT or no treatment increased with 
age, of those men who received primary treatment, RP was 
the most common modality in men under age 70.

Table 2 shows findings from the multivariate models pre-
dicting PCSM and ACM. Compared to men who received 
no local therapy, the risk of PCSM was significantly lower 
for men who received RP ± RT (HR 0.65, p < 0.01) and 
for men who received RT only (HR 0.79, p  <  0.05), and 
the risk of ACM was significantly lower for men who 
received RP ± RT (HR 0.65, p < 0.01) and for men who 
received RT only (HR 0.76, p  <  0.01). The hazard ratios 
for PCSM and ACM increased with age at diagnosis and 
became significant after age 75 years (p < 0.01). The risk of 
PCSM and ACM increased significantly with higher grade 
and unknown stage disease. Charlson score did not predict 
increased PCSM or ACM.

Data regarding time from diagnosis to initiation of 
chemotherapy are shown in Table 3. Mean time from diag-
nosis to chemotherapy was 79.4 months (SD ± 47.8) for RP 
only, 79.6 months (SD ± 38.6) for RT only, 100.7 months 

(SD ± 47.7) for RP + RT, and 48.8 months (SD ± 35.0) 
for no RP or RT. Compared to no local therapy, there was 
a significant increase in time lag from diagnosis to chemo-
therapy for those who had RT only (HR 0.76, p < 0.01) and 
those who received RP + RT (HR 0.72, p < 0.05).

Discussion

We sought to evaluate the benefit of initial treatment of the 
primary tumor in patients who go on to receive chemother-
apy for the treatment of prostate cancer. Our data suggest 
that men who receive such local treatment in have lower 
PCSM, lower ACM, and longer time lag from diagnosis to 
initiation of chemotherapy, compared to patients who did 
not receive any reported treatment of the primary tumor. 
Overall, our findings suggest that in men with high-risk 
disease who go on to receive chemotherapy, presumably in 
the setting of mCRPC, there is benefit to prior local therapy 
of the primary tumor.

Our data suggest a PCSM benefit in patients who had RP 
as a component of primary prostate cancer treatment, simi-
lar to previously published studies in a variety of cohorts 
[15–17]. Other studies have identified a survival benefit for 
local therapy over no local treatment in men who developed 
metastatic disease [18] and also in men with known metas-
tasis at time of intervention [19]. Our study builds on this 
body of the literature, particularly with the use of a unique 
cohort from the linked SEER-Medicare dataset allowing 
for inclusion of comorbidity data, evaluation of time to sec-
ondary therapy, and a more complete multivariable model.

The role of cytoreductive surgery has been established in 
other genitourinary malignancies including renal cell carci-
noma [8] and has been explored for unresectable or region-
ally metastatic bladder cancer [20]. Biochemical theories 
to explain this suggest that the primary site of malignancy 
releases cytokines and chemokines that facilitate metastatic 
spread of disease [21]. In addition, it is hypothesized that 
primary tumors can release circulating tumor cells that 
perpetuate a process of “self-seeding” the primary organ 
[22]. Thus, removal of a primary tumor has the potential to 
inhibit these processes which may explain delayed tumor 
progression and improved survival. Our data suggest that 
this cytoreductive model may apply to prostate cancer 
given that patients who had primary therapy demonstrated 
improved survival, even with the development of disease 
requiring chemotherapy.

In addition to potential survival benefit, our data sug-
gest that treatment of the primary tumor also appears to 
delay the time to initiation of chemotherapy, which sug-
gests a delay in time to development of clinically signifi-
cant mCRPC. In additional analysis of our cohort, with 
survival defined as time of initiation of chemotherapy to 
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Table 1   Comparison of men with mCRPC by type of prior local therapy for prostate cancer

RT radiation therapy, RP radical prostatectomy

* The distribution of patients within the cells was concealed because of one or more cells with <11 patients. SEER-Medicare rules forbid the 
display of such cells or presentation of data in a way that an observer may identify such cells
a  Median income of zip code ($)
b  Education = (% people 25 years with <12 years education)

^ AJCC 2010 Tumor Stage

Covariates RT only (n = 266)
(%)

RP ± RT (n = 176)
(%)

No local therapy 
(n = 1172)
(%)

Unweighted Chi-square
p value

Weighted Chi-square
p value

Year of diagnosis <0.0001 0.7337

 1992–1995 40.2 43.2 9.0

 1996–1999 26.3 21.6 20.1

 2000–2003 23.7 21.6 41.1

 2004–2009 9.8 13.6 29.8

Age at diagnosis (years) <0.0001 0.0077

 66–69 31.2 51.1 22.9

 70–74 44.7 40.9 35.2

 ≥75 24.1 8.0 41.9

Race <0.0001 0.5461

 White 88.0 89.2 78.9

 Non-white 12.0 10.8 21.1

Region <0.0001 0.8757

 Midwest 30.1 21.0 16.1

 Northeast 26.3 11.9 27.3

 South 16.2 13.1 14.6

 West 27.4 54.0 42.0

Median incomea 0.2202 0.8985

 Q1 23.3 17.6 26.5

 Q2 27.4 26.1 24.2

 Q3 23.3 28.4 24.9

 Q4 25.9 27.8 24.3

Educationb 0.3182 0.6736

 Q1 20.3 23.3 26.3

 Q2 26.7 22.7 24.9

 Q3 28.9 25.6 24.1

 Q4 24.1 28.4 24.7

Grade <0.0001 0.8474

 Low + medium 59.8 40.9 27.8

 High + anaplastic * * 67.7

 Unknown * * 4.4

Tumor stage^ <0.0001 0.4463

 T1 18.0 18.8 23.4

 T2 65.8 58.5 53.1

 T3 + T4 11.7 * 12.3

 Unknown 4.5 * 11.3

Charlson score 0.0027 0.5799

 0 76.3 87.5 75.9

 ≥1 23.7 12.5 24.1
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Table 2   Weighted Cox 
proportional hazards model 
predicting prostate cancer-
specific and all-cause mortality 
multivariate analysis with time-
dependent treatment covariates

RT radiation therapy, RP radical prostatectomy

* The distribution of patients within the cells was concealed because of one or more cells with <11 
patients. SEER-Medicare rules forbid the display of such cells or presentation of data in a way that an 
observer may identify such cells
a  Median income of zip code ($)
b  Education = (% people 25 years with <12 years education)

^ AJCC 2010 Tumor Stage

Covariates Cancer-specific mortality All-cause mortality

HR 95 % CI p value HR 95 % CI p value

Prior local treatment

 No local treatment 1 1

 RT only 0.79 0.64–0.97 0.0258 0.76 0.62–0.92 0.0047

 RP ± RT 0.65 0.48–0.89 0.0066 0.65 0.48–0.86 0.0029

Year of diagnosis

 1992–1995 1 1

 1996–1999 1.23 0.98–1.56 0.0771 1.24 1.00–1.53 0.0529

 2000–2003 1.69 1.34–2.13 <0.0001 1.74 1.40–2.15 <0.0001

 2004–2009 0.80 0.56–1.15 0.2251 0.82 0.59–1.15 0.252

Age at diagnosis (years)

 66–69 1 1

 70–74 1.04 0.85–1.28 0.6919 1.08 0.89–1.31 0.4226

 ≥75 1.40 1.14–1.73 0.0015 1.52 1.25–1.84 <0.0001

Race

 White 1 1

 Non-white 0.72 0.57–0.92 0.0079 0.76 0.61–0.95 0.0136

Region

 Midwest 1 1

 Northeast 1.18 0.91–1.53 0.2101 1.14 0.90–1.44 0.2637

 South 1.24 0.93–1.65 0.1406 1.16 0.89–1.52 0.2672

 West 1.20 0.96–1.49 0.1037 1.13 0.93–1.38 0.2226

Median incomea

 Q1 1 1

 Q2 1.10 0.85–1.43 0.4846 1.08 0.85–1.37 0.521

 Q3 1.01 0.75–1.37 0.9433 1.03 0.79–1.36 0.8201

 Q4 0.79 0.56–1.13 0.1998 0.84 0.61–1.15 0.2704

Educationb

 Q1 1 1

 Q2 0.98 0.74–1.30 0.8656 0.95 0.74–1.22 0.6838

 Q3 1.17 0.87–1.58 0.2908 1.12 0.86–1.47 0.3929

 Q4 1.06 0.75–1.50 0.7405 0.98 0.71–1.35 0.9014

Grade

 Low + medium 1 1

 High + anaplastic 1.67 1.41–1.99 <0.0001 1.62 1.38–1.89 <0.0001

 Unknown 1.63 1.04–2.55 0.0338 1.58 1.05–2.36 0.028

Tumor stage^

 T1 1 1

 T2 1.13 0.90–1.42 0.2841 1.15 0.93–1.42 0.1939

 T3 + T4 1.38 1.02–1.88 0.0381 1.49 1.13–1.96 0.0048

 Unknown 1.63 1.18–2.26 0.003 1.62 1.20–2.18 0.0016

Charlson score

 0 1 1

 ≥1 1.12 0.92–1.37 0.2609 1.19 0.99–1.42 0.0701
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time of death, we did not identify differences in PCSM or 
ACM between groups (Supplemental Table  3). Thus, the 
benefit received from primary therapy may be in the delay 
to development of mCRPC and initiation of chemotherapy.

Previous studies have suggested benefit to RP in the 
presence of low-volume nodal metastases and oligometa-
static disease [2, 18, 23, 24]. Our study extends this con-
cept to those patients with and without metastatic disease at 
the time of initial treatment. As we seek to optimize therapy 
for those patients with high-risk disease using multi-modal-
ity approaches, initial treatment of the primary tumor will 
likely remain a part of the equation in order to maximize 
the long-term survival benefits and benefits to local tumor 
control including prevention of outlet obstruction, hematu-
ria, and extension to contiguous organs [25].

One potential explanation for our findings may be that 
undergoing treatment of primary tumor is truly a proxy 
for performance status, thereby suggesting a selection bias 
with healthier patients receiving therapy, and performance 
status acting as the true predictor of lower PCSM and 
ACM. However, higher Charlson comorbidity score was 
not associated with higher PCSM in a multivariable model 
arguing against the possibility that comorbidity score was 
directly predictive of PCSM (although Charlson score was 
not predictive of ACM either). Furthermore, there was not a 
significant difference in comorbidity scores between treat-
ment groups on weighted analysis, further suggesting that 
comorbidity is not the sole driver of our findings.

We acknowledge the limitations of this study, includ-
ing its retrospective, non-randomized design. Furthermore, 

mean age of diagnosis was 73.7  years. A population 
including a higher proportion of younger men would 
likely have differing comorbidity and treatment charac-
teristics. An additional potential confounder is the pos-
sibility that men received cancer treatment that was not 
captured by our queries. This concern was minimized in 
that all patients included in the cohort received their initial 
diagnosis after age 65 (after enrolling in Medicare), and 
patients enrolled in HMOs were excluded. Thus, all pros-
tate cancer treatments should be captured via Medicare 
billing codes. While selection bias and possible unmeas-
ured confounding variables may have influenced our 
results, statistical analysis included a propensity-weighted 
multivariate model in attempt to limit the impact of such 
variables. Overall, we were able to utilize a large, popula-
tion-based dataset for analysis which is reflective of com-
mon practice standards outside of the confined parameters 
of a clinical trial.

Conclusion

Our data identify improved PCSM and ACM in men who 
have treatment of the primary tumor for prostate cancer in 
men who later receive chemotherapy. These data further 
suggest a longer time lag from diagnosis to chemotherapy 
for men who receive local therapy. Further study with pro-
spective trials is needed to further delineate this benefit and 
continue to refine optimal treatment strategies for men with 
high-risk prostate cancer.

Table 3   Time from Diagnosis 
to Chemotherapy 

a  Unweighted Cox proportional hazards model including year of diagnosis, demographic, socioeconomic, 
tumor and treatment characteristics

Prior local treatment Median (IQR) (months) Mean (SD) (months)

Time from prostate cancer diagnosis to chemotherapy

 No local treatment 42 (21–67) 48.8 (±35.0)

 RP only 71 (42–109) 79.4 (±47.8)

 RT only 77 (49–106) 79.6 (±38.6)

 RP + RT 98 (63–137) 100.7 (±47.7)

Prior local treatment HR (95 % CI) p value

Unweighted Cox proportional hazard modela

 No local treatment 1

 RP only 0.70 (0.57–0.87) 0.0010

 RT only 0.85 (0.74–0.98) 0.0256

 RP + RT 0.51 (0.39–0.66) <0.0001

Weighted Cox proportional hazard model with time-dependent covariatesa

 No local treatment 1

 RP only 0.86 (0.71–1.05) 0.1346

 RT only 0.76 (0.66–0.86) 0.0003

 RP + RT 0.72 (0.52–0.99) 0.0474
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