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Objective: To compare the association between previous local treatment modalities and
the progression to castrate-resistant prostate cancer (CRCP) and overall survival (OS) in
men with newly diagnosed metastatic prostate cancer.

Methods: We conducted a retrospective analysis using a nationwide, de-identified
electronic health record (EHR)-derived database (Flatiron). Eligible patients had
previously received radiation therapy (RT) or radical prostatectomy (RP) for their local
disease, and had progressed to metastatic disease. Stratified Kaplan-Meier estimates by
local treatment were used to measure OS from the date of metastasis diagnosis. Cox
proportional models were used to test the association between prior local treatment,
progression to CRPC, and death, after adjusting for patient-and disease-specific
parameters. Also, we conducted a propensity score-matched analysis.

Results: Of the 1,338 patients who met the inclusion criteria, 46% underwent RP with or
without adjuvant RT and 54% received RT. Median follow up for RP group and RT group
were 38.6 months (32.6-45.4) and 26.0 months (I24.3-29.9), respectively. After adjusting
for patient-and disease-specific parameters, the patients who received RT had a higher
risk of developing CRPC than those in the RP group 1.36 [1.05-1.76]. After propensity
score matching and adjusting for patient and disease-specific parameters, men who
received RT had higher risk of death compared to their counterparts (HR:1.36, 95%
CI:1.1-1.65, P= 0.003)

Conclusion: Real-world data suggest that patients with metastatic disease who had
undergone prior RP might have a lower risk of developing a castrate-resistant state and
improved OS compared to patients who had received RT. Significant amount of bias limits
validity and strength of our findings. Whether type of local treatment influence the disease
behavior remains open question and should be answered only within randomized trial.
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INTRODUCTION

Metastatic prostate cancer is a heterogeneous disease that
encompasses both de novo castrate-sensitive metastatic prostate
cancer at initial presentation and its progression following
definitive therapy for localized disease with either radical
prostatectomy (RP) or radiation therapy (RT). Mounting
evidence suggests that patients with de novo castrate-sensitive
metastatic prostate cancer at initial presentation have worse
prostate cancer-specific and overall survival (OS) than patients
who progress to metastatic disease following definitive therapy
for localized disease (1–4).

There is conflicting evidence on the association of different
types of primary treatment on time to develop castrate-resistant
prostate cancer (CRPC) and OS, although recent studies have
suggested a possible benefit for men undergoing RP as compared
to RT (3–5). This might be attributed due to selection bias, and
retrospective nature of these studies. However, some authors
have theorized that tumor self-seeding of the irradiated prostate
leads to increased metastatic potential of the cancer cells within
the prostate. The potential benefit of local treatment of the
prostate on subsequent response to androgen deprivation
therapy (ADT) and number of treatment lines before death
have not yet been evaluated (3–5).

The objective of this study was to assess the association of
previous local treatment modalities with progression to a
castrate-resistant state and OS in men who progressed to
metastatic prostate cancer by utilizing real-world registry data.
SUBJECTS & METHODS

Flatiron Health Database
During the study period, the de-identified data originated from
approximately 280 US cancer clinics (~800 sites of care) withmore
than 2.2 million cancer patients. The database includes 10,210
patients with prostate cancer between January 1975-June 2018. De-
identified EHR-derived patient information was constructed to
allow for longitudinal patient-level data from real-world practice
settings, and datasets were prospectively constructed by
technological abstraction supplemented by manual review by
centrally trained oncology nurses and tumor registry specialists
with an oncologist overview. All datasets undergo statistical and
scientific review for the purpose of quality control to ensure the
accuracy and validity of factors. Computer algorithms have been
developed to account formissing data elements of patient records, a
common pitfall for real-world data studies (6).

Following approval from the University of Pennsylvania and
Copernicus Group Institutional Review Board, we conducted an
ad hoc analysis of a real-world prostate cancer longitudinal
database for patients with metastatic prostate cancer between
Abbreviations: ADT, Androgen deprivation therapy; BCR, Biochemical
recurrence; CRPC, Castrate-resistant prostate cancer; ECOG, Eastern
Cooperative Oncology Group; EHR, Electronic health record; LT, Local
treatment; OS, Overall survival; PSA, Prostate Specific Antigen; RP, Radical
Prostatectomy; RT, Radiation therapy.
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January 1, 2013 (first date of metastasis) and June 31, 2018 (last
date of follow-up).

Study Population
Patients with non-metastatic CRPC (n=520) and those enrolled
in clinical trials (n=371) were excluded. We then focused on
patients who were diagnosed with metastatic prostate cancer
between January 1, 2013-December 31, 2017 (n=8,455) after
excluding patients with erroneous data (n=126), with a diagnosis
of metastatic prostate cancer before January 2013, and with
unknown CRPC (n=107). In this population, patients who had
less than six months of follow-up (n=3,281) and/or fewer than
one clinical visit (n=65) were excluded to allow for a minimum of
six months of follow-up and at least one clinical visit after
metastasis diagnosis. Patients diagnosed with localized prostate
cancer before January,2000 were excluded (n=919). In this
analysis cohort, patients with preexisting or synchronous
primary malignancy (n=280) and those who developed
leukemia at any point during the study period (n=52) were
excluded. Patients with no documented treatments and those
who received alternative treatment options for localized disease,
such as high-intensity focal ultrasound (HIFU), cryotherapy, or
primary ADT (n=2,470), were also excluded (7).. Therefore, our
final population consisted of 1,388 patients who were followed
up for a castrate-resistant state and OS from January 1, 2013-
June to 31, 2018 (Supplementary Figure 1).

Assessment of Type of Local Treatment
The type of local treatment was assessed based on the diagnostic
criteria for metastatic prostate cancer based of the International
Classification of Diseases (ICD) 9th and 10th editions, with
subsequent manual review to confirm prior localized prostate
cancer treatment. Local treatments before metastasis diagnosis,
including RP ± ADT ± RT and RT ± ADT, were assessed. For
this analysis, we selected patients who had previously received
RT or RP for localized PCa. Receipt of ADT as an adjuvant
treatment before metastasis was noted. In addition, the types of
systematic treatments, such as chemotherapy, immunotherapy,
and second-line hormone treatment (abiraterone and
enzalutamide), were compared.

Assessment of Patient and Disease-
Specific Parameters
Patient-and disease-specific baseline parameters were abstracted.
These parameters included age, race, PSA levels at the index date in
ng/mL (<10, ≥10 and <20, ≥20), Gleason score (<8 or ≥8), Eastern
Cooperative Oncology Group (ECOG) performance score (<2 or
≥2), year of primary treatment (2000-2005; 2006-2008; 2009-2011;
2012-2017), and site of metastasis. Regarding the year of primary
treatment, the year 2000 was the first year of treatment, as the
numberofpatientswhounderwentRPbefore 2000was less than10,
and this variablewas assessed as quartileswhile considering thefirst
quartile (2000-2005) as the reference group.

Assessment of Study Outcomes
To study the association between treatment type and progression to
a castrate-resistant state, the endpoint was from the index date
June 2022 | Volume 2 | Article 891798
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(first date of metastatic disease, January 1, 2013) to the date of
CRPC. Patients were considered to have progressed to CRPC if
there was documentation in the database based on clinical
practitioner notes. To study OS, the endpoint was from the index
date to a) the end of the study (June 31, 2018) and b) the last activity
date. The difference between the endpoints and the index date was
divided by 30 because the unit was in days.

Statistical Analysis
All P-values were two-sided (a P = 0.05). All statistical analyses
were performed using SAS software (version 9.4, SAS Institute,
Cary, NC, USA). Each participant contributed person-time from
the index date to a) CRPC, b) death, c) last follow-up, and d) the
end of the study, whichever came first.

Descriptive estimates of the baseline patient and disease-
specific parameters by type of local treatment were computed
using chi-square tests and independent t-tests for discrete and
continuous variables, respectively.

To minimize selection bias, we conducted a propensity score-
matchedanalysis. For our study, thepropensityof treatment type (RP
and RT) was estimated. The propensity score was calculated from a
multivariable logistic model considering the following variables: age,
race, Gleason score, PSA, site of metastasis, ECOG score, treatment
linesandyearofprimary treatment.Basedonthe resultingpropensity
score, patients with RP were matched 1:1 to patients with RTy using
nearestneighbormatchingwithout replacement.After1:1propensity
score matching, the final analysis included 468 cases each in the RP
and RT groups. Patient’s characteristics and outcomes were
compared between the two groups before and after propensity-
score matching. All propensity score matching analyses were
conducted in R (R Core Team, 2014).

After propensity score matching, survival analysis for OS
according to the type of local treatment was performed to estimate
the median and interquartile range (IQR) (i.e., the interval between
the 25th and 75th percentiles) and survival probabilities from the
index date for both types of treatment using the Kaplan-Meier (KM)
method (8). Patients who did not die were censored on the date of
their last follow-up.Weighted log-rank testswereperformed toassess
survival between the two types of local treatments.

After propensity score matching, Cox proportional hazards
regression was used to calculate hazard ratios (HRs) and 95%
confidence intervals (CIs) for the association between the type of
local treatment and a) CRPC and b) death. To study the association
between the type of local treatment and death, we used Cox
proportional hazards regression to calculate hazard ratios (HRs)
and 95% confidence intervals (CIs). The roughly parallel stratified
Kaplan-Meier curves log (-log (survival)) versus log (time)
transformation verified the proportionality of the hazards.
RESULTS

Baseline Characteristics at
Time of Metastasis
Table 1 summarizes the patient characteristics. Of the 1,388
included patients meeting the inclusion criteria, 644 (46%)
Frontiers in Urology | www.frontiersin.org 3
underwent RP with or without adjuvant radiation and 744
(54%) received RT alone. Compared to the RT group, men
who developed metastasis in the RP group were younger and
had a better ECOG performance status (all P <0.01). There was
no significant difference in the administration of adjuvant ADT
between the two groups (P=0.08). Propensity score matching
significantly reduces baseline differences between groups
(Table 1). The matching plot (Supplementary Figure 2) shows
the mean difference in all variables between two groups before
and after PS matching. From this plot, it is clear that balance was
relatively poor before matching, but complete matching
improved balance on all covariates, and most within a
threshold of 0.1.

Progression Into CRPC
The median follow-up time was 38.6 months (IQR: 32.6-45.4) for
the RP group and 26.0 months (IQR: 24.3-29.9) for the RT group
(Supplementary Table 1). The median time to develop metastasis
from time of initial diagnosis was 78.9 (IQR: 43.2-126.3) months for
the RP group, and 73.1 (IQR: 39.6-113.6) months for the RT group.
Among patients identified as having CRPC, the median time from
metastasis diagnosis to CRPC was 20.0 months (IQR: 13.7-28.6) for
the RP group and 13.1 months (IQR: 11.5-14.8) for the RT. After
propensity score matching, patients who received RT had 1.31 times
higher risk of developing a castrate-resistant state from metastasis
diagnosis compared to the RP group (HR: 1.36, 95% CI: 1.07-1.61,
P= 0.009) (Table 2).

Overall Survival
The OS of the RP group was higher than that of the RT group
(Supplementary Figure 3). Indeed, the medians of OS for the RP
group were 38.6 months and 27months for the RT group
(P <0.0001) (Supplementary Table 1) After propensity score
matching and adjusting for patient and disease-specific
parameters, men who received RT had higher risk of death
compared to their counterparts (HR:1.35, 95% CI:1.1-1.65,
P= 0.003) (Table 3).
DISCUSSION

In this cohort of patients who developed metastatic disease, prior
definitive local treatment with RT was associated with an
increased risk of developing CRPC and decreased OS
compared with RP. There is increasing evidence in the
literature that patients with metastatic prostate cancer who
received prior local treatment had improved OS compared to
those who did not (1–5, 9). However, the results from these
studies should be interpreted cautiously, as they compared
patients who progressed to metastatic disease following
definitive therapy for localized disease to those presenting with
de novo metastatic prostate cancer. Patients with de novo
metastatic disease tend to have more biologically aggressive
disease than those who develop metastasis after primary
treatment, which might explain why the prospective
data showed no benefit of RT or cytoreductive radical
June 2022 | Volume 2 | Article 891798
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prostatectomy (CRP) on the OS of patients with de novo
metastatic disease compared to the best therapy group (10, 11).
Therefore it is prudent not to mix these two biologically distinct
populations in comparative studies that assess cancer-specific or
OS (12, 13). In this study, we excluded patients with de novo
metastatic disease a priori, to make the cohort population more
biologically homogeneous.

The development of metastatic disease is an uncommon event
after primary treatment for prostate cancer, and it might be
challenging to recruit such patients in randomized clinical trials.
In a prior study of the Surveillance Epidemiology and End
Frontiers in Urology | www.frontiersin.org 4
Results (SEER) database, in a cohort of 66,492 men who
underwent curative local treatment for prostate cancer, only
2,802 (4.2%) of men developed metastatic disease within a 7.3
year median follow up (14). Similarly, over a shorter period of 5
years, only 250 men out of 30,936 (0.8%) in the Center for
Prostate Disease Research and Johns Hopkins University
database were found to have metastatic disease after RP (15).
In modeled incidence studies, it has been estimated that in 2020,
patients with biochemical failure after local therapy (nmCRPC)
comprised approximately 58,960 men annually with a 34%
annual progression rate to metastatic disease (16).
TABLE 1 | Baseline cohort characteristics among 1388 patients in the de-identified database.

Characteristics Pre-propensity score matching Post-propensity score matching

RP (N=644) RT (N=744) P RP (N=468) RT (N=468) P

Mean (SD), age, years 62.6 (7.2) 67.3 (7.1) < 0.0001 64.6 (6.4) 64.7 (6.8) 0.933
Race, n (%) 0.62 0.910
White 455 (70.7%) 522 (70.2%) 328 (70.1%) 324 (69.2%)
Black 59 (9.2%) 58 (7.8%) 38 (8.1%) 42 (9.0%)
Other 64 (9.9%) 80 (10.7%) 45 (9.6%) 49 (10.5%)
Missing 66 (10.2%) 84 (11.3%) 57 (12.2%) 53 (11.3%)

Gleason score, n (%) 0.28 1.000
≥ 8 306 (47.5) 332 (44.6) 220 (47.0%) 220 (47.0%)
< 8 338 (52.5) 412 (55.4) 248 (53.0%) 248 (53.0%)

PSA at metastasis, n (%) < 0.0001 0.96
<10 216 (33.6%) 178 (23.9%) 141 (30.1%) 141 (30.1%)
≥10 and <20 82 (12.7%) 117 (15.7%) 66 (14.1%) 69 (14.7%)
>20 205 (31.8%) 312 (42.0%) 169 (36.1%) 162 (34.6%)
Missing 141 (21.9%) 137 (18.4%) 92 (19.7%) 96 (20.5%)

ADT Therapy, n (%) 0.08 0.687
Adjuvant 395 (61.3%) 452 (60.7%) 281 (60.0%) 291 (62.2%)
Post Metastasis 176 (27.4) 229 (30.8%) 141 (30.1%) 129 (27.6%)
No ADT 73 (11.3%) 63 (8.5%) 46 (9.8%) 48 (10.3%)

Site of metastasis, n (%) 0.04 0.869
Bone 71 (11.0%) 73 (9.8%) 47 (10.0%) 54 (11.5%)
Visceral 58 (9.0%) 60 (8.1%) 45 (9.6%) 45 (9.6%)
Lymph Node 46 (7.2%) 23 (3.1%) 23 (4.9%) 20 (4.3%)
Unknown 469 (72.8%) 588 (79.0%) 353 (75.4%) 349 (74.6%)

ECOG performance status score*, n (%) 0.004 0.981
0 258 (40.0) 240 (32.3) 174 (37.2%) 175 (37.4%)
1 164 (25.5) 217 (29.2) 126 (26.9%) 131 (28.0%)
2 32 (5.0) 62 (8.3) 26 (5.6%) 28 (6.0%)
3 11 (1.7) 14 (1.9) 7 (1.5%) 7 (1.5%)
Missing 179 (27.8) 211 (28.3) 135 (28.8%) 127 (27.1%)

Treatment Lines, n (%) 0.04 0.998
Docetaxel 143 (22.2%) 124 (16.7%) 95 (20.3%) 93 (19.9%)
Abiraterone 245 (38.0%) 304 (40.9%) 180 (38.5%) 183 (39.1%)
Enzalutamide 189 (29.3%) 256 (34.4%) 150 (32.1%) 148 (31.6%)
Cabazitaxel 3 (0.5%) 2 (0.2%) 3 (0.6%) 2 (0.4%)
Sipuleucel 59 (9.2%) 55 (7.4%) 38 (8.1%) 40 (8.5%)
Nivolumab – –

Atezolizumab 2 (0.3%) 0 (0.0%) 0 (0%) 0 (0%)
Pembrolizumab 3 (0.5%) 3 (0.4%) 2 (0.4%) 2 (0.4%)

Year of primary treatment, n (%) 0.03 0.989
2000-2005 199 (30.9%) 175 (23.5%) 135 (28.8%) 137 (29.3%)
2006-2008 128 (19.9%) 161 (21.6%) 95 (20.3%) 95 (20.3%)
2009-2011 159 (24.7%) 196 (26.3%) 119 (25.4%) 122 (26.1%)
2012-2017 153 (23.8%) 197 (26.5%) 114 (24.4%) 108 (23.1%)
Missing 5 (0.7%) 15 (2.1%) 5 (1.1%) 6 (1.3%)
June 2022
 | Volume 2 | Article 8
IQR interquartile range (i.e., the interval between the 25th and the 75th percentile).
* ECOG, Eastern Cooperative Oncology Group.
Bold used to highlight statistically significant results.
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The finding of decreased OS in men with metastatic prostate
cancer who had undergone prior RT is in line with the post-hoc
analysis of the Southwest Oncology Group (SWOG) Study 8894
trial, although the SWOG trial was performed in the early era of
prostate specific antigen (PSA) screening and represented a
cohort of patients with an earlier stage of disease and without
prior ADT treatment (1). Also, In our analysis of such cohort, RP
was associated with a decreased risk of developing CRPC after
Frontiers in Urology | www.frontiersin.org 5
adjusting for patient-and disease-specific parameters. In addition
to the selection bias at the time of administering local treatment
before metastasis, these findings might be explained as follows.
First, the PSA at metastasis diagnosis for the RP group was lower
than that of the RT group, which might account for a lead time
bias associated with the early administration of life-prolonging
treatments. In addition to the differences in sensitivity for
detecting biochemical recurrence following RP, as PSA is
TABLE 3 | Association between a) type of local treatment, b) patient and disease-specific parameters and death in the de-identified database after propensity score
matching, 2013-2018 (Hazard ratios (HR), 95% confidence intervals (CI), P-value).

Variables HR 95% CI P

Type of local treatment
RP 1.00 (ref)
RT 1.35 1.10-1.65 0.003

Age 1.03 1.01-1.05 < 0.001
Race
White 1.00 (ref)
Black 1.26 0.89-1.80 0.19
Other 0.79 0.56-1.11 0.17

PSA at index date
< 10 1.00 (ref)
≥10 and < 20 1.13 0.80-1.59 0.49
≥ 20 1.61 1.24-2.09 < 0.001

Gleason score
<8 1.00 (ref)
≥8 1.16 0.94-1.44 0.17

ECOG* performance status score
< 2 1.00 (ref)
≥2 1.41 1.15-1.73 <0.001

Year of primary treatment
2000-2005 1.00 (ref)
2006-2008 0.92 0.69-1.22 0.56
2009-2011 1.01 0.77-1.32 0.94
2012-2017 0.99 0.72-1.36 0.96
June 2022 | Volume 2 | Article
* ECOG, Eastern Cooperative Oncology Group.
Bold used to highlight statistically significant results.
TABLE 2 | Association between a) type of local treatment, b) patient and disease-specific parameters and castrate-resistant state in the de-identified database after
propensity score matching, 2013-2018 (Hazard ratios (HR), 95% confidence intervals (CI), P-value).

Variables HR 95% CI P

Type of local treatment
RP 1.00 (ref)
RT 1.31 1.07-1.61 0.009

Age 1.02 1.00-1.04 0.02
Race
White 1.00 (ref)
Black 1.70 1.18-2.47 0.004
Other 0.84 0.59-1.19 0.325

PSA at index date
<10 1.00 (ref)
≥10 and <20 1.27 0.90-1.81 0.17
≥20 1.32 1.01-1.73 0.039

Gleason score
<8 1.00 (ref)
≥8 1.38 1.11-1.72 0.003

Year of primary treatment
2000-2005 1.00 (ref)
2006-2008 0.90 0.67-1.20 0.465
2009-2011 0.85 0.64-1.12 0.235
2012-2017 0.64 0.47-0.89 0.007
8

Bold used to highlight statistically significant results.
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anticipated to be undetectable following successful treatment as
compared to RT,where residual PSA following treatment is
expected. Second, radiation might play a role in potentiating
the epithelial-mesenchymal transition (EMT), which enhances
cell migration, invasion, and poor response to ADT and
docetaxel (17–19). Also, this might be attributed to the
intratumoral heterogeneity of radiosensitivity; as a result, there
is rapid selection of radiation-resistant cells over the course of
fractionated radiation therapy (20, 21). Finally, the patients in
the RT group were older and had poorer performance status, and
higher comorbidities than those in the RP group, which might
preclude the administration of docetaxel as well as the direct
association of these factors with OS. Nevertheless, we did not
notice any difference in the proportion of patients who received
docetaxelor second-linehormonal therapybetween the twogroups.

To date, level 1 evidence comparing the efficacy of RP and
RT for localized disease is lacking. Wallis et al. conducted a
well-designed meta-analysis that pooled 118,830 patients with
localized prostate cancer and found that RT had a significantly
higher risk of death (OM: HR, 1.63; 95% CI, 1.54–1.73; PCM:
HR, 2.08; 95% CI, 1.76–2.47) (22). Definitely, the data used in
this metanalysis are heterogeneous, and should be cautiously
interpreted as it lacks details of tumor and patients related
factors that might affect overall survival. The results from our
study are consistent with these findings and show that the
type of local treatment used before metastasis might
influence disease behavior after metastasis, and this is usually
unaddressed during patient counsel ing about local
treatment options.

Interestingly, the median overall survival for the RP group
was 38.6 months for the RP group and 27 months for the RT
group, which are comparable to the OS noted in SWOG 8894,
and lower than OS reported by CHAARTED, ENZAMET, and
ARCHES trials (1, 23). This might reflect the fact that over half of
metastatic hormone-sensitive PCa (mHSPC) patients treated in
real-world settings in the USA do not receive intensified first-line
treatment (ADT plus docetaxel or second-line hormone
treatment) (24, 25).

Our study had several limitations that warrant discussion.
First, the Flatiron metastatic prostate cancer database was not
designed to compare the different types of local treatments. In
other words, no detailed information on whether the individual
had RP only or RP followed by RT was available; hence, no
further analyses were conducted to determine the differences
between the two groups. We only assessed whether an individual
had undergone RP or RT. In addition, it does not capture any
data on treatment from the onset of biochemical recurrence until
the development of metastasis. Second, this database included
selection bias, incomplete documentation of the duration and
type of ADT, cause of death, sequence of systematic treatment,
indications to change from one treatment line to another, and
unmeasured confounding factors (education level, medical
literacy, income, and social support). Third, there were missing
data on metastasis location, which precludes the possibility of
assessing the pattern of metastasis after each type of local
treatment and correlating it with the primary endpoints.
Frontiers in Urology | www.frontiersin.org 6
Finally, the performance status and medical comorbidities of
the patients at different time points were not available, and this
may have influenced the decision to receive the type of local
treatment and subsequent treatment; however, we did not notice
any difference in the proportion of patients who received
docetaxel or second-line hormone therapy between the
two groups.
CONCLUSIONS

In this study, real-world data indicated that patients with
metastatic prostate cancer who had undergone prior RP might
have a lower risk of developing a castrate-resistant state and
improved OS compared to patients who had received RT.
Significant amount of bias limits validity and strength of our
findings. Whether type of local treatment influence the disease
behavior remains open question and should be answered only
within randomized trial.
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Supplementary Figure 3 | The Kaplan Meier survival curves by type of local
treatment before propensity score matching.
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Supplementary Table 1 | The follow-up time and the adjusted Kaplan Meier
survival by type of local treatment after propensity score matching.
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