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Abstract

Background—cClinical stage T2c (cT2c) is an indeterminate factor in prostate cancer (PC) risk
stratification. In D’ Amico grouping and AUA guidelines, cT2c is high-risk, whereas NCCN and
EAU classify cT2c as intermediate-risk. We assessed whether cT2¢ tumors, without other high-
risk factors (cT2c not otherwise specified (cT2c-nos)), behave as intermediate or high-risk by
analyzing biochemical recurrence (BCR) after radical prostatectomy.

Methods—We analyzed 2,759 men from SEARCH and 12,900 men from Johns Hopkins
Hospital (JHH) from 1988-2011 and 1982-2012, respectively. Patients were grouped into low
(PSA<10ng/mL, Gleason sum<6, and cT1-T?2a), intermediate (PSA 10-20ng/mL, Gleason sum 7,
or ¢T2b) and high-risk PC (PSA>20ng/mL, Gleason sum 8-10, or ¢cT3). Men with cT2¢c who were
not otherwise high-risk (i.e. PSA<20 ng/mL and Gleason sum<8) were placed into a separate
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category termed cT2c -nos. Associations between cT2c-nos and intermediate-risk, and high-risk
patients and BCR were tested using log-rank test and Cox proportional analyses models.

Results—99 men (4%) from SEARCH and 202 (2%) from JHH were cT2c-nos. cT2c-nos
patients had similar BCR risk as intermediate-risk (SEARCH p=0.27; JHH p=0.23), but
significantly lower BCR vs. high-risk (SEARCH p<0.001; JHH p<0.001). When specifically
compared to intermediate and high-risk patients, and after adjusting for year and center, cT2c-nos
patients had outcomes comparable to intermediate-risk (SEARCH p=0.53; JHH p=0.54), but
significantly better than high-risk patients (SEARCH p=0.003; JHH p<0.001).

Conclusions—nPatients with cT2c without other high-risk features had similar outcomes as
intermediate-risk and significantly better than high-risk PC. These findings suggest men with cT2¢c
should be considered intermediate-risk.
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INTRODUCTION

In 2008 there were an estimated 899,000 new cases of prostate cancer (PC) and 258,000
deaths worldwide; 72% of the cases and 53% of the deaths occurred in developed countries.
D’Amico et al. previously developed a risk stratification grouping that defined low
(prostate-specific antigen (PSA) <10 ng/ml and Gleason sum 6 and clinical stage T1 or T2a)
intermediate (PSA 10-20 ng/ml or Gleason sum 7 or clinical stage T2b) and high-risk (PSA
>20 ng/ml or biopsy Gleason sum 8-10 or clinical stage =T2c disease) PC, which was
shown to be predictive of biochemical recurrence (BCR) and cancer specific mortality rates
following radical prostatectomy (RP), external beam radiation therapy (EBRT) or
brachytherapy.2 Oncologic and urologic governing bodies, including the National
Comprehensive Cancer Network (NCCN), American Urological Association (AUA) and
European Urological Association (EAU), have also incorporated PC risk stratification
schema into their specific guidelines.3-°

Although PC guidelines are similar among the NCCN, AUA and EAU, inconsistent
classification of clinical stage T2c (cT2c) exists. According to the original D’Amico risk
stratification schema and the AUA guidelines, cT2c is defined as high-risk, whereas the
NCCN and EAU guidelines classify cT2c as intermediate-risk.2-> Though many clinicians
in clinical practice have moved away from a three-tiered risk stratification category towards
multivariable models, most guidelines continue to use three-tiered risk groupings. As such,
what are the clinical implications of classifying cT2c patients as either intermediate- or high-
risk for recurrence after primary treatment? Differences in classification may determine the
extent of lymph node dissection at the time of RP, the duration of androgen deprivation
therapy (ADT) given concomitantly with EBRT, or eligibility for enrolment in clinical trials.
Furthermore, as diagnostic work up with the use of magnetic resonance imaging continues
to escalate, clinical staging may become more significant.5-8
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Since determining whether cT2c is intermediate- or high-risk has important implications for
treatment decisions, it is essential to define what exact risks cT2c portends. The objective of
this study was to assess whether cT2c tumors (without associated other high-risk factors for
PSA or biopsy Gleason sum) behave as intermediate- or high-risk by analyzing BCR after
RP. Using the United States’ Veterans Affairs Medical Center based Shared Equal Access
Regional Cancer Hospital (SEARCH) database and a tertiary-care referral center (Johns
Hopkins Hospital (JHH)) we tested the hypothesis that men with ¢T2c tumors behave
similarly to intermediate-risk PC patients.

MATERIALS AND METHODS
SEARCH Database Study Population

After obtaining Institutional Review Board approval, data on patients treated with RP from
1988 to 2011 at Veterans Affairs Medical Centers in West Los Angeles, San Diego and Palo
Alto, California; Durham and Asheville, North Carolina; and Augusta, Georgia, were
combined into the SEARCH database.® This database includes information on patient age at
the time of surgery, race, height, weight, clinical stage, grade of cancer on diagnostic
biopsies, preoperative serum PSA value, surgical specimen pathology (specimen weight,
tumor grade, tumor volume, stage and surgical margin status), and follow-up serum PSA
data. Patients that were treated with either preoperative ADT or radiation therapy were
excluded from the database. Clinical T stage was determined by preoperative digital rectal
examination. Specifically, cT2c categorization was based on bilateral palpable disease as per
the digital rectal examination and not based on biopsy findings in a patient without bilateral
palpable disease. Biochemical recurrence was defined as a single PSA above 0.2 ng/mL, 2
concentrations at 0.2 ng/mL or secondary treatment for an elevated PSA.

Of the 3,928 patients in the SEARCH Database, we excluded 202 patients with missing data
for preoperative serum PSA values, 428 patients with missing data for biopsy Gleason score,
538 patients with missing data for clinical stage, and one patient for missing data for
ethnicity, resulting in a study population of 2,759 patients. There were 22 patients without
follow-up data that were not included in BCR analysis. Patients were grouped into low (PSA
<10 ng/mL, Gleason sum <6, and cT1-T2a), intermediate (PSA 10-20 ng/mL, Gleason sum
7, or cT2b) and high-risk PC (PSA > 20 ng/mL, Gleason sum 8-10, or cT3). Men with
clinical stage T2c but who were not otherwise high-risk (i.e. PSA <20 ng/mL and Gleason
sum <8) were placed into their own separate category termed cT2c, not otherwise specified
(cT2c-nos).

Johns Hopkins Hospital Study Population

After obtaining IRB approval and informed consent when appropriate, consecutive patients
treated with RP from 1982 to 2012 at JHH were identified (n=20,795). Men that were
treated with either preoperative hormonal therapy or radiation therapy were excluded
(n=274). We also excluded patients with missing data for preoperative serum PSA, biopsy
Gleason score, clinical stage, and patients with missing data for determining BCR (PSA =
0.2 ng/mL) (n=7621), resulting in a study population of 12,900 patients. Patients were
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grouped into four risk groups as described above. Both databases undergo routine quality
checks to ensure data accuracy.

Statistical Analysis

RESULTS

The distribution of clinicopathologic characteristics for cT2c-nos patients and PC disease
risk groups was compared using chi-square analysis for categorical variables, and ANOVA
or Kruskal-Wallis test for continuous variables. BCR was examined using the cumulative
incidence method, and comparisons between cT2c-nos patients and intermediate and high-
risk patients were performed using log-rank test. The association between PC disease risk
groups and time to BCR was examined using competing risk Cox proportional hazards
analyses. Furthermore, since 1998 (early PSA era), stage and grade migration has occurred
and thus PC disease risk groups were stratified by year (<1998 and >1998) and time to BCR
was examined using Cox proportional hazards analyses. Given changes in PC over the years
we mutually adjusted for year of surgery (continuous). To adjust for case mix among the
centers in SEARCH we included a categorical term for each center (SEARCH only). All
statistical analyses were performed using STATA 13.0 (Stata Corp., College Station, Texas)
with p<0.05 defined as statistically significant.

Baseline Patient Characteristics

Table 1 lists the clinicopathological characteristics of the patient population as stratified by
disease risk group and database (SEARCH vs. JHH). In the SEARCH database, there were
1,124 (41%) low-risk, 1,082 (39%) intermediate-risk and 454 (16%) high-risk patients, and
99 (4%) patients with cT2c-nos tumors. In the JHH cohort, there were 7,541 (58%) low-risk,
4,210 (33%) intermediate-risk and 947 (7%) high-risk patients, and 202 (2%) patients with
cT2c-nos tumors. In both the SEARCH and JHH cohort, patients with increasingly higher
risk disease were older (p<0.001) and had higher serum PSA levels (p<0.001). Furthermore,
black patients were more likely to have high-risk disease and white patients were more
likely to be cT2c-nos (SEARCH p=0.048; JHH p<0.001). Patients with cT2c-nos had
median preoperative serum PSA values more comparable to intermediate than high-risk
patients (Table 1).

Prostate Cancer Risk Groups and BCR

During a median follow-up of 66 months (IQR: 34-101 months) for the SEARCH cohort
there were 247 (22%) low-risk, 432 (40%) intermediate-risk and 231 (51%) high-risk
patients, and 37 (37%) cT2c-nos patients that experienced BCR. During a median follow-up
of 48 months (IQR: 24-108 months) for the JHH cohort there were 424 (6%) low-risk, 870
(21%) intermediate-risk and 463 (49%) high-risk patients, and 60 (30%) cT2c-nos patients
that experienced BCR. As expected, patients with high-risk disease had the worst outcomes,
those with low-risk the best and those with intermediate risk were in the middle. When
examining cT2c-nos patients, they had similar BCR risk as intermediate-risk patients (log-
rank; SEARCH p=0.27; JHH p=0.23), but significantly lower BCR risk compared to high-
risk patients (log-rank; SEARCH p<0.001; JHH p<0.001) (Figure 1A-B).
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Overall patterns were unchanged after adjusting for year and surgical center (Table 2).
Specifically, high-risk men did the worst with intermediate doing worse than low-risk. Of
note, relative to low-risk patients, the HRs for BCR for the cT2c-nos patients were nearly
identical to those for intermediate-risk disease (SEARCH HR=1.89 vs. 2.21; Hopkins
HR=4.26 vs. 3.93). When specifically compared to intermediate- and high-risk patients, and
after adjusting for year and center, again, cT2c-nos patients had outcomes comparable to
intermediate-risk (SEARCH p=0.53; Hopkins p=0.54), but significantly better than high-risk
patients (SEARCH p=0.003; Hopkins p<0.001; Table 3).

When assessing risk of BCR among PC risk groups stratified by year of surgery, cT2c-nos
patients were similar in BCR risk to intermediate-risk patients in both cohorts and both time
periods (all HR 0.91-1.23, all p=0.39) (Supplementary Table 1 and 2). In contrast, cT2c-nos
patients had better outcomes than high-risk patients in both cohorts and both eras (all HR
<0.62), though due to small numbers of some of these subsets, the results did not always
reach statistical significance (all p<0.14).

DISCUSSION

Given the discordance between various guidelines of whether cT2c PC should be classified
as intermediate- or high-risk disease, we sought to analyze two large patient cohorts to
further delineate the true behavior of cT2c tumors. We unequivocally found that cT2c-nos
tumors were more closely congruent with intermediate-risk patients when assessing for BCR
after RP. The two patient populations analyzed (SEARCH - veteran population; JHH —
tertiary referral center) were demographically distinct and provide a degree of
generalizability for these findings. Our findings also corroborate the findings from the
CaPSURE group of community-based men that those with cT2c disease do not warrant
high-risk classification.10

Pre-treatment risk stratification of PC patients allows clinicians to tailor treatment
algorithms appropriately and counsel patients regarding treatment expectations, risk of
recurrence and probability of disease progression. However, three of the most common
groups that issue PC guidelines have incongruent definitions of what characteristics portend
high-risk disease. The AUA, based upon the original D’Amico risk grouping, classifies
high-risk patients as cT2c or Gleason 8-10 or PSA > 20 ng/mL.24 Conversely, the EAU and
NCCN classify high-risk patients as cT3a or Gleason score 8-10 or PSA >20 ng/mL.35
These differences in classification can make comparison of studies and clinical trial
outcomes difficult due to the heterogeneity of the patient populations.

Previous studies have suggested that clinical staging of PC is often inaccurate and that
clinical stage may add minimal information when risk stratifying patients.11-13 To overcome
these limitations, other risk stratification schemas have been proposed and externally
validated to provide more accurate risk assessment.14-20 For example, Cancer of the
Prostate Risk Assessment Score (CAPRA) provides a predictor of disease recurrence after
RP and incorporates PSA, biopsy Gleason score, clinical T stage, percent positive biopsy
and age into the point-calculated algorithm.1% In the initial analysis of 1,439 men with PC,
the authors reported a concordance index of 0.66; in this cohort clinical stage T1 and T2
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patients were given equal point weighting. Subsequently, the CAPRA score was externally
validated using the SEARCH database population with a reported concordance index of
0.68.16 Many other models and nomograms to predict recurrence have been published and
validated, which all use multivariable models not just segregating patients into low,
intermediate, and high-risk.21-22 More recent studies have incorporated molecular markers
to improve contemporary risk stratification,18-20

Despite these advances in PC risk stratification, particularly at the molecular level, clinical
stage remains an integral entity for risk stratification and has important clinical implications.
Firstly, the EAU and NCCN have specific guidelines for determining the indication for
pelvic lymph node dissection (PLND) at the time of RP, both of which utilize clinical stage
in their algorithm. The EAU recommends a PLND for patients with a >7% risk of lymph
node invasion (LNI), calculated using the Briganti et al. nomogram; this nomogram takes
into account clinical stage, PSA and Gleason biopsy score.23 NCCN utilizes the Cagiannos
et al. nomogram to assess whether patients would benefit from a PLND.24 Patients with a
>2% risk of LNI are recommended to have a PLND, which is calculated based on the
patient’s pre-treatment PSA, age, biopsy primary and secondary Gleason grade, number of
positive biopsy cores, and clinical tumor stage. Secondly, clinical tumor stage is also
important for patients who choose EBRT as their primary treatment. Patients who have
intermediate-risk PC typically receive 4—6 months of ADT, while those with high-risk
disease receive = 2 years of ADT. Multiple randomized controlled trials, including those
from the Radiation Therapy Oncology Group (RTOG) and European Organization for
Research and Treatment of Cancer (EORTC) have demonstrated a survival and progression
benefit for patients with more extensive localized disease to receive longer duration
ADT.25-28 However, inaccurately upstaging a patient’s risk based on clinical stage subjects
the patient to longer-term ADT and the potential long-term consequences of prolonged
ADT.2%-30 Thirdly, whether a patient is classified as intermediate- or high-risk may
determine clinical trial eligibility and recruitment. For example, our finding that cT2c
behaves more like intermediate-risk means these men should not be included in trials for
high-risk men. Doing so would not only expose these men to potentially more toxic
treatments than their disease aggressiveness would warrant but also means enrolling a lower
risk cohort than desired which leads to fewer end-points reached, long time for study follow-
up, and potentially underpowering the clinical trial. As such, our findings regarding the
prognostic value of cT2c¢ have multiple important clinical implications.

The strengths of the current study include the patient diversity of the two datasets with
mature, well-established, long-term detailed outcome data. The main limitation of the
current study is its retrospective design. In addition, cT2c is uncommon and there is
recognizable interobserver variability associated with a digital rectal examination to
determine clinical stage. Finally, we acknowledge that these are surgical data and may not
directly apply to patients managed with radiation. A recent study highlights the
heterogeneous behavior of intermediate-risk PC in men undergoing dose-escalated EBRT31,
suggesting that patients with favorable intermediate-risk PC may only need monotherapy
comparable to low-risk PC, whereas men with unfavorable intermediate-risk PC may need
combination ADT similar to high-risk PC.
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CONCLUSIONS

Among patients undergoing RP, risk of BCR for patients with clinical stage T2c disease was
comparable to men with intermediate-risk disease and significantly better than men with
high-risk PC. These findings suggest men with cT2c PC should be counseled appropriately
and offered treatment options for intermediate-risk disease. Classifying patients with cT2c
as intermediate-risk and standardizing risk stratification between the AUA, EAU and NCCN
will allow meaningful and accurate comparison of clinical outcomes across studies. With
recent advances in genomics and pre-treatment staging imaging, the long-term durability of
clinical staging remains to be determined, however at the present time, PC risk stratification
governing bodies may consider reclassification of cT2c to intermediate-risk disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cumulative incidence curve of biochemical recurrence by prostate cancer risk for (A) the
SEARCH database and (B) Johns Hopkins Hospital.
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Table 3

Comparison of biochemical recurrence among patients undergoing radical prostatectomy with intermediate-
risk or high-risk disease or cT2c disease, not otherwise specified with competing risk of death.

SEARCH Database Johns Hopkins Hospital
Risk Multivariable HR (95% CI)*  Pvalue  Multivariable HR (95% C1)** P value
Intermediate Reference - Reference -
cT2c-nos 0.95 (0.80, 1.12) 0.53 1.08 (0.84, 1.40) 0.54
High Reference - Reference -
cT2c-nos 0.59 (0.42, 0.84) 0.003 0.39 (0.30, 0.51) <0.001

SEARCH = Shared Equal Access Regional Cancer Hospital; HR = hazard ratio; Cl = confidence interval
*
Cox proportional hazards analysis adjusted for year of surgery and center

* %
Cox proportional hazards analysis adjusted for year of surgery
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