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Abstract

Introduction and Objectives—The clinical significance of ductal prostatic carcinoma has not
been well defined. We utilized a population-based cancer registry to identify a large group of
ductal carcinoma cases to characterize the impact of the ductal subtype on the presentation and
survival of men with prostate cancer.

Methods—A national cancer registry was used to identify incident cases of ductal and acinar
adenocarcinomas from 1996-2006. Clinicopathologic variables were analyzed and Cox
multivariate survival analysis performed. PSA values were available for the years 2004-2006, and
these were used to assess for differences in Gleason grade and serum PSA levels between ductal
and acinar cancers at the time of diagnosis.

Results—A total of 442,881 acinar cases and 371 ductal cases were identified. Ductal cases were
more likely to present with distant disease (12% vs. 4%, p<0.001) and to be poorly differentiated
(50% vs. 32%; p<0.001). Ductal histology was associated with a 30% lowering of the geometric
mean PSA (adjusted coeff.=0.7, 95% CI 0.6-0.8) and a more than two-fold increased odds of
having a PSA<4.0 ng/ml (OR 2.4, 95% CI 1.4-4.0) independent of other clinicopathologic
variables. For those with non-distant disease at diagnosis, ductal histology was associated with a
2.4-fold (CI 1.5-3.8) increased disease-specific mortality.

Conclusions—In the largest series of this histologic subtype, ductal cancers were more likely to
present with advanced stage cancer and a lower PSA, suggesting that timely detection of the
disease is a significant challenge. In addition, those with loco regional disease were more likely to
die of their disease.
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INTRODUCTION

Prostate cancer (PCa) is a disease with a variable clinical course. The histologic Gleason
score is an important factor in risk stratification. The role of variant (non-acinar) PCa
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histologies on outcomes is established for some (e.g., small cell carcinoma) but not all
subtypes.! Ductal adenocarcinoma of the prostate is a histologic subtype initially described
in 1967 with clinical implications that are still not well understood.? Its prevalence in
prostatectomy and biopsy specimens has ranged from 0.4-0.8% for pure ductal and up to
5% for mixed ductal adenocarcinoma.3-5 Histologically, it is characterized by the presence
of tall, pseudostratified columnar epithelium with abundant cytoplasm in a papillary or
cribriform-papillary pattern. It can occur as a pure form or, more often, admixed with the
typical acinar pattern carcinoma. Due to its appearance, ductal adenocarcinoma was
previously thought to arise from Mullerian remnants and possess unique clinical features
related to its origin.” While further analyses have shown that these tumors do arise from
prostatic tissue,® 2 speculation regarding the unique clinical features of this tumor remains.

There has been significant debate regarding whether or not the presence of ductal prostate
cancer carries distinct prognostic implications, but recent evidence has suggested that it may
be more aggressive than acinar adenocarcinoma.1%-13 However, due to the rarity of the
subtype, this observation has been difficult to confirm, as most studies have been limited to
small, single-institution series. In this study, we utilized a population-based cancer registry
to identify a large group of patients with ductal carcinoma and better characterize the impact
of the ductal subtype on the presentation and survival of men with PCa.

Data source and study population

The Surveillance, Epidemiology, and End Results (SEER) Program database was used to
identify the study cohort. SEER collects incident cancer and survival data from seventeen
population-based cancer registries covering approximately 26% of the United States
population. Data from 1996-2006 from all 17 SEER registries were included (San
Francisco-Oakland SMSA, Connecticut, Metropolitan Detroit, Hawaii, lowa, New Mexico,
Seattle (Puget Sound), rural Georgia, Utah, Metropolitan Atlanta, Alaska, San Jose-
Monterey, Los-Angeles, Kentucky, Louisiana, New Jersey, and Greater California).

Cases were identified using International Classification of Diseases for Oncology, 3™
edition (ICD-0O-3) site codes for the prostate. Ductal (8500-8503) and acinar (8550, 8140)
cases were identified by ICD-O-3 histology code.

Data collection and coding

Demographic data collected included age, race, tumor registry, and year of diagnosis. Age
was categorized into 5-year age groups, and race was categorized as white, black or other.
Pathologic data included primary T-stage (clinical stage was used if pathologic stage was
not available), SEER historic stage (localized/regional, distant), nodal status (negative,
positive, not-performed), metastatic status (present/absent), and tumor grade (well,
moderately, poorly/undifferentiated, unknown). Primary treatment was recorded as radical
prostatectomy (RP), radiation therapy (XRT), or other/missing.

For tumor grade, the SEER grading system was used as specific Gleason grades were not
recorded prior to 2004. The SEER grading system uses “well differentiated”, “moderately
differentiated”, and “poorly differentiated”, corresponding to Gleason scores “2-4”, “5-7",
and “8-10", respectively. Gleason score 7 was moved from “moderately differentiated” to
“poorly differentiated” with cases diagnosed after January 1, 2003. For the years 2004—
2006, PSA and Gleason data were also available. Serum PSA was categorized as <4.0, 4.0-
9.9, and =10 ng/ml. Gleason score was categorized as <6, 7, and 8-10. In patients who
underwent RP, the final Gleason grade was utilized. Surgical margin status was not
available, precluding assessment of this parameter. Disease-specific survival (DSS) was
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calculated starting at the date of diagnosis to the date of death due to PCa. If death was not
observed, patients were censored at the date of last follow-up or at the time of death due to
non-PCa causes.

Statistical Analysis

Demographic and pathologic data were compared between ductal and acinar cases with chi-
squared tests. The annual incidence of ductal carcinoma was determined using SEER*Stat
6.6.2 sofware. Annual incidence rates were age-adjusted to the 2000 United States standard
population. The annual percentage change was calculated using weighted least squares
methods. Kaplan-Meier survival curves were generated to compare the unadjusted DSS
experience between ductal and acinar cases. Unadjusted and multivariable Cox regression
was performed to evaluate the disease-specific mortality risk. Covariates included in the
survival analysis were age, grade, clinical stage, nodal status, treatment modality, and race,
and robust standard errors were used. There was evidence for effect modification between
histology and stage (interaction p-value = 0.01); therefore, mortality risk estimates were
reported separately for localized/regional and distant stage disease. We found no evidence
for effect modification by treatment (RP vs. XRT for localized disease, interaction p-value =
0.60). Hazard ratios (HR) are presented along with their 95% confidence intervals (95% CI).

A separate analysis was limited to those diagnosed from 2004-2006 as PSA, Gleason score,
and clinical stage were available for these years. To explore whether those with ductal
tumors were more likely to have lower PSA levels, two regression models were created.
First, a multivariate linear regression analysis was performed predicting serum PSA. PSA
was log-transformed given its non-normal distribution. The predictor of interest was
histology (ductal vs. acinar) adjusting for race, age, Gleason grade, and clinical stage (T1c,
cT2, cT3/4). A second multivariate logistic model was created where the outcome was a
PSA < 4.0 ng/ml adjusting for the same covariates as in the linear model. Statistical analyses
were conducted using Stata software, Version 11 (Stata, Inc., College Station, TX).

A total of 371 patients with ductal adenocarcinoma were identified along with 442,881
patients with acinar adenocarcinoma. Table 1 shows the differences in demographic and
pathologic data. Ductal cases were more commonly seen in men over 70-years (54% vs.
44%, p<0.001), and there were no differences in the distribution by race. Ductal cases
received either RP or XRT less commonly than acinar cases (55% vs. 66%, p < 0.001).
Ductal cases more commonly presented with poorly differentiated (50% vs. 32%, p <0.001)
and distant disease (12% vs. 4%, p <0.001) compared to acinar cases. Those with ductal
tumors more commonly had extracapsular disease (12% vs. 3%, p < 0.001) by clinical
staging. Gleason grade and clinical T stage, available from 2004-2006, were higher in
ductal compared to acinar cases (Table 2). Additionally, among the 137,865 acinar cases and
130 ductal cases who underwent RP and therefore had complete pathologic information
available, ductal cases were more likely to be poorly differentiated (52% vs. 32%, p<0.001).
In RP patients, ductal cases were also more likely to extracapsular disease at the time of RP
(p<0.001). Ductal and acinar cases did not differ significantly in the rates of lymph node
metastases (2.3% vs. 1.9%, p=0.74). The annual incidence of ductal tumors increased from
0.21 per 1,000,000 persons in 1995, to 0.55/1,000,000 persons in 2000, to 0.96 per
1,000,000 persons in 2007. The annual percentage change was 6.78 (95% CI 3.53 — 10.13, p
<0.05).

There was a significant difference in disease-specific survival between ductal and acinar

patients with localized or regional disease (Figure 1). In the univariate analysis (Table 3),
those with non-distant disease with ductal histology had a risk of PCa-specific mortality
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(PCSM) almost 4-times greater than those with acinar tumors (HR 3.9, 95% CI 2.6-5.8).
After adjusting for potential confounders (age, race, grade, clinical T-stage, nodal status, and
treatment modality), the PCSM risk was attenuated but still 2.2-fold higher for those with
ductal histology (95% CI 1.4-3.5). No differences in survival were seen between ductal and
acinar patients with distant disease in either the univariate or multivariate models. PCSM
was too infrequent in the subgroup of patients diagnosed from 2004—2006 for a survival
analysis to be performed.

The multivariate models for PSA controlled for age, gleason sum, clinical stage and race,
and these showed significant differences in serum PSA levels at the time of diagnosis in
ductal vs. acinar cases. In the logistic model for the odds of having a PSA <4.0 ng/ml, those
with ductal histology were 2.4-times more likely to have a PSA <4.0 ng/ml compared to
those with acinar tumors (OR 2.4, 95% CI 1.4-4.0, p = 0.001). In the linear model, (Table
5), those with ductal cancer had a 30% lower geometric mean PSA compared to those with
acinar adenocarcinoma (ratio of geometric means (RGM) = 0.7, 95% CI 0.6 - 0.8, p
<0.001).

DISCUSSION

Historically, ductal PCa was thought to be less aggressive than adenocarcinoma;2 7+ 14
however, current evidence suggests that these patients are at an increased risk of disease
progression.19-13 A number of findings in this study support the hypothesis that ductal
carcinoma is an aggressive PCa subtype. First, ductal adenocarcinomas were significantly
more likely to be poorly differentiated and have metastatic diseases than acinar
adenocarcinomas. Second, in the subset of patients undergoing RP — and therefore with
complete pathologic information — both grade and stage were significantly higher in those
with ductal cancer. Third, patients with localized or regional ductal cancer had a greater than
two-fold increased risk of PCSM compared to patients with acinar carcinoma after adjusting
for relevant clinical and pathologic variables. These findings suggest that the detection of
ductal carcinoma on pathology independently predicts a worse overall prognosis.

A potentially important finding is the apparent decreased PSA secretion of ductal
carcinomas. Evidence for decreased secretion of PSA by ductal prostate cancers has been
reported in smaller series. In a study of 46 patients with metastatic prostate cancer and a
PSA < 2 ng/ml, 9 (20%) were found to have ductal histology — a much higher percentage
than would be expected based on the incidence of ductal cancer.1® Additionally, progression
of disease in a patient with ductal cancer with no evidence of biochemical recurrence was
also observed in another small institutional cohort.18 Although our study could not assess
PSA recurrences after primary therapy, we were able to explore PSA levels at presentation.
After adjusting for relevant clinical and pathologic factors including stage and grade, the
mean PSA levels were 30% lower in patients with ductal cancer. While others have found
similar PSA levels between ductal and acinar cases,” no prior study has assessed PSA
expression within a multivariate analysis. We also assessed the likelihood of patients with
ductal cancers having a PSA <4.0 ng/ml, a commonly used cut-point in determining whether
or not a prostate needle biopsy should be performed. In the multivariable analysis, patients
with ductal carcinoma were 2.4 times more likely to have a PSA below 4.0 ng/ml,
suggesting these cancers are less likely to be detected by PSA screening than acinar
adenocarcinomas. This difference in serum PSA could be related to some ductal cancers
being identified during endoscopic resection of a urethral polyp, but it may also be due to
the pattern of tumor growth within the prostatic ducts leading to a relative increase in
luminal PSA secretion and decrease in serum PSA secretion. Additionally, while PSA
expression itself may be reduced in ductal tumors, further studies are necessary to assess this
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hypothesis. The decreased likelihood of identifying these tumors by PSA screening may
play a role in the increased aggressiveness of ductal cancers due to a delay in diagnosis.

The unique attributes of ductal prostate cancer have been demonstrated in multiple studies.
Unlike acinar adenocarcinoma, ductal cancers may present as a urethral polyp and are
sometimes diagnosed on transurethral biopsy.* 18 19 However, ductal cancers diagnosed on
urethral biopsy are only rarely confined to the urethra.1® Additionally, cancers with ductal
histology are generally found to have an acinar component as well.3: 5 In a recently
published study, Tu etal.2% showed that, in their cohort of patients, there was a correlation
between the composition of the ductal carcinoma (pure versus mixed) and the overall
mortality and risk of metastasis. The mixed ductal prostate cancers appeared to be associated
with an increased risk of metastasis and increased overall mortality compared with pure
ductal carcinomas. They reported a median 8.9 year overall survival in their cohort of 50
patients who underwent surgery for mixed ductal carcinoma versus 13.8 years in 25 patients
with pure ductal histology. The presence of any amount of ductal histology has also been
found to be a predictor of extraprostatic extension at radical prostatectomy.1” Unlike acinar
carcinoma, ductal cancers often spread to visceral organs such as the lungs and liver, and a
number of patients with testicular or penile metastases have been reported.8: 16. 21, 22

There are a number of limitations to this study. First, although overall case ascertainment is
near 100% in SEER, misclassified or missing data points introduce unmeasured bias. For
example, SEER does not differentiate between mixed and pure ductal carcinoma, and
therefore we were not able to separate these two entities. Central review of pathology was
not possible and variation in pathologic interpretation may have introduced misclassification
bias. It is also possible that ductal cancers were underreported in the SEER database, with
some of the mixed ductal carcinomas being miscategorized as acinar adenocarcinomas.
Second, comorbidity and secondary treatment data are not available. Third, tumor grade is
reported as well, moderately, and poorly differentiated, limiting evaluation of histologic
grade across the entire study cohort. However, analysis of patients with complete Gleason
grade information — those diagnosed from 2004-2006 — showed that both grade and stage
were higher in ductal relative to acinar tumors. Likely due to an insufficient number of
events, no difference in PCSM was observed in this subgroup. Finally, as a retrospective
study, there may have been unrecognized differences between the ductal and acinar groups
for which we were unable to control.

CONCLUSION

In this large study of ductal carcinoma, we characterize a rare but important subtype of
prostate cancer. The findings in this study lend support to the more aggressive natural
history of ductal adenocarcinomas when compared to acinar adenocarcinomas. Ductal
adenocarcinomas are more likely to be high grade and present with distant disease, and they
carry a significantly increased mortality risk in those with locoregional disease independent
of pathologic variables and treatment. We also found that the incidence of ductal carcinoma
has statistically increased over the past 10 years. Whether this represents an increase in the
recognition of this distinct tumor or an actual increase in this tumor histology cannot be
determined in this analysis. In addition, serum PSA levels were found to be significantly
lower in patients with ductal compared to acinar cancer, and this could adversely impact the
detection of ductal carcinomas. Further prospective research will be needed to confirm the
findings in this study and potentially help identify the factors responsible for the observed
differences between ductal and acinar prostate cancers.
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Figure 1.

Kaplan-Meier analysis for disease-specific survival by tumor histology in patients with
localized or regional cancer. Patients with ductal adenocarcinoma had a significantly lower
prostate cancer-specific survival than patients with acinar adenocarcinoma (p<0.001).
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