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Abstract

OBJECTIVE—To study if prostatic ductal adenocarcinoma (PDA) controlled by Grade Group
(GG), PSA, and tumor volume (TV) is an independent predictor of adverse radical prostatectomy
(RP) outcomes.

MATERIALS—One-hundred and twenty-eight PDA and 1141 acinar continuous RPs were
studied. Each tumor nodule (TN) was individually graded, staged, and its TV measured.
Univariate analysis (UVA) identified features associated with lymph node metastasis (LN+),
extraprostatic extension (EPE), positive surgical margins (SM+), and seminal vesicle invasion (SV
+). We then assessed PDA effect on RP outcomes in a multivariate analysis (MVA).

RESULTS—In 127 cases PDA was present in 1 TN and no TN was pure PDA. One-hundred and
twenty-three cases had PDA in TNs with highest grade, stage, and TV. Patients with PDA were
older (65 vs 63 years, P< 0.001), had higher GG (P< 0.001), and LN+ (6.3% vs 2.7%, P = 0.049).
Controlling these variables by GG eliminated statistical significance. Overall, there were 3249
separate TNs (129 PDA and 3120 acinar). In UVA, PDA predicted EPE (92/124 vs 517/3045), SV
+(28/ 1129 vs 116/3,120), and SM+ (51/129 vs 296/3120), all £< 0.001. In MVA, PDA lost its
effect on EPE (OR =0.88, P=0.64), SM+ (OR =0.86, P=0.5), and SV+ (OR =0.99, £=0.98).

CONCLUSION—Caontrolled for grade and TV, PDA was not an independent predictor of adverse
RP outcomes, but former 2 were. Hence, higher GG and TV associated with PDA TNs may be
predictive of adverse RP outcomes rather than PDA by itself. These conclusions may be used in
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preoperative risk stratification and definitive therapy planning when PDA is identified on needle
biopsy. UROLOGY 137: 108-114, 2020.

Prostatic ductal adenocarcinoma (PDA) was first described by Melicow et al in 1967 as a
distinct malignant neoplasm that was microscopically reminiscent of uterine
adenocarcinoma and authors hypothesized its Mullerian origin.! PDA is no longer
considered of Mullerian origin but of prostatic epithelial origin in either large periurethral or
peripheral prostatic ducts. Pure PDA arising from the area of veru montanum with exophytic
growth pattern and urinary retention symptoms at presentation is relatively rare and
responsible for only 1.3% of prostate cancer (PCa).2 In contrast, carcinoma involving
peripheral zone with PDA intimately admixed with prostatic acinar adenocarcinoma (PAA)
is more prevalent and reported in ranges varying from 3.8% to 13.4% by different authors.
3-7 PDA is considered a high-grade variant of PCa and assigned a Gleason pattern 4 or 5 if
necrosis is present.8-10

Although several publications have suggested worse surgical outcomes for patients with
PDA including extraprostatic extension (EPE), seminal vesicle invasion (SV+), higher
incidence of positive surgical margins (SM+), higher rate of regional lymph node (LN)
metastases, and earlier biochemical recurrence,*>:19.11 3 contemporary comprehensive
analysis of cases with assessment of individual TNs and accounting for Grade Groups (GG)
and tumor volume (TV) was not performed. Herein we present the results of a study where
we performed such a detailed analysis with focused pathology re-review after the most
recent updates on PCa grading in 2014.8:912.13 The conclusions of this study may be used in
preoperative risk stratification and definitive therapy planning when PDA is identified on
needle biopsy.

MATERIALS AND METHODS

We reviewed 1303 consecutive radical prostatectomies (RP) performed at the University of
Miami from 2014 to 2019. The latest preoperative PSA was extracted from the charts. Every
specimen was oriented, inked in 2 colors (right and left), and weighed without seminal
vesicle.14-17 All prostates were serially sectioned from apex to base at 0.3 cm interval and
entirely submitted for histologic examination as quadrants in regular size cassettes. The
bladder neck and apex margins were submitted as perpendicular sections. The entire SV or
its proximal portion, if larger than cassette size, was submitted for histological analysis.
After manual dissection of LNs, the entire adipose tissue was submitted for histological
analysis.18 All cases were reviewed by a single genitourinary pathologist (ONK). PSA
density (PSAD) was calculated by dividing preoperative PSA by prostate weight without
seminal vesicles.16

We defined separate TNSs as those located at least 0.3 cm from each other in a plane section
or at least 0.4 cm apart on adjacent sections.16:17 Each TN was mapped, staged, and its TV
assessed by formula [TV = mm? x 3 (tissue thickness) x 1.12 (shrinkage coefficient)].
16,17.19 |nvasion of the bladder neck was defined as the presence of cauterized carcinoma at
the inked margin in an area with thick muscle bundles of muscularis propria in the
perpendicularly submitted sections of the prostate base and considered a nonfocal EPE.8
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TNs with SM+ at the apex without evidence of adipose tissue invasion, as well as tumors
with SM+ in the area of intraprostatic incision where the presence of EPE could not be
assessed, were staged as pT2+. SV+ was documented when PCa invaded muscular wall of
the SV with at least three fourths of the latter outside the prostate. Patients with neoadjuvant
therapy were excluded from the study.

While several morphologic patterns including single glands, cribriform structures, and solid
tumor nests were described in PDA,3:>9 the presence of tall pseudostratified columnar
epithelium forming true papillary fronds usually within a cystic space was used as the most
relevant diagnostic criterion for PDA (Fig. 1).32:10 The differential diagnosis included PIN-
like ductal adenocarcinoma which was assigned a Gleason score (GS) 3 + 3 =6 (GGL1) and
an intraductal spread of prostatic adenocarcinoma (not graded) when the morphologic
findings met the corresponding diagnostic criteria.2:29 PDA was assigned pattern 4 or 5 if
necrosis was present.3:8:9.13 For each TN grading, PDA was added to a percentage of pattern
4 or 5 to assign the GG base on contemporary recommendations.89:13 Tertiary pattern
(minor high-grade component) was defined as a minor (<5%) Gleason pattern 5 component
iNGS3+4=7(GG2) and GS 4 + 3 =7 (GG3) TNs only.8:%21 We assigned GS 3 + 4 =7
(GG2) for TNs where percentage of Gleason pattern 4 was < 5%.2!

First, we assessed statistical differences between PDA and PAA groups based on patient age,
prostate weight, number and location of TNs, and rate of regional LN metastases. We
continued comparison between the 2 groups for all statistically significant variables
stratifying for the patients’ TN with the highest GG per RP. Analysis of incidence of
regional LN metastases between the 2 groups was performed after exclusion of all GS 3 + 3
= 6 (GG1) cancers with a notion that those contemporarily graded tumors are unlikely to
metastasize.2? We conducted a univariate analysis where each TN was considered an
independent variable to assess the association of preoperative PSA, PSAD, PDA, GG, and
TV with EPE, SV+, and SM+ in each TN. We then conducted a multivariate analysis based
on a multiple-effects generalized linear model because of the variable number of TNs in the
RPs. In a multivariate analysis, we included all variables statistically significant in a
univariate analysis and used each TN as an independent variable to assess PDA impact on
EPE, SM+, and SV invasion controlled for TV and GG. Since PSAD is a ratio of PSA and
prostate weigh, we tested 2 multivariate models including either PSAD or the latter 2
variables. Finally, we compared TNs with and without PDA by assigning a score of 1 for
EPE, SV+, and SM+. The means of these summary scores were compared in grade-matched
cohorts. GG4 and 5 we combined for analysis in view of sparsity of GG4 TNs with PDA. P
values were obtained by Chi-square test and Student’s t-test. Statistical analysis was
conducted using SAS v9.4. All tests were 2-sided and P < .05 designated statistical
significance. The study was approved by the University of Miami Institutional Review
Board (20140785).

We excluded patients with neoadjuvant hormonal therapy (n = 25, 2 of these had no
hormonal therapy effect with 1 featuring the presence of PDA), no residual carcinoma at RP
without neoadjuvant therapy/vanishing cancer (n = 5), no residual carcinoma after
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neoadjuvant hormonal therapy (n = 1), small cell carcinoma (n = 1), well differentiated
neuroendocrine tumor/carcinoid tumor (n = 1), and peripheral gland adenosis and no PCa at
RP (n = 1).23 This left a final cohort of 1269 treatment naive patients with detailed
pathological RP examination for the statistical analysis. PDA was present in 128 (10.1%)
cases. One man had 2 separate TNs with PDA-smaller Gleason score 4 + 3 = 7 (0.21 cm3)
TN involving left posterolateral zone and larger 3 + 4 = 7 (0.39 cm3) TN involving right-to-
left anterior mid, both TNs were organ-confined. Thus, there was 129 TNs with PDA. One-
thousand-one-hundred and forty-one men with PAA had 3120 discrete TNs (Table 1). None
of the PDA TNs was centrally located in the periurethral area and no TN had pure ductal
morphology. From a total of 129 discrete TNs with the PDA component, 23 (17.8%) were
graded as GS 3 +4 =7 (GG2), 40 (31.0%) as GS 4+ 3 =7 (GG3), 7 (5.4%) asGS 4+ 4 =38
(GG4), and 59 (45.8%) as different combinations of patterns 4 and 5 (GG5). Tertiary pattern
5 (minor high-grade component) was present in 4 (17%) case of GS 3 + 4 =7 and 9 (22.5%)
case of GS 4 + 3 =7. In no PDA TN, the high-grade component was composed of ductal
cancer alone and there was always the presence of acinar pattern 4 and/or 5 in association
with PDA. Overall, 32 of 129 (24.8%) TN’s with PDA were organ-confined. We found EPE
in 91/129 (70.5%) TNs with PDA. Among PDA TNs, SV+ and SM+ were identified in 28
(21.7%) and 51 (39.5%), respectively. PDA TNs included 5 (3.9%) cases where SM+ was
present in the area of intraprostatic incision (pT2+; Table 1). In all cases with carcinoma
extending to the surgical resection margin at the prostate base (bladder neck) including both
ductal and acinar cases, there were no prostatic glands (ie, intraprostatic incision) at the level
of positive margin and all cases were considered a pT3a disease. In the majority of men
(123/128, 96%), PDA was present in the TN with the largest TV, and highest stage and
grade. In 1 man, nearly 4 times larger Gleason score 5 + 4 = 9 dominant TN had mucinous
features and Gleason score 4 + 5 = 9 smaller contralateral TN had PDA component, both
TNs had EPE. Four men had TNs without PDA with Gleason score 4 + 5 = 9 and PDA was
in TNs with Gleason score4+3 =7 (n=3)and 3+ 4 =7 (n=1). In 1 of these 4 cases, GS 4
+3 =7 (GG3) PDA TN had 10 times larger volume with associated EPE in contrast to
organ-confined smaller volume GS 4 + 5 =9 (GG5) TN. In 28 (21.9%) cases, PDA was
present in anterior TNs, 57 (44.2%) PDA TNs involved the posterior/peripheral gland, 24
(18.6%) PDA TNs extended from anterior to posterior gland, 20 (15.5%) extensively
involved the gland bilaterally. In univariate analysis comparing PDA and PAA TNs, the
former were larger, had more frequent EPE, SV+, and M+, had higher grade even after
Gleason score 3 + 3 =6 (GGL1) case were excluded, and had different spatial distribution in
the gland with the tendency to a less compartmentalized disease (all £<.001).

In comparison to the 901 men in PAA group, when 240 (21%) patients with GS3 +3 =6
(GG1) cancers were excluded, patients with PDA were older (median: 65 vs 63 years, P
<.001), had more frequent extensive bilateral disease (15.6% vs 6%, P< .001), higher GG
(P<.001), and more frequent LN metastases (6.3% vs 2.7%, P=.049). PSA (6.7 in PAA (n
=831) vs 7.7 in PDA (n=124), median, A= .1) and PSAD (0.16 in PAA vs .18 in PDA,
median, P=.2) were not significantly different between the 2 groups. However, after
controlling for the GG of the TN with the highest grade per RP, all differences except GG
distribution became insignificant (Table 2). Median prostate weight (44.2 vs 43.0, P=.14)
and number of TNs (2, both, P=.09) per case did not differ significantly between the 2
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groups. No LN metastases were present in patients with GS3+3 =6 (GG1l) and GS3 + 4 =
7 (GG2) cases.

In a univariate analysis of 3249 discrete TNs (129 PDA and 3120 PAA), presence of PDA,
higher GS (GG), preoperative PSA, PSAD, and increasing TV were directly associated with
EPE, SV+, and SM+ (all P=.001). However, in a multivariate analysis based on a multiple-
effects generalized linear model where the effect of PDA on adverse RP outcomes was
controlled by GG, TV, and PSA or PSAD, the presence of PDA component and PSA-based
variables lost their independent statistically significant impact on EPE, SV+, and SM+ but
GG and TV retained their independent significance (Table 3). The results of a multivariate
analysis are visually reflected in the forest plots in the supplement figure.

Finally, when we compared the means of the summary scores (1 score assigned for EPE, SV
+, and SM+), there were differences between GG2 and 3 TNs with and without PDA.
However, in these 2 groups the average TV was close to twice larger in PDA TNs (5.18 cm3
vs 3.48 cm?3). When we accounted for the TV, the presence of PDA was not associated with
a higher likelihood of adverse RP outcomes.

DISCUSSION

PDA is considered a high-grade prostatic malignancy associated with adverse surgical
outcomes in RP and aggressive clinical behavior.#>10.11 Unlike other histological variants
of PCa (eg, mucinous, atrophic, foamy etc.), where the cancer is graded based on the
underlying histological architecture, PDA is graded at least pattern 4 and pattern 5 is
assigned in the presence of necrosis.8-10:13 |n addition to a distinct morphology, PDA may
retain scatted basal cells which are usually not present in PAA and differences in
immunohistochemical expression have also been reported.” However, in this study we
demonstrate that PDA does not have a significant independent risk of EPE, SV+, SM+, and
LN+ at RP by itself but rather its adverse surgical outcomes are determined by higher GG
and TV of TNs harboring PDA.

We assigned a GS for each TN and included PDA in the percentage of pattern 4 or 5 per TN.
We did not use the percentage of PDA as a separate variable. However, in several studies,
other authors undertook such analysis with somewhat contradictory results. Samaratunga et
al, analyzed34 cases with PDA comprising from 5% to 100% of the total TV, and concluded
that the percentage of PDA did not correlate with likelihood of EPE (pT3).2 In contrast, Jang
et al, after analysis of 101 PDA cases, suggested higher T-stage and shorter biochemical
recurrence period for mixed tumors with a PDA component exceeding 30%.4 Although both
studies performed a multivariate analysis, the latter did not include TV in the multivariate
analysis and the former included GS6 (GG1) cases in the control group and did not separate
GS3+4=7(GG2) and GS 4 + 3 =7 (GG3) as distinct groups which may have resulted in
the different conclusions. In our cohort, all TNs with PDA demonstrated an intimately
admixed high grade PAA component and 97% of those TNs with PDA component had the
highest GG, stage, and largest TV in the RP specimen.
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We found PDA in 10.1% of patients on consecutive RPs that exceed previously reported
data.3 Although some reports indicate an increased incidence®6:24:25 of PDA more recently,
a confounding factor may be that fewer RPs are performed for very low, low, and favorable
intermediate risk PCa thus enriching the pool of radical prostatectomy patients with those
more likely to harbor PDA. Another feature of PDA that has not been described before is its
anterior location in 21.9% (28/128) of RPs with PDA.

Although demographic observations in several studies suggest that men with PDA tend to be
older and have advanced stage disease at presentation,*6:10.24-28 we did not find a
statistically significant difference between patients with PDA and PAA of the same GGs (P
> .05) in terms of age, TV, number of TNs, disease extension, or incidence of lymph node
metastases.

Similar to prior studies, in a univariate analysis of discrete 3249 TNs, the presence of PDA
component, higher GG, and increasing TV predicted EPE, seminal vesicle invasion, and
positive surgical margins (all Avalues <.0001). However, when we assessed the impact of
PDA after adjusting for the effects of GG and TV, PDA lost statistically significant risk for
all adverse surgical outcomes, while GG and TV retained their significance (P < .0001). In
other words, our data demonstrate that higher GG and larger TV of TNs in which PDA is
present determine adverse RP outcomes in these TNs rather than PDA alone. Molecular data
may be supporting this by demonstrating that PDA has a similar molecular profile to high-
grade PAA.2? This phenomenon is not unique to PCa. Likewise, the presence of divergent
squamous or glandular differentiation in bladder cancer was considered an independent
adverse prognostic feature, but in stage and grade matched cases their presence does not
exercise an independent effect on outcome indicating that merely their presence is more
common in high-grade high-stage cancer3®—a conclusion which we arrived at in our study
with respect to PDA. Although one may suggest that PDA determined the high-grade of TNs
harboring it and thus determined the adverse outcomes, we feel that this was not the case
because in no TN was the high-grade component (patterns 4 or 5) composed of purely ductal
cancer and comparable grade acinar component was always present. Moreover, multivariate
analysis supports this conclusion showing that the mere presence of PDA has no impact on
adverse RP outcomes after controlling for TV and Gleason score (GG).

To our knowledge, we present the largest group of 128 PDA cases with detailed
contemporary pathological analysis of RP specimens entirely submitted for histological
analysis. Comparing our data to prior studies, one needs to be alert that in 133133 of 710
(18.7%) GS 3 + 4 =7 (GG2) TNs without PDA, the percentage of pattern 4 was less than
5% which was not infrequently considered as GS 3 + 3 = 6 (GG1) with tertiary pattern 4 in
the past.2! None of PDA GS 3 + 4 = 7 (GG2) TNs had pattern 4 less than 5%. Tertiary
pattern 5 was observed in 3 of 18 (16.7%) of PDA GS 3 +4 =7 (GG2) TNs and 8 of 35
(22.9%) of PDA GS 4 + 3 = 7 (GG2) TNs. Although studies using Surveillance,
Epidemiology, and End Results (SEER) Program data without pathology re-review
suggested an increased mortality risk®24 with the presence of PDA and some authors
recommended that PDA should not be followed like acinar carcinoma of the same GG.11 We
do not feel we have enough evidence to support or reject this. We are extracting follow-up
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information on these men to assess the impact of PDA on more long term outcomes like
biochemical recurrence and metastasis, which will be the focus of a separate paper.

CONCLUSION

In our RP cohort, 10.1% of RP had PDA, which always occurred admixed with acinar
cancer. Most of the cases (127/128) had a PDA component in 1 TN per RP. In slightly more
than 20% of the patients, the PDA was present in the anterior TNs. Similarly to previous
studies, we demonstrated a significant association of PDA with EPE, SV+, SM+, and LN
metastases when GG and TV of corresponding TN were not taken into consideration.
However, after controlling for the effect of GG and TV on adverse RP outcomes, PDA alone
was no longer an independent predictor of these adverse RP outcomes. Hence, higher GG
and TV of TNs in which PDA is present are likely to explain the more adverse cancer found
at RP rather than the presence of PDA alone. These findings are relevant to men with PDA
diagnosed on needle biopsy for their preoperative risk stratification and definitive therapy
planning.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Low-power view of contrasting acinar (left upper corner) and ductal (right lower)

prostate cancers intermixed in the same tumor nodule. (B) High-power view of ductal
adenocarcinoma forming true fibrovascular cores lined by tall pseudostratified columnar
epithelium. (Color version available online.)
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