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Summary

Plasmacytoid urothelial carcinoma is a rare but aggressive variant of bladder cancer with no clear
therapeutic guidelines. Dysregulation of the mammalian target of rapamycin (mTOR) pathway has
been linked to oncogenesis in conventional bladder cancer. Several antineoplastic agents targeting
mTOR pathway are currently available. This study assesses MTOR pathway status as well as c-
myc and p27 expression. We retrieved 19 archival cases of plasmacytoid urothelial carcinoma
from two institutions. Whole tissue sections were evaluated for immunoexpression of phosphatase
and tensin homolog (PTEN), phosphorylated mTOR, phosphorylated protein kinase B (AKT),
phosphorylated S6, c-myc, and p27. We evaluated intensity (0 to 3+) and extent (0%-100%) of
expression for all markers. An H score was calculated as the sum of products of intensity and
extent for each marker and used during analysis. In addition, PTEN loss was defined as absence of
expression in >10% of tumor cells. We encountered PTEN loss in 28%. Higher H score for
nuclear phosphorylated AKT and a lowerHscore for phosphorylated S6 was encountered in muscle
invasive tumors compared to non-muscle invasive tumors (£=.007 and 2= .009, respectively).
Although a trend for negative prognostic impact on overall survival for higher phosphorylated
mTOR expression was noted (P = .051), markers expression levels failed to predict survival in our
cohort. We found dysregulation of mTOR pathway members in urinary bladder plasmacytoid
urothelial carcinoma, suggesting that the use of mMTOR pathway inhibitors might be beneficial for
patients with this aggressive tumor.

*Disclosure: This study was partially supported by the Johns Hopkins Medicine-Patana Fund for Research and Clinical Innovator
Award from Flight Attendant Medical Research Institute (FAMRI) Fund.
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1. Introduction

Divergent differentiation is a relatively common feature of invasive urothelial carcinoma
with the most common variants being those with squamous and or glandular differentiation
[1]. Other histologic variants have also been described, including plasmacytoid urothelial
carcinoma. This rare variant was initially described by Sahin et al [2] and Zukerberg et al [3]
in 1991 and is currently recognized in the 2004 World Health Organization classification of
urothelial neoplasms [1]. The reported incidence of plasmacytoid urothelial carcinoma
ranges from less than 1% to 3% [4,5].

Despite advances in multidisciplinary treatment approach, muscle-invasive bladder cancer
continues to inflict a high mortality rate [6]. In recent years, a greater understanding of the
molecular pathways involved in urothelial oncogenesis has been achieved. Dysregulation of
the mammalian target of rapamycin (mTOR) pathway has been linked to oncogenesis in
several malignancies, including conventional bladder cancer [7]. This pathway plays an
important role in cell growth, migration, and proliferation and offers a potential target of
therapy [8]. Activation of mTOR pathway occurs by upstream activation of
phosphatidylinositol 3-kinase (P13K) and protein kinase B (AKT) as well as inactivation of
phosphatase and tensin homolog (P7TEN) tumor suppressor gene. This will result in up-
regulation of protein translation via two main downstream effectors: phosphorylated S6
protein and eukaryotic translation initiation factor 4E-BP1 (4E-binding protein-1) [9].
Furthermore, cell cycle progression through p27XiP1 (p27) depletion [10] and cell
proliferation through c-myc up-regulation [11] also result from activation of this pathway.
Recently, several reports have described the clinico-pathological and immunohistochemical
characteristics of plasmacytoid urothelial carcinoma emphasizing its high histological grade,
advanced stage at presentation and the shorter overall survival of patients suffering from this
variant compared to conventional invasive urothelial carcinoma [4,5,12-15].

The rarity of plasmacytoid urothelial carcinoma makes the evaluation of therapeutic
modalities in this type of tumor a difficult endeavor. Identifying new therapeutic targets is
therefore of interest. The current study assesses the expression status of the mTOR pathway
related biomarkers (PTEN, phosphorylated AKT, phosphorylated mTOR, phosphorylated S6
protein, p27 and c-myc) in plasmacytoid urothelial carcinoma.

2. Materials and methods

This study was approved by the Johns Hopkins University School of Medicine and Emory
University School of Medicine Institutional Review Boards.

2.1. Patient cohort

The surgical pathology files of Johns Hopkins Hospital, Emory University School of
Medicine and the personal consult service of two of the authors were queried for all cases
with a diagnosis of plasmacytoid urothelial carcinoma. Twenty eight cases of plasmacytoid
urothelial carcinoma were retrieved, and slides were reviewed by a senior uropathologist for
confirmation of the original diagnosis, according to the 2004 World Health Organization
criteria. Briefly, the criteria (DX criteria %) included presence of malignant cells showing
abundant eosinophilic cytoplasm and eccentrically placed nuclei with small nucleoli and a
discohesive single cell growth pattern. Paraffin blocks were available in 19 cases for
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immunohistochemistry. All medical records were reviewed for pertinent clinical
information, including age, sex, stage, and outcome.

2.2. Immunohistochemistry

A representative block from each case was selected, and standard immunohistochemical
(IHC) staining was performed on whole sections of formalin-fixed, paraffin-embedded
tissue. In tumors showing additional component of invasive conventional or divergent
urothelial carcinoma, a section with pure plasmacytoid carcinoma was used for IHC. IHC
stains were performed using antibodies against the following mTOR pathway members:
PTEN, phosphorylated-mTOR (phos-mTOR), phosphorylated-AKT (phos-AKT), and
phosphorylated-S6 protein (phos-S6); AKT-regulated markers p27 and c-myc were also
evaluated. Antibody dilutions, clones, and vendors are specified in Table 1.

Immunostaining was performed using a Novocastra Power-Vision Poly-HRP IHC Detection
Systems (Leica Microsystems, Bannockburn, IL). Sections were deparaffinized, rehydrated,
and subjected to heat-induced antigen retrieval with a buffer solution using a steamer.
Sections were then incubated with appropriate primary antibody. After the application of a
secondary polyclonal rabbit antibody (except for c-myc, for which the Dako Catalyzed
Signal Amplification System Kit was used), slides were developed using 3-3”-
diaminobenzidine chromogen and counterstained with hematoxylin. Proper cell lines were
used as external controls [16].

2.3. Scoring system

Cytoplasmic PTEN expression was evaluated by two approaches: (i) in each case we
identified three 400x power fields with lowest percentage of expression (“cold spots”)
where an H score was calculated as the sum of the products of the intensity (0, 1+, 2+, and
3+) and the extent of percentage of positive cells (0%-100%); an average H score was used
per case during analysis. (ii) In the second approach, a tumor was categorized as showing
PTEN loss when complete loss of any expression (intensity 0) was found in >10% of the
tumor cells (<90% expression present), in the presence of adequate internal control (see Fig.
1) [16].The remaining markers (cytoplasmic phos-mTOR and phos-S6, cytoplasmic and
nuclear phos-AKT and nuclear expression of c-myc and p27) were evaluated by identifying
three 400x power fields with highest percentage of positivity (“hot spots”) in each tumor
where an H score was calculated as the sum of the products of the intensity (0, 1+, 2+, and
3+) and the extent of percentage of positive cells (0%-100%); here again, an average H
Score was used per case during analysis.

H score is used as a surrogate for measuring “total” amount of a marker protein expression
in examined population of tumor cells. Given the usually encountered variability in intensity
of expression among tumor cells, the H Score method is expected to better reflect the
amount of protein expression by factoring in the proportional spectrum of different
intensities rather than assigning a tumor marker expression level based only on cells with
highest (or lowest) intensity.

2.4, Statistical analysis

Findings were analyzed using the SPSS Statistics 17.0 (SPSS, Chicago, IL) software
package. Continuous variables were expressed as median and range; categorical variables
were expressed as percentages. The parametric Pearson’s correlation coefficient test and the
non-parametric Spear-man’s correlation coefficient test were calculated to evaluate
correlations among IHC expression of pathway markers. Associations between markers and
the clinico-pathological characteristics were assessed using Wilcoxon rank-sum test, Fisher
exact test, XZ test and Kruskal-Wallis test. Overall survival (OS) and disease-specific
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survival (DSS) intervals were estimated using Kaplan-Meier method and were calculated
from the date of diagnosis to the date of death. The log-rank test was performed to compare
the survival distributions with different levels of markers expression. £ < .05 was considered
to indicate statistical significance.

3. Results

3.1. Patient cohort

Of the 19 patients, 16 (84%) were men with a median age at diagnosis of 68 years (56-93
years). Thirteen patients (68%) were white. Thirteen of the 19 patients (68%) presented with
pT2+ disease (6 pT2 on TURB; 4 pT3a and 1 pT3b on cystectomy and 2 clinically non-
resectable T4). The remaining 6 TURB revealed invasion of lamina propria where
muscularis propria was not sampled. Median length of follow-up was 242 days (31-792
days). Lymph node status was available in 6 patients, 4 were stage pNO, and the remaining 2
were stage pN2. Fourteen patients died during follow-up (74%); 8 documented to be dead of
disease. Information on metastasis status was available on 15 patients. Visceral metastases
were documented in 3 patients (19%). Metastatic sites included the omentum and colon,
anorectal region and peritoneum, and small bowel; 1 patient each. All 3 metastases were
biopsy-proven showing similar plasmacytoid morphologic characteristics to their primary
counterparts. Clinicopathologic characteristics are summarized in Table 2.

The invasive urothelial carcinoma was purely of the plasmacytoid variant in all cases with
the exception of three tumors; one also showing conventional high grade urothelial
carcinoma and the remaining 2 showing nested and rhabdoid variants each. Six tumors
demonstrated urothelial carcinoma in situ; 3 cases had noninvasive high-grade papillary
urothelial carcinoma, and 1 case contained a noninvasive low-grade papillary urothelial
carcinoma.

3.2. Biomarkers of immunohistochemical expression

Table 3 summarizes all markers’ expression. Cytoplasmic PTEN expression was evaluable
in 18 cases. All cases showed some degree of PTEN expression with a median PTEN H
score of 100 (60-118). PTEN loss was encountered in 5 (28%) cases using the >10% loss of
expression approach (method “ii” above).

Cytoplasmic and nuclear phos-AKT expression was evaluated in all 19 cases. While
cytoplasmic expression was present in all (100%) tumors, nuclear expression was present
only in 16 (84%). The median H score was 228 (67-295) for cytoplasmic and 189 (0-277)
for nuclear expression.

Cytoplasmic phos-mTOR expression was evaluable in all 19 cases. All cases showed some
degree of phos-mTOR expression with a median H score of 238 (97-285).

Cytoplasmic phos-S6 expression was evaluable in 19 cases. All cases showed some level of
phos-S6 expression. The median H score was 262 (164-298).

C-myc was evaluated in 16 cases. Eleven cases (69%) showed some degree of positivity.
The median expression was 7 (0-223).

p27 was evaluated in 17 cases. Six cases (35%) were negative (H score=0) for p27. The
median expression was 28 (0-225).

3.2.1. Correlation of biomarker expression with clinico-pathological
parameters—Table 4 summarizes the distribution of biomarkers expression in the relevant
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clinico-pathological categories including gender, pT stage and pT stage groups. With the
exception of higher H score in nuclear phos-AKT expression and a lower H score for phos-
S6 expression in muscle invasive tumors compared to non-muscle invasive tumors (£ =.007
and P=.009, respectively), no other statistically significant association between markers
expression levels and assessed parameters was found.

3.2.2. Correlation between biomarkers—There was no significant correlation between
PTEN and the remaining markers expression levels. This was true with either method of
evaluating PTEN.

H score of cytoplasmic phos-mTOR correlated with that of cytoplasmic phos-AKT
expression (coefficient of correlation [cc] = 0.54 “moderate”, £=.017). H score of
cytoplasmic phos-S6 expression was inversely correlated with that of nuclear c-myc
expression (cc = —0.67 “moderate”, P=.005).

In the 5 cases that demonstrated PTEN loss, correlative higher than median expression of
downstream pathway phos-S6 was found in 2 cases with concomitant elevation of phos-
mMTOR and phos-AKT (nuclear and cytoplasmic) in 1. Two additional tumors revealed
higher than median expression of phos-AKT (cytoplasmic and or nuclear). The fifth case did
not reveal the expected elevation of downstream members of the mTOR pathway.

3.2.3. Outcome analysis—On follow-up, OS of 37% and 29% was observed at 1 and 2
years post diagnosis. DSS rates were 54% and 43% at 1 and 2 years, respectively. As
illustrated in Table 5, there was no statistically significant association between levels of
expression of any of the analyzed markers and OS or DSS on univariate analysis. While a
trend for higher median H score for phos-mTOR expression was noted in association with
death (and death of disease), this was not statistically significant. As shown in Fig. 2, no
statistically significant correlation was found between markers expression and outcome on
Kaplan-Meier survival curve analysis. Again the trend for negative prognostic impact on OS
for higher than median phos-mTOR H Score expression only approached statistical
significance (P=.051).

4. Discussion

Plasmacytoid urothelial carcinoma is a rare but aggressive histological variant of urothelial
carcinoma. While 3 cases have been described of non-invasive plasmacytoid urothelial
carcinoma [13,17], most are invasive tumors diagnosed at advanced pathological stage and
carry a poor prognosis. In our series, all tumors were invasive, with over two-thirds of the
cases presenting with pT2 or higher disease. Almost three quarters of our patients died
during follow-up. The median age at diagnosis was 68 years, which is in agreement with
previous reports [14,15].

Recently, Keck et al. [5] found TP53 mutations in 9 of 31 plasmacytoid urothelial
carcinomas (29%) but illustrated lack of FGFR3and PI3KCA mutations in plasmacytoid
urothelial carcinoma. The mTOR pathway is a key regulator of protein translation and cell
proliferation that has been shown to be up-regulated in several solid malignancies [18-23]
frequently in association with PTEN loss [24-26]. We and others have previously
demonstrated PTEN loss and activation of the mTOR pathway in urothelial carcinoma
[7,27,28]. In our previous study assessing mTOR in a cohort of 132 urothelial carcinomas
from cystectomy patients [7], we detected a generally lower level of expression of PTEN
and downstream mTOR pathway members in urothelial carcinomas with divergent histology
including those with squamous, sarcomatoid and micropapillary differentiation compared to
conventional urothelial carcinoma. The current study is the first to evaluate mTOR pathway
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expression status in plasmacytoid urothelial carcinoma. In the current cohort, we found
PTEN loss of expression in 28% of tumors. The latter is in line with the rate of up to 50%
PTEN “reduced expression” previously reported in conventional urothelial carcinoma
[27,29] and our prior study finding of low H score of PTEN expression in urothelial
carcinoma with divergent histology [7]. Differences in methodology between the current
study evaluating whole sections and our previous analysis using tissue microarrays should
be taken into consideration [7]. Nevertheless, current plasmacytoid urothelial carcinoma
cases revealed overall higher H score expression levels for activated downstream mTOR
pathway markers: phos-AKT (mean 151 + 93) and phos-S6 (mean 248 +39) compared to
urothelial carcinoma cases with divergent histology included in our previous study (3 and 10
respectively) [7].

Loss of PTEN and overexpression of downstream markers in plasmacytoid urothelial
carcinoma were not found to be correlated in our current study. This lack of association
between PTEN loss and higher levels of expression of downstream markers in our
plasmacytoid urothelial carcinoma cases suggests that alternate molecular mechanisms other
than the PTEN tumor suppressor gene could be at play in controlling downstream mTOR
activation. The latter has been suggested to be at play in other solid tumors [30]. On the
other hand, our finding of the biologically expected positive correlation between
cytoplasmic phos-mTOR and cytoplasmic phos-AKT is reassuring.

Several mTOR inhibitor agents are now available and are actively under evaluation for the
treatment of solid tumors including conventional urothelial carcinoma of the bladder [31-
34]. In this regard, our current findings of loss of PTEN and activation of mTOR pathway
expression could be viewed as an opportunity to explore the role of mTOR inhibitors in the
treatment of plasmacytoid urothelial carcinoma. This would seem especially merited given
the disappointing outcome in these tumors with current management protocols.

Our finding of c-myc expression in 69% of the cases should be interpreted with caution
given the overall low level of expression encountered (median H score of 7). Additional
studies evaluating whether the c-myc oncogene is implicated in plasmacytoid urothelial
carcinoma oncogenesis are needed. Our finding of a negative correlation between
cytoplasmic phos-S6 and nuclear c-myc expression is in contrast to previously suggested
role for c-myc in driving S6 translation [35].

Although a trend for worse OS was suggested in association with higher than median phos-
mTOR H score, the trend did not achieve statistical significance. None of the markers
analyzed in our study proved to be of prognostic significance in plasmacytoid urothelial
carcinoma. The expression levels of mMTOR pathway members and pathway related markers
p27 and c-myc did not correlate with disease stage, presence of metastasis, OS or DSS.
Whether any of the currently studied markers will prove to be of value in predicting therapy
response to mTOR inhibitors in plasma-cytoid urothelial carcinoma remains to be seen.
Future studies confirming the above observed mTOR pathway alterations at the genomic
level would be of value.

A limitation of our study is the small number of cases due to the rarity of this tumor. The
limited available follow-up and neo/adjuvant treatment is another potential weakness. Many
of our patients were treated and followed up in their local community. Another limitation of
our study is the small number of events encountered, which limits the statistical power for
identifying prognostic factor.

In conclusion, our study is the first to elucidate immunohistochemical evidence of
dysregulation of the mTOR pathway in plasmacytoid urothelial carcinoma of the bladder.
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Our findings may lend support to explore the utility of mTOR pathway-targeted therapy in
these aggressive tumors.
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Fig. 1.

Hematoxylin and eosin stained photomicrographs of plasmacytoid urothelial carcinoma are
shown in panels A, C, D, E, F. Muscularis propria invasion is shown in C and
lymphovascular invasion in F. (x100 and %400, respectively). B reveals plasmacytoid
urothelial carcinoma immunohistochemical positivity for CK8/18 (x200). Representative
immunohistochemical staining for PTEN, mTOR pathway members, c-myc, and p27 in
tumor cells are illustrated in 1G-1L (x400). G illustrates loss of PTEN staining. Positive
PTEN staining in endothelial cells is used as an internal control. H reveals nuclear and
cytoplasmic staining for phos-AKT. Cytoplasmic staining for phos-mTOR and phos-S6 is
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shown in | and J respectively. K and L depict nuclear staining for c-myc and p27,
respectively.
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Graphic Kaplan-Meier overall survival curve analysis. PTEN loss was defined as absence of

expression in >10% of tumor cells. For “PTEN H Score” and all remaining markers, high H
score was defined as H score > median. Low H score was defined as <the median H score.
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Summary of antibody specifications

Table 1

Vendor Clone Pre-treatment  Dilution
PTEN Cell Signaling (Beverly, MA) D4.3 EDTA, 45 min  1:100
c-MYC Epitomics (Burlingame, CA) Y69 EDTA, 45min  1:300
p27 Transduction Lab 57 Citrate, 25 min  1:4000
Phos-AKT@  Cell Signaling 736E11 EDTA, 45 min  1:50
Phos-S6 £ Cell Signaling Polyclonal EDTA, 45 min  1:200
Phos-mTOR  Cell Signaling 49F9 EDTA, 45 min  1:50

a I
Phosphorylation site at Ser473.

bPhosphoryIation site at Ser235/236.
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Table 2

Cohort clinico-pathological characteristics and outcome

Parameter

n (%)

Median age (y), median (range)
Ethnicity
White
African-American
Unknown
Gender
Male
Female
Pathologic T stage
pT1
pT2
pT3a/T3b
pT4
Lymph node metastasis
No (pNO)
Yes (>pNO)
Visceral metastasis
No
Yes
Overall survival
Alive
Dead
Disease-specific survival
Alive

Dead of disease

68 (56-93)

13 (68)
10
5 (26)

16 (84)
3(16)

6 (32)
6(32)
5 (26)
2 (10)

416 (67)
2/6 (33)

13/16 (81)
3/16 (19)

5 (26)
14 (74)

5/13 (38)
8/13 (62)
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Table 3

Biomarkers H score levels of expression

Biomarker Median Mean H
H-score (range) score + SD

Cytoplasmic phos-AKT 228 (67-295) 211+ 66
Nuclear phos-AKT 189 (0-277) 151 + 93
Phos-mTOR 238 (97-285) 218 54
Phos-S6 262 (164-298) 248 + 39
c-myc 7 (0-223) 51+75
PTENZ 100 (60-118) 93+45
p27 28 (0-225) 61+ 78

aPTEN loss: 5/18 (28%), defined as absence of expression in >10% of tumor cells, see Material and methods.
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