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Abstract

Purpose—Currently, there is no reliable tool to predict response to intravesical bacillus
Calmette-Guérin (BCG). Based on the fact that BCG is a Th1-polarizing immunotherapy, we
attempt to correlate the pretreatment immunologic tumor microenvironment (Thl or Th2) with
response to therapy.

Materials and methods—Bladder cancer patients with initial diagnosis of carcinoma in situ
(Tis) were stratified based on their response to BCG treatment. A total of 38 patients met inclusion
criteria (20 patients who responded and 18 patients who did not respond). Immunohistochemical
(IHC) methods known to assess the type of immunologic microenvironment (Th1 vs. Th2) were
performed on tumor tissue obtained at initial biopsy/resection: the level of tumor eosinophil
infiltration and degranulation (Th2 response); the number of tumor-infiltrating GATA-3* (Th2-
polarized) lymphocytes; and the number of tumor-infiltrating T-bet* (Th1-polarized) lymphocytes.
Results obtained from these metrics were correlated with response to treatment with BCG
immunotherapy.

Results—The IHC metrics of the tumor immune microenvironment prior to BCG treatment were
each statistically significant predictors of responders (R) vs. nonresponders (NR). Eosinophil
infiltration and degranulation was higher for R vs. NR: 1.02+0.17 vs. 0.5+0.12 (P = 0.01) and
1.1+0.15 vs. 0.56+0.15 (P = 0.04), respectively. Ratio of GATA-3* (Th2-polarized) lymphocytes
to T-bet* (Thl-polarized) lymphocytes was higher for R vs. NR: 4.85+0.94 vs. 0.98+0.19
(P<0.001). The 3 markers were combined to create a Th2 signature biomarker, which was a
statistically significant (P<0.0001) predictor of R vs. NR. All IHC markers demonstrated that a
preexisting Thl immunologic environment within the tumor was predictive of BCG failure.

Conclusion—The Thl vs. Th2 polarization of bladder tumor immune microenvironment prior to
treatment with BCG represents a prognostic metric of response to therapy. If a patient has a
preexisting Thl immunologic response within the tumor, there is no value in using a therapy
intended to create a Th1 immunologic response. An algorithm integrating 3 IHC methods
provided a sensitive and specific technique that may become a useful tool for pathologists and
urologists to predict response to BCG in patients with carcinoma in situ of the bladder.

For correspondence: Rafael Nunez-Nateras M.D., Department of Urology, Mayo Clinic Arizona, Phoenix, AZ, Tel.:
+1-480-301-8000; fax:+1-480-342-2799., nunez.rafael@mayo.edu.
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1. Introduction

Non—muscle invasive bladder cancer (NMIBC) represents 70% of all initial bladder cancer
diagnoses [1] and [2] with Tistumors present in 10% to 15% of these patients [3]. The
propensity of Tistumors to progress to an invasive phenotype in up to 83% of untreated
cases is indicative of a potentially aggressive tumor [4] and [5]. The intravesical
administration of live attenuated bacillus Calmette-Guérin (BCG) is the primary
postresection treatment option for NMIBC [6]. Nonetheless, the reported response rate to
this therapy is only 60% with a 5-year recurrence rate of 30% to 40% [7] and [8]. Moreover,
for those patients with T1 disease or carcinoma in situ or both that are unresponsive to BCG
therapy, the risk of progression to invasive disease may reach 50% [9] and [10].

Intravesical administration of BCG is hypothesized to act as a localized Th1-polarizing
immunomodulator that induces a massive influx of inflammatory cells (e.g., Th1-polarized
lymphocytes and neutrophils), the generation of classically activated resident tissue
macrophages (M1), the production of Th1 as well as late phase inflammatory cytokines in
the bladder mucosa and lumen (e.g., IFN-vy, IL-12, and TNF-a), and ultimately the
generation of tumor cell-targeted, Th1-mediated cytotoxic responses [11] and [12]. Based on
this hypothesis, one would expect a preexisting Th2 immune microenvironment represented
by Th2-polarized lymphocytes and eosinophils, as previously described [13] and [14], that
would be susceptible to BCG Th1 polarization. Reliable and reproducible assessments of the
induced changes within the bladder tumor immune microenvironment prior to treatment
with BCG are sparse [15]. Thus, patients with NMIBC are treated with BCG using a “one-
size-fits-all” approach with a general belief that efficacy is dependent on polarizing bladder
tumor immune responses to the Th1 type. The out-of-the-box diagnostic approach described
in this study is based on the proposed goal of BCG immune therapy to elicit antitumorigenic
Th1 immune responses within the bladder tumor immune microenvironment. Our hypothesis
is that assessments of the tumor immune microenvironment at the time of initial patient
diagnosis would provide needed metrics to identify the 4 of 10 patients with NMIBC whose
tumor immune microenvironments are already Th1 polarized and are unlikely to respond to
standard-of-care BCG therapy. In other words, if the goal of BCG induction is to incite a
Th1 response, then determining the baseline immunologic environment (Th1 or Th2) should
be performed to see whether polarization one way or the other is associated with response.
In addition, our goal was to determine the optimal test or combination of tests to assess
“degree” or ratio of Thl or Th2 polarization and to develop a possible novel diagnostic
assessment of the baseline tumor-associated immunologic environment.

2. Materials and methods

2.1. Study subjects

After institutional review board approval, a retrospective review of our bladder cancer
registry was conducted. Patients included for analysis had to have their initial resection and
diagnosis at our institution, have no history of previous treatment (e.g., intravesical therapy),
a Tisonly (no Ta, T1, or = T2) diagnosis, and have only received a single, standard 6-cycle
induction course of BCG (Tice, Merck & Co., Inc., Whitehouse Station, NJ), but no other
intravesical therapy at the time of resection or following resection. All patients included in
this analysis had follow-up for 6 to 8 weeks following completion of induction BCG.
Patients were stratified as nonresponders (NR) if they had a biopsy positive for Cis
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following the induction course of BCG. Responders (R) were defined as patients without
any recurrence or evidence of disease based on follow-up cystoscopy, cytology, and
rebiopsy following induction BCG. Specifically, in 6 cases, the results of patient’s cytology
and office cystoscopy 6 to 8 weeks following BCG induction were completely normal/
negative. In the remaining 14 R, a repeat biopsy was performed after induction BCG as per
the protocol of the physician. In all cases, the findings of cytology were negative as well.
Patients with any history of treatment with immunosuppressive drugs or other potential
confounders were excluded. A total of 38 patients were identified for this analysis and
divided into 2 groups: Group 1 included 20 R and Group 2 included 18 NR. Patient
demographics were similar among the 2 groups and are presented in Table 1.

2.2. Histopathologic and immunohistochemical staining of bladder tissue sections

Tissue blocks were procured on the identified patients, and 4 recuts were performed for the
individual stains. The original tissue biopsies were cold cup biopsies or transurethral
resection chips of the bladder. H&E staining of slides was performed by the Mayo Clinic
Avrizona clinical histology unit. Immunohistochemical analysis was performed using an
eosinophil-specific monoclonal antibody (EPX-mAb) as previously described [16].
Additional serial sections were stained by immunohistochemistry (Dako Cytomation;
Carpinteria, CA) with monoclonal antibodies specific for either the Th2-associated
transcription factor GATA-3 ([AF2605] R&D Systems; Minneapolis, MN) or the Th1-
associated transcription factor T-bet ([H-210] Santa Cruz Biotechnology Inc; Santa Cruz,
CA).

2.3. The histologic scoring of slides and the development of numerical algorithms

Immunohistochemical staining for Th2-associated immune metrics unique to eosinophils
and T cells was identified and then subsequently integrated into numerical algorithms:

1. Eosinophil infiltration (Emax): The extent of eosinophil infiltration in EPX-mAb—
stained bladder tumor biopsies was quantified as the maximal focus of eosinophil
infiltration per 400xhigh-power field (hpf, 0.29 mm? field of view) from an average
of 5 fields (Emax). Numerical values were assigned to each level of tumor
eosinophil infiltration based on the normal distribution displayed by the data and
are listed in Table 2 and IHC staining is shown in Fig. 1.

2. Eosinophil degranulation (Eqgn): EPX-mAD staining was used to identify (400xhpf)
the maximum level of eosinophil degranulation in a given biopsy. Numerical
values were assigned to each degranulation level based on the normal distribution
of the data and are listed in Table 3. The degranulation levels by IHC are
demonstrated in Fig. 2. For final analysis and algorithms, the 3 levels of
degranulation assigned to biopsies were 0, 1 (a or b), or 2.

3. Th2-polarized (GATA-3+)/Thl-polarized (T-bet+) lymphocyte ratio (G/T):
Surveys at 160x(1.8 mm2 field of view) were performed on the H&E-stained
sections of a given biopsy series to identify the maximum focus of mononuclear
cell tumor infiltration. The number of GATA-3+ (Th2-polarized [17]) relative to T-
bet+ (Thl-polarized [18]) T lymphocytes at this site (i.e., numerical G/T ratio) was
determined as an average of five 400xhpf fields by evaluating the corresponding
areas of the biopsies following immunohistochemical staining. IHC staining with
GATA-3+ and T-bet+ is demonstrated in Fig. 3.

4. Eosinophil activity index (EAI) of a given bladder tumor: Sum of numerical scores
of maximal eosinophil infiltration (Emax) and degranulation (Edgn).
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5. Th2 Signature Biomarker of a given bladder tumor: Sum of the numerical scores of
EAl and G/T (i.e., Emax + Edgn + G/T).

To control for interobserver variability, all IHC scoring was performed in duplicate between
2 different outcome-blinded investigators. The scores from the 2 investigators were
compared for variability.

2.4. Statistical analysis

3. Results

Data are expressed as the meanzstandard error of the mean. Statistical analysis for
comparisons between groups was performed using either the Student t test or Wilcoxon 2-
sample test for nonparametric data. Differences between the mean values reported were
noted with P values to indicate the level of statistical significance. Intraclass correlation
coefficients (ICC) and Kappa statistical correlations (i) were also determined between
investigators reading slides as measures of interrater agreement [19].

3.1. Eosinophil infiltration (Epmax)

EPX-mADb staining of tumor tissue to evaluate eosinophilic infiltration (Eqax), representative
of the Th2 response, was significantly different (P = 0.01) between Group 1 and Group 2.
Emax Was found to be higher in BCG-R (Group 1) as demonstrated in Fig. 4. The mean Epax
of R was 1.02+0.17. The mean Eax 0f NR was 0.5+0.12. In addition, there was little
interobserver variation for Ep,ax scoring: ICC = 0.993 (95% confidence interval: 0.988-
0.997).

3.2. Eosinophil degranulation (Edgn)

3.3. EAI

As was found for eosinophil infiltration, Eqgn was significantly different (P = 0.04) between
the 2 groups (Fig. 5). The mean level of degranulation found in R was 1.1+0.15, whereas the
NR had an Egg, of 0.560.15. Stratifying patients among the 3 groups (0, 1[a or b], or 2)
based on the normal distribution of the data had the added benefit of allowing outcome-
blinded investigators to reproducibly stratify patients based on this metric without
intraobserver/interobserver variation (Kappa [x] statistical correlation [95% confidence
interval] = 1[1, 1]).

EAI (Emax + Edgn) was calculated for each group. The summation of both eosinophil-
associated metrics provided an even more robust measure with which to differentiate
between R (2.10+0.24) to BCG and NR (1.06+0.24) to BCG (P<0.004). The data are
presented in Fig. 6.

3.4. Th2 vs. Thl lymphocyte polarization of the tumor immune microenvironment

(G/T ratio=GATA —3+ lymphocytes/T—bet+ lymphocytes)

Evaluation of the Thl- or Th2-polarized lymphocytic infiltrate of the tumor immune
microenvironment revealed a significant difference (P<0.001) between BCG-R and BCG-
NR. A highly Th2-polarized (GATA-3+) lymphocytic infiltration in the tumor
microenvironment (G/T ratio of 4.85+0.94) was observed in BCG-R. In contrast,
lymphocytes were found to be Th1l polarized (G/T ratio of 0.98+0.19) in BCG-NR. These
results are demonstrated in Fig. 7. Outcome-blinded investigators displayed little
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intraobserver/interobserver variation of these assessments (ICC = 0.988 [95% confidence
interval: 0.978-0.994]).

3.5. Th2 signature biomarker

The EAI score for individual patients was combined with the observed differential
assessments of tumor-infiltrating lymphocytes (G/T) to yield a diagnostic algorithm of high
clinical utility defined as the Th2 Signature Biomarker (EAI + G/T). The mean score for
BCG-R was 6.95+0.91 vs. 2.03+0.32 for NR (Fig. 8). These assessments demonstrated that
the Th2 Signature Biomarker of pretreatment biopsies provides the highest level of
discrimination (P<0.0001).

The diagnostic value of evaluating, and then predicting, the responsiveness of patients with
bladder cancer to intravesical administration of BCG was demonstrated in the statistical
receiver operating characteristic analyses presented in Fig. 9. In particular, Fig. 9A showed
that each individual patient Th2 Signature Biomarker (BCG-R patients as controls) provided
a diagnostic assay that is highly sensitive (i.e., capable of identifying all patients who were
BCG-NR) yet offers a high level of specificity (i.e., few BCG-R patients are misidentified as
NR). The importance and value of this diagnostic ability is highlighted in Fig. 9B where the
sensitivity and specificity of this assay are concurrently plotted as functions of the bladder
tumor Th2 Signature Biomarker score. These analyses showed that a Th2 Signature
Biomarker cutoff score of 4.10 was linked with an ability to identify BCG-NR with 100%
sensitivity while simultaneously correctly identifying 80% of the BCG-R patients assessed.

4. Discussion

Despite efforts to predict response to BCG therapy, investigators have been unable to,
correlate a given biomarker with either patient responsiveness to BCG or patient outcomes
[15], [20] and [21]. Our study looked beyond standard clinical and pathologic factors. Our
attempt was to see whether there was something within the tumor microenvironment prior to
treatment that may give insight as to identifying NR from R. There are other reports in the
literature on potential inflammatory markers. Some of these markers include the role of
neutrophils [22], macrophages [23], and urinary cytokines [24], [25] and [26]. In most of the
studies, patients were treated with BCG and inflammatory markers were analyzed following
treatment and not used to identify patients ahead of time. The most important aspect of our
study was our ability to identify inflammatory signatures that might exist before treatment
and correlate it with response. We were able to identify the NR before treatment based on
the fact that they were already polarized to Th1 in the tumor microenvironment. Simply put,
adding BCG or any immune modulator intended to incite a Th1 response is unlikely to
improve on a tumor microenvironment that is already Th1.

Other markers that are often analyzed include intratumoral cellular markers as well as gene
signatures. Investigators have attempted to correlate common tumor markers such as p53
[27] expression and Ki-67 [28] expression with response rates. Gene expression profiling,
comparative genomic hybridization, and gene sequencing techniques have been and
continue to be used on tumor and normal tissue to identify potential targetable gene
signatures. The current clinical usefulness of gene analyses is limited by current cost
constraints. A significant advantage of our study is that the algorithmic interpretation of
eosinophilic response to tumor and pretreatment immunologic polarization can be done with
immunohistochemical techniques available to any standard pathology laboratory and less
costly than gene sequencing.

Most importantly, our assessments demonstrated a direct correlation between the level of
Th2 polarization and a patient’s response to BCG therapy. Specifically, our assessments of
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these initial patient biopsies showed that tumor-infiltrating, Th2-polarized GATA-3* (G) vs.
Thi-polarized T-bet* (T) lymphocytes (G/T ratio) significantly correlated with subsequent
post-BCG treatment outcomes. In addition, an independent, yet similarly significant,
correlation was revealed using a unique eosinophil-specific antibody assessing another Th2
metric, the extent of eosinophil infiltration and degranulation occurring in bladder cancer
biopsies (EAI). Furthermore, the Th2 signature biomarker is an algorithm that incorporates
both diagnostic metrics of Th2 polarization (G/T + EAI). It provided a sensitive and specific
assay with significant prognostic value regarding the efficacy of BCG.

The limitations of this study are primarily associated with the inherent limitations of its
retrospective design. Selection of the 2 groups of patients with outcomes already known and
restriction of the T stage to Tis patients limits the ability to generalize conclusions to all
potential candidates for BCG treatment (high-grade Ta and T1). The patient groups are
small and our findings need to be further validated with a larger cohort as well as a
heterogeneous group of T stages. Nevertheless, we feel the small numbers of our sample is
compensated for by the statistical strength of the findings. Furthermore, the findings simply
“make sense.” If the goal of intravesical BCG immunotherapy is to cause a Th1 response
and a tumor has managed to escape the Th1l immunologic environment already, then trying
to incite a Thl immune response is unlikely to work. However, if a tumor exists in a Th2
environment and has yet to be exposed to a Thl inflammatory response, then a treatment
inciting such a response should be beneficial.

Developing a reproducible and reliable marker that accurately predicts response to BCG
would be a significant advance in the treatment of NMIBC. This is particularly true
considering the recent issues many of us had in 2012 with availability of BCG. Because of
the shortage of BCG, many urologists had to withhold treatment with BCG and there was a
concern that the rates of cystectomy would rise for high-grade NMIBC. In fact, the U.S.
Food and Drug Administration, as well as the American Urological Association, published
statements and policy briefs regarding the management of the BCG shortage in 2012 [29]
and [30]. Clearly, there is a need for such a tool to identify the right patients who should be
directed to bladder-sparing treatments with BCG, alternative intravesical therapies, or more
definitive treatment with radical cystectomy.

5. Conclusions

The Th1 vs. Th2 polarization of bladder tumor immune microenvironment prior to treatment
with BCG represents a prognostic metric of response to therapy. If a patient has a
preexisting Th1 immunologic response within the tumor, there is no value in using a therapy
intended to create a Th1 immunologic response. An algorithm integrating 3 IHC methods
provided a sensitive and specific technique that may become a useful tool for pathologists
and urologists to predict response to BCG in patients with carcinoma in situ of the bladder.
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Figure 1.
Immunohistochemical analysis of eosinophil infiltration (Epmax): hematoxylin & eosin and
EPX-mADb staining in (A) normal bladder and (B) Tis bladder cancer. Scale bar = 50 pm.
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Figure 2.

Immunohistochemical analysis of eosinophil degranulation (Eqgn): representative
photomicrographs (400xhpf [0.29 mm? field of view]) for each level of degranulation as
determined by EPX-mAb-based immunohistochemistry (magenta staining cells and
extracellular matrix regions). Scale bar = 50 pm.
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Figure 3.

Tis Bladder Tumor
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Th2-polarized (GATA-3%)/Th1-polarized (T-bet*) lymphocyte ratio (G/T): representative
photomicrographs (160x, 1.8 mm? field of view, insert: 400xhpf [0.29 mm? field of view])
of the maximum focus of mononuclear cell infiltration of a hematoxylin & eosin—stained
section from a (A) normal bladder and (B) Tis bladder tumor are shown in comparison with

similarly stained and photographed serial sections from the same subjects following

immunohistochemical identification of GATA-3" and T-bet* T cells. Scale bar = 50 pm.
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Level of eosinophilic infiltration in the tumor microenvironment (Th2 arm effector) among

BCG responders and nonresponders.
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Figure5.
Level of eosinophilic degranulation in the tumor microenvironment (Th2 arm effector)

among BCG responders and nonresponders.
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Figure6.

Eosinophil activity index (EAI) scores (Emax + Eqgn) among BCG responders and

nonresponders
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Figure7.
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Th2 vs. Thl lymphocyte polarization of the tumor immune microenvironment. (G/T ratio =
GATA-3* lymphocytes/T-bet* lymphocytes) among BCG responders and nonresponders.
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Figure8.
Th2 Signature Biomarker (Emax + Eqgn + G/T) among BCG responders and nonresponders.
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Figure9.

Receiver operating characteristic (ROC) analyses of the Th2 signature biomarker of Tis
bladder tumors. (A) ROC plot of the sensitivity displayed by the Th2 signature biomarker to
correctly identify patients with Tis bladder cancer who do not respond to BCG immune
therapy. (B) The concurrent plotting of the sensitivity and specificity of this diagnostic
strategy as a function of Th2 signature biomarker score demonstrates that at a 4.10 cutoff
score, 100% of BCG nonresponders are correctly identified while simultaneously correctly
identifying 80% of the BCG responders.
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Eosinophil infiltration (Emax): Maximal focus of eosinophil infiltration per 400xhigh-power field (hpf, 0.29

mm? field of view) from an average of 5 fields. Numerical values assigned to each level of tumor eosinophil

infiltration

Level of eosinophil infiltration

Number of maximal focus of eosinophil infiltration

Level 0 <6
Level 1 6-60
Level 2 61-120
Level 3 >120
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Table 3

Eosinophil degranulation (Eggn): Maximal level of eosinophil degranulation. Numerical values assigned to
each level of degranulation

Level of eosinophil degranulation

Description

Level 0

Lack of any evidence for the release of eosinophil peroxidase

la

Minimal level of degranulation restricted to the areas immediately surrounding otherwise intact tissue
infiltrating eosinophils

Level 1

1b

Patients displaying eosinophil degranulation that includes evidence of EPX-mAb stained enucleated
cytoplasmic fragments

Level 2

Extensive “painting” of the extracellular matrix of the biopsy, the presence of stained enucleated
cytoplasmic fragments, and evidence of cell-free intact secondary granules
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