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Abstract

Objectives—High-grade non-muscle-invasive urothelial tumors of the bladder that fail
intravesical Bacillus Calmette-Guérin immunotherapy are at the highest risk of progression. Initial
evidence links heat-shock protein expression levels and outcome of bladder cancer after BCG
treatment.

We aimed to determine the association between HSP60, 70 and 90 expression levels and long-term
outcomes of TIHG urothelial bladder tumors treated with BCG immunotherapy.

Materials and Methods—Data of 54 consecutive patients with primary T1HG bladder tumors
who underwent transurethral resection between 2002 — 2008 and received at least an induction
course of BCG were reviewed. Immunohistochemical staining for HSP60, 70 and 90 were
performed on resected specimens.

Study outcomes included disease recurrence and progression. The association between HSP
expression levels and outcomes were evaluated with univariable and multivariable Cox
proportional hazards models.
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Results—During a median follow-up of 9.6 years, 25 patients had a disease recurrence and 14
patients a disease progression. Estimated 5-year recurrence and progression free survival were
59% and 81%, respectively.

On multivariable analyses, HSP60 staining >65% was associated with a higher risk for progression
(HR=3.96, 95% CI 1.35-11.58, £=0.012), and HSP70 staining >5% was associated with a
decreased risk for progression (HR=0.33, 95% CI 0.11-0.98, ~P=0.045) and recurrence (HR=0.29,
95% CI 0.13-0.65, ~P=0.003). HSP90 expression was not associated with disease recurrence or
progression. Five patients had both a HSP60 staining >65% and a HSP70 staining <5% all of
whom recurred at a median time of 6 months (IQR 3, 16) and 80% of whom progressed at a
median time of 26 months (IQR 5, 60).

Conclusions—HSP60 and 70 cellular expression levels are associated with long-term outcome
following BCG treatment of T1HG urothelial bladder tumors. These findings, if further validated,
may be used to better stratify the risk of disease recurrence and progression in this group of
patients.
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Introduction

Bladder cancer is the ninth most frequently-diagnosed cancer worldwide, with the highest
incidence rates observed in North America and Europe.[1] At the time of diagnosis
approximately 75% of bladder cancers are non-muscle invasive, 50% of which are high-
grade.[2, 3] Progression rates of non-muscle invasive bladder cancer (NMIBC) range from
10% to 30% at 5-years.[3] Intravesical Bacillus Calmette-Guérin (BCG) immunotherapy is
the mainstay of treatment for high-grade tumors; however, patients who fail BCG
immunotherapy are at the highest risk of disease progression and may benefit from early
radical cystectomy.[4] Thus, identification of predictors for BCG failure may facilitate
patient counseling regarding the best treatment option for high-grade NMIBC.

Heat shock proteins are a group of molecular chaperons with low expression levels in
normal physiological conditions, that are markedly upregulated after the cell is exposed to
external stressors including hyperthermia, hypoxia and cytotoxic agents. They function by
modifying the structures and interactions of cellular proteins, maintaining them in their
biologically active conformations, thus maintaining cellular function and viability.[5]
Alteration in heat shock protein (HSP) levels are observed in many cancers, and HSP
overexpression usually signals a poor prognosis.[5]

Studies have shown alterations in HSP expression levels in bladder tumors compared to
normal urothelium, and an association with tumor grade, stage and outcome; however,
findings were inconsistent.[6-9] Furthermore, in a previous study, we demonstrated that
elevated levels of urinary HSPs may be used as biomarkers for bladder cancer.[10] A single
publication by Lebret et al. showed a significant correlation between lack of HSP90
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expression and response to intravesical BCG in a mixed cohort of 33 patients with high
grade, stage Ta-T1 disease.[11]

In the current study, we aimed to evaluate the role of HSP60, 70 and 90 in predicting the
long-term response to intravesical BCG in a homogenous cohort of patients with stage T1,
high-grade, urothelial tumors of the bladder.

Materials and Methods

After obtaining approval from the institutions ethics committee, we reviewed the medical
records of 54 consecutive patients who underwent transurethral resection of bladder tumor
(TURBT) between the years 2002—2008 with a pathological finding of primary stage T1
high-grade urothelial cancer and received at least an induction course of intravesical BCG.
Patients receiving BCG or diagnosed with a high-grade tumor prior to the study period, and
patients who did not receive BCG treatment or were unable to tolerate a full induction
course of BCG were not included in the study cohort. Formalin-fixed paraffin-embedded
tumor samples obtained at the initial TURBT were available for all patients.

Patient baseline characteristics including age, sex, smoking history (current vs. past or non-
smokers) and previous events of NMIBC were collected. All patients were initially treated
with a TURBT with the aim of complete resection of the bladder tumor. All surgical
specimens were reviewed by a genitourinary pathologist (S.Z.), and the diagnosis of stage
T1, high-grade, urothelial carcinoma was confirmed. The number of tumors, size of the
largest tumor, and presence of concurrent carcinoma in situ were noted and the EORTC risk
scores for recurrence and progression were calculated.[12] Restaging TURBT was
performed at the discretion of the treating urologist. After initial treatment, all patients
received an induction course of 6 weekly instillations of OncoTICE BCG 2-8x108 CFU.
Maintenance BCG immunotherapy, per the Lamm protocol, was given based on patient
characteristics and at the discretion of the treating urologist. Postoperative follow-up
consisted of cystoscopy performed every three months for the first two years, every six
months two to five years after surgery, and annually thereafter. Annual upper urinary tract
imaging was performed during follow-up. Patients with a suspected recurrence underwent
TURBT. Disease recurrence was defined as the first pathologically confirmed tumor relapse
in the bladder, regardless of the tumor stage. Disease progression was defined according to
the IBCG consensus definition for progression in NMIBC, in the presence of a =T2 stage or
lymph node positive (N+) disease or distant metastasis (M1).[13] Patients who initially had a
disease progression were noted to have a recurrence at the same date. All patients were
followed until death or last documented follow-up.

Immunohistochemical staining of tumor samples for HSP60, HSP70 and HSP90 were
performed as previously described.[11] Primary antibodies used were HSP60 and HSP90
from Santa Cruz Biotechnology (Santa Cruz, CA) and HSP70 from StressGen (Victoria,
British Columbia, Canada). The extent of cytoplasmatic immunostaining was evaluated by
an independent uropathologist (S.Z.), who was blinded to the treatment outcome. Cells were
considered positive when immunoreactivity was clearly observed in the cytoplasm (Figure
1). HSP expression was evaluated per the proportion of positively stained cells. For each
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tumor, percentage of immunostaining cells was estimated per 1000 cells. We used a
validated web-based program to evaluate which staining percentage best predicted
recurrence and progression following treatment. The optimal cutoff was defined as the point
with the most significant (log-rank test) split in the survival outcome.[14]

The study endpoints were disease recurrence and progression. Clinical and pathological data
were reported using descriptive statistics: number and percent were calculated for
categorical variables and median and interquartile range (IQR) for continuous variables.
Disease recurrence and progression were treated as time-dependent variables measured from
the completion of induction BCG therapy, and estimated rates were calculated using the
Kaplan-Meier method, and compared using the log-rank test. Univariate and multivariate
Cox regression analyses were used to evaluate the association between patient and tumor
characteristics and disease recurrence and progression. To further support our findings, we
evaluated the differential expression of HSP-related genes in a previously-published cohort
of NMIBC.[15] All statistical analyses were two-sided. A P-value of less than 0.05 was
considered statistically significant. All statistical analyses were performed using R v3.5.1 (R
Foundation for Statistical Computing, Vienna, Austria).

The study cohort included 47 men and 7 women at a median age of 73 years (IQR 61, 81).
Five patients (9%) had a previous event of low grade NMIBC and 2 patients (4%) received
previous intravesical mitomycin C. None of the patients had previous upper urinary tract
tumors. All patients had a pathologically confirmed T1HG bladder tumors. Twenty-five
patients (47%) had a tumor larger than 3cm, 19 (35%) had multiple tumors and 2 (4%) had
concurrent carcinoma in situ. All patients received induction BCG immunotherapy; 37
patients (69%) received partial or complete maintenance BCG treatment. Baseline patient
and tumor characteristics are reported in Table 1.

Median follow-up for patients without disease recurrence was 9.6 years (IQR 6.8, 10.6).
During follow-up, 25 patients had a disease recurrence at a median time of 4.8 months (IQR
2.3, 13.9), and 14 patients had a disease progression at a median time of 24.8 months (IQR
5.5, 60.8). Estimated overall 5-year recurrence free survival was 59%, and 5-year
progression free survival was 81%. Seven patients (13%), all of whom had disease
progression, underwent radical cystectomy. During the study period 20 patients died of any
cause and 4 patients died of bladder cancer at median times of 54.9 months (IQR 34.2, 88.5)
and 39.4 months (IQR 29.4, 62.5), respectively. Estimated 5-year overall and cancer specific
survival were 82% and 94%, respectively.

Mean HSP60, HSP70 and HSP90 expression levels in tumor cells were 31%+36%, 56%
+44% and 87%+28%, respectively. Optimal HSP expression cutoff values for disease
progression were 65% for HSP60 and 5% for HSP70. Similarly, optimal HSP70 cutoff value
for predicting disease recurrence was 5%. No significant HSP60 cutoff value was found for
predicting recurrence. HSP90 expression levels were not associated with disease recurrence
and progression. HSP60 positively stained >65% of cells in 11 patients (20%); 5-year
progression free survival was 54.5% for patients with HSP60 staining >65%, and 88.2% for
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those with HSP60 staining <65%, p=0.001 (Figure 2a). HSP70 staining was >5% in 38
patients (70%); 5-year progression free survival was 89.3% for patients with HSP70 staining
>5% and 61.9% for those with HSP70 staining <5%, p=0.008 (Figure 2b). 5-year recurrence
free survival was 70.9% for patients with HSP70 staining >5% and 30% for those with
HSP70 staining <5%, p=0.002 (Figure 3b). Five patients (9%) had both a HSP60 staining
>65% and a HSP70 staining <5%. All 5 patients recurred at a median time of 6 months (IQR
3, 16) and 4/5 patients progressed at a median time of 26 months (IQR 5, 60).

On univariable analyses, HSP60 staining >65% was associated with a higher risk for
progression (hazard ratio (HR)=4.88, 95% confidence interval (Cl) 1.7-14.01, P=0.003) and
HSP70 staining >5% was associated with a decreased risk for progression (HR=0.26, 95%
Cl 0.09-0.76, P=0.014). On a multivariable model containing both HSPs, HSP60 staining
>65% (HR=3.96, 95% CI 1.35-11.58, £=0.012) and HSP70 staining >5% (HR=0.33, 95%
Cl 0.11-0.98, P=0.045) remained significantly associated with disease progression. HSP60
and HSP70 both remained independent predictors of outcome when controlled separately for
EORTC score for progression (Table 2). Univariable analyses of recurrence found that
HSP70 staining >5% (HR=0.3, 95% CI 0.14-0.68, £=0.004) and BCG maintenance therapy
(HR=0.27, 95% CI 0.12-0.6, P=0.001) were associated with a decreased risk for recurrence.
Both variables remained independently associated with recurrence when included in a
multivariable model (Table 3).

In a cohort of 460 NMIBC patients who underwent comprehensive transcriptional analysis,
multiple genes corresponding to HSP60, HSP70 and HSP90 were highly expressed in the
class 2 and 1 sub-groups versus class 3 (Supplementary Figure 1). In this study, class 1 and
class 2 tumors showed luminal-like characteristics but displayed different levels of
aggressiveness.[15]

Discussion

In the current study, we evaluated the association between cytoplasmatic expression levels of
HSP60, 70 and 90 in T1IHG bladder tumors and long-term outcomes after intravesical BCG
immunotherapy. At a median follow-up of 10 years, elevated HSP60 expression was
associated with an increased risk of disease progression, while elevated HSP70 expression
was associated with a decreased risk of disease progression and recurrence. Moreover, a
combination of the two variables was associated with a 100% risk of recurrence and 80%
risk of progression during follow-up.

Non-muscle invasive bladder cancer, especially stage-T1 high-grade tumors, have the
potential to recur and progress. Intravesical BCG immunotherapy with a maintenance
treatment period of 1-3 years decreases the risk of an adverse outcome. In a meta-analysis of
randomized controlled trials recurrence rate was 43% at a median follow-up of 4.4 years,
and progression rate was 12% at a median follow-up of 4.8 years, similar to the 5-year
recurrence and progression rates seen in our cohort (41% and 19%, respectively).[16] The
mechanism of action of BCG is not fully understood, however current data suggest both
normal and cancerous urothelial cells and immune cells play a central role. Cancer cells
likely internalizes BCG and present BCG together with other cancer antigens to cells of the
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immune system including CD4+ and CD8+ lymphocytes, natural Killer cells, granulocytes,
macrophages and dendritic cells which in turn bring about an immune reaction that Kills
cancer cells by direct cytotoxicity.[17] Nevertheless, BCG immunotherapy is associated with
multiple side effects, and patients failing BCG therapy are at the highest risk of progression,
hence the importance of identifying predictors of BCG treatment outcome that will improve
on current, well established, pathologic predictors.[18]

Earlier studies evaluated the association between HSP expression levels and bladder cancer
with inconsistent findings. Several groups have reported a high expression of HSP70 and
HSP90 in bladder cancer cells, and a positive correlation between elevated HSP70 and
HSP90 levels and tumor grade and stage[6-8], Lebret et al. found a decrease in expression
levels of HSP27, 60, 70 and 90 in cancerous urothelium, and loss of HSP27 and HSP60
expression were associated with higher tumor stage.[9] Moreover, the loss of expression of
either HSP60 or HSP90 were associated with disease progression, and all patients with
HSP60 expression level <40% eventually developed muscle invasive disease.[9] Gene
expression data from Hedegaard et al. suggest that higher expression levels of HSP60, 70
and 90 might be associated with luminal-like characteristics; however, a clear association
with tumor aggressiveness was not observed.[15]

The association between HSP expression levels and treatment outcome after intravesical
BCG immunotherapy was evaluated in a single study by Lebret et al.[11] A cohort of 33
patients with stage Ta-T1 high-grade tumors all of whom received BCG immunotherapy
were followed for a mean period of 56 months. A significant correlation was found between
decreased HSP90 expression and lack of BCG response. For all 6 patients who progressed
despite BCG treatment, HSP90 expression levels were <40%. No correlation was found
between HSP60 expression and BCG response.[11] In the current study, we found that
decreased HSP70 expression was associated with tumor progression and recurrence,
however, elevated rather than decreased levels of HSP60 were associated with disease
progression. Differences in results may be attributed to different cohorts studied. To isolate
the effects of previous exposure to intravesical immunotherapy we evaluated a homogenous
group of primary T1HG tumors who did not receive previous intravesical BCG
immunotherapy.

Our findings emphasize the complex association between HSP levels and tumor cell
survival. The direct association between HSP60 levels and disease progression may be
explained by the cellular protective effect of HSP. Cancer cells are in a constant state of
external stress, thus the upregulation and expression of HSPs is essential for their survival by
preserving protein structure and function.[19] HSP60 was found to activate cytoprotective
pathways centered on stabilization of survivin levels within the mitochondria and formation
of HSP60-p53 complexes, which inhibit p53 function within tumor cells, both of which limit
the apoptosis of cancer cells.[20] The seemingly paradoxical inverse association between
HSP70 levels and disease outcome is similar to previous findings regarding HSP90.[11] The
loss of HSP expression may decrease the immune response against cancer cells. HSP70
enhances tumor antigen presentation by formation of a HSP70-antigen complex which is
transferred to antigen presenting cells for cross-presentation and eventually activation of
cytotoxic CD8 T cells.[21] A decrease in the HSP70 expression may therefore limit the load
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of BCG antigens presented by antigen presenting cells, decreasing the associated therapeutic
effect. Furthermore, HSP70 stimulates the cytolytic activity of naive natural killer cells
against HSP70-positive tumor target cells, thus lower levels of HSP may lead to less activity
of natural Killer cells against these tumor cells.[22] Both mechanisms facilitate the immune
evasiveness of urothelial cancer cells limiting the response to BCG immunotherapy.

The limitations of the current study include the studies retrospective nature, and the
relatively small cohort size. Furthermore, not all patients underwent restaging TURBT
leading to possible under-staging, and not all patients completed maintenance BCG.
However, the current cohort consists of primary TIHG tumors treated with BCG with a long
follow-up, all of whom were at a high risk for disease progression. While the homogenous
nature of the cohort likely affected the significance of known predictors of outcome and may
limit the generalizability of the findings, these patients pose the greatest clinical dilemma
regarding limited vs. radical treatment, hence the importance of discovering additional
predictors of outcomes within this specific group of patients.

Conclusion

The current study supports the association between increased HSP60 and decreased HSP70
cellular expression levels and adverse long-term outcome following BCG treatment of
T1HG urothelial bladder tumors. If validated, HSP immunohistochemical staining may be
used in addition to other patient and tumor factors for risk stratification and patient
counseling regarding the role of early cystectomy or enrollment to clinical trials aimed at
enhancing the anti-tumor effect of BCG in this patient population considering the higher risk
for BCG failure. Additional studies using larger cohorts are required to understand the role
of each HSP sub-type in regulating the BCG-mediated immune response, assess the
association between changes in HSP levels during treatment and outcome, and evaluate
whether manipulating HSP expression levels may enhance the therapeutic effect of BCG
immunotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Heat shock proteins are molecular chaperons that maintain cellular function

. Elevated HSP60 levels predict disease progression in BCG treated TIHG
bladder tumors

. Decreased HSP70 levels predict disease progression and recurrence in this
cohort

. Patients with both predictors all recurred and had an 80% progression rate at
followup

. Further studies may validate HSP70 and HSP60 as significant predictors for
BCG failure
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Figure 1 -

Immunohistochemical staining of bladder tumor specimens (x20) showing high and low
intensity cytoplasmatic staining of HSP60 (A, B), HSP70 (C, D) and HSP90 (E, F),
respectively
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Kaplan Meier estimates of progression free survival relative to cytoplasmatic expression
levels of (A) HSP60 and (B) HSP70
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Baseline characteristics of 54 patients with stage T1, high grade, bladder tumors treated with intravesical

Bacillus Calmette-Guérin immunotherapy

Table 1.

Variable value®
Male 47 (87)
Sex (%)
Female 7(13)

Median age years (IQR) 73 (61,81)

Former/ Never | 42 (78)
Smoking status (%)

Current 12 (22)

<3cm 28 (53)
Tumor size (n=53, %)

>3cm 25 (47)

Single 35 (65)
Tumor number (%)

Multiple 19 (35)

Yes 5(9)
Recurrent tumor (%)

No 49 (91)

Yes 2(4)
Presence of CIS (%)

No 52 (96)

0 0(0)

1-4 16 (30)
EORTC risk score for recurrence

5-9 36 (67)

10-17 2(4)

0 0(0)

2-6 0(0)
EORTC risk score for progression

7-13 42 (78)

14-23 12 (22)

Yes 16 (30)
RestagingTURBT (%)

No 38 (70)

Yes 37 (69)
Maintenance BCG Treatment (%)

No 17 (31)

HSP60 31+36
Mean percent HSP expression (SD) HSP70 56 + 44

HSP90 87+ 28

HSP60 15 (0,50)
Median percent HSP expression (IQR) | HSP70 80 (0, 100)

HSP90 100 (100, 100)

IQR = interquartile range; CIS = carcinoma in situ; EORTC = European Organization for Research and Treatment of Cancer; TURBT =
transurethral resection of bladder tumor; BCG = Bacillus Calmette-Guérin; HSP = heat shock protein; SD = standard deviation.

*
Represents number of patients unless noted otherwise.
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Table 2.
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Univariable and multivariable predictors of disease progression in patients with stage-T1 high grade non-
muscle invasive bladder cancer treated with intravesical Bacillus Calmette-Guérin immunotherapy

Variable Univariable Multivariable”™ Multivariabl e* Multivariabl e*
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Male Ref. 0.177
Sex
Female 2.46 (0.67 - 9.03)
Median age years (IQR) 0.99 (0.95 - 0.841
1.04)
Former/ Never | Ref. 0.101
Smoking status
Current 2.64 (0.83-8.42)
<3cm Ref. | 0.158
Tumor size
>3cm 2.24 (0.73 - 6.89)
single Ref. | 0.352
Tumor number
Multiple 1.66 (0.57 — 4.81)
No Ref. [ 0.953
Recurrent tumor
Yes 0.94 (0.12 - 7.23)
No Ref. [ 0201
Presence of CIS
Yes 2.99 (0.39 - 23)
EORTC scorefor | 913 Ref. [ 0104 Ref. 0.137 | Ref. 0.349
progression 14-23 2.19 (0.67 - 7.22) 2.5 (0.75 - 8.38) 1.77 (0.54 - 5.88)
No Ref. [ 031
Restaging TURBT
Yes 0.88 (0.28 — 2.82)
Maintenan ce BCG No Ref. | 0.858
Treatment
Yes 1.11 (0.35 - 3.55)
% HSP60 expression | <65 Ref. | 0.003 | Ref. 0.012 | Ref. 0.002
>65 4.88 (1.7 - 14.01) 3.96 (1.35 - 11.58) 5.16 (1.79 - 14.92)
% HSP70 expression | <5 Ref. | 0.014 | Ref. 0.045 Ref. 0.02
>5 0.26 (0.09 - 0.76) 0.33 (0.11-0.98) 0.28 (0.1-0.82)

HR = hazards ratio; Cl = confidence interval; Ref. = reference; IQR = interquartile range; CIS = carcinoma in situ; EORTC = European
Organization for Research and Treatment of Cancer; TURBT = transurethral resection of bladder tumor; BCG = Bacillus Calmette-Guérin; HSP =

heat shock protein

*
Three multivariable models were generated to avoid overfitting of a single model.
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Table 3.
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Univariable and multivariable predictors of disease recurrence in patients with stage-T1high grade non-muscle

invasive bladder cancer treated with intravesical Bacillus Calmette-Guérin immunotherapy

Variable Univariable Multivariable
HR(95%Cl) P HR(95%CI) P
Sex Male Ref. 0.948
Female 0.96 (0.29-3.2)
Median age years (IQR) 0.98 (0.94-1.01) | 0.211
Smoking status Former/ Never | Ref. 0.258
Current 1.59 (0.71-3.53)
Tumor size <3cm Ref. | 0.117
>3cm 1.92 (0.85-4.32)
Tumor number Single Ref. | 0.794
Multiple 0.89 (0.39 - 2.07)
Recurrent tumor No Ref. | 0.366
Yes 1.75 (0.52-5.9)
Presence of CIS No Ref. | 0.7
Yes 1.48 (0.2 -10.99)
EORTC score for recurrence 0-14 Ref. | 0.22 Ref. 0.416
5-17 1.85 (0.69 — 4.93) 1.51 (0.56 — 4.04)
RestagingTURBT No Ref. | 0.373
Yes 1.45 (0.64 - 3.29)
Maintenance BCG Treatment | No Ref. | 0.001 | Ref. <0.001
Yes 0.27 (0.12 - 0.6) 0.25 (0.11 - 0.56)
% HSP60 expression <65 Ref. | 0.074
>65 2.16(0.93 - 5.02)
% HSP70 expression <5 Ref. | 0.004 | Ref. 0.003
>5 0.3(0.14-0.68) 0.29 (0.13 - 0.65)

HR = hazards ratio; ClI = confidence interval; Ref. = reference; IQR = interquartile range; CIS = carcinoma in situ; EORTC = European

Organization for Research and Treatment of Cancer; TURBT = transurethral resection of bladder tumor; BCG = Bacillus Calmette-Guérin; HSP =

heat shock protein
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