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Abstract

Background

The role of interferon gamma (IFN-y) expression in long-term survival has not been studied
in patients with urinary bladder cancer (UBC). IFN-y expression was characterized among
various UBC patient cohorts to assess if IFN-y status is associated with overall survival
(0S).

Methods

A tumor-based IFN-y gene signature was evaluated among adult UBC patients newly diag-
nosed between 2004 and 2017 from two hospital systems in New York. Patient cohorts
included metastatic (stage IV or progressing to stage IV [MBC]), muscle-invasive (stages
T2a to T4a [MIBC]), and non—muscle-invasive (carcinoma in situ or stages Oa, Ois, and |
[NMIBC]) disease. Descriptive analyses were conducted comparing IFN-y signature in the
highest tertile to those in the lowest two tertiles.

Results

234 patients with bladder cancer were evaluated (56 MBC, 38 MIBC, and 140 NMIBC).
Median OS was only reached in the MIBC cohort for those with an IFN-y signature in the
lowest two tertiles (15.03 months [95% Cl, 8.50-50.60]). Those with an IFN-y signature in
the highest tertile had a decreased risk of mortality in all cohorts indicating better survival,
but this was statistically significant in only the MIBC cohort (adjusted HR = 0.09 [95% Cl,
0.01-0.73]).

Conclusion

IFN-y signature status was associated with a decreased mortality risk in all cohorts, particu-
larly MIBC, indicating that it may be a prognostic marker of survival in patients with UBC.
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Introduction

Urinary bladder cancer (UBC) is the ninth most common cancer worldwide, with nearly
500,000 new cases diagnosed annually [1]. UBC is typically categorized by the level of invasive-
ness of the tumor into one of three groups based on the TNM staging system: non-muscle
invasive bladder cancer (NMIBC), which includes Tis-T1 lesions, muscle invasive bladder can-
cer (MIBC), which includes T2-T3 lesions, or metastatic bladder cancer (MBC) [2].

Conservative treatment for NMIBC generally includes a partial or full transurethral resec-
tion of the bladder tumor in combination with a perioperative intravesical chemotherapy [3-
5]. NMIBC lesions are typically also treated with immunotherapy, the most common of which
is bacillus Calmette-Guérin (BCG) therapy [3, 4, 6, 7]. The role of immunotherapy in bladder
cancer was first demonstrated by the success of BCG instillation in localized bladder cancer
[8], where it was shown to reduce the rates of recurrence and progression by up to 40% [6, 7].
This success encouraged the investigation into the role of BCG and other immunotherapy
agents in the treatment of MIBC as well, but a deeper understanding of the mechanism of
immunotherapy in UBC and, in particular, the ability to predict which tumors may be respon-
sive, is essential. For patients with UBC who have a minimal risk of progression or recurrence,
conservative management is preferred to maintain a functional bladder and increase patient
quality of life [8].

It has been hypothesized that higher levels of interferon gamma (IFN-y) mRNA signature
expression may predict increased immunotherapy efficacy [9], which in turn is associated
with enhanced T-cell mediated antitumor immune response and a better prognosis [10]. This
hypothesis is consistent with the postulated mechanism of action of immunotherapies in other
cancers including non-small cell lung cancer [11], melanoma, squamous cell carcinomas of the
head and neck, and gastric cancers [9, 12-19]. It is believed that IFN-y expression in patients
with UBC may also therefore be predictive of tumor aggressiveness, treatment response, and
long-term patient outcomes; however, data are currently limited.

This study determined the IFN-y signatures of tumors from patients with UBC and investi-
gated the association between the IFN-vy signatures and survival among various UBC patient
cohorts (NMIBC, MIBC, and MBC).

Methods
Study population

In this retrospective observational study, available tissue or biopsy samples of newly diagnosed
patients with urothelial bladder cancer were collected from North Shore Long Island Jewish
Health System (n = 120; 43%) or Mount Sinai Health System (n = 162; 57%), both located in
New York, New York. Cohorts of patients with NMIBC (n = 163), MIBC (n = 51), or MBC

(n = 68) were assembled. Electronic medical records (EMR) were reviewed to gather detailed
demographic and clinical information. Institutional Review Board (IRB) approvals from both
institutions were obtained (Northwell Health IRB: IRB 08-094A; Mount Sinai IRB: HS 15-
00495). Informed patient consent was waived by the IRBs due to the retrospective nature of
the study.

Study eligibility

Patients were 18 years or older at diagnosis and diagnosed with UBC between 2004 and 2017
to be eligible for inclusion. Samples were collected for diagnostic purposes. For the MBC
cohort, patients with a histologically confirmed diagnosis of stage IV or progressing to stage
IV bladder cancer were included. The MIBC cohort comprised patients with a histologically
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confirmed diagnosis of stage T2a, T2b, T3a, T3b, or T4a bladder cancer. In the NMIBC cohort,
patients had a histologically confirmed diagnosis of stage Ta, T1, or Tis (carcinoma in situ)
bladder cancer or stage 0Oa, 0is, and I bladder cancers who received five of six BCG instillations.
Transitional or mixed histologies were accepted. Further inclusion criteria for the study were
the availability of 1) sufficient cancer tissue or biopsy sample to provide two curls of 20 um per
patient and 2) detailed information on demographics, pathology, treatment, and clinical out-
comes, including treatment and follow-up information to determine overall survival (OS) and
progression-free survival (PFS).

Variables

Gender, age, body mass index (BMI), and vital status were all extracted from EMR, along with
any previous history of cancer (yes/no) or known comorbidities (none/one or more comorbidi-
ties). Current and former smokers were combined into an “ever smoker” category and com-
pared to those without any history of smoking (never smoker). Treatment was assessed and
patients were grouped by those whose treatment included BCG (BCG group), those who did
not receive BCG but received chemotherapy (chemotherapy group), and those who received
neither chemotherapy nor BCG (no chemotherapy group). IFN-y signatures were calculated
for the tumor samples and the range of IFN-y signatures was divided into tertiles for each UBC
cohort. IFN-vy signatures in the highest tertile were then compared to the signatures in the low-
est two tertiles in the analyses. Vital status was extracted from EMR, and for individuals who
did not have a date of death listed in their EMR, obituaries were searched. For those patients
with an obituary, the funeral date was used as the date of death. Individuals who did not have a
date of death but did enter hospice care were recorded as having died one month from the day
they entered hospice care. If no evidence of a date of death, funeral, or entry into hospice care
could be found, individuals were censored at the date of their last appointment as noted in the
EMR. Progression was defined as the change in a patient’s UBC tumor type from NMIBC to
either MIBC or MBC, or from MIBC to MBC. MBC is a terminal diagnosis without the ability
to progress. The dates of the patients’ last appointment without evidence of progression and
histological confirmation of progression were recorded from the EMR. Patients were recorded
as having progressed on the date of their histological confirmation of progression. Patients who
had no evidence of progression were censored at the date of their last appointment (Fig 1).

Tumor sample analysis

For the three cohorts, two de-identified curls with a thickness of 20 um were cut and sent to
AstraZeneca. RNA was extracted for sequencing. A database was developed to track the

January- July 2017- Samples from

patients diagnosed with urinary February 1 2020-Remaining
bladder cancer collected patients censored

_— _— E— — — — — _— _— _— _— — _— _— i_ _— —_— — >

Retrospective chart review Follow up of patient outcomes

Patients diagnosed
between 2004-2017

Fig 1. Study flow diagram. Urinary bladder cancer study. Mt Sinai hospital system and North Shore Long Island Jewish health system, New York, New
York. 2004-2017.

https://doi.org/10.1371/journal.pone.0271339.g001
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shipment of de-identified samples and the receipt of the results. Analyses were performed by
AstraZeneca using Ion AmpliSeq sequencing technologies to determine the IFN-y signature
for each sample. The IFN-y signature was calculated using a housekeeping gene expression
read count as a baseline value. The IFN-vy signature value counts for each sample were sub-
tracted from the baseline value. Values closer to zero indicated higher IFN-y expression indi-
cating that IFN-y expression is reflective of the level of immune cell infiltration and activation.

Statistical analysis

Descriptive statistics were performed for the demographic characteristics of the patients
according to the IFN-y expression status for the three different bladder cancer cohorts (signa-
ture in the highest tertile or the lowest two tertiles). In each of the UBC cohorts, univariate cox
regression analyses were performed for OS of each variable. Multivariable cox regression mod-
els, adjusted for age, gender, BMI, history of cancer, comorbidities, and smoking status, were
created for OS, based on data availability. Treatment type was also included in the model for
the NMIBC cohort, but because BCG is not recommended for MIBC or MBC, treatment type
was not included in the model for either of those cohorts. Kaplan-Meier survival plots showing
OS were created for each cohort. PFS was assessed via Kaplan-Meier survival plots and log-
rank testing for NMIBC and MIBC patients. PFS could not be calculated for MBC patients
because MBC is a terminal diagnosis.

Results

Among the 282 tumor samples collected, insufficient RNA was obtained from 48 samples to
allow for IFN-y signature determination. Therefore, IFN-y signatures were calculated for the
remaining 234 samples, consisting of 140 NMIBC samples, 38 MIBC samples, and 56 MBC
samples for analysis (Fig 2). The samples were not longitudinally acquired (patients who tran-
sitioned from NMIBC — MIBC — MBC were not available) and there was no overlap between

Urinary Bladder
Cancer Samples
(n=282)
v
NMIBC Samples MIBC Samples MBC Samples
(n=163) (n=51) (n=68)
NMIBC Samples MIBC Samples MBC Samples
L, withinsufficient with insufficient with insufficient
RNA RNA RNA
(n=23) (n=13) (n=12)
NMIBC Samples with MIBC Samples with MBC Samples with
IFN-y signature levels IFN-y signature levels IFN-y signature levels
(n=140) (n=38) (n=56)

Fig 2. Sample flow diagram. Urinary bladder cancer study. Mt Sinai hospital system and North Shore Long Island Jewish health system, New York,
New York. 2004-2017.

https://doi.org/10.1371/journal.pone.0271339.g002
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Table 1. Characteristics of bladder cancer patients by stage. Mt Sinai Hospital system and North Shore Long Island Jewish Health System, New York, New York. 2004

2017.
Non-muscle invasive bladder cancer, n (%) | Muscle invasive bladder cancer, n (%) | Metastatic bladder cancer, n (%)
Overall (N = 140) Overall (N = 38) Overall (N = 56)

Gender

Male 109 (77.9) 25 (65.8) 39 (69.6)

Female 31 (22.1) 13 (34.2) 17 (30.4)
Age (years)®, mean (SD) 70.8 (10.9) 73.5 (8.9) 70.0 (8.1)
BMI (kg/mz) ? mean (SD) 27.6 (4.6) 27.1(4.6) 27.0 (6.1)
History of cancer

Yes 49 (35.0) 14 (36.8) 20 (35.7)

No 91(65.0) 23 (60.5) 36 (64.3)

Missing 0(0.0) 1(2.6) 0(0.0)
Number of comorbidities

0 78 (55.7) 14 (36.8) 34 (60.7)

1+ 61 (43.6) 23 (60.5) 22 (39.3)

Missing 1(0.7) 1(2.6) 0(0.0)
Smoking

Never smoker 42 (30.0) 8 (21.0) 13 (23.2)

Ever smoker 92 (65.7) 29 (76.3) 32 (57.1)

Missing 6 (4.3) 1(2.6) 11 (19.6)
Chemotherapy

Any Chemotherapy 88 (62.9) - 23 (41.1)

No chemotherapy 33 (23.6) - -

Missing 19 (13.6) - 33 (58.9)
Tertile of INF- v signature levels

Cut off value for highest tertile -4.62 -3.61 -2.98

Lowest tertiles 93 (66.4) 25 (65.8) 37 (66.1)

Highest tertile 47 (33.6) 13 (34.2) 19 (33.9)
IFN-v signature, mean (SD) -6.2 (2.5) -4.3(2.1) -3.7(1.4)
Vital status

Alive 128 (91.4) 21 (55.3) 22 (39.3)

Dead 12 (8.6) 16 (42.1) 34 (60.7)

Missing 0 (0.0) 1(2.6) 0(0.0)
Follow-up time (months), median (range) 41.7 (1.8-153.5) 13.0 (0.7-64.4) 12.9 (0-89.8)

*One sample with an IFN-y signature is missing all their demographic information except for gender including vital status.

https://doi.org/10.1371/journal.pone.0271339.t001

the NMBIC and the MIBC/MBC cohorts. Comparisons between those patients with measured
IFN-v and those without did not reveal any significant differences in patient characteristics
(data not shown). Age, gender, and history of cancer were similar across the three UBC
cohorts. Descriptive statistics are noted for all samples below and further detail is provided in
Table 1 and S1 Table. The multivariable models for each UBC cohort were tested for interac-
tions between time and each variable. None of the interaction variables were statistically signif-

icant so proportionality over time was assumed for each model.

NMIBC

One hundred and forty individuals with NMIBC were identified and their tumor samples
were evaluated for IFN-y signatures. The majority of NMIBC individuals were men (78%)
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with a mean age of 71 years and mean BMI of 27.6 kg/m®. Most individuals did not have a his-
tory of cancer (65%) or other comorbidities (56%), although the majority did have a history
of smoking (66%). Half of NMIBC individuals were treated with BCG (50%) while 13% of
NMIBC individuals received other chemotherapy and about a quarter did not receive any che-
motherapy. The median (range) follow-up time was 41.7 (1.8-153.5) months. There were 12
confirmed deaths in the NMIBC cohort with 128 individuals alive at the time of their last EMR
entry. The mean + standard deviation (SD) IFN-vy signature was -6.2 * 2.5 and the cutoff for a
signature in the highest tertile was -4.62 (Table 1). Of the 140 patients with NMIBC, 47 (34%)
had a signature in the highest tertile (Table 1). Patients who received BCG therapy were signifi-
cantly more likely to have an IFN-y signature level in the highest tertile (P < 0.01, S1 Table).
Median OS could not be calculated for patients with NMIBC, as most were alive at the end
of the study (Fig 3). Regardless, there was no statistically significant difference between the two
groups in survival at the end of the study period (P = 0.20). PFS could not be calculated for
NMIBC patients because none of them progressed during the study period. Patients with IFN-
y signatures in the highest tertile were at decreased risk of mortality although the results were
not statistically significant in the adjusted (adjusted for age, gender, BMI, history of cancer,
comorbidities, smoking, and BCG chemotherapy) multivariable cox regression model
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Highest tertile median OS (95% CI):NA.
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Fig 3. Kaplan-Meier survival curves for overall survival of NMIBC by highest tertile of IFN-y signature vs the lowest two tertiles. Mt Sinai hospital
system and North Shore Long Island Jewish health system, New York, New York. 2004-2017. Highest tertile median OS (95% CI):NA. Lowest tertiles
median OS (95% CI): NA.

https://doi.org/10.1371/journal.pone.0271339.g003
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Table 2. Hazard ratios (HR) and 95% confidence intervals (CI) for the association between INF- y signature levels and death among bladder cancer patients by
stage. Mt Sinai hospital system and North Shore Long Island Jewish health system, New York, New York. 2004-2017.

Non-muscle invasive bladder cancer Muscle invasive bladder cancer Metastatic bladder cancer
hazard ratio (95% CI) hazard ratio (95% CI) hazard ratio (95% CI)
Univariate Multivariable model* Univariate Multivariable model* Univariate Multivariable model®
Tertile of INF- y signature levels
Lowest two tertiles combined 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Highest tertile 0.34 (0.04-2.75) 0.73 (0.07-7.17) 0.11 (0.01-0.87) 0.09 (0.01-0.73) 0.65 (0.27-1.54) 0.85 (0.35-2.04)

*Adjusted for age, gender, BMI, history of cancer, comorbidities, and smoking status. BCG therapy was included in the model for NMIBC, but not for MIBC or MBC

because it is not a recommended therapy for those diseases. Any chemotherapy use was included as a covariate in MBC models.

https://doi.org/10.1371/journal.pone.0271339.t002

(adjusted hazard ratio [aHR] = 0.73 [95% CI, 0.07-7.17]) (Table 2). There was one more
patient for the analysis of OS than the multivariable cox regression because one patient was
missing most of their data and they could not be included in the multivariable cox regression.

MIBC

A total of 38 individuals with MIBC were identified and IFN-y signatures were calculated from
their tumors. The majority of MIBC individuals were men (66%) with a history of smoking
(76%) and no history of cancer (61%). Individuals in this cohort were on average 74 years old
with a BMI of 27.1 kg/m”. About 37% of these patients had no other comorbidities. The
median (range) follow-up time was 13.0 (0.7-64.4) months and there were 16 confirmed
deaths with 21 patients alive at the time of their last EMR entry. Subgroup analysis by grade
could not be completed as all MIBC tumors available for study were grade 2. By stage, stage 2
tumors had higher IFN-y expression compared to stages 3 and 4 (stage 2: -3.55 * 1.86; stage 3:
-4.09 + 1.71; stage 4: -5.78 + 2.33) (data not shown). The mean + SD IFN-vy signature was -
4.3 + 2.1 and the cutoff for a signature in the highest tertile was —3.61 (Table 1). Of the 38
patients with MIBC, 13 (34%) had a signature in the highest tertile (Table 1).

The median PFS time was significantly longer for patients with elevated IFN-y signatures in
the highest tertile at 10.93 (95% CI, 8.27-13.60) months when compared to 7.30 (95% CI,
1.37-9.80) months for those with IFN-y signatures in the lowest tertiles (P < 0.01) (Fig 4).
Only 11% of patients with an IFN-y signature in the highest tertile died therefore OS could not
be calculated, but the OS for those in the lowest tertiles was 15.03 (95% CI, 8.50-50.60) months
(Fig 5) and the difference was statistically significant (P < 0.01). IFN-vy signatures in the high-
est tertile were associated with significantly decreased mortality in both the univariate
(HR =0.11 [95% CI, 0.01-0.87]) and adjusted multivariable cox regression model (aHR = 0.09
[95% CI, 0.01-0.73]) (Table 2).

MBC

A total of 56 individuals with MBC were identified and IFN-vy signatures were calculated from
their tumors. Most of them were male (70%) with a history of smoking (57%). On average,
individuals were 70 years of age with a BMI of 27.0 kg/m?. Most individuals with MBC did not
have a history of cancer (64%) or any comorbidities (61%). The median (range) follow-up
time was 12.9 (0.0-89.8) months and there were 34 confirmed deaths with 22 patients alive at
the time of their last EMR entry. Subgroup analysis by grade of MBC tumors showed higher
IFN-vy expression in grade 2 tumors compared to grade 3 and higher (grade 2: -3.65 + 1.30;
grade 3+: -5.21 + 2.60). By stage, stage 2 tumors had higher IFN-y expression compared to
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Fig 4. Kaplan-Meier survival curves for progression-free survival of MIBC by highest tertile of IFN-vy signature vs the lowest two tertiles. Mt Sinai
hospital system and North Shore Long Island Jewish health system, New York, New York. 2004-2017. Highest tertile median PFS (95% CI): 10.93
(8.27-13.60). Lowest tertiles median PFS (95% CI): 7.30 (1.37-9.80).

https://doi.org/10.1371/journal.pone.0271339.9004

stages 3 and 4 (stage 2: -2.80 + 0.34; stage 3: -3.58 + 1.37; stage 4: -5.78 + 2.33). The mean + SD
IFN-y signature was -3.7 + 1.4 and the cutoff for a signature in the highest tertile was —-2.98
(Table 1). Of the 56 patients with MBC, 19 (34%) had a signature in the highest tertile

(Table 1).

The median OS (95% CI) for those with an IFN-y signature in the lowest tertiles was shorter
at 18.20 (95% CI, 8.43-24.90) months compared to 27.53 (95% CI, 9.50-69.53) months for
patients with IFN-y signatures in the highest tertile (Fig 6), although these differences were not
statistically significant (P = 0.12). In the adjusted multivariable cox regression model, patients
with IFN-y signatures in the highest tertile were at a decreased risk of mortality (aHR = 0.85
[95% CI, 0.35-2.04]) compared to those in the lowest two tertiles, although the confidence
intervals included “1” indicating that the results could be due to statistical chance (Table 2).
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Fig 5. Kaplan-Meier survival curves for overall survival of MIBC by highest tertile of IFN-y signature vs the lowest two tertiles. Mt Sinai Hospital
System and North Shore Long Island Jewish Health System, New York, New York. 2004-2017. Highest tertile median OS (95% CI): NA. Lowest tertiles
median OS (95% CI): 15.03 (8.50-50.60).

https://doi.org/10.1371/journal.pone.0271339.9005

Discussion

To our knowledge, this is the first real world study to examine the relation of IFN-y and mor-
tality in unselected cohorts of bladder cancer patients. The results of this study suggest that
IFN-y expression may be a predictor of mortality when viewed in conjunction with the extent
of the disease, particularly in patients with MIBC.

The role of IFN-y in cancer occurrence and immunosurveillance is known. IFN-v is pro-
duced in the early phases of immune reactions by several immune cells and signals the need
for adaptive immunity. IFN-vy is implicated in driving monocytes, macrophages, and T cells to
the site of inflammation and increases production of chemoattractants and sensitizes pro-apo-
ptotic pathways, allowing for a greater immune response to tumor cells. In addition to
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Fig 6. Kaplan-Meier survival curves for overall survival of MBC by highest tertile of IFN-y signature vs. the lowest two tertiles. Mt Sinai hospital
system and North Shore Long Island Jewish health system, New York, New York. 2004-2017. Highest tertile median OS (95% CI): 27.53 (9.50-69.53).
Lowest tertiles median OS (95% CI): 18.20 (8.43-24.90).

https://doi.org/10.1371/journal.pone.0271339.9006

enhancing immune response, IFN-y acts directly on the tumor by reducing cell proliferation
and hampering angiogenesis in tumor microenvironments, decreasing the ability of tumors to
grow and receive nutrients [20].

Further evidence for the importance of IFN-y in tumor suppression comes from prelimi-
nary data showing evidence that tumor infiltrating lymphocytes (TIL) in bladder cancer
secrete IFN-y. TIL, higher levels of which are associated with improved survival in MIBC, is
sometimes used in immunotherapy with tumor cells extracted from patient tumors, prolifer-
ated in a lab, and subsequently reintroduced. In a 2018 study, researchers measured IFN-y lev-
els in TIL after co-culture with autologous tumor cells. The TIL was shown to have produced
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IFN-y after co-culture with the autologous tumors, suggesting that IFN-y was secreted in
response to the exposure [21].

It also appears that IFN-y is also one of the downstream mechanisms promoted by immu-
notherapy by intravesicular delivery of BCG, which is used to treat and prevent the recurrence
of superficial bladder cancer. Although the exact mechanism by which BCG immunotherapy
works is unclear, it has been suggested that the non-virulent mycobacterium bovis triggers a
localized T helper 1 immune response, thereby increasing IFN-y production and stimulating
secretion of the chemokine IP-10, which helps to regulate inflammation. Research has shown
that both IP-10 and IFN-y levels in the urine of UBC patients who have received intravesicular
BCG treatment increases overtime with the peak levels usually occurring between the fourth
and sixth treatment [22]. This research suggests a link between receipt of BCG therapy and an
increase in IFN-y levels, which may then translate to increased survival.

There are several limitations to this study, which must be considered when interpreting
these results. First, there was a limited number of available samples, particularly for the MIBC
and MBC tumors, which was further exacerbated by the fact that nearly 20% of the samples
generated insufficient nucleic acid for IFN-y signature expression. This small sample size lim-
ited the ability to analyze several outcomes of interest including PFS in NMIBC patients and
use of BCG in MIBC patients as there simply were not enough NMIBC patients who pro-
gressed or MIBC patients who received BCG therapy to calculate any meaningful statistics in
this group. Second, because data was collected retrospectively from EMR, not all risk factors
for bladder cancer were available to account for in the analyses. It is also possible that treat-
ments which patients may have received outside of the Mount Sinai or Northwell Health Med-
ical systems were not captured, leading to misclassification of treatment exposure.

The mean age of diagnosis for our cohort is consistent with SEER, an authoritative source
for cancer statistics in the US, which shows individuals aged 65-74 years are most frequently
diagnosed with UBC [23]. However, the number of comorbidities seen in our study compared
to other early-stage bladder cancer populations differs. Megwalu et al. [24] found that about
35% of patients with non-invasive disease and 33% of patients treated with cystectomy did not
have a comorbidity. Similarly, Strope et al. [25] found about 33% of early stage patients (stages
0 and 1) did not have a comorbidity. In contrast, we saw 56% of NMIBC, 37% of MIBC, and
61% of MBC patients reported no comorbidities, respectively, despite a mean age above 70 in
each group. A study by Piccirillo et al. [26] of comorbidities in cancer patients found that by
age 70, fewer than 30% of cancer patients reported no comorbidities. It is possible that patients
had additional diagnosed comorbidities that were not included in their hospital EMR. Further,
one of our requirements was that patients had to have a tissue sample available for IFN-y anal-
ysis. Patients with tumor tissue may be more healthy than patients without as sicker patients
may be less likely to undergo biopsy or surgical treatment for their tumor. These reasons may
account for the differences we observed in 5-year survival rates in our sample compared to the
SEER cancer cohort [23]. Five-year OS in our sample among NMIBC patients was 90.7% com-
pared to 69.2% in localized bladder cancer patients in the SEER cancer cohort. Five-year OS in
the MIBC sample was slightly higher at 44.3% compared to 36.5% among those with regional
bladder cancer in SEER. Five-year OS in the MBC sample was 20.9% compared to 5.5%
among those with distant bladder cancer in the SEER cohort [27].

Despite these limitations, this study has several strengths, primarily the long follow-up time
of patients in the NMIBC cohort. Some of the patients in this study were followed for over 12
years, which provides ample time to establish OS. Additionally, the use of EMR rather than
claims databases for patient and outcome identification allowed for better cohort identification
and reduces misclassification. The use of EMR, obituary data, and the long follow-up period
provided a more representative picture of the patient journey for people afflicted with UBC.

PLOS ONE | https://doi.org/10.1371/journal.pone.0271339  August 30, 2022 11/14


https://doi.org/10.1371/journal.pone.0271339

PLOS ONE

Interferon gamma expression in urothelial bladder cancer

Finally, comparisons between those patients with measured IFN-y and those without did not
reveal any significant differences in patient characteristics indicating that the IFN-y group is
not a biased group.

Conclusions

This study suggests that IFN-y expression in patients with UBC may be a prognostic factor of
long-term patient outcomes. This is particularly true for those diagnosed with MIBC, where
higher IFN-vy signature status was associated with a statistically significant increase in survival.
Further research into the association between IFN-vy level and UBC mortality, as well as explo-
ration of treatments that may raise IFN-y level, is needed in well-defined and larger, unselected
populations.
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