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ABSTRACT
Intravesical Bacille Calmette-Guérin (BCG) remains the most effective treatment for high-risk non-muscle-
invasive bladder cancer (NMIBC), unfortunately there is no validated biomarker to predict clinical outcome.
Here we tried to explore the possibility that a combination of the density of peritumoral infiltrating cells (Th1,
Th2 and PD-L1) and the composition of peripheral immune cells (neutrophil and lymphocyte counts) could
generate a more reliable prognostic biomarker. Twenty-two patients with high-risk NMIBC treated with BCG
(10 BCG nonresponders and 12 BCG responders) were selected. BCG responders had significantly lower level
of peritumoral T-bet+ cells with an associated higher GATA-3+/T-bet+ ratio (p = 0.04, p = 0.02, respectively).
Furthermore, the immune polarization in tissue (GATA-3+/T-bet+ ratio) adjusted for the systemic inflamma-
tion (neutrophil-to-lymphocyte ratio) showed a significantly higher association with the BCG response
(p = 0.004). A survival analysis demonstrated prolonged recurrence-free survival (RFS) in patients with
a lower T-bet+/Lymphocyte ratio and higher GTR/NLR (p = 0.01). No association was observed between
peritumoral PD-L1+ expression and the BCG response. In conclusion, alterations in overall immune function,
both local and systemic, may influence the therapeutic response to BCG, therefore a combined analysis of
tumoral (Th2/Th1 ratio) and peripheral (NLR) immune composition prior to treatment may be a promising
approach to predict the BCG response in high-risk NMIBC patients.
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Introduction

In patients with high-risk non-muscle-invasive bladder cancer
(NMIBC), immunotherapy with Bacillus Calmette-Guérin
(BCG) is the most successful adjuvant treatment;1 neverthe-
less, the reported response rate is only 60% with 5-year
recurrence rates of 30% to 40% and progression rates from
9% to 13%.2 Despite many efforts, no biomarkers are cur-
rently able to predict patient prognosis to discriminate indi-
viduals who will respond to BCG treatment from individuals
who would be best served by more aggressive therapies, such
as cystectomy.3

Tumor-infiltrating lymphocytes (TILs) have a strong influ-
ence on cancer-specific survival.4 In patients with metastatic
urothelial carcinoma (UC) receiving platinum-based che-
motherapy, a recent study has shown that TILs perform as
a significant prognostic factor,5 which is in line with other
studies demonstrating the positive prognostic value of tumor-
infiltrating CD3+ and CD8+ T cells in survival.6,7 Nevertheless,
the impact will depend on the phenotype, localization and den-
sity of the immune cells present in the tumor,8 with peritumoral

cells exhibiting a more critical role than intratumoral cells in the
clinical outcome of UC,5 melanoma9 and breast cancer.10

Although the exact mechanism of BCG-induced antitumor
activity is not fully understood, it is known that BCG acts as
a localized Th1-polarizing immunomodulator;11,12 therefore,
one emerging concept in this respect relates to the prognostic
and/or predictive value that the pretreatment Th1/Th2 polar-
ization of infiltrating cells may have on the BCG response.
Interestingly, in a mixed NMIBC population (Ta, T1 and
CIS)13 and a group of patients with carcinoma in situ,14 an
increased density of intratumoral Th2 cells and a higher Th2/
Th1 ratio in BCG responders prior treatment have been
described, which suggests that BCG is effective only when
the tumor microenvironment converts from Th2 to Th1.

Programmed Death Ligand 1 (PD-L1) is abundantly present
in the tumor microenvironment, where it is expressed by many
malignant cells, as well as immune cells. The expression of this
inhibitor receptor suppresses anti-tumor immunity and pro-
motes tumor progression.15 In contrast, PD-L1 expression in
TILs has been correlated with improved overall survival in
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patients with UC who developed metastatic disease.16 In
NMIBC, the role of PD-L1 expression in the tumor prior to
BCG treatment has not previously been characterized; however,
a high expression of PD-L1 within BCG-induced granulomas
has been associated with resistance to the therapy.17 These data
suggest that the accumulation of PD-L1-expressing cells in blad-
der tissues could abrogate the effectiveness of BCG immunother-
apy, a hypothesis reinforced by the recent finding that BCG and
anti-PD-L1 combination therapy enhance the antitumor immu-
nity in an animal model.18

In addition to TILs, systemic immunological parameters
have also been correlated with cancer outcome. The periph-
eral absolute lymphocyte count has been suggested to not only
be a prognostic factor of survival in several tumor types19 but
also a predictor of treatment efficacy.20 Furthermore, the
neutrophil-to-lymphocyte ratio (NLR), a measure of systemic
inflammation and a strong predictor for prognosis in patients
with different diseases,21,22 has been suggested to be
a prognostic predictor for overall survival and disease free
survival and a predictive marker of the response to treatment
in many cancers.23 In bladder cancer, high NLR has been
associated with poor clinical outcome in individuals with
muscle-invasive bladder cancer (MIBC),24,25 it has been pos-
tulated as a prognostic factor for individuals with MIBC
undergoing neoadjuvant chemotherapy26-28 and it correlates
with disease progression and recurrence in individuals with
NMIBC.29,30

Overall, immune biomarkers based on TILs or blood cells
have been independently described in cancer patients; however,
the possibility that a combination of both factors could generate
a more reliable prognostic biomarker has not previously been
explored. In recent years, the hypothesis that the ratios between
different immune subsets, such as CD4/CD8 or NLR, are more
predictive of prognosis has gained substantial attention as these
ratios may provide a more comprehensive view of the complex-
ity of the immune system. Therefore, the aim of our study was to
determine the densities of Th1 (T-bet+), Th2 (GATA-3+) and
PD-L1+ peritumoral cells in bladder tissue samples, as well as the
systemic immunity (absolute neutrophil and lymphocyte
counts) prior to BCG treatment in a homogeneous population
of high-risk NMIBC patients to elucidate whether a combination
of these immune parameters could generate a new biomarker
useful for predicting the response to BCG.

Results

Participant characteristics

Twenty-two individuals with primary T1HG NMIBC were
included in the study. The median age was 70.5 years (IQR:
62–78), and all patients, except for one patient, were men
(96%). Ten individuals were classified as BCG nonresponders
with a median (range) time to recurrence of 3.5 (2–6) months,
and 12 individuals were characterized as BCG responders
(median to recurrence not reached) after at least 30 months
of follow-up. Both groups were similar in age, gender and
BMI and did not exhibit significant differences in the periph-
eral neutrophil and lymphocyte counts (Table 1).

Tumor-infiltrating Th1 and Th2 polarized lymphocytes

The expression of transcription factor T-bet (Th1) and GATA-3
(Th2)was found in the peritumoral tissues prior to BCG treatment
in all individuals tested. A significantly higher infiltration of Th2
cells than Th1 cells was identified, with amedian (IQR) number of
total GATA-3+ and T-bet+ cells of 644 (369–1064) and 170
(64–277), respectively (p < 0.0001, Figure 1(a)), and a GATA-3+/
T-bet+ ratio (GTR) of 4.9 (2.4–8.4). There was no significant
correlation between the total density of peritumoral GATA-3+

cells and T-bet+ cells in all patients (Spearman r = 0.3; p = 0.15.
Figure 1(b)). When BCG response was taken into account, we
observed that the response was significantly associated with
a lower level of peritumoral T-bet+ cells, with no changes in the
total density of peritumoral GATA-3+ cells (median 134 and 246
cells; p = 0.04 and 708 and 604 cells; p = 0.4 in BCG responders and
BCG nonresponders, respectively, Figure 2(a,b)). Furthermore,
a higher GTR was identified in the BCG responders than in the
BCG nonresponders (7.2 and 2.6, respectively; p = 0.02, Figure 2
(c)). Representative immunohistochemical stainings of GATA-3,
T-bet and hematoxylin-eosin in bladder tissue obtained in the
RTU prior to BCG treatment of a BCG responder (left) and
a BCG nonresponder (right) are shown in Figure 3. Lower level
of T-bet+ cells in the BCG responder than in the nonresponder
(111 vs 325 T-bet+ cells, respectively), similar values of GATA-3+

cells (1090 vs 908 cells, respectively) and higher GTR (9.8 vs 2.7,
respectively) can be observed.

Relationship between systemic immunity and bladder
immune infiltration and their association with the
response to subsequent BCG treatment

The levels of peripheral absolute lymphocytes, neutrophils,
and the systemic inflammatory marker NLR prior to BCG
treatment were obtained for all individuals (Table 1). The
levels of neutrophils, lymphocytes and the NLR were
4.5 × 109 cells/L, 1.9 × 109 cells/L and 2.3, respectively, in
the total population with no significant differences in any of
these parameters between the two treatment groups; however,
a slightly higher NLR in the BCG nonresponder population
was observed (median 1.9 vs 2.3 for responders and nonre-
sponders, respectively; p = 0.12, Table 1). Spearman

Table 1. Participant Characteristics.

BCG
Responders
(n = 12)

BCG
Nonresponders

(n = 10) p-valuea

Age (years); median (IQR) 67 (61–78) 72 (66–80) 0.41
Gender (male); n (%) 12 (100%) 9 (90%) 0.45b

BMI (kg/m2); median (IQR) 28.2
(26.1–30.4)

28.7
(26.7–34.6)

0.41

Time to tumor recurrence; months
(range)

Not
reached

3.5 (2–6)

Absolute neutrophils count (x109/L);
median (IQR)

4.5
(3.3–4.8)

4.6 (4–6) 0.37

Absolute lymphocyte count (x109/L);
median (IQR)

2.1
(1.6–2.6)

1.8 (1.3–2.4) 0.32

NLR; median (IQR) 1.9
(1.6–2.7)

2.3 (1.8–4.2) 0.12

BMI: Body Mass Index. NLR: neutrophil-to-lymphocyte ratio. aMann-Withney
U-test. bFisher exact test
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correlation analysis between the peripheral and local immu-
nity prior to BCG treatment showed that the peritumoral
density of T-bet+ and GATA-3+ cells was not correlated
with the peripheral absolute neutrophil or lymphocyte counts

in the total population, the BCG responders or the nonre-
sponders (Figure S1). However, when the T-bet+ and GATA-
3+ cell density was normalized with the absolute lymphocyte
count, a significantly lower T-bet+/Lymphocyte ratio was

Figure 1. Tumor-infiltrating Th1 (T-bet) and Th2 (GATA-3) lymphocytes in bladder tissues prior to BCG treatment in high-risk NMIBC patients. (a) Total density of
peritumoral T-bet+ and GATA-3+ cells in all patients. The boxes represent the median and interquartile range of the values. Individual data of all subjects is displayed.
The median values were compared using a non-parametric Mann-Whitney U-test. (b) Correlation analysis of peritumoral GATA-3+ and T-bet+ cell. Linear correlation
(Spearman) r and p-values are shown.

Figure 2. Peritumoral lymphocytes in bladder tumors prior to BCG treatment in BCG responders and BCG nonresponders. (a) Total density of T-bet+ cells and (b)
GATA-3+ cells in the tumor before BCG treatment in responders and nonresponder to BCG. (c) GTR in BCG responders and nonresponders. Median and IQR values are
shown. Nonparametric Mann-Whitney U test was used to analyze differences between both groups. GTR (GATA-3+/T-bet+ ratio).

Figure 3. Immunohistochemistry analysis of peritumoral TILs and hematoxylin/eosin (HE) staining. Representative images of bladder tissue stained with anti-GATA-3,
anti-T-bet and HE in a BCG responder and a BCG nonresponder patient. 10X and 40X magnification (left and right part or each patient, respectively) are shown.
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identified in the individuals with a BCG response (median
(IQR): 53 (23–95) and 141 (78–211) in BCG responders and
nonresponders, respectively; p = 0.04, Figure 4(a)), with no
differences between the normalized GATA-3+ cell levels
between both groups (median (IQR): 321 (214–490) and 403
(197–597) in BCG responders and nonresponders, respec-
tively; p = 0.77, Figure 4(b)). In addition, when a new immune
score GTR/NLR was calculated by combining the local
immune polarization (GATA-3+/T-bet+ ratio) with the sys-
temic inflammation using the NLR value, BCG responders
had a significantly higher ratio than BCG nonresponders
(median (IQR): 3.6 (1.5–5.6) and 0.78 (0.63–1.8), respectively;
p = 0.004, Figure 4(c)).

Influence of pretreatment immunity on recurrence-free
survival (RFS) after BCG therapy

To perform survival analyses, all individuals were divided into
two groups (low vs high counts), based on the median value of
the different variables analyzed (median cell density: 170 for
T-bet+ cell count; 644 for GATA-3+ cell count; 4.95 for GTR;
4.45 × 109 cells/L for neutrophils; 1.85 × 109 cells/L for lympho-
cytes; 90.81 for T-bet+/Lymphocyte ratio, 2.26 for NLR, 1.69 for
GTR/NLR ratio, and 70.5 years for age). The individuals with
a lower level of peritumoral T-bet+ cells showed a trend towards
better RFS, although significance was not reached (p = 0.11,
Figure 5(a)). The inclusion of systemic immunity showed that

patients with a low T-bet+/Lymphocyte ratio prior to BCG
treatment had a significantly prolonged RFS compared with
the individuals with a high ratio (HR = 5.3; 95% CI:1.4–19.9;
p = 0.01, Figure 5(b)). The same significant difference in RFS
was identified when the GTR/NLR index was evaluated, with
a prolonged RFS in the patients with a higher index (HR = 0.18;
95% CI:0.05–0.7; p = 0.01, Figure 5(c)). The difference in RFS
between individuals with low and high T-bet+/Lymphocyte
ratios was maintained even when data was separated by age.
However, the difference was not significant, likely because of the
low number of individuals in each group (Figure S2). The
sensitivity ranged from 66.7% (95% CI: 34.9–90.1%) for peritu-
moral T-bet+ cell count to 75% (95% CI: 42.8–94.5%) for T-bet+/
Lymphocyte ratio and GTR/NLR index and the specificity ran-
ged from 70% (95% CI: 34.8–93.3%) for peritumoral T-bet+ cell
count to 80% (95% CI: 44.4–97.5%) for T-bet+/Lymphocyte ratio
and GTR/NLR index. No association was identified for other
parameters, such as age, GATA-3+ cells, neutrophils, lympho-
cytes or NLR.

PD-L1 expression in tumoral cells and peritumoral
infiltrating immune cells

The PD-L1 expression in tumor cells prior to BCG treatment
was mostly negative with only 2 individuals (9%) being posi-
tives in the population. In contrast, 16 of the 22 samples
(73%) had positive PD-L1 expression (≥ 1%) in peritumoral

Figure 4. Combination of local and systemic immunity biomarkers in BCG responders and BCG nonresponders. (a) Total cell density of T-bet+ cells and (b) GATA-3+

cell normalized to the absolute lymphocyte counts. (c) The GTR/NLR immune score was obtained by normalizing the immune polarization in the tissue to the level of
systemic inflammation (NLR). Differences were tested using Mann-Whitney U nonparametric test. GTR (GATA-3+/T-bet+ ratio). NLR (neutrophil-to-lymphocyte ratio).

Figure 5. Kaplan Meyer survival curves for recurrence-free survival (RFS) in months. RFS according to (a) total peritumoral T-bet+ cells, (b) T-bet+/lymphocyte ratio
and (c) the immune score GTR/NLR stratified by high or low count based on the median (≤median = low count; >median = high count). P values by log-rank test.
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infiltrating immune cells. Thirteen (59%), 9 (41%), 8 (36%), 5
(23%) and 2 (9%) samples had expressions of ≥5%, ≥10%,
≥20%, ≥25% and ≥35%, respectively. Representative IHC
staining is shown in Figure S3. No differences in the expres-
sion pattern of PD-L1 were identified between the BCG
responder and nonresponder individuals. Expression was
observed in 70% (7 of 10) of the BCG responders and 75%
(9 of 12) of the BCG nonresponders with the same distribu-
tion among the different levels of positivity (data not shown).
To evaluate the relationship between PD-L1 in tissue, sys-
temic and other tissue immune cells, samples were classified
according to their PD-L1 level of expression as (≤10% or
>10%) and according to BCG response. The individuals with
the highest percentages of peritumoral PD-L1+ cells had
a significantly lower number of peripheral blood lymphocytes
(p = 0.04, Table 2), however no association with age, other
systemic or local immune parameters or BCG response was
found (Table 2).

Discussion

The search for predictive markers of the clinical response to
intravesical BCG in NMIBC has been a constant feature in
urological research in recent years. Given that up to 30–50%
of patients will experience treatment failure, and up to 15% of
these cases can progress, the early identification of patients
who will not respond to BCG instillations is essential, so that
other treatments can be used and/or radical treatments (early
cystectomy) are not delayed.

Several studies have indicated that TILs have a major
impact on the clinical course of several cancers (for
a review, see ref. 4). In our study, the total cell density of
peritumoral cells in bladder tissues prior to BCG treatment
was evaluated, as it has been reported that cells surrounding
the tumor (peritumoral TILs) are more crucial than intratu-
moral TILs for survival.5,9 Regarding phenotype, we observed
a predominant GATA-3+ (Th2) over T-bet+ (Th1) peritu-
moral infiltrate. This Th1/Th2 imbalance is in accordance
with other reports that evaluated tissues from NMIBC
patients13,14,31 or other cancer types in which the imbalance
was described not only in tissues but also in peripheral blood
mononuclear cells and cytokine production.32,33 We found no
correlation between the density of tumor-infiltrating GATA-
3+ and the density of T-bet+, which suggests that although

they are mutually antagonistic,34 other cytokines/chemokines
produced within the tumor microenvironment are tipping the
observed immune imbalance.35

The influence of the presence of different TIL subpopula-
tions in the tissue prior to treatment on the BCG response in
homogeneous populations of high-risk NMIBC patients has
not been fully investigated. Increased intratumoral CD4+,
GATA-3+ T-cells and GTR have been associated with the
BCG response and a longer RFS in a mixed population of
low and high-risk NMIBC (Ta, T1 and CIS).13 A similar
tendency towards increased numbers of GATA-3+ cells in
BCG responders has also been reported by the same authors,
although only 4 BCG nonresponders were evaluated.31

Consistent with these data, the GTR has been described as
a predictor of the BCG response in one study restricted to CIS
patients.14 These observations led authors to propose that an
intratumoral Th2 predisposition prior to treatment deter-
mined the clinical response to BCG. In our population of
high-risk NMIBC patients (T1HG), we observed the same
significant association of GTR with the BCG response.
However, a significantly lower level of T-bet+ cells was iden-
tified in BCG responders without significant changes in the
total density of peritumoral GATA-3+ cells; these findings
indicate that the total density of T-bet+ cells, rather than the
density of peritumoral GATA-3+ cells, is the determinant
factor for treatment response. These data provide novel argu-
ments to reinforce the hypothesis that in high-risk NMIBC
patients, tumor-infiltrating Th1 cells present prior to BCG
treatment could be a population of inactive cells, due to
immune escape or tolerance, and therefore, the expansion of
these cells after the addition of BCG is unlikely to be
effective.14,31 We can speculate that the detection of those
cells is indicating the presence of a paradoxically immuno-
suppressive environment. In line with this hypothesis is the
fact that, although T-bet is a transcription factor required for
differentiation of and IFN-γ secretion by CD4+ Th1 T cells,
some activated Treg cells express T-bet, which have been
suggested to provide Treg cells with enhanced suppressive
capacity.36,37 Although this T-bet+Treg are currently
a subject of research, it has been described that despite the
T-bet expression, this T-bet+Treg subtype is characterized by
regulatory, rather than pro-inflammatory properties, produ-
cing less IFN-γ and TNF-α as compared with regular T-bet+

Th1 cells38 and therefore, in patients with high-risk NMIBC

Table 2. Relationship between PD-L1 in tissue and other immune parameters.

PD-L1 expression in Peritumoral immune cells p-valuea

≤10% (n = 14) > 10% (n = 8)

BCG
Responders
(n = 8)

BCG
Nonresponders

(n = 6)
p-

valueb

BCG
Responders
(n = 4)

BCG
Nonresponders

(n = 4) p-valueb

Age (years); median (IQR) 63 (60–77) 72 (61–78) 0.6 74 (64–85) 75 (68–84) 1 0.12
Absolute neutrophils count (x109/L); median

(IQR)
4.5 (3.3–4.8) 4.6 (4–5.6) 0.6 4 (2.8–5.1) 5.4 (3–8.7) 0.6 0.9

Absolute lymphocyte count (x109/L); median
(IQR)

2.1 (1.7–2.5) 2.1 (1.7–2.8) 1 2 (1.4–2.6) 1.2 (1.1–1.7) 0.1 0.04

NLR; median (IQR) 1.8 (1.6–2.7) 2 (1.8–2.6) 0.5 2.3 (1.3–3) 4.5 (2.7–5.2) 0.1 0.07
Total Peritumoral GATA-3+ cells; median (IQR) 630 (400–1012) 454(262–757) 0.2 1105 (395–1173) 662 (543–1420) 0.9 0.18
Total Peritumoral T-bet+ cells; median (IQR) 125(38–192) 235 (53–327) 0.2 134 (50–239) 265 (185–324) 0.1 0.6
GTR ratio; median (IQR) 6.2 (3.6–12.5) 2.5(1.5–6.8) 0.08 8 (5.1–8.6) 2.8 (2–6) 0.06 0.9

aComparison of low PD-L1 expression (≤10%) and high PD-L1 expression (> 10%); bComparison of BCG responders and BCG nonresponders.
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the presence of those cells in the tissue could be contributing
to the BCG failure. Thus, the development of new therapeu-
tics targeting these cells prior to BCG treatment could be
a new strategy to improve BCG’s response.

In addition to local immunity, the peripheral absolute
lymphocyte count has been associated with an inferior out-
come in various cancers.19 Furthermore, peripheral NLR has
been postulated to be a prognostic factor for individuals with
MIBC26-28 and higher values of NLR have been associated
with an increased risk of disease recurrence and overall survi-
val in NMIBC.29,30 In the present study and consistent with
a recently published report,39 a higher NLR prior to BCG
treatment value was identified in BCG nonresponders,
although the difference did not reach significance.

As indicated, immune alterations at both the tumor site and
in peripheral circulation may be present in individuals with
cancer. Nevertheless, the relationship between peripheral and
tumor-infiltrating immune cells prior treatment and the devel-
opment of an immune score that takes into account systemic and
local immune markers has not been previously evaluated. In our
population of high-risk NMIBC patients, no correlation was
identified between TILs (GATA-3+ or T-bet+) and peripheral
cells (neutrophils or lymphocytes) prior to BCG treatment.
These data are in agreement with previous work in ovarian
cancer, in which no association was found between the lympho-
cyte count and infiltrating CD8+ or CD20+ cells;40 thus, the
tumor infiltration is not directly associated with the level of
peripheral cells. Interestingly, however, the value of infiltrating
T-bet+ cells, normalized to the peripheral blood lymphocyte
levels, was significantly associated with recurrence-free survival.
Furthermore, the immune polarization in tissue (GTR) adjusted
for the systemic inflammation (NLR) showed a significantly
higher difference between BCG responders and nonresponders,
with a positive association between an increased GTR/NLR
immune score and a higher RFS. These results show that the
tumor-infiltrating immune cell profile and systemic inflamma-
tion play important roles in the response to BCG; therefore, an
immune biomarker that includes both parameters could increase
the accuracy of the prediction of clinical outcome after BCG
treatment.

Finally, the levels of PD-L1 expression in tumor cells have
been shown to predict localized UC stage progression.17

Moreover, PD-L1 expression has been associated with increased
resistance to BCG therapy, with high expression of this marker
within BCG-induced bladder granulomata in patients failing the
therapy.17 In contrast, PD-L1 expression in tissue prior BCG
treatment was not significantly associated with BCG response in
our study cohort. However, a higher local PD-L1 expression was
observed in individuals with lower peripheral lymphocyte counts
and higher NLR, although this last association was not statisti-
cally significant. These data could suggest a relationship between
systemic inflammation and local immunosuppression and,
therefore, an unfavorable clinical outcome in NMIBC patients.
In individuals with cholangiocarcinoma, Sangkhamanon et al.
found that an increased PD-L1 expression was also associated
with a higher NLR,41 although this association, to our knowl-
edge, has not been previously described in patients with NMIBC.

The limitations of this study are primarily associated with its
retrospective design and small patient number, which decrease

the statistical power. However, the high-risk population investi-
gated is highly homogeneous and includes a relatively high
number of nonresponders compared to similar studies.13,31

Further prospective studies with larger populations are required
to validate these preliminary findings. In addition, the expression
of PD-L1 could be slightly lower than the expression reported in
other studies, as differences in the percentage of positive cells
have been described for different anti PD-L1 antibody clones.42

In conclusion, the BCG response in high-risk NMIBC
patients is associated with local and systemic immune altera-
tions in the bladder tissue prior to BCG treatment. Our results
suggest the potential predictive value of the combined assess-
ment of peritumoral Th1/Th2 polarization and peripheral
immunity composition for the identification of individuals
who will obtain more benefit from BCG treatment.

Patients and methods

Study subjects

This retrospective study included 22 patients treated by com-
plete transurethral resection (TUR) and with high-grade
(T1HG) NMIBC, without associated in situ carcinoma and
who received treatment with BCG. The BCG treatment con-
sisted of once-weekly instillation of BCG for 6 weeks with
a maintenance course with 3 weekly instillations at 3, 6 and
12 months after the initial induction course. Patients were
stratified based on their response to BCG treatment. BCG
responders were defined as patients without a recurrence or
progression based on follow-up cystoscopy and urinary cytology
for at least 30 months after BCG treatment initiation.
Neutrophil and lymphocyte counts were obtained 3–4 weeks
before surgery. Demographic, biometric characteristics and
immunological data, including age, gender, Body Mass Index,
and numbers of neutrophils and lymphocytes, were retrieved
from medical records. The neutrophil and lymphocyte counts
have been obtained from the routine blood tests realized before
the TUR using an automated haematology analyser that mea-
sures the volume and the size of the cells using impedance,
conductivity and light scatter. The values are shown as the
numbers of neutrophil and lymphocyte counts x109/L of blood.

The institutional review board and the ethical committee
of the Hospital Germans Trias i Pujol approved the study
(code: PI-18–137). The methods were conducted in accor-
dance with the Declaration of Helsinki. Written informed
consent was obtained from all participants.

Evaluation of GATA-3, T-bet and PD-L1 protein
expression by immunohistochemistry (IHC) in peritumoral
cells

Immunohistochemical analysis was conducted on 4 μm
serial sections from archived formalin-fixed, paraffin-
embedded (FFPE) bladder tumor tissues. Monoclonal anti-
bodies specific for the Th2-associated transcription factor
GATA-3 (clone L50-823, Ventana Medical Systems) or the
Th1-associated transcription factor T-bet (clone H-210,
Santa Cruz Biotechnology) were used. IHC staining was
performed using an automated immunostainer (Ventana
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Medical Systems Inc.) according to the manufacturer’s
protocol. The total numbers of peritumoral GATA-3 and
T-bet-positive cells were manually counted in 5 high-
power fields by three independent observers unaware of
the evolution of the patients, and the mean values were
obtained. PD-L1 immunohistochemistry was performed
using the Ventana SP142 assay (Ventana Medical
Systems Inc.). The PD-L1 expression was evaluated on
both tumor cells (TC) and peritumoral TILs. Percentages
of >1% were considered positive for PD-L1. Peritumoral
lymphocytes were defined as lymphocytes surrounding the
tumor mass.

Statistical analysis

Continuous variables were expressed as the medians with inter-
quartile ranges and were compared using nonparametric tests
(two-tailed Mann-Whitney U-test). Discrete variables were
described as percentages and were analyzed using the chi-
square or Fisher’s exact tests. Spearman’s correlation coefficient
was calculated to identify associations between variables. All
analyses and graphical representations were performed in
Graph-Pad Prism v5.0a (GraphPad Software, Inc.). The median
values of each parameter were used as a cut-off point for the
Kaplan-Meier survival analysis and comparison by the log-rank
test. The prognostic value was calculated using the HR and 95%
CIs. Sensitivity and specificity were determined for different
cut-offs to predict recurrence. 95% CI were also calculated. All
statistical analyses used 2-sided p-values of ≤ 0.05 to define
statistically significant differences.
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