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Background: Bladder-sparing treatment has been developed with the aim of preserving
bladder function. However, considerable controversy remains regarding the effectiveness of
organ preservation strategies. Accordingly, we investigated factors influencing the prognosis
of muscle-invasive bladder cancer (MIBC) patients who received bladder-sparing treatment.
Materials and Methods: In the study, we retrospectively reviewed 193 patients who were
newly diagnosed with MIBC and received bladder-sparing treatment from 2006 to 2013 in our
hospital.

Results: The S5-year overall survival, progression-free survival (PFS) and bladder-
preservation survival rates after diagnosis were 64.7%, 52.1%, and 64%, respectively. The
presence of hydronephrosis, advanced stage and not achieving complete response were
associated with a marked reduction in PFS. Treatment with an adequate dose of combined
chemoradiotherapy (CCRT) (chemotherapy >2 cycles combined with radiotherapy dose
>56QGy) significantly improved the complete response (CR), 5-year bladder-preservation
survival, and PFS rates, particularly for patients with good performance status. The 5-year
bladder-preservation survival rates for CR and non-CR patients were 75%, and 21%,
respectively. Furthermore, higher pre-treatment neutrophil-to-lymphocyte ratio (NLR) (=3)
and lower hemoglobin (<12) were significantly associated with lower CR rate, increased risk
of loco-regional recurrence and reduced bladder-preservation survival rate. Multivariable
Cox regression analysis based on different co-variables showed that pretreatment NLR was
an independent prognostic factor for PFS when MIBC patients were stratified by clinical
stage and the doses of CCRT.

Conclusion: In MIBC patients with bladder-sparing treatment, adequate doses of CCRT and
low NLR were found to be correlated with better PFS. We suggest the use of NLR as
a clinical biomarker for the prognosis of MIBC and guidance of treatment decisions.
Keywords: MIBC, bladder-sparing, radiotherapy, recurrence, NLR

Introduction

Most patients with bladder cancer present with superficial tumors that are limited to
the mucosa and submucosa; however, approximately 30% present with muscle
invasion. The current standard of care for muscle-invasive bladder cancer
(MIBC) is either radical cystectomy (RC) or, in selected patients, bladder
preservation.' > RC comprises the standard and most common treatment offered
to patients with MIBC. RC typically provides excellent locoregional control of the
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disease. Contemporary cystectomy series of patients with
MIBC have reported 5-year overall survival (OS) rates
to 60%,
staging.*> However, the treatment is associated with sig-

ranging from 40% according to clinical
nificant procedure-related morbidity, leading to poor qual-
ity of life.*” Bladder-sparing treatment was developed
with the aim of preserving bladder function.®* Several
bladder-preservation options exist, including transurethral
resection of bladder tumor (TURBT), radiation therapy
(RT) alone, or combined modality treatment (CMT).
CMT consists of maximal TURBT, RT, and concurrent
chemotherapy  (C/T). Several Therapy
Oncology Group (RTOG) studies have demonstrated that
this CMT approach in patients with MIBC can achieve

Radiation

high rates of complete tumor response, bladder preserva-
tion in the majority of patients, and survival rates similar
to those observed in contemporary RC series.””'” However,
considerable controversy remains regarding the effective-
ness of bladder-sparing strategies. Factors influencing the

treatment decision can include patients’ baseline charac-
teristics, tumor involvement, and the treatment techniques
used.

Routine blood examination is a rapid and convenient
clinical examination that can reflect a patient’s inflamma-
tory status and other blood condition. Studies have shown
that inflammatory responses play an important role in
tumor activity and invasiveness.'' The neutrophil-to-
lymphocyte ratio (NLR) is a systemic inflammatory and
immunologically marker.'>'* An elevated NLR in many
solid tumors has been associated with reduced survival
including urothelial carcinoma.'*'> However, the predic-
tive value of the NLR in MIBC with bladder-sparing
treatment requires further investigation. In addition, some
cancer patients have poor prognosis with a low preopera-
tive hemoglobin (Hb) level. Accordingly, we retrospec-
tively analyzed the clinical outcomes of MIBC patients
with bladder-sparing treatment to explore prognostic fac-
tors and the predictive role of blood parameters including
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Figure | Survival of MIBC patients treated with bladder-sparing treatment. (A) Kaplan-Meier survival curves of the patients with MIBC in total; and the PFS differences
according to (B) the cycles of chemotherapy and (C) the dose of RT. Furthermore, the PFS differences according to (D) the cycles of chemotherapy in patients stratified

with ECOG and the dose of RT.
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Figure 2 Correlations between the bladder-preservation survival and the response to bladder-sparing treatment Kaplan-Meier survival curves of the patients with MIBC;
and the difference of bladder-preserving survival according to (A) the response to bladder-sparing treatment, (B) the presence of hydronephrosis, and (C) the doses of

chemotherapy and RT.

NLR and Hb. It is hoped that the data can assist clinicians
and patients in making informed decisions regarding treat-

ment options.

Materials and Methods
Study Population

This retrospective study was approved by the institutional
review board of Chang Gung Memorial hospital (No.
201801752B0), and a waiver of informed consent was
obtained. This study adhered to strict confidentiality guide-
lines and conducted in accordance with the Declaration of
Helsinki. Patients with non-muscle-invasive bladder can-
cer (NMIBC), lymph node metastasis above the common
iliac nodes or other distant metastasis, or another cancer
diagnosis at the time of MIBC diagnosis were excluded
from this study. We enrolled 193 patients with MIBC who
had histologically confirmed diagnosis of urothelial

carcinoma and received curative-intent bladder-sparing
treatment from 2006 to 2013 using the data of cancer
registry and death registration in our Hospital. The diag-
nosis of bladder cancer was made based on TURBT his-
tological specimens. The treatment for bladder cancer was
made according to the guidelines proposed by the oncol-
ogy team at our hospital. Surgery is considered for all
physiologically fit patients with localized MIBC. If sur-
gery was contraindicated or the patients refused it, they
received bladder-sparing treatment. Anonymized patient
data were collected regarding patients’ demographic
details, disease characteristics, and treatment outcome
until Dec, 2018. The study enrolled patients who were
treated with maximal TURBT followed by RT with or
without concurrent chemotherapy for MIBC. The RT pro-
tocols generally include initial RT of the whole bladder
and pelvic lymph nodes with an initial dose of 40-45 Gy,
followed by consolidation RT of the bladder tumor with
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Table 1 Analysis to Determine Factors Associated with the CR
Rate

No. of Patients
CR No CR p value
Patients 148 (100%) 45 (100%)
Pathologic grade 0.568
Low 18 (12%) 4 (9%)
High 129 (87%) 40 (89%)
Unknown I (1%) 1 (2%)
Clinical T stage 0.066
T2 107 (72%) 26 (58%)
T34 41 (28%) 19 (42%)
Clinical N stage 0.073
NO 140 (95%) 39 (87%)
N(+) 8 (5%) 6 (13%)
Hydronephrosis <0.001*
No 133 (90%) 30 (67%)
Yes 15 (10%) 15 (33%)
RT dose <0.001*
<56Gy 5 (4%) 29 (64%)
256Gy 143 (96%) 16 (36%)
Chemotherapy <0.001*
<2 cycles 48 (32%) 32 (71%)
22 cycles 100 (68%) 13 (29%)
Hb
<12 69 30 0.019*
>12 79 15
NLR
<3 95 (64%) 3 (7%) <0.001*
>3 53 (36%) 42 (93%)

Notes: *Statistical significance.

a dose of 60—64 Gy. Patients who received RT with >50
Gy were included in the retrospective study. Use of com-
bined chemoradiotherapy (CCRT) was defined as che-
motherapy administered within 3 months of TURBT. The
chemotherapy regimen used for bladder-sparing treatment
in our hospital was cisplatin-based chemotherapy. The
combined C/T regimen was usually Cisplatin 50 mg/m2
intravenously (i.v.) on Day 1 and 5-FU 500 mg/m2
+Calcium Folinate 50 mg continuous i.v. infusion on
Day1~3. The scheduled C/T course was repeated every
21 days 2—4 times, according to the patient’s tolerance as
judged by a medical oncologist. Cystoscopic assessment
with biopsy of the tumor site and voided urine cytology
were performed at bladder-sparing treatment completion to

assess the treatment response. Clinical complete response
(CR) was defined as no tumor visible on cystoscopy,
negative tumor site biopsy, and negative urine cytology.
Patients were observed at 3-month intervals for the first 2
years and every 6 months thereafter. The neutrophil-to-
lymphocyte ratio (NLR) was calculated by dividing the
absolute neutrophil count by the absolute lymphocyte
count. To assess the predictive value of the NLR, it was
redefined as a binary variable by Contal and O’Quigley’s
method'® for predicting progression-free survival (PFS) of
the 193 MIBC patients (Table S1). Accordingly, MIBC
patients were divided into two groups: the high (NLR > 3)
and low (NLR< 3) groups.

Statistical Analysis

We used the Kaplan-Meier method to calculate survival
and the Log rank test to compare differences in survival
between the two groups, including overall survival (OS),
(PFS) (the
between treatment initiation and tumor progression or

progression-free survival time elapsed
death from any cause), disease-specific survival (DSS),
and bladder-preservation survival (the length of time
that patients remain alive and have an intact bladder).
Finally, Cox proportional hazards models were used to
compute hazard ratios with 95% confidence intervals
(ClIs) after adjustment for MIBC treatment and clinical

characteristics.

Results
The Relationships Between Clinical
Parameters and Survival in MIBC Patients

Treated with Bladder-Sparing Treatment

From 2006 to 2013,193 patients newly diagnosed with
MIBC without distant metastasis underwent curative-intent
bladder-sparing treatment in our hospital. The follow-up
interval ranged from 1.4 to 162.3 months with a median of
37 months. The 5-year OS, DSS, and PFS rates after diag-
nosis were 64.7%, 81.6%, and 52.1%, respectively (Figure
1A). Regarding clinical characteristics, survival analysis
showed that older age, poor performance status, clinical
T3—4 and lymph node involvement were correlated with
reduced PFS. Regarding treatment parameters, chemother-
apy >2 cycles and RT dose >56Gy were significant predic-
tors for longer PFS (Figure 1B—C). Furthermore, in the
group of patients with RT dose >56Gy, chemotherapy >2
cycles significantly improved PFS (p<0.001) for patients
with ECOGZ< 1, but not for patients with poor performance
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Table 2 Analysis to Determine Factors Associated with NLR

Table 3 Analysis to Determine Factors Associated with Hb

Notes: *Statistical significance. b= Response to bladder-sparing treatment.

status (p=0.112) (Figure 1D). Therefore, we suggest that
adequate doses of CCRT correlated with better PFS, parti-
cularly for patients with good performance status.

Outcomes of Bladder Preservation

In our series, the 5-year bladder-preservation survival rate
was 64%. Complete response (CR) to bladder-sparing treat-
ment is a significant factor in the success rate of bladder
preservation. In our series, 148 (76%) patients achieved CR
by cystoscopic examination. Figure 2A shows that the
S-year bladder-preservation survival rates for CR and non-
CR patients were 75%, and 21%, respectively. Table 1 and
Figure 2B-C indicated that adequate doses of CCRT

R Level
No. of Patients
No. of Patients
NLR<3 | NLR>3 | p value
K Hb<I12 | Hb>12 | p value
Patients 98 95
Patients 99 94
ECOG <0.001*
<l 83 51 ECOG 0.006*
>| I5 44 <l 60 74
>| 39 20
Pathologic grade 0410
Low 13 9 Pathologic grade 0.897
High 84 85 Low I I
Unknown | | High 87 82
Unknown | |
Clinical T stage 0.166
T2 72 6l Clinical T stage 0.105
T34 26 34 T2 63 70
T34 36 24
Clinical N stage 0.085
NO 94 85 Clinical N stage 0514
N(+) 4 10 NO 93 86
N(+) 6 8
Hydronephrosis <0.001*
No 93 70 Hydronephrosis 0.302
Yes 5 25 No 8l 82
Yes 18 12
Hb 0.001*
<12 39 60 Treatment response” <0.018*
>12 59 35 CR 69 79
b Non-CR 30 15
Treatment response <0.001*
CR 95 53 5-yr loco-regional control rate 56.6% 68.3% 0.056
Non-CR 3 42 5-yr distant metastasis-free 80.6% 86.5% 0.198
rate
5-yr loco-regional control rate | 87% 33.4% <0.001*
5-yr distant metastasis-free 94.4% 68% <0.001* 5-yr OS <0.001*
rate 49.1% 78.7%
5-yr OS <0.001* Notes: *Statistical significance.
89.8% 35.3%

(chemotherapy >2 cycles and RT dose >56 Gy) and no
hydronephrosis were significantly associated with increased
CR rate and higher 5-year bladder-preservation survival rate.
During follow-up for these CR patients, 44 (30%) developed
loco-regional failure (LRF). Among these patients with LRF,
22 (50%) had non-invasive recurrence and underwent sal-
vage with intravesical treatment (TURBT + intravesical
BCG or mitomycin C). Salvage radical cystectomy is the
standard treatment for non-responders and invasive recurrent
tumors. In our series, salvage cystectomy was performed in
nine of these patients with invasive LRF. Patients with non-
invasive recurrence after intravesical salvage treatment had
better 5-year PFS compared to those with invasive recur-
rence (68% vs 33%; p = 0.008) and comparable PFS to that
of patients without LRF.
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Figure 3 Correlations between the pre-treatment NLR and the prognosis. (A) The difference of NLR values according to the response to bladder-sparing treatment. (B)
The difference of Hb values according to the response to bladder-sparing treatment. (C) The differences of loco-regional control according to the pre-treatment NLR and
Hb (D) The difference of bladder-preservation survival according to the pre-treatment NLR and Hb.

Predictive Role of NLR and Hb in MIBC

Patients

Evidence suggests that peripheral blood analysis can provide
the status of inflammation and anemia and reflect the tumor
microenvironment.'>'7'®  Pre-treatment NLR has been
investigated in terms of its capacity to predict clinical out-
comes in bladder cancer patients.'” 2! In the present study,
we examined the predictive role of NLR and Hb for MIBC
patients with bladder-sparing treatment. The median pre-
treatment Hb and NLR of the overall cohort were 12g/dL
and 2.84, respectively. At baseline, 99 patients had a low Hb
(<12) and 94 had a high Hb (>12), and 95 patients had a high
NLR (>3) and 98 had a low NLR (<3). Correlation analysis
revealed that a larger NLR was associated with a lower Hb.
The relationships between the clinicopathological variables
and the pretreatment NLR and Hb values are shown in
Tables 2 and 3. There were significant differences in survival
rate and the CR rate between the low and high NLR and Hb

groups (Table 2 and Figure 3A-B). According to multivari-
ate analysis for CR, patients received adequate doses of
CCRT and had lower NLR associated with higher CR rate
(Table 4). Furthermore, in the subgroup of patients with CR,
the value of NLR (p=0.015), but not Hb (p=0.236) corre-
lated with the risk of developing invasive recurrence.
According to the comparison of low and high NLR and
Hb subgroups in univariate survival analysis, patients in
the high NLR group and lower Hb group had an increased
risk of loco-regional recurrence with reduced bladder-
preservation rate (Figure 3C—D). According to the results
of multivariate analysis (Tables 5 and 6), pretreatment NLR
and Hb were significantly associated with bladder-
preservation survival, whereas only NLR had the predictive
power for PFS. Furthermore, as shown in Figure 4A-B,
pretreatment NLR was significantly correlated with PFS
when MIBC patients were stratified by clinical stage, Hb
level and the doses of CCRT. Based on our data, we suggest
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Table 4 Multivariate Analysis to Determine Factors Associated
with CR

Table 5 Adjusted Hazard Ratio of Determine Factors Associated
with Bladder-Preserving Survival for Patients with MIBC

Variable HR 95% ClI P value Variable HR 95% ClI P value
Hydronephrosis ECOG
No Ref <I Ref
Yes 2.326 0.69-7.90 0.176 >| 1.78 0.94-3.37 0.079
Chemotherapy Hydronephrosis
<2 cycles Ref No Ref
2 2 cycles 0.359 0.13-0.995 0.49%* Yes 3.17 1.56-6.44 0.001*
RT dose Clinical stage
<56Gy Ref T2NOMO Ref
= 56Gy 0.038 0.14-0.105 <0.001* Advanced® 1.63 0.92-2.87 0.093
Hb NLR
<12 Ref <3 Ref
>12 0.608 0.22-1.66 0.33 23 2.63 1.31-5.30 0.007*
NLR CCRT
<3 Ref Inadequate doses Ref
>3 11.63 4.09-33.04 <0.001* Adequate doses® 0.36 0.18-0.69 0.002*
Notes: *Statistical significance. Hb
) ) ) ) <12 Ref
that MIBC patients with higher NLR require more aggres- >12 0.45 0.25-0.82 0.009%
sive treatment and close follow-up. .
Treatment response
Di . CR Ref
Iscussion Non-CR 207 1.02-4.24 0.046*

A growing body of evidence suggests that bladder-sparing
treatment for MIBC is a reliable option with good onco-
logic outcomes in selected patients.”** This was
a retrospective study of the factors influencing the treat-
ment outcomes of MIBC patients treated with bladder-
sparing treatment, using the data of cancer registry and
death registration in our hospital. An advantage of our
analysis is that the results are based on a relative large
population of MIBC patients with information regarding
tumor histology, staging and primary treatment detail.
Bladder cancer occurs most commonly in the elderly. It
has been reported that the 5-year overall survival rate of
bladder cancer treated with CMT is 45~60%, and signifi-
cantly decrease with advanced age and poor performance
status.®'° In our series, the S-year OS rate was 64%, and
older age (=70 years) and poor performance status was
associated with a marked decrease in OS and PFS rates.
A higher risk of treatment failure was reported in patients
with locally advanced MIBC compared to those of stage

T2NOMO0.*** We demonstrated that the 5-year PFS

Notes: ¢ = Clinical stage T3-T4 or clinical regional LN involvement. ¢ = C/T22
cycles combined with RT dose= 56Gy. ® = Response to bladder-sparing treatment.
*Statistical significance.

survival rate was 70% for patients with stage cT2NOMO
and 59% with stage T3-T4 or clinical LN involvement.
At present, bladder-preserving CMT is recommended
for patients with favorable baseline characteristics.
A subset of patients who achieved CR after CMT exhib-
ited an equivalent probability of long-term survival; this
may allow patients to retain their native bladder. A large
that
approaches yield favorable results in appropriately
selected patients, with CR rates of 70% to 80%, S5-year
OS rates of 50% to 60%, and survival rates with an intact
bladder of 40% to 45%.%>** In our series, the CR rate was
76%, and the 5-year PFS and bladder-preservation survival

body of experience suggests bladder-sparing

rates were 52% and 64%, respectively. Increased RT dose
and combination with chemotherapy were associated with

an increased CR rate. In patients who achieve CR after
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Table 6 Adjusted Hazard Ratio of Determine Factors Associated
with PFS

Variable HR 95% CI P value
ECOG

<l Ref

>| 1.52 0.90-2.56 0.117
Hydronephrosis

No Ref

Yes 1.68 0.92-3.08 0.091
Clinical stage

T2NOMO Ref

Advanced® 2.0l 1.26-3.20 0.003*
NLR

<3 Ref

23 3.16 1.08-5.56 <0.001*
CCRT

Inadequate doses Ref

Adequate doses® 3.25 0.14-0.44 <0.001*
Treatment response®

CR Ref

Non-CR 1.95 1.13-3.38 0.017*
Hb

<12 Ref

>12 0.67 0.42-1.05 0.079

Notes: © = Clinical stage T3-T4 or clinical regional LN involvement. ¢ = C/T22
cycles combined with RT dose 56Gy. ® = Response to bladder-sparing treatment.
*Statistical significance.

bladder-sparing treatment, there is a 13% to 40% risk of
intravesical recurrence (non-invasive or invasive).?**
Half of the cases of LRF were of non-invasive recurrence
and were salvaged with intravesical treatment. Moreover,
patients with non-invasive recurrence after intravesical
salvage treatment had better 5-year PFS compared to
those with invasive recurrence (68% vs 33%; p = 0.008)
and comparable PFS to that of patients without LRF.
Several prior studies addressed the management of non-
invasive recurrence after CR to CMT.?*2° Based on the
findings of the present study, intravesical instillation for
bladder preservation had reasonable efficacy in patients
with non-invasive bladder recurrence.

Systemic inflammation is a recognized characteristic of
malignancy, and numerous inflammatory markers have been

investigated as prognostic indicators for cancer patients. Host

inflammatory responses also play an important role in tumor
development and progression. Regarding urothelial cell car-
cinoma, it has been reported that elevation of C-reactive
protein and IL-6 before treatment predicts a poor prognosis
in patients with muscle-invasive bladder cancer.?’” Increasing
evidence has suggested that neutrophils play an important
role in the host response to cancer. The NLR is an inflam-
matory and immunologically based index.”® An association
between blood NLR and disease progression has been
demonstrated in numerous malignancies.'""'* High NLR is
reported to be negatively correlated with survival in urothe-
lial carcinoma. Evidence has shown that pre-treatment high
NLR, implicating higher incidences of lymph node metasta-
sis or more advanced stage, was associated with worse sur-
MIBC patients
cystectomy.'>'”'* Moreover, it has recently been indicated

vival  for treated with radical
that NLR is a useful predictor for the response to neoadjuvant
chemotherapy in MIBC.?~*° However, the clinical utility of
pre-treatment NLR as a predictive biomarker in CMT needs
further investigation. In addition, studies have shown that
low preoperative hemoglobin (Hb) is associated with poor
prognosis for colorectal cancer and MIBC patients.'’"
Tumor-related anemia has received attention because
a hypoxic microenvironment is likely to promote tumor
invasiveness.'® Accordingly, we examined the predictive
role of peripheral blood indexes including NLR and Hb in
MIBC patients treated with bladder-sparing treatment. Our
data revealed that an elevated pretreatment NLR was signifi-
cantly associated with increased risk of developing loco-
regional recurrence and distant metastasis, whereas the
value of Hb was not correlated with the risk of disease fail-
ure. Furthermore, pretreatment higher NLR and lower Hb
were associated with poor treatment response and lower
bladder preservation rate. In the subgroup of CR patients,
higher NLR was linked to the risk of invasive recurrence.
According to the results of univariate and multivariate ana-
lyses, pretreatment NLR > 3 was associated with shorter PFS
compared to NLR < 3. The development of evidence-based
criteria for selection of patients for bladder cancer treatment
is important. We demonstrated that higher NLR was asso-
ciated with increased tumor burden and invasiveness, and
had the predictive power for treatment response to bladder-
sparing treatment. Based on the data, we suggest MIBC
patients with higher NLR require more aggressive treatment
and closer follow-up. Bladder-sparing treatment could be
suggested for MIBC patients with lower NLR based on the
higher CR rate and better survival rate.
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Figure 4 Correlations between the PFS and the value of NLR and Hb. (A) The difference of PFS according to the value of NLR stratified by Hb (solid line, Hb>12; dotted
line, Hb <12; blue, NLR<3; yellow, NLR2 3). (B) NLR associated with PFS when MIBC patients were stratified by clinical factors in multivariate model. *p<0.05.

The limitations of our study are inherent to investiga-
tions based on hospital registries. We were unable to
ascertain the reasons for delays in the initiation of curative
the
Furthermore, we could not adjust for potential unmeasured

treatment  or choice of palliative treatment.
selection biases regarding performance status, access to

healthcare, or other patient-related factors.

Conclusions

Among patients with MIBC treated with bladder-sparing treat-
ment, adequate CCRT and lower NLR correlate with better
PFS, particularly for patients with good performance status.
Furthermore, NLR could be used as a biomarker for

prognostic assessment, and to assist the clinician and patient
in making an informed decision regarding treatment options
for MIBC.
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