
Abbreviations

and Acronyms

GC ¼ gemcitabine and cisplatin

MIBC ¼ muscle invasive bladder
cancer

MVAC ¼ methotrexate, vinblas-
tine, doxorubicin and cisplatin

NAC ¼ neoadjuvant
chemotherapy

OS ¼ overall survival

RC ¼ radical cystectomy

TURBT ¼ transurethral resection
of bladder tumor

ypCR ¼ complete pathological
response after NAC

ypPR ¼ partial pathological
response after NAC
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Purpose: We determine the impact of the timing of radical cystectomy from the
diagnosis of muscle invasive bladder cancer on survival in patients also treated
with neoadjuvant chemotherapy.

Materials and Methods: We performed a retrospective chart review of consec-
utive patients with muscle invasive bladder cancer who received neoadjuvant
chemotherapy followed by cystectomy between 1996 and 2014 at a single insti-
tution. Cox proportional hazards regression models were used to investigate
the effect of treatment time intervals on overall survival. Three treatment
intervals were analyzed for survival impact, from diagnosis of muscle invasive
bladder cancer to initiation of neoadjuvant chemotherapy, from initiation of
neoadjuvant chemotherapy to cystectomy and from diagnosis to cystectomy.
Other pretreatment and posttreatment clinicopathological parameters were also
analyzed.

Results: Median time from the diagnosis of muscle invasive bladder cancer to
radical cystectomy was 28 weeks. Cystectomy performed less than 28 weeks from
the diagnosis did not result in significant improvement in overall survival out-
comes (HR 0.68, 95% CI 0.28e1.63, p¼0.388). Neither the timing of neoadjuvant
chemotherapy initiation from diagnosis (median 6 weeks) nor the timing of
cystectomy from neoadjuvant chemotherapy initiation (median 22 weeks) was
associated with survival. Patient age, variant histology, extravesical and/or
lymph node involvement (T3-4 and/or N1 or greater) were significantly associ-
ated with survival.
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Conclusions: The timing of radical cystectomy in relation to muscle invasive bladder cancer diagnosis date
does not significantly impact overall survival in patients with muscle invasive bladder cancer receiving
neoadjuvant chemotherapy.

Key Words: urinary bladder neoplasms, neoadjuvant therapy, cystectomy, time factors
RADICAL cystectomy is the mainstay treatment for
muscle invasive bladder cancer. However, surgery
alone is associated with a suboptimal disease control
rate and survival due in part to micrometastases.
Due to its proven improvement in overall survival in
randomized trials, cisplatin based combination
chemotherapy given before cystectomy is recom-
mended for patients with MIBC eligible to receive
cisplatin.1

Several studies have evaluated various clinical
factors for the prognosis of MIBC. Extravesical
tumor stage (T3-4), advanced age, nonurothelial
variant histology and a reduced number of lymph
nodes removed have been established as poor
prognostic factors for patients treated with radical
cystectomy.2e6 In addition, the timing of radical
cystectomy has been proposed to be another prog-
nostic factor for MIBC.7e10 Several studies sug-
gested that delay of cystectomy by more than 12
weeks from the diagnosis date is associated with
inferior survival.11 However, these studies were
performed before the wide acceptance of cisplatin
based neoadjuvant chemotherapy. Thus, these ef-
forts mainly evaluated patients who were treated
with surgery alone or mixed populations with small
proportions of patients receiving various perioper-
ative therapies. Investigations examining the rela-
tionship between time from diagnosis to cystectomy
in patients treated with NAC are lacking. There-
fore, we conducted the current study to determine
the effect on survival of the timing of radical cys-
tectomy from the diagnosis of MIBC in patients who
received NAC.
MATERIALS AND METHODS

Patient Population
The Johns Hopkins Hospital institutional review board
approved (N0:03-03-07-02d) bladder cancer database
was queried to identify patients who received NAC and
underwent radical cystectomy between 1996 and 2014.
Patients with known clinical metastatic disease or
noninvasive disease, with tumor with small cell histology,
who received concurrent chemoradiation therapy and
whose data were incomplete for analysis, were excluded
from the study.

Clinical and Pathological Data Evaluation
Patient charts were reviewed for 1) baseline pretreatment
characteristics including demographics, clinical stage,
histology and previous intravesical therapy history;
2) intervals between diagnosis of MIBC at TURBT and the
initiation of NAC and radical cystectomy; and 3) post-
treatment and treatment clinical and pathological
characteristics.

Study End Points
Tumor staging was analyzed by standard American Joint
Committee on Cancer TNM criteria.12 Complete patho-
logical response after NAC (ypCR) was defined as the
complete absence of any viable remaining urothelial car-
cinoma (including Tis, Ta, T1) on pathological examina-
tion of the cystectomy tissues. Partial pathological
response after NAC (ypPR) was defined as the absence of
any muscle invasive urothelial carcinoma on pathological
examination of the cystectomy tissues. Pathological
response rate (ypRR) was defined as the total percentage
of patients achieving a ypCR or ypPR after NAC. Overall
survival was defined as the duration of time from the
diagnosis of MIBC to death from any cause. Survival
status was verified using clinical records, physician re-
ports, the Social Security Death Index website and by
other means (ie obituary) for any patients lost to followup.

Statistical Analysis
Data were analyzed using SPSS� Statistics version 22.
Chi-square testing was used to analyze categorical vari-
ables and Student’s t-test was used to analyze continuous
variables. Associations between variables and OS were
analyzed by Cox proportional hazards regression for sur-
vival analysis, with data summarized by hazard ratios
with 95% CIs. A level of significance was set at p <0.05 for
all analyses.
RESULTS

Study Population

Between January 1996 and August 2014, 314
consecutive patients received NAC followed by cys-
tectomy at the Johns Hopkins Hospital. Reasons for
patient exclusion are summarized in figure 1. A total
of 201 patients comprised the final study group. The
majority of patients (193, 96%) were treated between
2004 and 2014. During this same time 232 patients
with MIBC were treated at our institution with
cystectomy alone. The NAC study population was
characterized by a mean patient age of 61.8 years
(range 39 to 83) with the majority being male (159 of
201, 79%) and Caucasian (185 of 201, 92%). More
than a third of patients had extravesical disease at
diagnosis, with 57 (28%) and 14 (7%) patients with
clinical T3 and T4 disease, respectively. There were



Figure 1. CONSORT (Consolidated Standards of Reporting

Trials) diagram shows study cohort of 201 patients who

received NAC and underwent RC for MIBC. CRT,

chemoradiation therapy.

Table 1. Treatment related and posttreatment characteristics

No. (%)

Cisplatin based NAC:
MVAC 10 (5.0)
GC 168 (83.5)
Other* 6 (3.0)

Noncisplatin based NAC 17 (8.5)
No. NAC cycles:
Less than 3 114 (56.7)
3 or Greater 87 (43.3)

Pathological T stage:
Complete response (ypT0) 44 (21.9)
Noninvasive disease (ypTa,Tis,T1) 62 (30.8)
Invasive disease:

ypT2 23 (11.4)
yp3/4 77 (38.3)

Pathological N stage:
ypN0 160 (79.6)
ypN�1 41 (20.4)

*Carboplatin/paclitaxel, carboplatin/gemcitabine, cisplatin/gemcitabine/
paclitaxel, cisplatin/paclitaxel, ifosfamide.
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19 patients (9%) who had clinical evidence of lymph
node involvement. Most tumors were pure urothelial
carcinoma histology but 58 tumors (29%) had
variant histologies including squamous and adeno-
matous differentiation, micropapillary and sarco-
matoid variants. All tumors analyzed in this study
were high grade. A minority of patients had previous
intravesical bacillus Calmette-Gu�erin or chemo-
therapy for nonmuscle invasive disease (18 of
201, 9%).

Neoadjuvant Treatment Regimens

Gemcitabine and cisplatin was the most frequently
administered chemotherapy regimen (in 168,
83.5%). Only 10 patients (5.0%) received a standard
or dose dense MVAC regimen. Noncisplatin based
regimens were used in 17 patients (9%), most of
which were carboplatin based combinations. Me-
dian number of NAC cycles was 3.

Tumor Response

At cystectomy 44 (22%) patients achieved a complete
pathological response (ypCR) and 58 (29%) patients
achieved a partial pathological response (ypPR)
with residual nonmuscle invasive disease (ypTa,
Tis or T1) at cystectomy. Thus, the pathological
response rate (ypRR) was 51%. Extravesical disease
(ypT3,T4) and/or node positive disease (ypN 1 or
greater) was found in 41 patients (20%).

Survival

Median followup was 24 months. Median OS was
43.2 months (95% CI 10.3e76.1). On univariable Cox
regression analysis for overall survival age less than
62 years (HR 0.56, 95% CI 0.33e0.96, p ¼ 0.034)
and pure urothelial histology (HR 0.42, 95% CI
0.24e0.68, p ¼ 0.001) were associated with statisti-
cally significant favorable survival. In contrast, less
than 3 cycles of chemotherapy was associated with
poor survival (HR 1.75, 95% CI 1.04e2.96). Simi-
larly, patients with pathological extravesical disease
(ypT3,T4) and/or node positive disease (ypN greater
than 1) had significantly inferior survival outcomes
compared to those with organ confined disease
(HR 5.17, 95% CI 2.08e12.85, p ¼ 0.001, table 1).

Association of OS and Treatment Intervals

Three treatment related intervals were analyzed for
correlation with survival, including 1) from MIBC
diagnosis on TURBT to the initiation of NAC, 2) from
initiation of NAC to the radical cystectomy and
3) from MIBC diagnosis to radical cystectomy.
Median durations of each interval were 42 days
(6 weeks), 151 days (22 weeks) and 199 days
(28 weeks), respectively. None of the treatment in-
tervals was significantly associated with OS (table 2,
fig. 2). Median survival for patients with cystectomy
performed less than 28 weeks from TURBT diag-
nosis was not significantly different compared to a
survival for patients with cystectomy performed
beyond 28 weeks from TURBT diagnosis date
(HR 0.68, 95% CI 0.28e1.63, p ¼ 0.388). Similarly,
the difference in median survival between patients
who received NAC within 6 weeks from TURBT
diagnosis date and those whose NAC was delayed
beyond 6 weeks was not significant (HR 1.28, 95% CI
0.75e2.20, p ¼ 0.360). Lastly, the timing of cys-
tectomy from the initiation of NAC before and after
22weeks did not have a significant impact onmedian
survival (HR 1.12, 95% CI 0.47e2.60, p ¼ 0.801).



Table 2. Cox regression of treatment time intervals

Days HR (95% CI) p Value

Diagnosis to NAC Less than 42 1.28 (0.75e2.20) 0.360
NAC to RC Less than 151 1.12 (0.47e2.60) 0.801
Diagnosis to RC Less than 199 0.68 (0.28e1.63) 0.388
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DISCUSSION
Several studies have evaluated the effect of the
timing of radical cystectomy on clinical outcomes in
patients with MIBC. A delay of surgery has been
reported to be associated with a significantly higher
incidence of nonorgan confined disease (pT3-4) and
increase in the rate of lymph node metastases
(pNþ).13e15 Chang et al reported that patients who
underwent cystectomy after 90 days from diagnosis
were more likely to have nonorgan confined disease
(pT3 or greater) than those who underwent cys-
tectomy within 90 days (81% vs 52%, p ¼ 0.01).13

Furthermore, such delay in cystectomy has been
found to result in poor overall survival. In the report
by Sanchez-Ortiz et al analyzing 189 patients with
MIBC from 1987 and 2000, a surgery delay longer
than 12 weeks from diagnosis was correlated with
lower 3-year estimated survival compared with a
shorter interval (HR 2.51, p ¼ 0.006).15 In a more
recent report Mahmud et al evaluated 1,315 patients
who had cystectomy in Canada from 1990 to 2002.16

The authors found that delay of surgery by more
than 12 weeks from the diagnosis was associated
with poor OS (adjusted HR 1.2, p ¼ 0.051). ICUD-
EAU (International Consultation on Urological
Diseases-European Association of Urology) 2012
guidelines state that delay of radical cystectomy in
MIBC for more than 12 weeks after initial diagnosis
is associated with reduced cancer specific survival
based on the similar observation by Gore et al17 from
outcomes in cystectomy case analysis of the SEER
Figure 2. Kaplan-Meier estimated OS for each treatment interval. Tim

(B) or from diagnosis (C) was not associated with statistically signi

initiation date of NAC. RC, date of RC.
(Surveillance, Epidemiology, and End Results)-
Medicare database treated between 1992 and
2001.18 However, these studies were performed
before NAC became the standard of care for MIBC.
Although the first study that demonstrated a sur-
vival benefit of NAC with MVAC regimen (SWOG
8710) was reported in 2003,1 followed by supporting
meta-analyses,19e22 it is only recently that the use of
NAC has beenmore frequently accepted.23 Thus, it is
not yet clear whether the association between timing
of cystectomy and survival remains significant in
patients with MIBC who receive NAC.

In this study we evaluated the impact of timing of
cystectomy from diagnosis in patients who received
NAC at our institution. Median time from diagnosis
to cystectomy was 199 days (28 weeks). Interest-
ingly our study did not reveal a significant correla-
tion between longer time to cystectomy (more than
28 weeks) and overall survival. This finding is
consistent with a recent single institution experi-
ence reported by Parker et al which evaluated the
impact of RC timing on survival.24 In their analysis
of 72 patients with MIBC who underwent radical
cystectomy after NAC, the mean time from diag-
nosis to RC was 173 days, which is similar to our
experience of 199 days. When stratifying the cohort
by time to RC (1 to 4, 5 and 6 months) there was no
statistical difference in recurrence-free or cancer
specific survival among the groups.

We also evaluated the individual impacts of the
time between diagnosis to start of NAC and start of
NAC to RC. Median length of each interval was 42
days (6 weeks) and 151 days (22 weeks), respec-
tively. Neither period had an effect on OS. With 4
cycles of standard GC NAC requiring 12 weeks to
administer, the median time from initiation of NAC
to cystectomy of 22 weeks in our study implies a
rough average estimate of 10 weeks from completion
ing of NAC initiation from diagnosis (A), RC from NAC initiation

ficant difference in OS. Dx, diagnosis date from TURBT. NAC,
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of NAC to cystectomy. This time span is in agree-
ment with a review evaluating the impact of the
timing of cystectomy from completion of NAC on
survival in patients with MIBC.25 In this report
cystectomy performed up to 10 weeks after the
completion of NAC did not impact survival.25

In our study various clinical and pathological
factors were also analyzed for their association with
survival. The impact of variant histology on survival
was highly significant, highlighting the need for the
better characterization and development of new
systemic regimens for those variant histologies.
Younger patients (age less than 62 years) were
associated with favorable survival in our study.
However, we should not exclude patients from NAC
if they have good functional status, as suggested by
a recent report by Chau et al, which showed that
elderly patients (age 70 or older) with good func-
tional status and limited comorbidities diagnosed
with MIBC receiving NAC achieved clinical out-
comes similar to those of their younger counter-
parts.26 In terms of posttreatment and treatment
related factors, chemotherapy cycles less than 3 and
pathological extravesical disease as well as lymph
node involvement were associated with poor sur-
vival. This finding suggests that at least 3 total cy-
cles of NAC are needed for the appropriate benefit
and that the development of validated predictive
markers to NAC regimen is warranted to select the
patients who are likely to benefit from certain NAC
regimens. This is an area of active investigation
and various molecular markers of genes involved
in DNA repair pathways (ERCC2, ATM, RB1,
FANCC ) have been proposed.27e29 The COXEN
(CO-eXpression ExtrapolatioN) algorithm is an
example addressing this issue which is currently
being prospectively validated in a clinical trial
(NCT02177695).

To the best of our knowledge, our study is the
first to analyze the impact of each treatment time
interval on overall survival in patients with MIBC
who received NAC. However, our study has several
noteworthy limitations, such as inherent selection
bias of retrospective review, relatively small sample
size and a short followup time. Thus, the results
should be interpreted with caution. Patients in our
cohort are young (median age of 62) and mostly of
Caucasian ethnicity with well preserved organ
function. Thus, our study population may not
represent average patients with MIBC. Of note, a
large proportion of patients in our cohort received
NAC by their treating community oncologists. The
majority of patients received GC while only 5% of
patients were administered an MVAC containing
regimen. This reflects current practice where the
GC regimen is widely accepted in the neoadjuvant
setting due to its favorable safety profiles and effi-
cacy comparable to that of MVAC shown in
advanced urothelial carcinoma.20 Furthermore, pa-
tients treated with NAC who had progression or
toxicity that prevented cystectomy were not
captured in our database. In our experience the
frequency of this event is exceedingly rare (less than
5%). However, the absence of definitive data in our
cohort is a limitation which highlights the need for
prospective inclusion of such patients in future fol-
lowup reports on this cohort. In our Kaplan-Meier
survival plots the curves of cystectomy time 28
weeks or greater and less than 28 weeks from
diagnosis overlap in the first 3 years then seem to
diverge, suggesting a longer followup may result in
a significant difference. Thus, our findings, which
are consistent with recent small retrospective re-
views from other institutions that showed no cor-
relation between the timing of RC or NAC and
survival, need to be validated in larger populations
with longer followup. We continue to accumulate
our data and plan to perform another analysis in the
future.
CONCLUSIONS
An association between overall survival and the
time between MIBC diagnosis and cystectomy was
not observed in patients with MIBC receiving NAC
in our single institution analysis. Our findings
reinforce the role of NAC in patients with MIBC
eligible for cisplatin. However, delays in treatment
should not be legitimized based on our findings.
Moreover, in patients not receiving NAC, time to
cystectomy has been associated with survival out-
comes. Thus, for patients not receiving NAC,
prompt surgical intervention remains the standard
of care.
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