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Abstract.
BACKGROUND: Neoadjuvant chemotherapy (NAC) prior to radical cystectomy (RC) improves overall survival in muscle-
invasive bladder cancer (MIBC), but successful completion rates of NAC are low. A retrospective analysis was undertaken
to determine the etiology of deviations of NAC administration for MIBC.
METHODS: We performed a retrospective review of MIBC patients in an institutional database who received NAC followed
by RC from 2008 to 2016. Patients were characterized as having completed NAC without deviation (“No Deviation”) or with
deviation (“Deviation”). Factors associated with “Deviation” were assessed with logistic regression models.
RESULTS: 172 MIBC patients received NAC followed by RC; 49 were excluded due to incomplete NAC data. Of the
remaining 123 patients, 80 (65%) received Gemcitabine and Cisplatin (GC) and 25 (20%) received dose-dense MVAC
(ddMVAC). In all, 85 (69%) patients had “Deviation” in planned NAC administration, while the remaining 38 (31%) patients
had “No Deviation.” Twenty-six (33%) of GC patients experienced delays (mean = 21.5 ± 17.0 days) and 6 (24%) ddMVAC
patients experienced delays (mean = 10.5 ± 9.5 days). Receipt of GC was associated with higher likelihood of “Deviation”
in comparison to ddMVAC (OR = 15.4; 95% CI 4.43–53.72, p < 0.01), and administration of NAC at our institution was
associated with lower likelihood of “Deviation” in comparison to receipt in the community (OR = 0.25; 95% CI 0.25–0.72,
p = 0.01).
CONCLUSIONS: Deviations in administration of NAC were common in our cohort (69%) and were associated with receipt
of GC and administration of NAC at an outside institution.
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INTRODUCTION

Bladder cancer is a common and morbid disease,
with an estimated 17,000 attributable deaths in
the United States in 2018 [1]. Additionally, the
National Cancer Institute’s Surveillance, Epidemi-
ology, and End Results (SEER) database indicates
that the incidence of bladder cancer has increased
by 10% since 1975 [2]. As bladder cancer exists
on a continuum of disease, muscle-invasive blad-
der cancer (MIBC)—representing around 50% of
all bladder cancer patients [3] —is the driver of
this observed morbidity and mortality. Management
of MIBC is complex, as the current standard of
care—neoadjuvant chemotherapy (NAC) with radi-
cal cystectomy (RC)—requires a multispecialty and
multimodality approach.

Appropriate timing in the management of MIBC is
complex. When RC was the only standard of care, a
delay of greater than 12 weeks after initial diagnosis
of MIBC was found to be associated with local tumor
progression and inferior progression-free, cancer-
specific, and overall survival [4–6]. However, since
NAC has become standard [7–10], the impact of time
to chemotherapy and surgical extirpation has been
challenged [11–13]. While NAC and RC represent the
standard of care in MIBC, with improvements in over-
all survival and an apparent attenuation of the impact
of time to RC on overall survival, the administration
of guideline-concordant NAC is fraught with unique
challenges. Indeed, in Grossman’s landmark study,
more than one-third of patients had severe (defined
as National Cancer Institute Common Terminology
Criteria for Adverse Events [NCI CTCAE] grade 4)
adverse effects leading to deviations in standard NAC
regimens [7]. Similarly, in a multicenter assessment
of NAC in MIBC, at least 10% of patients failed to
complete the proposed NAC regimen due to toxicities
[14]. Dose-limiting toxicities are commonly man-
aged with dose reductions, delays, or discontinuation
of chemotherapy [15]. While these modifications play
an important role in mitigating short- and long-term
toxicity of treatment, they come at a price. Park et al.
demonstrated that patients who completed 2 or fewer
cycles of NAC had a significantly worse overall sur-
vival compared to those receiving 3 or more [16].
Experts have postulated that a loss of dose intensity
or deviations from planned NAC regimens may also
be associated with inferior overall survival [17].

Currently, there are no published data regarding
the etiology of either discontinuation of or delays in
NAC in MIBC. Meanwhile, there have been a number

of studies in the breast cancer literature identify-
ing factors associated with longer time to treatment
(TTT), including but not limited to race (African-
Americans with longer TTT), insurance status
(uninsured with longer TTT), and facility type (com-
munity practices with longer TTT) [18, 19]. While
these data raise important questions about practice
patterns and health equity and provide a frame-
work for quality improvement and outreach, these
identified factors are static factors. A number of ques-
tions still exist in multimodal treatment—including
MIBC management—about modifiable, symptom- or
treatment-related factors more amenable to interven-
tion at the individual patient or provider level. Given
the critical need to improve the administration of
standard-of-care therapy to patients with MIBC, we
conducted an analysis of factors associated with devi-
ations in MIBC patients treated with standard NAC
and RC.

METHODS

Human and animal rights

This type of study did not involve patients, as it
was a retrospective chart review. For this type of
study, formal consent was not required, as this was
an institutional review board (IRB)-approved study,
#140149.

Informed consent

No individual participants were included in this
study. Data from this study was obtained retrospec-
tively from an IRB-approved database without patient
identifiers.

Patient population

After obtaining the approval of the institutional
review board, patients treated with NAC and RC were
identified from an established radical cystectomy
database. Patients treated with definitive chemoradi-
ation therapy, those without documentation of NAC
regimen, and those with metastatic disease at the time
of presentation were excluded from the study. Cohort
selection is outlined in Fig. 1.

Data collection

Patient characteristics including age, sex, race
and insurance status were abstracted. Comorbid
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Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) diagram shows study cohort of 123 patients who received NAC and
underwent RC for MIBC.

conditions prior to initiation of NAC were assessed,
and age-adjusted Charlson comorbidity index
(ACCI) scores were calculated by the method pre-
viously reported by Charlson [20]. Diagnostic and
staging data were obtained by chart review, includ-
ing American Joint Committee on Cancer (AJCC)
2010 TNM staging prior to NAC delivery (clinical
stage) and after RC (pathologic stage), histology, and
the presence of carcinoma in-situ (CIS).

NAC data encompassed the following: site of
chemotherapy delivery (University of Kansas Health
System or other facility—clinic or hospital not asso-
ciated with University of Kansas Health System),
NAC regimen (see below), date of initial medical
oncology appointment, number of cycles planned,
number of cycles completed, date of initiation and
completion of NAC, and the time interval between
commencement of NAC and RC.

NAC regimens

For analysis, NAC was classified as: 1) gemc-
itabine and cisplatin (GC) [21], 2) gemcitabine and
carboplatin (GCa), 3) dose-dense methotrexate, vin-
blastine, doxorubicin, and cisplatin (ddMVAC) [22,
23], 4) conventional methotrexate, vinblastine, dox-
orubicin, and cisplatin (MVAC) [26], or 5) other. The
expected duration was based on the length of a stan-
dardized regimen for each therapy (e.g. eight weeks
for ddMVAC and 12 weeks for GC) as described

in randomized control trials and guidelines [7, 26].
Clinical documentation from oncology providers was
used to confirm the time period during which the
patients were expected to undergo therapy including
start date and expected end date.

Characterization of deviations

The interval from the first and last day of NAC
administration was used to calculate the duration of
NAC. Patients were characterized as either having
completed NAC without deviation (“No Deviation”)
or with deviation (“Deviation”). Those who were
classified as having “Deviation” were further char-
acterized as either having completed NAC with
delay (“Delayed”), completed all cycles of NAC but
with skipped doses (“Skipped Dose”), or not com-
pleted all planned cycles of NAC (“Incomplete”).
“Delayed” was defined as a patient having com-
pleted all expected cycles of NAC greater than 5
days after the expected time to completion. Data
regarding chemotherapy-induced thrombocytopenia
demonstrates that patients with thrombocytopenia
have delays of therapy until the platelet count recov-
ers, typically at least 5 days [25]. Therefore, five
days was chosen as a surrogate for the shortest
duration of a delay that would encompass all clini-
cally relevant factors rather than scheduling issues or
holidays.
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Statistical analysis

Categorical variables were summarized with fre-
quencies and percentages while continuous variables
were summarized with medians and interquartile
ranges (IQR). Multivariable logistic regression was
performed to identify factors independently asso-
ciated with deviation from standard NAC delivery
adjusting for age, type of chemotherapy, Charlson
comorbidity index, and location of chemotherapy
receipt. Models were summarized using odds ratios
(OR) and 95% confidence intervals. Analyses were
performed using R version 3.4.1 (R Foundation for
Statistical Computing, Vienna, Austria) with 2-tailed
p-values reported.

RESULTS

Patient demographics and clinicopathologic
parameters

A total of 172 patients having received neoadjuvant
chemotherapy were identified for analysis, of which
49 patients were excluded due to incomplete data.
Of the 525 patients in the cystectomy database, 123
(23%) patients underwent NAC followed by RC with
sufficient NAC data for analysis as per the methodol-
ogy.

Table 1 summarizes the cohort demographics and
Table 2 summarizes the cohort clinical and patho-
logical parameters. Median age of the cohort was
64 (IQR: 57–71) years with 82% of patients being
male and a majority being Caucasian (92%). Most
patients had either Medicare with or without sup-
plement (53%) or commercial insurance (36%). The
ACCI score was≤2 in 40% of patients, corresponding
to patients who are younger than 60 years of age with
few or no comorbidities, whereas 47% of patients had
an ACCI score of 3–5 and 13% with ACCI score of
>5.

The median time to RC from the initiation of NAC
was 98 (IQR 84–112) days (Table 3). The median
time to RC from the termination of NAC was 28 (IQR
21–42) days.

NAC regimens

In total, 61% of patients received NAC at the
study institution. Regimens are outlined in Fig. 2,
with patients most commonly receiving GC (n = 80;
65%), whereas 25 (20%) received ddMVAC, 6
(5%) received GCa, 3 (3%) received conventional

Table 1
Demographics of the entire cohort (n = 123)

Number of
patients (%)

Age (years) (mean ± SD) 63.7 ± 9.8
Gender

Male 101 (82)
Female 22 (18)

Race
Caucasian 113 (92)
African-American 7 (6)
Hispanic 1 (1)
Other 2 (1)

Insurance status
Medicaid 2 (2)
Medicare 41 (33)
Medicare + supplement 25 (20)
Uninsured 11 (9)
Private insurance plan 44 (36)

Age-Adjusted Charlson
Comorbidity Index

≤2 49 (40)
3–5 58 (47)
>5 16 (13)

NAC administration site
KU Hospital 75 (61)
Outside hospital 48 (39)

Table 2
Clinicopathologic parameters of the entire cohort (n = 123)

Number of
patients (%)

Clinical nodal stage
Nx 68 (55)
N0 37 (30)
N+ 18 (15)

Pathologic stage
Tumor classification

T0 31 (25)
Ta 1 (1)
Tis 13 (10)
T1 8 (7)
T2 26 (22)
T3 28 (22)
T4 16 (13)

Lymph node status
N0 96 (78)
N+ 27 (22)

Margin
Negative 117 (95)
Positive 4 (3)
N/A 2 (2)

Histology at cystectomy
Urothelial 81 (66)
Mixed urothelial 12 (10)
Squamous cell carcinoma 3 (2)
Other 1 (1)
NA 26 (21)

Carcinoma in-situ at cystectomy
No 98 (80)
Yes 25 (20)
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Fig. 2. Breakdown of all patients (n = 123) by (i) neoadjuvant chemotherapy type and (ii) deviation in administration of NAC. * Other NAC
type: Gem + Taxol, Gem + Carbo + Taxol.

Table 3
Duration of neoadjuvant chemotherapy treatments

Therapy Gem/Cis, ddMVAC, Median Other NAC,
Span Median Days (IQR) Days (IQR) Median Days (IQR)

n = 80 n = 25 n = 18
Start of chemotherapy to
cystectomy

103 (95–121) 82 (76–90) 110 (80–128)

Start to end of chemotherapy 77 (62–90) 49 (42–60) 76 (54–90)
End of chemotherapy to
cystectomy

30 (20–41) 32 (20–38) 32 (28–39)

MVAC and 9 (7%) received other chemotherapy
regimens.

Pathologic outcomes

A pathologic complete response to NAC (ypT0)
was observed in 25% of the cohort, and another 18%
demonstrated non-muscle-invasive bladder cancer at
RC. Only 4 (3%) patients had positive surgical mar-
gins at time of RC, and 22% of patients had lymph
node invasion. All tumors analyzed in this study
were high grade. Most tumors were pure urothelial
carcinoma histology but 13% had variant histology,
including squamous and adenomatous differentiation
as well as micropapillary and sarcomatoid variants.

Deviations

In all, 38 (31%) patients were considered “No
Deviation”, while the remaining 85 (69%) patients
had “Deviation” in planned NAC administration.
Of those who were classified as “Deviation”, 36
(42%) patients were “Incomplete”, 15 (18%) patients
were “Skipped Dose” and 34 (40%) patients were
“Delayed”.

We further performed analysis of patients in the
“Deviation” group. Determinants for “Incomplete”,
“Skipped Dose,” or “Delayed” were abstracted from
the patient record (Table 4).

Incomplete

In all, 36 (29%) patients did not complete all
expected cycles of NAC. Of the 28 patients in the
GC cohort who did not complete all expected cycles
of NAC, the most common reasons for discontinu-
ation of chemotherapy were cytopenias (n = 7) and
acute renal failure/azotemia (n = 5). By comparison,
3 patients in the ddMVAC group were unable to
complete NAC. Reasons for discontinuation included
fatigue, decline in functional status, and gastrointesti-
nal bleed secondary to thrombocytopenia.

Skipped dose

Fifteen (12%) patients in the total cohort skipped
one or more doses during NAC administration, with
the most common etiology being cytopenias (n = 12).

Delayed

Of the 80 patients who received GC, 26 (33%)
experienced a delay of more than 5 days, with the
most common reason for delay being cytopenias
(n = 9). In the ddMVAC group, 6 (24%) patients had
a delay in administration of NAC, most commonly
for acute renal failure/azotemia (n = 3).

For those patients who experienced “Delay” in
NAC administration, the median delay experienced
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Table 4
Etiologies of deviation of administration of neoadjuvant chemotherapy

Total (%) Gem/Cis (%) ddMVAC (%) Other (%)

n = 123 n = 80 n = 25 n = 18
No Deviation 38 (31) 13 (16) 15 (60) 10 (55)
Deviation
Delayed 34 (28) 26 (33) 6 (24) 2 (11)

Cytopenia 10 (8) 9 (11) – 1 (6)
Symptom control 5 (4) 4 (5) 1 (4) –
Organ dysfunction 5 (4) 2 (2.5) 3 (12) –
Decline in functional status – – – –
Infection 5 (4) 4 (5) 1 (4) –
Psychosocial issues 3 (2.5) 3 (4) – –
Other 6 (5) 4 (5) 1 (4) 1 (6)

Skipped Dose 15 (12) 13 (16) 1 (4) 1 (6)
Cytopenia 11 (9) 11 (14) – –
Symptom control – – – –
Organ dysfunction 3 (2.5) 1 (1) 1 (4) 1 (6)
Decline in functional status – – – –
Infection 1 (<1) 1 (1) – –
Psychosocial issues – – – –
Other – – – –

Incomplete 36 (29) 28 (35) 3 (12) 5 (28)
Cytopenia 8 (6.5) 7 (9) – 1 (6)
Symptom control 4 (3) 3 (4) 1 (4) –
Organ dysfunction 5 (4) 5 (6) – –
Decline in functional status 3 (2.5) 2 (2.5) 1 (4) –
Infection 3 (2.5) 1 (1) – 2 (11)
Psychosocial issues 1 (<1) 1 (1) – –
Other 12 (10) 9 (11) 1 (4) 2 (11)

Table 5
Univariate associations for deviation in neoadjuvant chemotherapy

administration

Variable OR CI P-value

Age 1.01 0.97–1.05 0.50
NAC Type (ref: ddMVAC)

Gem/Cis 7.73 2.85–20.94 <0.01
Other 1.20 0.35–4.09 0.77

Gender (ref: Male) 0.94 0.35–2.56 0.92
Insurance (ref: Medicare)

Medicare + Supp 1.23 0.43–3.52 0.09
Medicaid Unevaluable Unevaluable –
Private 1.38 0.56–3.41 0.49
Uninsured 2.60 0.49–1.36 0.26

NAC at KU 0.71 0.33–1.54 0.39
CCI 1.15 0.93–1.41 0.19

was 20 (IQR 13–28) days. The delay in the ddM-
VAC group was 6.5 (IQR 6–17.5) days compared to a
median of 22 (IQR 14–29.5) days among GC patients
(p = 0.045).

On multivariable analysis, receipt of GC was
associated with higher likelihood of “Deviation”
in comparison to ddMVAC (OR = 15.4; 95% CI
4.43–53.72, p < 0.01). On the other hand, admin-
istration of NAC at our institution was strongly
associated with not having a “Deviation” in com-

Table 6
Multivariate analysis of factors associated with deviation in admin-

istration of neoadjuvant chemotherapy

Variable OR CI P-value

Age 0.95 0.89–1.01 0.16
NAC Type (ref: ddMVAC)

Gem/Cis 15.4 4.43–53.72 <0.01
Other 1.49 0.37–6.02 0.57

NAC at KU 0.25 0.08–0.72 0.01
CCI 1.39 0.97–2.00 0.07

parison to receiving NAC at an institution outside of
KU (OR = 0.25; 95% CI 0.08–0.72, p = 0.01). Other
factors such as age and ACCI did not demonstrate
any significance (Table 6). Despite its lack of signif-
icance, ACCI does show close association with the
aforementioned “Deviation” to NAC administration
(OR = 1.39, 95% CI 0.97–2.00, p = 0.07) (Table 6).

DISCUSSION

Our data demonstrate a significant rate of deviation
(69%) in the expected administration of NAC in all
comers, with the most common cause of deviation
being cytopenias. Additionally, the use of GC carried
with it a unique set of risk factors for deviations in
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NAC administration (OR 15.4) secondary to toxicity
and disease progression. Conversely, administration
of NAC at our institution was associated with lower
likelihood of “Deviation” in comparison to receipt of
NAC in the community (OR 0.25).

Level 1 evidence has demonstrated a substantial
survival benefit conferred by MVAC administered
before radical cystectomy and pelvic lymph node dis-
section [7, 10, 26–28]. Although such evidence does
not exist for GC or ddMVAC in the NAC setting,
there has been a shift in practice away from MVAC
due to the desire to minimize toxicity while maintain-
ing similar oncologic efficacy [29]. GC has become
the most commonly used regimen [30], presumably
based on extrapolation of data from patients with
metastatic bladder cancer and owing to a better toxic-
ity prolife [33]. Similarly, ddMVAC has also become
increasingly utilized in conjunction with associations
with improved OS and limited toxicities [32]. These
shifts in practice patterns have been confirmed in our
series, in which 65% of patients and 20% of patients
received GC and ddMVAC, respectively, whereas
only 2% received conventional MVAC.

There has been a plethora of studies exploring
the pathological response and survival outcomes of
these various NAC regimens, but one knowledge gap
persists – the need for comprehensive data regard-
ing the non-completion of NAC and deviation from
the expected and planned administration of NAC.
The limited data currently available on the non-
completion rate of NAC is mixed. In a real-world
analysis of pathologic response rates to NAC, Zargar
et al. found 13% and 10% non-completion rates in
patients who received MVAC and GC, respectively
[14]. A later study by Park et al. revealed that nearly
57% of patients given MVAC or GC received 2 or
fewer cycles of chemotherapy [12]. As previously
mentioned, these patients had poor overall survival
in comparison to the cohort who completed at least
3 cycles of NAC. While neither of these studies
delineated the reasons for treatment delays or discon-
tinuation, they do underscore the clinical relevance of
these data, which would allow clinicians to address
contributing factors and improve delivery of care in
this population.

Despite originally being chosen over traditional
MVAC for its better safety and lower toxicity profiles
[29, 33], GC was associated with more devia-
tions due to toxicity and progression of disease
(Table 3). Furthermore, the numbers of delayed,
skipped and incomplete courses were also increased

in patients receiving GC compared to those hav-
ing received ddMVAC. There are a number of
possible population-related explanations for these
contradictory findings. One such explanation is
patient age. Patients receiving GC were on average 6
years older than those receiving ddMVAC (64 versus
58 years, respectively). It is possible that the increased
age in the GC population led to increased medical
frailty and treatment-related toxicity. Medical com-
plexity is another possible factor, as patients receiving
GC had a median CCI of 3.2 whereas those receiving
ddMVAC had a median CCI of 2.2. Therefore, even
though the CCI was not predictive of delays during
NAC, this could have indirectly contributed to the
differences in toxicity. Indeed, pretreatment patient
characteristics, as opposed to the GC regimen itself,
may have been responsible for the increased number
of deviations within this group. Although it is true that
delays may be due to predetermined patient character-
istics, our data reveal that the deviations themselves
exist, which is the first step to resolving them.

Another possible explanation for the increased tox-
icity of GC could relate to the administration of the
regimens themselves, specifically to the dose-dense
scheduling of ddMVAC. A recent study by Bamias
et al. showed that not only was dose-dense Gemc-
itabine/Cisplatin (ddGC) associated with improved
OS, but it was also associated with a significantly
higher rate of course completion compared to ddM-
VAC (85% versus 63%, respectively, p = 0.01) [34].
Another phase II trial found similar results, with
patients in the ddGC arm receiving double the dose
of cisplatin compared to the standard MVAC [35].
Furthermore, ddGC was associated with limited tox-
icity and improved pathological response rates in
comparison to other dose-dense regimens. The dif-
ference between GC and ddMVAC could be mainly
contributable to the lack of dose densification, but
Phase III data are needed to fully elucidate the impact
of dose-dense scheduling of NAC in MIBC.

Despite the mounting data about the impact of
choice and dose-density of NAC regimen on MIBC
outcomes, to the best of our knowledge there is no
literature exploring the prevalence of deviations in
administration of NAC and the association of these
delays with MIBC outcomes. Identifying risk fac-
tors for treatment delays or discontinuation of NAC is
therefore of paramount importance to urologists and
medical oncologists, as this could allow for imple-
mentation of interventions to minimize delays and
possibly improve survival. Basch et al. has found
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that prospective monitoring of patient-reported out-
come (PRO) measures while receiving chemotherapy
led to improvements in quality of life, less frequent
emergency department visits, less frequent hospital
admissions, and a longer duration of chemotherapy
[36]. Correspondingly, the findings of this study
could be used to create PROs tailored for specific
NAC regimens with the intent of targeting the symp-
tom control issues responsible for delays and/or
dose modifications of each regimen. For instance,
our data showed that patients receiving ddMVAC
were commonly “Delayed” secondary to azotemia,
and therefore future PRO interventions could target
modifiable causes of azotemia. For example, ques-
tionnaires could be implemented to target the early
identification and subsequent intervention of symp-
tom control issues that could worsen azotemia (e.g.
nausea, vomiting, and dehydration).

This study has several limitations, such as the
inherent selection bias of retrospective review, lack of
randomization, and lack of standardization of NAC
administration between institutions. Selection bias in
the choice of chemotherapy regimen is plausible, as
not all factors could be controlled for in the multi-
variate analysis. There is additional bias introduced
in the variability between outside and institutional
documentation from which our data were obtained.
Furthermore, since data were collected retrospec-
tively, we could not assess the outcome in patients
who received NAC but were not treated with RC due
to disease progression, toxicity or performance status
deterioration.

Additionally, comparison of patients who received
dose reductions was not included in this analysis as
we were unable to corroborate from outside records
the degree of dose reduction. Although it will be crit-
ical to better characterize the effect of NAC deviation
on outcomes, this study was not designed to address
this question. Due to the heterogenous nature of this
patient population, loss of follow-up, and limited
sample size, a robust analysis of oncologic outcomes
could not be performed. Ideally, patients with simi-
lar baseline characteristics and clinical stage may be
compared to meaningfully evaluate for any effect of
NAC on oncologic outcomes.

MIBC is an aggressive systemic disease that
requires a multidisciplinary team to coordinate sys-
temic and local treatment. Significant improvements
in MIBC outcomes were achieved by the advent
of cisplatin-based combination chemotherapy regi-
mens. Similar strides have been made to increase the
tolerability of these systemic regimens, but unfortu-

nately the utilization of NAC for the treatment of
MIBC by the oncology and urology communities
remains low [37]. Our data demonstrate that, even
when guideline-concordant NAC is attempted, the
real-world experience is marked by deviations from
expected NAC administration. Identification of risk
factors and tendencies as discussed above may allow
for circumvention of such toxicities.
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