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IMPORTANCE Neoadjuvant chemotherapy (NAC) followed by radical cystectomy improves
survival compared with cystectomy alone for patients with bladder cancer. Although
gemcitabine with cisplatin has become a standard NAC regimen, a dose-dense combination
of methotrexate, vinblastine, doxorubicin, and cisplatin (ddMVAC) is being adopted at
some institutions.

OBJECTIVE To assess the association of neoadjuvant ddMVAC vs standard regimens with
downstaging and overall survival among patients treated with radical cystectomy for
bladder cancer.

DESIGN, SETTING, AND PARTICIPANTS Cross-sectional analysis of data extracted from the
medical records of a consecutive sample, after exclusions, of 1113 patients with bladder cancer
of whom 824 had disease stage T2 or greater, who were treated with cystectomy at the
Moffitt Cancer Center in Tampa, Florida, a tertiary care cancer center, between January 1,
2007, and May 31, 2017. Data were collected between November 14, 2016, and July 21, 2017,
and analyzed between August 21, 2017, and December 8, 2017. Patients were compared
based on type of NAC. Those who did not receive NAC were included as controls.

MAIN OUTCOMES AND MEASURES Comparative rates and the association of any downstaging,
complete response, and overall survival with ddMVAC and other NAC regimens and surgery
alone. Outcomes were examined using Kaplan-Meier, adjusted logistic, Cox regression, and
propensity-weighted models.

RESULTS Of the 1113 patients who underwent cystectomy for bladder cancer, 861 (77.4%)
were male, the median (interquartile range) age was 67 (60-74) years, 1051 (94.4%) were
white, 27 (2.4%) black, 37 (3.3%) Hispanic/Latino, and 35 (3.1%) other race/ethnicity. Of 824
patients with muscle-invasive bladder cancer, 332 (40%) received NAC. Downstaging rates
were 52.2% for ddMVAC, 41.3% for gemcitabine-cisplatin, and 27.0% for gemcitabine with
carboplatin, and complete response (pT0N0) rates were 41.3% for ddMVAC, 24.5% for
gemcitabine-cisplatin, and 9.4% for gemcitabine-carboplatin (2-sided P < .001). Adjusted
analysis comparing ddMVAC with gemcitabine-cisplatin demonstrated a higher likelihood of
downstaging (odds ratio [OR], 1.84; 95% CI, 1.10-3.09) and complete response (OR, 2.67;
95% CI, 1.50-4.77) with ddMVAC. Similar results were achieved with propensity score
matching (OR, 1.52; 95% CI, 0.99-2.35). Patients who received ddMVAC had better overall
survival than those treated with other chemotherapy regimens, although the observed
survival benefit did not reach statistical significance in adjusted or propensity-matched
models (hazard ratio, 0.44; 95% CI, 0.14-1.38; P = .16).

CONCLUSIONS AND RELEVANCE This study suggest that neoadjuvant ddMVAC followed by
cystectomy is associated with a higher complete response (ypT0N0) rate than standard NAC.
These data highlight and suggest the need to further investigate ddMVAC vs standard NAC in
a prospective, randomized fashion.
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N eoadjuvant chemotherapy (NAC) given before cystec-
tomy is a standard treatment for muscle-invasive
bladder cancer, and its use is supported by the find-

ings of numerous randomized clinical trials and meta-
analyses, which have found a 6% survival benefit at 10 years.1-3

Accordingly, treatment guidelines from a number of organi-
zations, including the American Urological Association/
Society of Urologic Oncology, the National Comprehensive
Cancer Network, and the European Association of Urology,
recommend NAC as preferred first-line therapy in the man-
agement of invasive and advanced disease.4-6 However,
despite unequivocal evidence supporting its efficacy, the rates
of adoption and routine use of NAC have been modest.7-9

Various chemotherapy regimens are used in clinical prac-
tice; however, most trials examining the efficacy of multi-
agent NACs have been based on combinations including metho-
trexate, vinblastine, and cisplatin with or without the addition
of an anthracycline (eg, doxorubicin or epirubicin).3,10-12

Although a previous landmark trial reported significant im-
provement in complete pathologic response (38% vs 15%;
P < .001) and median overall survival (77 vs 46 months; P = .05)
for patients treated with neoadjuvant methotrexate, vinblas-
tine, doxorubicin, and cisplatin (MVAC) chemotherapy com-
pared with those treated with cystectomy alone,1 serious toxic
effects such as fatigue, nausea, and vomiting were common with
MVAC, and more than 50% of patients experienced myelosup-
pression and mucositis.13 These adverse events have limited the
widespread use of MVAC to date; as a result, the combination
of gemcitabine with cisplatin is more commonly used before
cystectomy.14,15 In the setting of renal insufficiency, the com-
bination of gemcitabine with carboplatin is also used, despite
little evidence of its effectiveness.

Neoadjuvant phase 2 trial results suggest that dose-dense
MVAC (ddMVAC) or accelerated MVAC is well tolerated, safe, and
has response rates similar to gemcitabine-cisplatin.16-18 Obser-
vational studies report similar response rates for neoadjuvant
gemcitabine-cisplatinandMVAC.19,20 However,fewstudiescom-
paring cancer control and survival outcomes for NAC regimens
exist. The objective of this study was to examine cancer-relevant
outcomes across NAC regimens and to determine the relative
effectiveness of ddMVAC compared with gemcitabine-cisplatin.

Methods
Data Sources and Study Population
Study data were obtained from the Health and Research Infor-
matics system at H. Lee Moffitt Cancer Center and Research
Institute, Tampa, Florida, between November 14, 2016, and July
21, 2017, and analyzed between August 21, 2017, and Decem-
ber 8, 2017. The Health and Research Informatics system is an
integrated institutional analytics platform that incorporates dis-
crete data elements from clinical, administrative (billing codes),
pharmacy, and cancer registry data sources. Data elements ab-
stracted from the system included patient factors (demograph-
ic and insurance), histologic features, clinical and pathologic
staging, comorbidities, treatment (type and date of surgery, che-
motherapy regimen, cycle number, chemotherapy dates), and

outcomes (disease status) information. An institutional cystec-
tomy case registry was merged with Health and Research
Informatics system data for a consecutive sample of patients
with bladder cancer who were treated with cystectomy between
January 1, 2007 and May 31, 2017. Study compliance and regu-
lation were overseen by the Moffitt Cancer Center Scientific
Review Committee and institutional review board. The study
was determined to be exempt from patient informed consent.

Study Measures, Definitions, and Outcomes
Available demographic information included age, sex, race/
ethnicity, marital status, education, and primary insurance.
Comorbidities were captured and indexed using the Elixhauser
method.21 The Elixhauser comorbidity index categorizes comor-
bidities based on International Classification of Diseases, Ninth
Revisionand InternationalStatisticalClassificationofDiseasesand
Related Health Problems, Tenth Revision diagnosis codes found
in administrative data. Chemotherapy agents were identified
at the individual patient level and then recoded into regimens
annotated with start and finish dates. The most common regi-
mens were gemcitabine-cisplatin, gemcitabine-carboplatin, and
ddMVAC. Atypical or uncommon regimens, such as fluorouracil,
etoposide, and paclitaxel-based chemotherapy, were categorized
as other. Chemotherapy and surgery dates were used to verify
neoadjuvant administration. A 6- to 8-week administration pe-
riodwasusedtodistinguishdose-densefromstandardMVACregi-
mens, and all use of ddMVAC was confirmed with individual
medical record reviews. Clinical staging was determined primar-
ily from pathologic findings from transurethral resection of the
bladder tumor, supplemented with staging imaging from radio-
graphic studies. Pathologic staging information, including TNM
classification, histology, lymph node counts, and surgical mar-
gins, was obtained from pathology reports after cystectomy. Dis-
ease status, vital status, and duration of follow-up were derived
from the HRI’s cancer registry death index.

Primary outcomes of interest included pathologic down-
staging and overall survival, according to NAC regimen. Down-
staging was defined as either any decrease in stage or com-
plete pathologic response (TNM classification of pT0N0 or
ypT0N0). Overall survival time was measured from date of
cystectomy to date of last follow-up or death from any cause.

Key Points
Question Whichneoadjuvantchemotherapyregimenisassociatedwith
the best outcomes for patients with muscle-invasive bladder cancer?

Findings This cross-sectional analysis of a cohort of 1113 patients who
underwent cystectomy found that among those who underwent
neoadjuvant chemotherapy, downstaging and complete response were
significantly better for patients receiving dose-dense methotrexate,
vinblastine, doxorubicin, and cisplatin than for those receiving
gemcitabine with cisplatin or gemcitabine with carboplatin.

Meaning Although gemcitabine with cisplatin is the most frequently
prescribedneoadjuvantchemotherapyregimenforpatientswithmuscle-
invasive bladder cancer, for eligible patients, treatment with dose-dense
methotrexate, vinblastine, doxorubicin, and cisplatin may lead to
better outcomes.
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A control group comprised patients who received surgery alone,
so that their downstaging and survival rates could be com-
pared against those of patients receiving NAC. Time to cystec-
tomy was examined as a secondary outcome across NAC groups.
In addition, data on adverse events were collected from the sub-
set of patients treated with ddMVAC NAC. For this purpose, toxic
effects associated with ddMVAC were abstracted from the medi-
cal record and graded according to Common Terminology
Criteria for Adverse Events (version 4.0).22

Statistical Analyses
Demographic factors and clinical variables were compared
between non-NAC and NAC groups and across NAC regimens.
Continuous variables were reported as mean (SD) or median
(interquartile range [IQR]) values. Comparisons were per-
formed using the χ2, t, or Wilcoxon rank sum test, as appropri-
ate. Unadjusted and adjusted logistic regression models were
used to estimate odds ratios (ORs) and 95% CIs for downstag-
ing, using gemcitabine-cisplatin data as the reference. Multi-
variable models were adjusted for age, comorbidity, sex, clini-
cal stage, chemotherapy regimen, and number of chemotherapy
cycles, with gemcitabine-cisplatin data again used as the ref-
erence. Because participants were not randomly assigned to che-
motherapy regimens, we also performed propensity score analy-
ses. Logistic regression was used to compute propensity scores
to calculate the predictive probabilities of receiving ddMVAC
vs gemcitabine-cisplatin. Propensity scores were then in-
cluded in a second set of logistic regression models to estimate
adjusted ORs of any downstaging and pT0N0 for ddMVAC
vs gemcitabine-cisplatin.

Kaplan-Meier curves were used to compare overall survival
rates and ypT0N0 status among chemotherapy regimens and ac-
cording to ypT0N0 status. To adjust for confounding factors, we

performed multivariable Cox proportional hazards regression
modeling and adjusted for age, comorbidity, sex, clinical stage,
chemotherapy regimen, and number of cycles. Finally, we cal-
culated a hazard ratio (HR) for ddMVAC vs gemcitabine-cisplatin
in our propensity-weighted model for overall survival.

Hypothesis testing was 2-sided, and P < .05 was consid-
ered statistically significant. All statistical analyses were
performed with SAS statistical software (version 9.4; SAS
Institute Inc).

Results
Of the 1113 patients included in the analysis, 861 (77.4%) were
male, the median (IQR) age was 67 (60-74) years, and 1051
(94.4%) were white, 27 (2.4%) black, 37 (3.3%) Hispanic/
Latino, and 35 (3.1%) other race/ethnicity. From a registry of
1186 patients who underwent cystectomies at the Moffitt
Cancer Center from January 1, 2007, to May 31, 2017, 1113 pa-
tients were included in the analyses (Figure 1). A total of 824
patients with invasive or advanced-stage disease (≥T2N0M0)
were identified within the cohort, of whom 332 (40.3%)
received NAC. Of the 332 patients treated with NAC, 204
(61.4%) received gemcitabine-cisplatin, 32 (10.0%) received
gemc itabine-c arboplatin, and 46 (14.0%) received
ddMVAC. Fifty patients (15.1%) received other agents, such as
etoposide, fluorouracil, and paclitaxel regimens. Three pa-
tients received a standard MVAC regimen and were included
in the Other NAC category. Owing to the broad service area
of the Moffitt Cancer Center and its referral patterns, most
patients received NAC at offsite locations (241 [73.0%] with
outside administration; 89 [27.0%] with Moffitt Cancer
Center administration).

Figure 1. Study Cohort Flowchart

1186 Patients who underwent cystectomy for bladder cancer
between January 1, 2007, and May 31, 2017,
were identified from medical records

1113 Underwent radical cystectomy
for bladder cancer

204 Gemcitabine with
cisplatin

32 Gemcitabine with
carboplatin

46 Dose-dense MVAC 50 Other NAC regimen

329 No chemotherapy 332 Neoadjuvant
chemotherapy

163 Induction or adjuvant
chemotherapy

73 Excluded
27 Cystectomy for benign disease or

not primary bladder neoplasm
46 Insufficient informatics data

824 Clinical stage ≥T2N0M0

289 Clinical stage ≤T1

MVAC indicates methotrexate,
vinblastine, doxorubicin, and
cisplatin; NAC, neoadjuvant
chemotherapy.
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Study cohort characteristics and clinical variables, includ-
ing clinical and pathologic stages and chemotherapy details,
are shown in Table 1. Patients receiving NAC tended to be
slightly younger and were characterized by higher clinical-
stage distributions. The numbers of cycles received were simi-
lar across regimens: 146 (73.7%) of patients receiving
gemcitabine-cisplatin and 42 (91.3%) of patients receiving
ddMVAC received 3 or more cycles (eTable 1 in the Supple-
ment). Clinical-stage distributions did not differ significantly
among patients who received gemcitabine-cisplatin and those
who received ddMVAC (clinical stage ≥T3: 56 [27.6%] re-
ceived gemcitabine-cisplatin; 10 [21.7%] received ddMVAC;
P = .44; eTable 1 in the Supplement). The median follow-up
time was 18.6 months (95% CI, 16.5-20.7 months) for the

entire cohort and 13.8 months (95% CI, 12.3-16.1 months) for
those receiving NAC. When stratified by type of NAC, the me-
dian follow-up was 15 months (95% CI, 12.6-21.0 months) for
those receiving gemcitabine-cisplatin, 12 months (95% CI, 8.2-
19.4 months) for those receiving gemcitabine-carboplatin,

Table 1. Social, Demographic, and Clinical Variables Pertaining
to 1113 Patients Treated With or Without Neoadjuvant Chemotherapy

Variable

Patients Treated With
Neoadjuvant Chemotherapy

P ValueNo Yes
Totals, No. (%) 781 (70.2) 332 (29.8)

Age, median (IQR), y 68 (61-75) 66 (58-72) <.001

Sex, No. (%)

Female 162 (20.7) 90 (27.1)
.02

Male 619 (79.3) 242 (72.9)

Race/ethnicity, No. (%)

White 740 (94.8) 311 (93.7)

.02
Black 12 (1.5) 15 (4.5)

Hispanic or Latino 29 (3.7) 8 (2.4)

Other 29 (3.7) 6 (1.8)

Marital status, No. (%)

Married or living together 551 (70.7) 237 (71.8)

.48

Separated/divorced 81 (10.4) 29 (8.8)

Single (never married) 68 (8.7) 36 (10.9)

Widowed 76 (9.8) 28 (8.5)

Unknown 3 (0.4) 0

Education, No. (%)

≤High school 127 (35.4) 68 (31.6)

.26
College or some college 165 (46.0) 94 (43.7)

Graduate or professional
degree

40 (11.1) 27 (12.6)

Unknown 27 (7.52) 26 (12.1)

Primary insurance, No. (%)

Private 148 (19.0) 106 (31.9)

<.001
Medicare 405 (51.9) 178 (53.6)

Medicaid 25 (3.2) 19 (5.7)

Self-paying or uninsured 25 (3.2) 11 (3.3)

Elixhauser comorbidity, mediana 4 3 .08

Histologic type, No. (%)

Urothelial carcinoma 622 (79.60) 229 (69.0)

<.001
Squamous cell carcinoma 15 (1.9) 6 (1.8)

Adenocarcinoma 10 (1.3) 1 (0.3)

Other 134 (17.1) 96 (28.9)

Clinical AJCC stage, No. (%)

I (≤T1NxMx) 289 (37.0) 11 (3.3)b

<.001

II (T2NxMx) 395 (50.6) 228 (68.7)

III (T3NxMx) 56 (7.2) 61 (18.4)

IV (T4NxMx) 34 (4.4) 31 (9.3)

Unknown 7 (0.9) 1 (0.3)

(continued)

Figure 2. Downstaging and Complete Pathologic Response (pT0N0)
Rates by Neoadjuvant Chemotherapy Group
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a P = .02 for pT0N0 downstaging and P = .10 for any downstaging.

Table 1. Social, Demographic, and Clinical Variables Pertaining
to 1113 Patients Treated With or Without Neoadjuvant Chemotherapy
(continued)

Variable

Patients Treated With
Neoadjuvant Chemotherapy

P ValueNo Yes
Pathologic AJCC stage, No. (%)

0 (T0/Ta/isN0M0) 205 (26.2) 112 (33.7)

<.001

I (T1N0M0) 82 (10.5) 14 (4.2)

II (T2N0M0) 118 (15.1) 36 (10.8)

III (T3N0M0) 169 (21.6) 69 (20.8)

IV (T4N0-3M0-1) 193 (24.7) 101 (30.4)

Unknown 14 (1.8) 0

Chemotherapy regimen, No. (%);
cycles, mean (SD) No.

Gemcitabine-cisplatin NAc 204 (61.4);
3.7 (2.2)

<.001

Gemcitabine-carboplatin NA 32 (9.6);
4.4 (3.6)

ddMVAC NA 46 (13.9);
3.3 (0.9)

Other NA 50 (15.1);
3.96 (2.1)

Abbreviations: AJCC, American Joint Committee on Cancer;
ddMVAC, dose-dense methotrexate, vinblastine, doxorubicin, and cisplatin;
NA, not applicable.
a The Elixhauser comorbidity index categorizes comorbidities based on

International Classification of Diseases, Ninth Revision and International
Statistical Classification of Diseases and Related Health Problems, Tenth
Revision diagnosis codes found in administrative data.21

b cT1 based on transurethral resection with radiographic or clinical evidence of
invasive/advanced disease.

c Number of cycles not applicable because these patients did not receive
neoadjuvant chemotherapy.
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11 months (95% CI, 6.3-18.0 months) for those receiving
ddMVAC, and 15.8 months (95% CI, 12.2-23.6 months) for those
receiving some other NAC regimen.

Any degree of downstaging was noted in 19 of 46 (52.2%)
patients receiving ddMVAC, 92 of 204 (41.3%) receiving
gemcitabine-cisplatin, and 10 of 32 (27.0%) receiving
gemcitabine-carboplatin. Complete pathologic responses
(pT0N0) were observed among 19 of 46 patients (41.3%) in the
ddMVAC group, 50 of 204 patients (24.5%) in the gemcitabine-
cisplatin group, and 3 patients (9.4%) in the gemcitabine-
carboplatin group (Figure 2). A pairwise comparison of
gemcitabine-cisplatin and ddMVAC significantly favored
ddMVAC (χ2 = 5.20; P = .02). The pT0N0 rate for gemcitabine-
carboplatin was 9.4%, and for cystectomy without NAC, it was
10.7%. Dose-dense MVAC was also associated with a signifi-
cantly higher likelihood of complete pathologic response in
adjusted multivariable logistic regression models (OR, 2.67;
95% CI, 1.50-4.77) and in a separate propensity-weighted model
comparing gemcitabine-cisplatin with ddMVAC (OR, 1.52; 95%
CI, 0.99-2.35; P = .05) (Table 2).

Unadjusted and adjusted survival analyses demon-
strated a higher median overall survival among patients treated
with neoadjuvant ddMVAC compared with those treated with
other chemotherapy regimens. Two-year Kaplan-Meier
survival probability estimates were 73.3% (95% CI, 48.0%-
89.1%) for ddMVAC, 62% (95% CI, 53.4%-69.9%) for
gemcitabine-cisplatin, and 34.8% (95% CI, 18.8%-55.1%) for
gemcitabine-carboplatin (log-rank P = .002; Figure 3A). Achiev-
ing ypT0N0 was also a significant predictor of overall sur-
vival, regardless of chemotherapy type (log-rank P < .001;
Figure 3B). The estimated risk of death was 60% lower for
ddMVAC than for gemcitabine-cisplatin, according to

adjusted (HR, 0.42; 95% CI, 0.17-1.06; P = .07) and propensity-
weighted modeling (HR, 0.44; 95% CI, 0.14-1.38; P = .16)
(Table 2), but these did not reach statistical significance. In con-
trast, the adjusted risk of death for gemcitabine-carboplatin
was twice that of gemcitabine-cisplatin (HR, 2.00; 95% CI, 1.16-
3.44; P = .01). The full Cox proportional hazard model for over-
all survival results are reported in eTable 3 in the Supple-
ment. Seventy-eight patients with ypT0N0 (92.8%) were alive
2 years after surgery. When patients with ypT0N0 were strati-
fied by NAC regime, 46 (92.0%) receiving gemcitabine-
cisplatin, 3 (100%) receiving gemcitabine-carboplatin,
19 (100%) receiving ddMVAC, and 10 (83.3%) receiving other
types of NAC were alive at 2 years.

The median (IQR) treatment time for ddMVAC was 35 (28-
46) days (mean [SD] treatment time, 40.5 [17.0] days). The sum-
mary of ddMVAC adverse events (eTable 2 in the Supple-
ment) shows that the most common grade 1 or 2 event was
fatigue (n = 26) and that the most common grade 3 event was
anemia requiring blood transfusion (n = 3). No grade 4 ad-
verse events were identified. These results are consistent with
previously published toxic effect reports for ddMVAC.16,18 Dose-
dense MVAC also hastened readiness for surgery. The times
from start of NAC to cystectomy were 95 days for ddMVAC, 119
days for gemcitabine-cisplatin, and 134 days for gemcitabine-
carboplatin (Figure 3C; χ2 = 25.1; P < .001).

Discussion
Cisplatin-based chemotherapy administered before cystec-
tomy improves survival among patients with muscle-invasive
bladder cancer compared with treatment with cystectomy

Table 2. Univariable, Multivariable, and Propensity-Weighted Regression Analyses of Downstaging by NAC Regimen or No NAC

Chemotherapy
Regimen Total No.

Downstaged,
No. (%)

Unadjusted OR
(95% CI) P Value

Adjusted OR
(95% CI)a P Value

Propensity Score
Adjusted OR
(95% CI)b P Value

Downstaged to pT0N0

Gemcitabine-cisplatin 204 50 (24.5) 1 [Reference] 1 [Reference] 1 [Reference]

Gemcitabine-carboplatin 32 3 (9.4) 0.34 (0.09-1.09) .07 0.46 (0.17-1.25) .13

ddMVAC 46 19 (41.3) 2.17 (1.11-4.23) .02 2.67 (1.50-4.77) <.001 1.52 (0.99-2.35) .05

Other 50 12 (24.0) 0.97 (0.47-2.00) .94 1.44 (0.78-2.63) .24

None 777 83 (10.7) 0.37 (0.25-0.55) <.001 0.44 (0.30-0.64) <.001

Any downstaging

Gemcitabine-cisplatin 204 92 (41.3) 1 [Reference] 1 [Reference] 1 [Reference]

Gemcitabine-carboplatin 32 10 (27.0) 0.49 (0.21-1.13) .10 0.61 (0.31-1.20) .15

ddMVAC 46 24 (52.2) 1.74 (0.91-3.30) .09 1.84 (1.10-3.09) .02 1.62 (1.05-2.50) .03

Other 50 29 (42.0) 1.15 (0.61-2.14) .67 1.31 (0.79-2.16) .30

None 767 186 (25.7) 0.52 (0.38-0.72) <.001 0.59 (0.44-0.79) <.001

Overall survival Total No. (%) HR (95% CI) HR (95% CI) HR (95% CI)

Gemcitabine-cisplatin 204 (61.5) NA 1 [Reference] 1 [Reference] 1 [Reference]

Gemcitabine-carboplatin 32 (9.6) NA 2.01 (1.19-3.38) .01 2.00 (1.16-3.44) .01

ddMVAC 46 (13.9) NA 0.42 (0.17-1.05) .06 0.42 (0.17-1.06) .07 0.44 (0.14-1.38) .16

Other 50 (15.1) NA 1.51 (0.96-2.38) .07 1.65 (1.05-2.80) .03

Abbreviations: ddMVAC, dose-dense methotrexate, vinblastine, doxorubicin,
and cisplatin; HR, hazard ratio; NAC, neoadjuvant chemotherapy; NA, not
applicable because downstaging is shown in rows above; and OR, odds ratio.
a Adjusted for age, comorbidity, sex, clinical stage, and chemotherapy regimen.

The number of cycles was included for calculation of HRs.
b Weighted for age, comorbidity, sex, clinical stage, race/ethnicity, marital

status, ethnicity, insurance, histology, diversion type, number of cycles of
chemotherapy. Dose-dense MVAC was compared with gemcitabine-cisplatin.
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alone.1,2,23,24 Although most trial evidence has come from trials
evaluating methotrexate, vinblastine, and cisplatin and MVAC
regimens, gemcitabine-cisplatin has effectively become the stan-
dard neoadjuvant regimen, in part owing to its favorable toxic

effects profile and trial results that have shown comparable
metastatic disease results for gemcitabine-cisplatin and
MVAC.14,15,25 Furthermore, several single-institution studies
have demonstrated similar treatment effects for neoadjuvant
standard MVAC and gemcitabine-cisplatin.26-28 Adjustments in
administering MVAC, including accelerated scheduling and sup-
portive measures to reduce the extent of cytopenia, have led to
better tolerability, and as a result, 3 cycles of neoadjuvant MVAC
can be safely and effectively delivered over a 6-week period.16,18

Our comparative analyses identified a significantly higher like-
lihood of ypT0N0 and longer survival intervals for patients who
received ddMVAC compared with those treated with other regi-
mens. We observed a complete response rate of 41.3% for pa-
tients who received an average of 3.3 cycles of ddMVAC, which
was significantly higher than the rate of 24.6% for those who
received an average of 3.7 cycles of gemcitabine-cisplatin. Pa-
tients treated with ddMVAC also had higher survival rates than
those treated with other regimens, and although the survival
association did not reach statistical significance, the magni-
tude of the advantage is relatively large (HR, 0.42; 95% CI, 0.17-
1.06). We also confirmed a surrogate association of ypT0N0 dis-
ease status after therapy with overall survival. The association
of complete pathologic response with survival for patients with
nonmetastatic bladder cancer treated with chemotherapy and
cystectomy has been documented in previous studies.23,29,30

Another important finding of the present study was that neo-
adjuvant gemcitabine-carboplatin appears essentially ineffec-
tive. Complete response rates were low (9.4%), and more con-
cerning still, the adjusted risk of death was significantly higher
than for the reference gemcitabine-cisplatin group (HR, 2.0; 95%
CI, 1.19-3.38). These results raise questions regarding the role
of neoadjuvant gemcitabine-carboplatin. Finally, we con-
firmed that the time from start of NAC to cystectomy was ex-
pedited with ddMVAC, allowing patients to complete their global
treatment more quickly than with other NAC regimens.31

Reported ypT0N0 rates associated with standard neo-
adjuvant MVAC range from 22% to 29% in observational
studies19,20,32 and from 34% to 38% in prospective random-
ized clinical trials.1,24 Response rates appear similar for
ddMVAC; Choueiri et al17 reported downstaging to pT1N0 or
lower for 19 of 39 patients (49%) treated with 4 cycles of neo-
adjuvant ddMVAC, and Plimack et al18 achieved pT0 in 15 of 40
(38%) of patients treated with 3 cycles of ddMVAC. However,
randomized comparative studies examining pathologic and sur-
vival outcomes across different NAC regimens are lacking.17,18

The Southwest Oncology Group trial 1314 is currently random-
izing patients to neoadjuvant gemcitabine-cisplatin or
ddMVAC,33 although the primary goal of that study is to evalu-
ate gene-expression marker profiles for complete response.

Comparative nonrandomized studies are also lacking.
Galsky et al19 reported similar pT0N0 rates between neoadju-
vant MVAC (19 of 66 [29%]) and gemcitabine-cisplatin (45 of 146
[30.8%]) cohorts), and no significant difference in survival. Simi-
lar downstaging rates between gemcitabine-cisplatin (ypT0 in
144 of 602 [23.9%] of cases) and MVAC (ypT0 in 45 of 183 [24.5%]
of cases) were also reported in a large multi-institutional com-
parative analysis that included 935 patients, of whom 602
received gemcitabine-cisplatin and 183 received MVAC.20

Figure 3. Survival Analyses
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A recent follow-up analysis on a subset of 319 cT3-4aN0M0
patients reported lower complete response within the
gemcitabine-cisplatin group (32 of 219 [14.6%]) compared with
ddMVAC (28 of 100 [28.0%]), and a higher risk of death (HR,
2.07; 95% CI, 1.25-3.42; P = .003).32 Of note, our observed com-
plete response rate was substantially higher than that re-
ported by Zargar et al,32 raising the possibility that the admin-
istration and effectiveness of MVAC may have been different or
that the patient samples were fundamentally dissimilar. This
does not, however, explain the lack of a more direct surrogate
association between ypT0N0 response and survival in the study
by Zargar et al.32 The complete response rate observed in this
analysis (19 of 46 [41.3%]) is similar to that reported in the
Southwest Oncology Group trial 8710 (48 of 126 [38.0%]).1 Lower
complete response rates reported in previous observational
studies may be a function of differences in tolerance and dura-
tion of chemotherapy. This type of clinical and treatment
information may not be readily available or examined in mul-
tisite observational studies that are based on shared data, fur-
ther limiting insight regarding lower-than-expected complete
pathologic response rates.20,32,34

Limitations
A number of limitations warrant discussion. These include the
nonrandomized retrospective design, which could result in bias
and confounding. In addition to using standard adjustment
methods, we included propensity-score weights to account for
measured differences between patients. Propensity scores at-
tempt to account for baseline characteristics that may influ-
ence assignment to treatment groups and allow for inclusion
of multiple, measurable covariates without overfitting the re-
gression model. The weighted combination of covariates con-
tributes to a single propensity score applied across treatment
groups to “level the playing field” before hypothesis testing.35-37

Unmeasured differences in patient groups could lead to re-
sidual confounding, which is a limitation in all observational

comparative studies. For example, although we did control for
comorbidity based on the Elixhauser method,21 there may be
unmeasured factors influencing frailty or performance status
that are not included in multivariable or propensity-
weighted models. In addition, our study does not account for
patients who received NAC and did not have surgery owing to
complications or symptomatic adverse events or disease pro-
gression. The relatively small size of the ddMVAC group in our
sample is a limitation, which may have lessened our statisti-
cal power. Although our adjusted analyses failed to reach a
.05 significance threshold, the magnitude of the survival dif-
ferences that we observed were substantial and suggest the
clinical importance of the findings. With additional
follow-up and a larger ddMVAC sample, the CIs around the
adjusted and propensity-weighted hazard estimates will likely
tighten. Furthermore, we were able to demonstrate a direct and
significant relationship between ypT0N0 downstaging and
survival, adding plausibility to the survival benefit of
ddMVAC compared with gemcitabine-cisplatin. These limita-
tions notwithstanding, our study findings contribute substan-
tively to the evidence around neoadjuvant ddMVAC.

Conclusions
Our data suggest that neoadjuvant ddMVAC followed by
radical cystectomy is associated with higher complete
response rates and disease control than gemcitabine-
cisplatin and that the pT0 rate after treatment with neoadju-
vant gemcitabine-carboplatin is no different than that
achieved with cystectomy alone. We also found that
ddMVAC was associated with longer survival intervals and a
lower risk of death than the other treatments examined,
although those findings did not reach statistical significance,
indicating that larger comparative studies are needed to
definitively answer questions regarding survival.
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