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ABSTRACT

Background. Pemetrexed is a commonly used treatment
for platinum-resistant advanced urothelial carcinoma (UC)
based on objective response rates of 8% and 28% in two small
phase II studies. To address the discrepancy in reported
response rates and to assess efficacy and toxicity outside of
a clinical trial setting, we performed a large retrospective
analysis of pemetrexed use at Memorial Sloan Kettering
Cancer Center. We also investigated candidate prognostic
factors foroverall survival in this setting toexplorewhether the
neutrophil-lymphocyte ratio (NLR) had independent prognos-
tic significance.
Patients and Methods. Patients receiving pemetrexed for
platinum-resistant advancedUCbetween2008and2013were
identified. The Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.1) were used to determine response rate.
Kaplan-Meier and Cox regression analyses were used to
examine the association of various factors with efficacy and
survival outcomes. Hematologic toxicity and laboratory
abnormalities were recorded.

Results. One hundred and twenty-nine patients were treated
with pemetrexed. The objective response rate was 5% (95%
confidence interval: 1%–9%), and the median duration of
response was 8 months. Median progression-free survival
(PFS) was 2.4 months, and the 6-month PFS rate was 14%.
There was no significant difference in response rate by age,
Eastern Cooperative Oncology Group (ECOG) performance
status, or numberof prior therapies.Onmultivariable analysis,
ECOGperformance status (p, .01), livermetastases (p5 .02),
and NLR (p , .01) had independent prognostic significance
for overall survival.
Conclusion.This 129-patient series is the largest reported
data set describing pemetrexed use in advancedUC. Activity
was modest, although discovery of molecular biomarkers
predictive of response would be valuable to identify the
small subset of patients who do gain significant benefit.
Overall, the data highlight the urgent need to develop
novel therapies for these patients. The Oncologist 2015;
20:508–515

Implications for Practice: Pemetrexed is a commonly used treatment option for platinum-resistant advanced urothelial cancer, but
there are limiteddataon its efficacy and toxicity.This studypresents the largest reported seriesof 129patients treatedwith this agent.
The results show that although well-tolerated, pemetrexed had limited efficacy, with an objective response rate of 5% and median
progression-freesurvivalof2.4months.Thedataalsosuggestarole forneutrophil-lymphocyteratio intheprognosticationofadvanced
urothelial cancer, which may be relevant when constructing prognostic models in future studies.

INTRODUCTION

Urothelial carcinoma (UC) is diagnosed in approximately
78,000 individuals and accounts for 17,000 deaths in the U.S.
each year [1]. The disease normally arises in the bladder, but
aminority (,10%)originate in the renal pelvis orupperurinary

tracts [1]. The most commonly used first-line treatment for
locally advanced or metastatic UC is cisplatin/gemcitabine
combination chemotherapy, for which there is a 50% re-
sponse rate, median progression-free survival of 8 months,
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andmedianoverall survivalof14months [1]. Long-termsurvival
is rare, with the majority of patients eventually succumbing to
their disease, and only 13% surviving beyond 5 years.

There are no Food and Drug Administration (FDA)-
approved second-line treatment options after progression on
platinum-based chemotherapy for advanced UC.Vinflunine is
approved for use in Europe based on a phase III clinical trial in
which it was compared with best supportive care and showed
improvements in response rate (9% vs. 0%, p5 .01), median
progression-free survival (3.0 vs. 1.5 months, p 5 .001), and
a nonstatistically significant improvement in median overall
survival (6.9 vs. 4.6 months, p 5 .28) [2]. This agent is not
available in the U.S.; approval was not granted because the
registration trial did not meet the predetermined primary
endpoint of improved overall survival.

Commonly used chemotherapy options in platinum-
resistant advanced UC include paclitaxel and docetaxel, for
which single-arm phase II trials reported response rates of
10%–20% and median overall survival (OS) of 6–9 months [3,
4]. Pemetrexed (an intravenously administered antifolate
antimetabolite) is commonly used based on modest activity
and good tolerability reported in two single-arm phase II trials
[5, 6]. The first study enrolled 45 patients and reported a 28%
response rate, median progression-free survival (PFS) of 2.9
months, and median OS of 9.6 months [6]. The second trial
enrolled 13 patients and reported an 8% response rate, with 2
patients (15%) achieving disease control for $6 months [5].
This trial was intended as a two-stage design but did not meet
minimal threshold of activity at interim analysis to continue to
the second stage of accrual.

A number of recent publications have attempted to define
themost robust prognostic factors in advancedUC [7–11], and
candidates include age (65 years or younger vs. older than
65 years), Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, line of chemotherapy (second or third line vs.
fourth or line later), presence of liver metastases, presence
of any visceral metastases, time from prior chemotherapy
(3months or less vs.more than 3months), hemoglobin (10 g/dL
or lessvs.morethan10g/dL), albumin (lower limitofnormalor
less vs. above the lower limit of normal), and white blood cell
count (lower limit of normal or less vs. above the lower limit
of normal). We investigated the prognostic significance of
these factors, as well as neutrophil-lymphocyte ratio (NLR), in
this setting. High NLR is considered a marker of systemic
inflammation,whichmaydrivecancerproliferationbyincreasing
levels of circulating angiogenic and growth factors while de-
creasing effective cell mediated immunity [12–14]. Previous
work inmultiplemalignancieshas shownNLRtohaveprognostic
significance independent of other well-known risk factors [15,
16]. In localizedbladderandupper tracturothelial cancer, it was
shown tohave independentprognostic significanceatcut-off
values of 2.5 and 3.0 in different studies [17–20].

In an attempt to clarify the discrepancy in pemetrexed
efficacy reported in these two trials, as well as to gain an im-
proved understanding of the effectiveness of this commonly
used treatment option outside of the clinical trial setting, we
performeda retrospective reviewofoutcomes forpemetrexed
use in platinum-resistant advanced UC at Memorial Sloan-
Kettering Cancer Center.We also examined prognostic factors
for overall survival in these patients.

MATERIALS AND METHODS

Study Population
Patientswere includedwho received single-agent pemetrexed
for platinum-resistant metastatic UC (defined here as pro-
gressive disease after prior platinum-based chemotherapy in
the perioperative or metastatic setting with no specific time
interval stipulated). Using our institutional database, all pa-
tientswho receivedpemetrexedchemotherapybetween2008
and 2013 and had a documented diagnosis of urothelial
carcinoma were identified (n 5 195). Of these, 58 were
excluded because they received pemetrexed for stage IV non-
small cell lung cancer and had a synchronous diagnosis of
localized UC. Six patients who had not received prior platinum
chemotherapy were excluded: two had received pemetrexed
as first-line systemic therapy for metastatic UC, and the other
four received pemetrexed as second-line therapy or later after
prior first-line treatment with a non-platinum-containing reg-
imen. One patient was excluded because he received only one
cycle of pemetrexed and was then switched to a clinical trial
at another institution. Another patient was excluded be-
cause he was treated with a cisplatin/pemetrexed doublet in
the second-line setting. Overall, 129 patients were included in
the final analysis.

After receiving institutional review board and ethics board
approval, medical records were reviewed to record demo-
graphic information and treatment details including gender,
age, ECOG performance status, extent of metastatic disease,
prior therapies, and baseline laboratory values. Pemetrexed
treatment details were recorded including number of cycles,
treatment response, date of progression, and date of death.
Toxicity data were recorded when possible given the ret-
rospective nature of the study. Specifically, hematologic
toxicity rates, febrile neutropenia, frequency and reason for
dose reduction, and reasons for treatment discontinuation
were recorded.

Treatment and Outcomes
Response to therapy was investigator-assessed, and objective
responseswere confirmed as per Response Evaluation Criteria
in Solid Tumors (RECIST, version 1.1) by review of all cross-
sectional imagingobtained for responseassessment fromtime
of starting pemetrexed therapy to discontinuation of drug by
the same research radiologist (J.L.C.) [21]. Prognostic variables
described in the prior published literature (as discussed in the
Introduction) were recorded and analyzed including NLR.
Because the prior literature does not agree on a cut-point for
NLR, we investigated it using two previously identified cut-
points of 2.5 and 3, as well as on the continuous scale.

Statistical Analysis
Response rates were compared between different prognostic
subgroups using Fisher’s exact test. PFS was defined as time
from start of pemetrexed to date of disease progression or
death.OSwasdefinedastimefromstartofpemetrexedtodate
of death. Patients who were still alive or lost to follow-up
were censored at date of last follow up. PFS and OS were
estimated using the Kaplan-Meier method and by-group
comparisons were made using the log-rank test. Variables
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with potential prognostic significance for overall survival
were defined a priori and assessed on univariable analysis.
Significant variables on univariable analysis were included in
a multivariable Cox regression model. Statistical significance
wasdefinedbyap valueof,.05.All analyseswere conducted
usingSAS softwareversion9.2 (SAS Institute,Cary,NC,http://
www.sas.com) or R version 3.1.0 (R Core Development,
Vienna, Austria, http://www.R-project.org/).

RESULTS

Baseline Patient Characteristics
In the final analysis, 129 patients who received single-agent
pemetrexed (with vitamin B12 and folic acid support) for
platinum-resistant advancedUCbetween2008and2013were
included.The baseline characteristics are presented in Table 1.
At the timeofcommencingpemetrexed,33%(n542)had liver
metastases, and 74% (n 5 95) had any visceral metastases
(lung, liver,bone,orbrain).Ofall thepatients, 33%(n543)had
received prior neo-adjuvant platinum-based chemotherapy
(data not shown) and 95% (n5 122) had RECIST-measurable
disease at baseline (the other 7 patients were excluded from
the objective response portion of the analysis). A total of 109
(84%) patients were treated at a dose of 500 mg/m2, which is
the FDA-approved dose for use in lung cancer and which was
also the dose used in the aforementionedphase II clinical trials
for UC [5, 6]. Using a recently published nomogram described
by Pond et al. [7], we calculated the expected 6-month PFS
for each patient in our cohort. The expected mean 6-month
PFS rate was 18%, median 6-month PFS was 17%, and the
interquartile range was 10%–20%.

Efficacy
Of122patientswithRECIST-measurabledisease,6hadapartial
response to pemetrexed to give an overall response rate of 5%
(95% confidence interval [CI]: 1%–9%; Table 2). The sites of
disease for the six patients who responded are outlined in
Table 3.Median response duration (defined as time from start
of therapy to timeofdiseaseprogression in thosepatientswho
responded) was 8 months (range, 6–18 months). There were
no complete responses. At the time of data analysis, 126
patients had progressed, and 109 had died. Median PFS for
the whole cohort was 2.4 months (95% CI: 2.0–2.8), 6-month
PFS rate was 14% (95% CI: 9%–21%) (Table 2), and median
overall survival was 6.7 months (95% CI: 5.6–8.2 months).
There was no significant difference in the objective response
rate when patients were stratified by ECOG performance
status, line of therapy, age, burden of metastatic disease
(visceral vs. nonvisceral), starting pemetrexed dose
(500mg/m2 vs.,500mg/m2), or time from prior chemother-
apy (Tables 2 and 3).

PFS was improved in patients with ECOG performance
status of 0 (6-month PFS 32%) as compared with those with
performance status of 1 (6-month PFS 13%) and 2 (6-month
PFS 12%) (log-rank p5 .03) and in those without versus with
liver metastases (6-month PFS 17% vs. 8%, log-rank p5 .002)
(Table 2). Of note, among the six patients who were excluded
from the overall analysis because they had not received
prior platinum, two partial responses were seen. Response

durations were 8 and 17 months among these patients (data
not shown). Both of these patients had received prior single-
agent gemcitabine for metastatic disease, and one had also
received prior paclitaxel.

Table 1. Baseline patient characteristics

Characteristic Number (n5 129) %

Age (years)

Median 66

Range 45–85

Gender

Male 97 75

Female 32 25

ECOG performance status

0 19 15

1 71 55

2 39 30

Visceral metastasesa

Yes 95 74

No 34 26

Liver metastases

Yes 42 33

No 87 67

Primary invasive tumor site

Bladder 90 70

Upper urinary tract 37 29

Missing 2 1

Line of therapyb

Second line 60 47

Third line 48 37

Fourth or later line 21 16

Starting dose of pemetrexed

500 mg/m2 109 84

,500 mg/m2 20 16

Time from prior chemotherapy

#3 month 70 54

.3 months 58 45

Missing 1 1

RECIST-measurable disease

Yes 122 95

No 7 5

Prior platinum exposure

Cisplatin 74 57

Carboplatin 55 43

Prior taxane exposure

Yes 52 40

No 77 60
aDefined as lung, liver, bone, or brainmetastases as per Bajorin et al. [9].
Adrenal, peritoneal, or other soft tissue deposits are not included.
bDefined as the line of chemotherapy regimen inwhich pemetrexedwas
administered. If a patient received perioperative chemotherapy and
then received pemetrexed as the first treatment on relapse, this was
defined as second-line therapy.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; RECIST,
Response Evaluation Criteria in Solid Tumors.
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Treatment Administration and Toxicity
Themedian number of pemetrexed doses administered was 3
(range, 1–21), and 39% (n5 50) received$4 doses. Follow-up
laboratory data were available in 126 of 129 patients, and the
rates of laboratory toxicities (hematologic and nonhemato-
logic) are reported in Table 4. Grade 3–4 anemia, neutropenia,

and thrombocytopenia occurred in 26%, 13%, and 8% of
patients, respectively.Of all the patients, 5%developed febrile
neutropenia, and 15% (n 5 19) required dose reductions
during their treatment course (Table 5). The majority of these
were for hematologic toxicity (8%, n 5 10) and fatigue (5%,
n57). Intotal,85%(n5109)ofpatientseventuallydiscontinued
chemotherapy because of progressive disease. The others
discontinued for hematologic toxicity, fatigue, renal failure, or
sepsis (Table 5). In the rare cases in which pemetrexed was
discontinued because of renal failure (n5 3) and sepsis (n5 3),
it was not clear whether the problems were caused by
pemetrexed.

Factors Prognostic for Overall Survival
Univariable and multivariable Cox regression analysis for
factors associated with overall survival are presented in
Table 6. On univariable analysis, ECOG performance status,
absence of liver metastases, albumin$ 4 g/dL, and lower NLR
all conferred improved prognosis. Neither tested cut-point for

Table 2. Efficacy outcomes for 129 patients treated with pemetrexed

Outcome Response ratea Median PFS (95% CI) in monthsb 6-month PFS (95% CI)

All patients 5% 2.4 (2.0–2.8) 14% (9%–21%)

Age

.65 years 3% 2.2 (1.9–2.8) 14% (7%–24%)

#65 years 7% (p5 .44) 2.6 (2.0–3.6) (p5 .39) 15% (7%–24%)

ECOG performance score

0 11% 3.9 (1.9–6.1) 32% (13%–52%)

1 3% 2.6 (2.2–3.0) 13% (7%–22%)

2 5% (p5 .28) 1.9 (1.2–2.3) (p5 .002) 12% (2%–19%)

Visceral metastases

Yes 4% 2.2 (1.9–2.7) 14% (8%–22%)

No 7% (p5 .64) 2.6 (2.0–3.8) (p5 .59) 15% (5%–29%)

Liver metastases

Yes 2% 1.9 (1.4–2.2) 8% (2%–19%)

No 6% (p5 .66) 2.7 (2.3–3.4) (p5 .002) 17% (10%–26%)

Line of therapy

Second line 4% 2.2 (1.8–3.1) 13% (6%–23%)

Third line 4% 2.6 (2.0–3.4) 15% (7%–27%)

Fourth or later line 10% (p5 .56) 2.2 (1.5–2.8) (p5 .75) 14% (4%–32%)

Pemetrexed dose

500 mg/m2 6% 2.6 (2.2–3.0) 15% (9%–22%)

,500 mg/m2 0% (p5 .44) 1.9 (1.0–2.2) (p5 .07) 10% (1.7–27.2)

Time from prior chemotherapy

#3 months 5% 2.3 (1.9–2.6) 16% (9%–26%)

.3 months 5% (p5 1.0) 2.7 (2.0–3.8) (p5 .49) 12% (5%–22%)

Prior chemotherapy

Cisplatin 6% 2.60 (2.17–3.40) 14% (7%–23%)

Carboplatin 4% (p5 1.0) 2.10 (1.87–2.63) (p5 .40) 15% (7%–25%)

Prior taxane

Yes 6% 2.52 (2.00–2.83) 14% (6%–24%)

No 4% (p5 .69) 2.27 (1.90–3.10) (p5 .47) 15% (8%–24%)
an5 7 patients were nonevaluable and therefore were excluded from response rate analysis; p value from Fisher’s exact test.
bp value from log-rank test comparing PFS by group over the entire follow-up period.
Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PFS, progression-free survival.

Table 3. Sites of disease for patients achieving partial

response on pemetrexed

Patients Sites of metastases

Patient 1 Soft tissue (pelvis), nodes

Patient 2 Nodes

Patient 3 Bone, nodes

Patient 4 Liver, lung, bone, soft tissue (skin)

Patient 5 Lung, nodes

Patient 6 Brain (resected), soft tissue (pelvis)
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NLR was statistically significant in this study on univariable
analysis (NLR # 3: p 5 .12; NLR # 2.5: p 5 .14). On multi-
variable analysis, ECOG performance status, liver metastases,
and NLR (as a continuous variable) remained indepen-
dently significant (Table 6).

DISCUSSION

We report efficacy and toxicity data in the largest published
series of patients treatedwith pemetrexed agent for advanced
UC. The reported response rate of 5% is disappointing and
highlights the urgent need for novel therapeutics in this
disease.Themain limitations of the study are its retrospective
nature and the fact that it was a single-center experience.

The 5% response rate reported here (95% CI: 1%–9%) is in
keeping with the results of the phase II study reported by
Galsky et al. (response rate 8%, 90%upper limit of confidence:
29%) but significantly lower than that reported by Sweeney

et al. (response rate 28%, 95% confidence interval: 16%–43%).
Our cohort and that reported by Galsky et al. [5] had higher
rates of baseline visceral metastases (74% and 62%, re-
spectively) compared with 42% in the trial reported by
Sweeney et al. [6], which is a possible explanation for this
discrepancy. That said, even for the 34 patients in our cohort
without visceral metastases, the response rate was only 7%.
Similarly, 60% of patients in the Sweeney et al. [6] cohort had
ECOGperformance statusof0 comparedwith15%here.Again,
however, when our data were analyzed by subgroup, the
response rate was only 11% among the 19 patients with ECOG
performance status 0. Indeed, as presented in Table 2,
response rates were ,15% regardless of the line of therapy,
age, ECOG performance status, site of metastases, and time
frompriorchemotherapy.These lower response ratesmayalso
be due to the use of pemetrexed outside of a clinical trial
setting with all the inherent (and often unmeasurable) dif-
ferences in patient population.

Interestingly, of the 6 patients excluded from our cohort
because they had not received prior platinum chemotherapy,
there were 2 responses (33%), raising the possibility of in-
creasedefficacy forpemetrexed inplatinum-näıvepatients.All
of the patients in the Galsky et al. [5] trial received prior
platinum therapy, whereas 8 of 47 (17%) in the Sweeney et al.
[6] paper did not. These studies did not report response rates
stratified by prior platinum therapy, and so it is not possible to
ascertain whether the higher response rate seen by Sweeney
et al. was due to responses in platinum-naı̈ve patients.
Similarly, in another 64-patient phase II studyevaluating the
combination of pemetrexed and gemcitabine for a mostly
platinum-naı̈ve population, the response rate was 28% [22].

Recent data suggest that the 6-month PFS rate is a more
robust predictorofoverall survival and treatmentefficacy than
response rate in advanced UC and so should be reported in
analyses of treatment efficacy [7, 23]. In a large meta-analysis
of phase II clinical trials in this setting, the aggregate 6-month
PFS rate was 22% (95% CI: 19%–26%), and as mentioned in
the Baseline Patient Characteristics section, a nomogram
was created to predict the likelihood of individual patients
achieving 6-month PFS [7]. Using the aforementioned nomo-
gram, themeanpredicted 6-month PFS rate for our cohortwas
18%, and the interquartile range was 10%–20%, suggesting
that our patients’measurable prognostic factors were broadly
similar to thoseenteringsecond-lineclinical trials forurothelial
cancer [7]. Our observed 6-month PFS rate of 14% (95% CI:
9%–21%) is also in keeping with predicted outcomes based on
thenomogram, although trending towarda lower value,which
may be because our patients were treated outside of a clinical
trial setting and also because many of our patients were
treated in the third-line setting or later, whereas the patients
used to create the nomogram were treated in the second-
line setting. Absence of liver metastases and better ECOG
performance status predicted higher likelihood of remaining
progression-free in our patients, but these factors are likely to
be indicative of more indolent biology rather than predictive
biomarkers of treatment benefit.

Pemetrexed was generally well tolerated, with 85%
continuing treatment until time of disease progression. Dose
reductions were required in 15% of patients mostly for he-
matologic toxicity or fatigue. Febrile neutropenia was seen

Table 4. Laboratory toxicity rates for patients treated

with pemetrexed

Toxicity Grades 1–2 Grade 3 Grade 4

Hematologic

Anemia 29% (n5 37) 22% (n5 29) 4% (n5 5)

Thrombocytopenia 26% (n5 34) 5% (n5 7) 3% (n5 4)

Neutropenia 5% (n5 7) 12% (n5 15) 0.7% (n5 1)

Febrile
neutropenia

NA 4% (n5 5) 0.7% (n5 1)

Metabolic laboratory

Elevated bilirubin 12% (n5 15) 5% (n5 6) 1.6% (n5 2)

Elevated AST 29% (n5 38) 4% (n5 5) 0.7% (n5 1)

Elevated ALT 37% (n5 48) 3% (n5 4) 0% (n5 0)

Elevated creatinine 25% (n5 32) 2% (n5 3) 0% (n5 0)

Note that 126patients had available data for laboratory toxicity analysis.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; NA, not applicable.

Table 5. Reasons for dose reductions and

treatment discontinuations

Reason Number

Dose reductions

Hematologic toxicitya 8% (n5 10)

Fatigue 5% (n5 7)

Renal impairment 0.7% (n5 1)

Other 0.7% (n5 1)

Total 15% (n5 19)

Reason for discontinuationb

Progressive disease 85% (n5 109)

Fatigue 5% (n5 6)

Hematologic toxicityc 5% (n5 7)

Renal failure 2.5% (n5 3)

Sepsis 2.5% (n5 3)
aHematologic toxicity includespancytopenia (n55), anemia (n53), and
febrile neutropenia (n5 2).
bIncluded are 128 patients; 1 remains on therapy.
cHematologic toxicity includes pancytopenia (n55) and anemia (n52).
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in 5% and grade 3–4 thrombocytopenia in 8% compared with
rates of 3%–15% and 9%–23% in the previously mentioned
phase II studies of pemetrexed in this setting [5, 6]. Of note,
amongthe34patients (26%)whodevelopedgrade3–4anemia
(defined as hemoglobin levels of ,8.0 g/dL) while on
pemetrexed, 31 had grade 1–2 anemia at baseline, which
clearly contributed to this high rate.

Given the recent publications of multiple prognostic
factors inUC,we sought to validate known factors and identify
novel factors in this homogenously treated group of patients.

Our data confirm that livermetastases rather than any visceral
metastases have independent prognostic significance. Time
from prior chemotherapy was recently shown to have
independent significance in a large analysis of prognostic
factors in this setting, although it did not have significance
in our cohort. NLR was shown to have independent prog-
nostic significance in our data set, which is keeping with
data frommultiple other cancer types and settings.We could
not confirm the statistical significance of previously identi-
fied NLR cut-points of 2.5 and 3 in our data set [17–19].

Table 6. Analysis of prognostic factors for overall survival

Variables n
Median OS, months
(95% CI)

Univariable Multivariable

HR 95% CI p value HR 95% CI p value

Age (years)

#65 62 6.3 (4.1–8.2) 1.00 0.60–1.28 .50

.65 67 6.8 (4.7–8.9) 0.88

ECOG performance score

0 19 11.1 (4.7–13.8) 1.00 0.84–2.82 ,.01 1.00 0.70–2.43 ,.01

1 71 7.9 (6.7–9.6) 1.54 2.24–8.17 1.31 1.54–6.49

2 39 3.3 (1.9–4.4) 4.27 3.16

Any visceral metastases

Yes 95 7.0 (4.8–8.4) 1.00 0.61–1.45 .79

No 34 5.9 (3.8–8.9) 0.94

Liver metastases

Yes 42 4.2 (3.3–6.3) 1.00 0.36–0.80 ,.01 1.00 0.39–0.91 .02

No 87 7.9 (6.2–9.3) 0.54 0.60

Line of therapy

Second line 60 6.5 (4.1–11.3) 1.00 0.78–1.80 .72

Third line 48 6.8 (4.4–8.2) 1.19 0.65–1.93

Fourth or later line 21 6.0 (2.2–9.6) 1.12

Time from prior chemotherapy

#3 months 70 6.5 (4.4–7.9) 1.00 0.55–1.17 .25

.3 months 58 6.7 (4.4–10.2) 0.80

Hemoglobin

,10 g/dL 31 6.0 (3.8–7.9) 1.00 0.42–1.03 .07

$10 g/dL 98 7.0 (4.8–8.9) 0.66

Albumina

,4 g/dL 38 4.2 (2.4–6.8) 1.00 0.41–0.93 .02 1.00 0.64–1.60 .96

$4 g/dL 86 7.8 (6.2–9.5) 0.62 1.01

WBC count

#11 82 7.3 (6.3–8.9) 1.00 0.95–2.05 .09

.11 47 5.6 (3.6–6.7) 1.40

NLR (continuous) 129 NA 1.04 1.02–1.06 ,.01 1.03 1.01–1.05 ,.01

NLR (binary)

#3 10.1 (6.5–12.9) 1.00 0.86–2.99 .14

.3 6.0 (4.4–7.9) 1.60

NLR (binary)

#2.5 10.2 (6.5–24.8) 1.00 0.85–3.62 .12

.2.5 6.0 (4.4–7.9) 1.76
aData not available for five patients.
The p values were calculated using the Kaplan-Meier method.
Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; NA, not applicable; NLR, neutrophil-lymphocyte
ratio; OS, overall survival; WBC, white blood cell.
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However, the fact that NLR remained statistically significant
on multivariable analysis when analyzed as a continuous
variable indicates that it may have biologic significance in this
settingand should be considered for future studies attempting
to construct prognostic scores in this disease. C-reactive
protein, another marker of systemic inflammation, has also
been shown to have prognostic significance in localized blad-
der cancer and may be worth investigating in the advanced
setting [24, 25].

Overall, these data point to pemetrexed, despite being
well tolerated, as having at best modest efficacy in an
unselected population of platinum-resistant advanced UC.
Correlative tissue studies to identify molecular predictors of
response to this and other agents may help improve their
therapeutic index going forward [26]. We were unable to
perform molecular tumor profiling of the responders in our
cohort because archival tissue and/or patient consent were
unavailable. Indeed a molecular predictor of response to
pemetrexed would be highly valuable to identify the small
proportion of patients who do respond because they achieve
significant benefit from treatment with response durations
ranging from6to18months in thisdataset.Anotherpromising
approach to help direct patients to the most appropriate
therapy in the setting of multiple therapeutic options, all with
modest likelihood of response, is the use of parallel mouse
xenograft studies to allow real-time in vivo testing of tumor
sensitivity to a variety of agents [27–29].

A number of promising agents are under investigation for
treatment of platinum-resistant advanced UC. Nab-paclitaxel
is being further studied (NCT02033993) after a 48-patient
single-arm phase II study, and encouraging activity was seen
witharesponse rateof28%anda6-monthPFSrateof49%[30].
The PD-L1 monoclonal antibody MPDL3280A is also under
investigation, and preliminary experience from a phase I trial
reported objective responses in 16 of 30 (52%) UC patients
with PD-L1-positive tumors [31]. The search for active agents
will continue in coming years.

CONCLUSION
The data presented here give clinicians a detailed assessment
of the efficacy and toxicity of this commonly used treatment
option outside of a clinical trial setting. Given the lack of
convincing benefit from currently available therapies, enroll-
ment to clinical trials of novel therapies should beencouraged.
The data also suggest a role for NLR in the prognostication of
advanced platinum-resistant UC, whichmay be relevant when
constructing prognostic models in future studies.
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For Further Reading:
David D. Chism, Michael E.Woods, Matthew I. Milowsky. Neoadjuvant Paradigm for Accelerated Drug Development: An
Ideal Model in Bladder Cancer. The Oncologist 2013;18:933–940.

Recent recommendations to use the neoadjuvant setting in breast cancer as an accelerated drug development pathway
make a similar approach in bladder cancer very appealing.The current article will review the rationale for consideration of
bladder cancer as the ideal neoadjuvant model for accelerated drug development. Several factors including the ease of
bladder tumor tissue collectionperformedas standardofcare, theuseof pathologic responseas an intermediatemarker for
overall outcome, and a richer understanding of the importantmolecular pathways involved in bladder cancer development
andprogressionmaketheneoadjuvantparadigmparticularly relevant.Theability toconductclinical trials that require fewer
patients and efficiently explore disease biology will undoubtedly lead to the development of novel therapies and have
a profound effect on every day medical practice.
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