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Abstract

Background—Risk stratification is a major challenge in bladder cancer (BC), and a biomarker is 

needed. Multiple studies report the neutrophil-to-lymphocyte ratio (NLR) as a promising 

candidate; however, these analyses have methodological limitations. Therefore, we performed a 

category B biomarker study. We tested whether NLR is prognostic for overall survival (OS) after 

curative treatment or predictive for the benefit from neoadjuvant chemotherapy (NAC).

Methods—We performed a secondary analysis of SWOG 8710—a randomized, phase III trial 

that assessed cystectomy ± NAC in 317 patients with muscle-invasive BC. We calculated NLR 

from prospectively collected complete blood counts. We identified 230 patients for the prognostic 

analysis and 263 for the predictive analysis. We evaluated NLR using proportional hazards models 

including pre-specified factors (age, gender, T-stage, lymphovascular invasion, treatment arm).

Results—With a median follow-up of 18.6 years, there were 172 and 205 deaths in the 

prognostic and predictive cohorts, respectively. On multivariable analysis, NLR was not prognostic 

for OS (HR 1.04, 95%CI [0.98–1.11], P=0.24). Furthermore, NLR did not predict for the OS 
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benefit from NAC (HR 1.01, 95%CI [0.90 – 1.14], P=0.86). Factors associated with worse OS 

were older age (HR 1.05, 95%CI [1.04–1.07], P<0.001) and surgery without NAC (HR 1.39, 

95%CI [1.03–1.88], P=0.03).

Conclusion—This is the first analysis of NLR in BC to use prospectively collected clinical trial 

data. In contrast to previous studies, it suggests NLR is neither a prognostic nor predictive 

biomarker for OS in muscle-invasive BC.

Trial Registration—clinicaltrials.gov Identifier NCT02756637 https://clinicaltrials.gov/show/

NCT02756637

Precis

This is the first category B biomarker study testing the neutrophil-to-lymphocyte ratio in bladder 

cancer. In contrast to previous reports, these data suggest NLR holds neither prognostic nor 

predictive value for overall survival.

INTRODUCTION

Pre-operative risk stratification is a major challenge in bladder cancer,1,2 and a robust 

biomarker is needed.3–5 One emerging candidate is the neutrophil-to-lymphocyte ratio 

(NLR). NLR is easily calculated from a complete blood count (CBC) and is felt to reflect the 

systemic inflammatory state.6–10 A high ratio may be linked to cancer progression through 

increased pro-growth and pro-angiogenic factors9,10 coupled with decreased lymphocyte-

mediated tumor surveillance.11 In clinical studies, elevated NLR correlates with inferior 

survival in many solid malignancies.6–8

Specifically in bladder cancer (BC), previous reports suggest NLR holds prognostic 

value.12–24 For example, an elevated pre-treatment NLR has been associated with worse 

survival after radical cystectomy.12–16 Other studies link NLR with a higher burden of 

disease at surgery (e.g., muscle-invasiveness,17–19 extravesical extension,13–15,20 and node 

positivity14), raising the possibility that—in addition to being a prognostic biomarker—NLR 

might also predict which patients will benefit from neoadjuvant chemotherapy.25 If 

validated, NLR would be an inexpensive, widely available, and appealing biomarker for BC.

However, results from previous studies are threatened by methodological limitations. These 

include the use of observational datasets and dichotomization of the NLR variable. 

Considerably stronger evidence would be generated by rigorously analyzing prospectively 

collected biomarker specimens from a clinical trial26–28—a “category B” study per the 

biomarker evidence framework of Simon et al.28 SWOG 8710 is well-suited to such an 

investigation. This randomized, phase III trial tested radical cystectomy (RC) with or 

without neoadjuvant chemotherapy (NAC) for muscle-invasive BC.29 It offers several 

notable advantages for an analysis of NLR. First, CBCs were prospectively collected at 

baseline per protocol. Second, the trial’s significant long-term follow-up captures enough 

events to generate adequate statistical power.28 Third, in addition to prognostic value, NLR’s 

predictive value can also be assessed because of the randomization to NAC.
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We therefore used SWOG 8710 to evaluate NLR in BC. Specifically, we tested two 

hypotheses: first, that NLR is a prognostic biomarker for overall survival (OS) after curative 

treatment; second, that NLR is a predictive biomarker for the OS benefit from NAC.

METHODS

We conducted this work according to the Reporting Recommendations for Tumor Marker 

Prognostic Studies (REMARK) guidelines.27,30 This study’s REMARK profile is shown in 

Table 1.

Patients

We performed a secondary analysis of patients enrolled in SWOG 8710, a multi-

institutional, randomized, phase III trial. Full protocol details have been previously 

reported.29 In brief, the trial accrued 317 patients between 1987–1998 with T2-T4aN031 

transitional cell BC and SWOG performance status of 0 or 1. Patients were randomly 

assigned to RC alone or three cycles of NAC with methotrexate, vinblastine, doxorubicin, 

and cisplatin followed by RC. Patients were followed clinically every 6 months after 

treatment; the most recent vital status update occurred on May 8, 2013. All trial participants 

gave written informed consent and all institutions’ relevant ethics committees gave study 

approval. We conducted the present analysis under a data use agreement with SWOG and 

with approval of the University of Pennsylvania Institutional Review Board.

Specimen characteristics and assay methods

Trial protocol required enrolling institutions to obtain pre-treatment bloodwork—including a 

CBC with differential—within 14 days of patient registration. For the present study, a single 

investigator who was blinded to clinical outcomes abstracted the CBC data from trial 

flowsheets. We calculated NLR by dividing the number of neutrophils by the number of 

lymphocytes.

Study design

SWOG 8710 was designed to test a therapeutic question and did not contain a planned 

biomarker endpoint. However, the trial allows for a category B study of NLR.28 For the 

present investigation, we developed a pre-specified analysis plan before examining the data.

From all SWOG 8710 patients, we identified two cohorts—a prognostic cohort and a 

predictive cohort—to test NLR’s value as a biomarker (Figure 1). Prognostic biomarkers 

give information about cancer outcomes regardless of the specific treatment.32,33 Therefore, 

the prognostic cohort comprised patients with pre-treatment NLR who successfully 

completed curative therapy with RC ± NAC. Patients were excluded if they did not complete 

curative surgery, and we analyzed the cohort according to treatment received. We 

additionally tested the prognostic value of NLR separately by treatment arm.34 Predictive 

biomarkers, on the other hand, portend differential responses to a particular therapy32—in 

this case, NAC. The predictive comparison was between the two trial arms, and we wished 

to preserve the benefits of randomization. Therefore, the predictive cohort included any 
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patient with pre-treatment NLR who was assigned to a trial arm (NAC or no NAC); this 

group was analyzed according to the intent-to-treat principle.

We chose OS as the study endpoint because this is an unambiguous outcome with clear 

clinical significance. It also avoids the analytic challenges associated with cancer-specific 

survival35 or other surrogate endpoints.36,37 We defined OS from the date of randomization 

to the date of death from any cause. Patients alive at last follow-up were treated as right-

censored, and we calculated median follow-up using the reverse Kaplan-Meier method.38

In addition to NLR, we considered a priori the following candidate variables for inclusion in 

our models: age (continuous), gender (male vs. female), clinical tumor T category (T2 vs. 

T3/T4a), lymphovascular invasion (LVI) on biopsy or transurethral resection of tumor 

specimen39,40 (negative vs. positive), and treatment (RC vs. NAC followed by RC). We 

incorporated only pre-treatment variables (i.e., no surgical pathology information) because 

our goal was to test NLR as a pre-treatment biomarker.

We also calculated the minimally detectable hazard ratio (HR) based on the number of death 

events in each cohort. For the prognostic analysis, we calculated 80% power to detect a HR 

of at least 1.11 for mortality with each unit increase in NLR at a 2-sided α (Type I error) = 

0.05. For the predictive analysis, we calculated 80% power to detect a HR of at least 1.09 for 

the interaction term of NLR and treatment.

Statistical analysis methods

NLR was measured as a continuous variable. We excluded a single extreme outlier (NLR = 

31.3; 94% neutrophils, 3% lymphocytes) that was felt to represent an acutely infected 

patient. We tested the association of NLR with other candidate variables using the Wilcoxon 

rank-sum or Kruskal-Wallis tests, as appropriate. We examined the association of each 

variable with OS using univariable Cox regression models. All variables with P < 0.2 on 

univariable analysis were included in a multivariable Cox regression model.41 We used the 

two-sided Wald test to determine significance.

There were complete data for all variables except for 19 (7.2%) missing LVI values. We 

included these patients in the study, and we addressed missing data using multiple 

imputation under the assumption that data were missing at random. We additionally 

performed a sensitivity analysis using only complete cases.

In the regression models, we kept NLR as a continuous variable on its original scale. We 

checked assumptions of linearity in log hazard by categorizing continuous covariables and 

plotting coefficient estimates, as well as by examining a plot of Martingale residuals. We 

checked assumptions of proportional hazards using plots of scaled Schoenfeld residuals and 

likelihood ratio tests on interactions between covariables of interest and log time. All 

statistical analyses were performed with Stata (version 14.0, StataCorp, College Station, 

TX).
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RESULTS

Baseline clinical and marker characteristics

The flow of patients in the study and reasons for exclusion are shown in Figure 1. From 317 

patients enrolled in SWOG 8710, 263 (83%) patients and 230 (73%) patients comprised the 

predictive and prognostic cohorts, respectively. Patient and disease characteristics are 

detailed in Table 2. Excluded patients were more likely to have positive or missing LVI 

values and higher pre-treatment NLR (Supplemental Tables 1 and 2). There were no other 

significant differences between included and excluded patients.

Pre-treatment NLR was collected a median of 13 days (interquartile range [IQR] 7–21) 

before first treatment. The distribution of NLR was similar in both the prognostic and 

predictive cohorts, with a median NLR of 2.66 (IQR 2.01–4.06) and 2.72 (IQR 2.03–4.17), 

respectively (Supplemental Figure 1). Higher NLR was associated with positive or missing 

LVI values in the predictive cohort; NLR was not significantly associated with any other 

patient or disease characteristic in either cohort (Table 2).

Prognostic and predictive analyses

During a median follow-up of 18.6 years, there were 172 deaths in the prognostic cohort. 

NLR was not significantly associated with OS on either univariable (HR 1.03; 95% CI [0.97 

– 1.10]; P = 0.30) or multivariable analyses (HR 1.04; 95% CI [0.98 – 1.11]; P = 0.24) 

(Table 3, Supplemental Figure 2). On univariable analysis, age, gender, T category, and 

treatment showed some association with OS. On multivariable analysis, both older age (HR 

1.05; 95% CI [1.04 – 1.07]; P < 0.001) and treatment with RC alone (HR 1.39; 95% CI [1.03 

– 1.88]; P = 0.03) remained significantly associated with worse OS (Table 3). When the 

prognostic cohort was analyzed separately by treatment arm, NLR was still not significantly 

associated with OS (Supplemental Tables 3 and 4).34

During a median follow-up of 18.6 years, there were 205 deaths in the predictive cohort. On 

multivariable analysis, NLR did not predict for response to NAC (HR 1.01, 95% CI [0.90 – 

1.14]; P = 0.86 for the interaction term) (Table 4, Supplemental Figure 3).

Model assumptions and sensitivity analysis

There were no significant deviations from model assumptions of proportional hazards or 

linearity. Specifically, the Schoenfeld residuals-based score test did not reject its null 

hypothesis (prognostic analysis: P = 0.27; predictive analysis: P = 0.19) and plots of the 

Schoenfeld residuals did not deviate significantly from zero slope. Likelihood ratio tests 

further supported the validity of the proportional hazards assumptions (prognostic analysis: 

P = 0.45; predictive analysis: P = 0.18). Plots of coefficient estimates for a categorized NLR 

covariate did not depart significantly from a line of slope zero, and plots of Martingale 

residuals for each continuous covariate additionally showed no significant nonlinear 

behavior. A sensitivity analysis on the complete case (i.e., excluding 19 patients with 

missing LVI values) did not yield significantly different results.
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DISCUSSION

In contrast to previous studies, this analysis found that NLR was not a prognostic biomarker 

for OS in muscle-invasive BC. Furthermore, NLR was not predictive for the OS benefit from 

NAC.

There are two broad interpretations of this study’s findings. First, NLR might truly be a 

prognostic or predictive biomarker, but this study failed to detect the association. Most 

randomized clinical trials are designed and powered to test a therapeutic question; secondary 

biomarker analyses may then be underpowered.28 However, the long-term follow-up and 

significant mortality in SWOG 8710 generated a meaningful number of OS events. 

Therefore, our power analyses suggest that any undetected true association between NLR 

and OS would likely have a limited effect size (HR less than approximately 1.1 for each unit 

increase in NLR). The value of such a modest HR would be further reduced by the relatively 

narrow range of NLR. In summary, it is possible that a small association exists that was not 

detected in this study—but we would question the practical meaning of such an association. 

A biomarker must achieve significant differentiation between patients to be clinically useful.

The second interpretation of our findings is that NLR is truly not a prognostic or predictive 

biomarker in BC. Why, then, do previous studies suggest otherwise? Perhaps pitfalls in 

analysis, reporting, and publication have contributed to a literature that is overly enthusiastic 

about NLR. This would not be unusual: biomarker studies are almost universally positive. 

For example, an analysis of over 1,900 publications on cancer prognostic markers found that 

nearly 95% reported positive results.42

A particular analytic concern in biomarker studies is the use of observational datasets. These 

are susceptible to biases from a lack of standardized inclusion criteria, treatment schemes, 

and follow-up schedules.43 Use of observational datasets can significantly inflate prognostic 

effect sizes compared to data from clinical trials.44 Therefore, studies of observational data 

are classified as category C or D and placed at the bottom of the biomarker level of evidence 

framework proposed by Simon et al.28 Notably, all previous studies of NLR in BC analyzed 

observational data. The present report used prospectively collected clinical trial data and is 

the first such category B study of NLR in BC. Considerably stronger evidence is generated 

with this approach.26–28

A second analytic issue involves handling of the continuous NLR variable. Dichotomizing 

this variable is strongly discouraged due to information loss and bias.27,45–47 In fact, certain 

methods of selecting a cutpoint can raise the false-positive rate to nearly 40%.48 Yet most 

previous studies dichotomized NLR13,17–19,21,23,24 or did not report effect sizes for the 

continuous variable.15 This concern is not limited to studies in BC: a recent global review of 

NLR across various primary cancers found that 96% of publications dichotomized the 

variable.6

In addition to these analytic issues, biases in reporting and publication may also contribute 

to a surfeit of positive results.49,50 Reporting bias includes both selective reporting and poor 

reporting.26 An example of selective reporting is a study that analyzes multiple endpoints or 

fits several multivariable models but reports only those with significant P values.26,27 Poor 
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reporting leads to publications with vague or incomplete details, making it difficult for 

readers to fully appraise the study. These biases can significantly skew the biomarker 

literature.51 The REMARK guidelines offer an opportunity to reduce both types of reporting 

biases; unfortunately, adherence is not optimal in previous NLR studies (Supplemental Table 

5).

Finally, publication bias occurs when authors do not submit negative studies or editors do 

not accept them.49,52 The former practice, sometimes termed the “file-drawer problem,”53 

may be a substantial issue in the biomarker literature.26,27 This concern is heightened for 

NLR studies because CBCs are a ubiquitous laboratory test. How many investigators queried 

existing databases for an association of NLR with OS and—finding a null result—decided to 

avoid the trouble of generating a full manuscript?54 Indeed, meta-analyses suggest that 

publication bias affects the NLR literature.6,55

Together, these various pitfalls may explain why NLR appeared promising in the previous 

literature but was negative in the present study. Although these pitfalls were minimized in 

the current analysis, our work has other important limitations that should be emphasized. 

First, SWOG 8710 did not contain a planned biomarker endpoint; although prospectively 

collected data were used, the current analysis was retrospective. This also placed limits on 

the study’s power, as discussed previously. Second, the time period during which SWOG 

8710 was conducted colors the interpretation of our study. For example, some of the T3 

tumors31 in the trial would now be considered T2 disease, and current guidelines 

recommend different chemotherapy regimens than the one used in the trial.56 Finally, we 

analyzed CBC values from the trial flowsheets instead of raw laboratory data—raising the 

possibility of transcription errors. However, we attempted to address this issue by excluding 

patients with CBC differentials that did not sum to 100%.

In conclusion, this is the first category B analysis of NLR in BC. In contrast to previous 

studies, these results suggest that NLR is neither a prognostic nor predictive biomarker for 

OS in muscle-invasive BC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Patient flow diagram.

Abbreviations: CBC, complete blood count; RC, radical cystectomy; NLR, neutrophil-to-

lymphocyte ratio; NAC, neoadjuvant chemotherapy
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Table 1

REMARK profile

Marker and variables Remarks

Marker: M = pre-treatment NLR (continuous)

Further variables: v1 = age (continuous), v2 = gender (male vs. female),

v3 = clinical T category (T2 vs. T3/T4a)a

v4 = lymphovascular invasion (yes vs. no)b

v5 = treatment (RC vs. NAC + RC)c

Outcome: Overall survival (OS)

Patients N Remarks

Assessed for eligibility 317 Disease bladder cancer, clinical T2-T4aN0
Patient source multi-institutional phase III trial
Marker source: trial flow sheets

Excluded 54 See Figure 1 for details

Predictive cohort 263 Patients with pre-treatment NLR and randomized to
RC with or without NAC

Excluded 33 See Figure 1 for details

Prognostic cohort 230 Patients with pre-treatment NLR and completed
RC with or without NAC

Analysis Patients Events Variables Results/remarks

A1: univariable 230 OS: 172 M, v1-v5 Prognostic analysis
Table 3

A2: multivariable 230 OS: 172 M, v1-v3, v5 Prognostic analysis
Table 3

A3: univariable 263 OS: 205 M, v1-v5 Predictive analysis
Table 4

A5: multivariable including
interaction of M and v5

263 OS: 205 M, v1-v3, v5,
M*v5

Predictive analysis
Table 4

a
per American Joint Committee on Cancer staging manual, 4th edition

b
as determined on pre-treatment biopsy or transurethral resection of bladder tumor

c
received treatment for prognostic cohort, assigned treatment for predictive cohort

Abbreviations: NAC, neoadjuvant chemotherapy; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; RC, radical cystectomy; REMARK, 

Reporting Recommendations for Tumor Marker Prognostic Studies27,30
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A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ojerholm et al. Page 13

Ta
b

le
 2

A
ss

oc
ia

tio
n 

of
 n

eu
tr

op
hi

l-
to

-l
ym

ph
oc

yt
e 

ra
tio

 w
ith

 p
at

ie
nt

 a
nd

 d
is

ea
se

 c
ha

ra
ct

er
is

tic
s

P
ro

gn
os

ti
c 

co
ho

rt
 (

N
 =

 2
30

)
P

re
di

ct
iv

e 
co

ho
rt

 (
N

 =
 2

63
)

To
ta

l
N

L
R

To
ta

l
N

L
R

C
ha

ra
ct

er
is

ti
c

N
o.

 (
%

)
M

ed
ia

n 
(I

Q
R

)
P

a
N

o.
 (

%
)

M
ed

ia
n 

(I
Q

R
)

P
a

A
ge

0.
43

0.
23

  <
 6

5
12

9 
(5

6.
1%

)
2.

6 
(2

.0
–3

.7
)

14
8 

(5
6.

3%
)

2.
6 

(2
.0

–4
.0

)

  ≥
 6

5
10

1 
(4

3.
9%

)
2.

8 
(2

.0
–4

.6
)

11
5 

(4
3.

7%
)

2.
8 

(2
.1

–4
.8

)

G
en

de
r

0.
83

0.
65

  M
al

e
18

5 
(8

0.
4%

)
2.

7 
(2

.0
–4

.1
)

21
3 

(8
1.

0%
)

2.
8 

(2
.0

–4
.1

)

  F
em

al
e

45
 (

19
.6

%
)

2.
6 

(2
.1

–4
.1

)
50

 (
19

.0
%

)
2.

6 
(2

.0
–4

.2
)

T
 c

at
eg

or
y

0.
97

0.
97

  T
2

95
 (

41
.3

%
)

2.
7 

(2
.0

–4
.1

)
10

5 
(3

9.
9%

)
2.

8 
(2

.0
–4

.2
)

  T
3/

T
4a

13
5 

(5
8.

7%
)

2.
6 

(2
.0

–4
.1

)
15

8 
(6

0.
1%

)
2.

7 
(2

.1
–4

.1
)

LV
I

0.
07

0.
03

  N
eg

at
iv

e
18

0 
(7

8.
3%

)
2.

6 
(2

.0
–4

.0
)

20
2 

(7
6.

8%
)

2.
6 

(2
.0

–4
.0

)

  P
os

iti
ve

35
 (

15
.2

%
)

3.
0 

(2
.3

–4
.5

)
42

 (
16

.0
%

)
3.

1 
(2

.4
–4

.6
)

  M
is

si
ng

15
 (

6.
5%

)
3.

3 
(2

.2
–4

.8
)

19
 (

7.
2%

)
3.

3 
(2

.2
–4

.9
)

T
re

at
m

en
tb

0.
55

0.
52

  R
C

11
7 

(5
0.

9%
)

2.
8 

(2
.1

–4
.1

)
13

3 
(5

0.
6%

)
3.

0 
(2

.1
–4

.1
)

  N
A

C
 +

 R
C

11
3 

(4
9.

1%
)

2.
6 

(2
.0

–4
.1

)
13

0 
(4

9.
4%

)
2.

6 
(2

.0
–4

.2
)

a K
ru

sk
al

-W
al

lis
 te

st
 f

or
 L

V
I,

 W
ilc

ox
on

 r
an

k-
su

m
 te

st
 f

or
 a

ll 
ot

he
rs

b R
ec

ei
ve

d 
tr

ea
tm

en
t f

or
 p

ro
gn

os
tic

 c
oh

or
t, 

as
si

gn
ed

 tr
ea

tm
en

t f
or

 p
re

di
ct

iv
e 

co
ho

rt

Cancer. Author manuscript; available in PMC 2018 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ojerholm et al. Page 14
A

bb
re

vi
at

io
ns

: I
Q

R
 in

te
rq

ua
rt

ile
 r

an
ge

; L
V

I,
 ly

m
ph

ov
as

cu
la

r 
in

va
si

on
; N

A
C

, n
eo

ad
ju

va
nt

 c
he

m
ot

he
ra

py
; N

L
R

, n
eu

tr
op

hi
l-

to
-l

ym
ph

oc
yt

e 
ra

tio
; R

C
, r

ad
ic

al
 c

ys
te

ct
om

y

Cancer. Author manuscript; available in PMC 2018 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ojerholm et al. Page 15

Ta
b

le
 3

A
na

ly
si

s 
of

 n
eu

tr
op

hi
l-

to
-l

ym
ph

oc
yt

e 
ra

tio
 a

s 
a 

pr
og

no
st

ic
 f

ac
to

r 
fo

r 
ov

er
al

l s
ur

vi
va

l

P
ro

gn
os

ti
c 

co
ho

rt
 (

N
 =

 2
30

)

U
ni

va
ri

ab
le

M
ul

ti
va

ri
ab

le

V
ar

ia
bl

e
H

R
95

%
 C

I
P

H
R

95
%

 C
I

P

A
ge

 (
co

nt
in

uo
us

)
1.

06
1.

04
 to

 1
.0

8
<

0.
00

1
1.

05
1.

04
 to

 1
.0

7
<

0.
00

1

G
en

de
r 

(m
al

e 
vs

. f
em

al
e)

1.
37

0.
93

 to
 2

.0
4

0.
12

1.
41

0.
94

 to
 2

.1
1

0.
09

T
 c

at
eg

or
y 

(T
3/

T
4a

 v
s.

 T
2)

1.
32

0.
97

 to
 1

.7
9

0.
08

1.
32

0.
96

 to
 1

.8
1

0.
08

LV
I 

(p
os

iti
ve

 v
s.

 n
eg

at
iv

e)
1.

00
0.

67
 to

 1
.5

1
0.

99
-

-
-

T
re

at
m

en
t (

R
C

 v
s.

 N
A

C
+

R
C

)
1.

32
0.

98
 to

 1
.7

9
0.

07
1.

39
1.

03
 to

 1
.8

8
0.

03

N
L

R
 (

co
nt

in
uo

us
)

1.
03

0.
97

 to
 1

.1
0

0.
30

1.
04

0.
98

 to
 1

.1
1

0.
24

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

R
, h

az
ar

d 
ra

tio
; L

V
I,

 ly
m

ph
ov

as
cu

la
r 

in
va

si
on

; N
A

C
, n

eo
ad

ju
va

nt
 c

he
m

ot
he

ra
py

; N
L

R
, n

eu
tr

op
hi

l-
to

-l
ym

ph
oc

yt
e 

ra
tio

; R
C

, r
ad

ic
al

 c
ys

te
ct

om
y

Cancer. Author manuscript; available in PMC 2018 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ojerholm et al. Page 16

Ta
b

le
 4

A
na

ly
si

s 
of

 n
eu

tr
op

hi
l-

to
-l

ym
ph

oc
yt

e 
ra

tio
 a

s 
a 

pr
ed

ic
tiv

e 
fa

ct
or

 f
or

 tr
ea

tm
en

t r
es

po
ns

e

P
re

di
ct

iv
e 

co
ho

rt
 (

N
 =

 2
63

)

U
ni

va
ri

ab
le

M
ul

ti
va

ri
ab

le
w

it
h 

in
te

ra
ct

io
n 

te
rm

V
ar

ia
bl

e
H

R
95

%
 C

I
P

H
R

C
I

P

A
ge

 (
co

nt
in

uo
us

)
1.

04
1.

03
 to

 1
.0

6
<

0.
00

1
1.

04
1.

03
 to

 1
.0

6
<

0.
00

1

G
en

de
r 

(m
al

e 
vs

. f
em

al
e)

1.
37

0.
95

 to
 1

.9
7

0.
09

1.
44

0.
97

 to
 2

.1
2

0.
07

T
 c

at
eg

or
y 

(T
3/

T
4a

 v
s.

 T
2)

1.
33

1.
00

 to
 1

.7
7

0.
05

1.
41

1.
06

 to
 1

.8
8

0.
02

LV
I 

(p
os

iti
ve

 v
s.

 n
eg

at
iv

e)
1.

10
0.

76
 to

 1
.6

0
0.

62
-

-
-

T
re

at
m

en
t (

R
C

 v
s.

 N
A

C
+

R
C

)
1.

20
0.

92
 to

 1
.5

9
0.

18
1.

35
0.

83
 to

 2
.2

2
0.

22

N
L

R
 (

co
nt

in
uo

us
)

1.
05

0.
99

 to
 1

.1
0

0.
10

1.
05

0.
96

 to
 1

.1
4

0.
27

In
te

ra
ct

io
n 

te
rm

  (
T

re
at

m
en

t*
N

L
R

)
-

-
-

1.
01

0.
90

 to
 1

.1
4

0.
86

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; H

R
, h

az
ar

d 
ra

tio
; N

A
C

, n
eo

ad
ju

va
nt

 c
he

m
ot

he
ra

py
; N

L
R

, n
eu

tr
op

hi
l-

to
-l

ym
ph

oc
yt

e 
ra

tio
; R

C
, r

ad
ic

al
 c

ys
te

ct
om

y

Cancer. Author manuscript; available in PMC 2018 March 01.


	Abstract
	Precis
	INTRODUCTION
	METHODS
	Patients
	Specimen characteristics and assay methods
	Study design
	Statistical analysis methods

	RESULTS
	Baseline clinical and marker characteristics
	Prognostic and predictive analyses
	Model assumptions and sensitivity analysis

	DISCUSSION
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

