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Abstract

This study examined the association of progression-free survival at 6 months with overall survival

in the context of second-line therapy of advanced urothelial carcinoma in pooled patient-level data

from 10 phase II trials and then externally validated in a large phase III trial. Progression-free

survival at 6 months was significantly correlated with overall survival and is an innovative

primary endpoint to evaluate new agents in this setting.

Objective—Second-line systemic therapy for advanced urothelial carcinoma (UC) has

substantial unmet needs, and current agents show dismal activity. Second-line trials of metastatic

UC have used response rate (RR) and median progression-free survival (PFS) as primary

endpoints, which may not reflect durable benefits. A more robust endpoint to identify signals of

durable benefits when investigating new agents in second-line trials may expedite drug

development. PFS at 6 months (PFS6) is a candidate endpoint, which may correlate with overall

survival (OS) at 12 months (OS12) and may be applicable across cytostatic and cytotoxic agents.

Methods—Ten second-line phase II trials with individual patient outcomes data evaluating

chemotherapy or biologics were combined for discovery, followed by external validation in a

phase III trial. The relationship between PFS6/RR and OS12 was assessed at the trial level using

Pearson correlation and weighted linear regression, and at the individual level using Pearson chi-

square test with Yates continuity correction.

Results—In the discovery dataset, a significant correlation was observed between PFS6 and

OS12 at the trial (R2 = 0.55, Pearson correlation = 0.66) and individual levels (82%, Қ = 0.45).

Response correlated with OS12 at the individual level less robustly (78%, Қ = 0.36), and the trial

level association was not statistically significant (R2 = 0.16, Pearson correlation = 0.37). The

correlation of PFS6 (81%, Қ = 0.44) appeared
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Introduction

Advanced urothelial carcinoma (UC) has not had major improvements in outcomes for more

than 2 decades. Despite initial high response rates (RRs) of 40% to 70% with cisplatin-based

frontline combination chemotherapy, these regimens are generally not curative and yield a
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5-year overall survival (OS) of 4% to 20%.1–3 Multiple agents have demonstrated limited

activity in the second-line setting, with RRs of 5% to 20%, median progression-free survival

(PFS) of 2 to 4 months, and median OS of 6 to 9 months.4–14 Thus, there are significant

unmet medical needs, particularly in the second-line setting.

Trials of metastatic UC in the second-line setting have commonly used RR or median PFS

as the primary endpoint to evaluate activity and as a surrogate for OS. However, response

may not capture the activity of cytostatic agents, and both of these endpoints do not lend

confidence with regard to the durability of benefits. PFS at a fixed time point beyond the

usual median PFS at 6 months (PFS6) may warrant further study as an intermediate endpoint

for OS at 12 months (OS12). Indeed, a strong association between PFS6 and OS has been

found in similar aggressive malignancies, glioblastoma multiforme, and small-cell lung

cancer.15–17 We hypothesized that PFS6 correlates with OS12 in the context of second-line

therapy for advanced UC and may be a robust endpoint to identify signals of durable

benefits when investigating new agents.

Patients and Methods

Eligible Trials and Patients

Individual patient-level data were pooled from 10 phase II trials (8 single arm and 2

randomized) evaluating second-line chemotherapy or biologics (except the trial by Choueiri

et al,5 which allowed ≤ 3 prior lines of therapy after enrolling 65 of 149 patients) (Table 1).

Prior therapy may have been administered in the metastatic or perioperative setting. The

study by Wong et al14 was a noncomparative randomized trial that randomized patients to 2

arms (cetuximab and cetuximab-paclitaxel) but discontinued enrollment on cetuximab after

accruing 11 patients because of futility. Patients with available progression data by 6 months

and survival data by 12 months were eligible for analysis, and others were

censored.4–10,12–14 Progression was defined as objective tumor progression (by Response

Evaluation Criteria in Solid Tumors [RECIST] 1.0 in 9 trials and World Health Organization

criteria in 1 trial by Sternberg et al9), or death from any cause.

A second-line phase III trial of patients with advanced UC was used for external

validation.11 In this trial, 370 patients who had received 1 prior regimen for metastatic

disease were treated with vinflunine plus best supportive care (BSC) (n = 253) or BSC alone

(n = 117). This trial used central radiology review and RECIST 1.0 for objective tumor

assessment.

Statistical Analysis

Unadjusted and adjusted binomial confidence intervals (CIs) for PFS6, OS12, and response

were reported, with adjustment for variability between trials using random effects models.

To get an estimate of PFS6 with an appropriate estimate of standard error, we fit generalized

linear mixed models with normal random effects for trial, using a penalized quasi-likelihood

estimation approach as implemented in the glmmPQL function of the MASS package in

“R”.18,19 The relationship between PFS6/RR and OS12 was assessed at the trial level using

weighted linear regression, with larger studies having more influence and Pearson
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correlation. For the weighted linear regression correlation, the fitted line is from a weighted

least-squares regression model with weights proportional to the study size. The circles are

proportional to the study size. The equation for the regression model is y = 0.07694 +

0.5685*x. If there was perfect agreement between OS12 and PFS6, the slope would be 1.00.

In contrast, the Pearson correlation treats all trials as equal regardless of size. For the

Pearson correlation, values from 0.3 to 0.5 generally indicate a large positive association.

The relationship between PFS6/RR and OS12 at the individual level was assessed using

Pearson chi-square test with Yates continuity correction. Statistical analyses used “R”

statistical computing software, version 2.8.0. A secondary analysis was conducted to

examine the trial and individual-level associations of PFS6 and OS12 based on prior

chemotherapy in the perioperative disease or metastatic settings. The second-line phase III

trial comparing BSC with vinflunine plus BSC was used for external validation.11

Results

Trial and Patient Characteristics

Of 689 patients enrolled in 10 phase II trials used as the discovery dataset, 646 were

evaluable for PFS analysis (with available trial-defined progression and survival data).

Patients were censored because of loss to follow-up and removal from trial for reasons other

than progression (eg, toxicities or patient decision). A total of 560 were evaluable for

response (with available baseline measurable disease and survival data) (Table 1). The

agents evaluated in these trials included chemotherapy (gemcitabine-paclitaxel,

nanoparticle-albumin-bound (nab)- paclitaxel, irinotecan, docetaxel, vinflunine), biologic

agents (gefitinib, pazopanib, cetuximab), and the combination of chemotherapeutic and

biologic agents (docetaxel-vandetanib, paclitaxel-cetuximab). The overall median age of

patients was 65 years, the majority were male (77%), visceral metastases were present in

59%, and the majority (89%) had Eastern Cooperative Oncology Group Performance Status

(ECOG-PS) 0–1 (Table 1). Of the 646 patients with progression events, 535 had objective

tumor progression and 111 had died. The overall PFS6 was 22% (95% CI, 17–24), and

adjusted PFS6 was 23% (95% CI, 15–34). The overall OS12 was 20% (95% CI, 17–24), and

adjusted OS12 was 21% (95% CI, 15–29) (Table 2). Among patients evaluable for response

and OS, the RR was 22% (95% CI, 18–25) and adjusted RR was 21% (95% CI, 13–32)

(Table 2).

Patient characteristics and outcomes in the phase III trial used for external validation have

been described by Bellmunt et al.11 To summarize, the median age of patients was

approximately 65 years, visceral metastasis was present in approximately 74% of patients,

and all patients had an ECOG-PS 0–1. In this trial, OS was not statistically better by

intention-to-treat analysis, but an extension of median OS was observed in the eligible

population (n = 357, 6.9 vs. 4.9 months, P = .04) and after adjusting for prognostic factors

(hazard ratio, 0.77; P = .036). Overall median PFS was statistically better for vinflunine plus

BSC compared with BSC alone (3.0 vs. 1.5 months, P = .001). Of the 357 eligible patients,

17 with PFS censored before 6 months or OS censored before 12 months were excluded,

leaving 340 evaluable patients for external validation of PFS6.11 Of the progression events,

231 were objective tumor progression and 104 were deaths, and 5 patients were alive with
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PFS > 6 months and OS > 12 months. This trial accrued 270 patients with baseline

measurable disease who were evaluable for response. The overall RR was better for

vinflunine plus BSC compared with BSC (8.6% vs. 0%, P = .0063).

Overall Association of PFS6 With OS12

For overall trial-level association, the P value for significance of the regression line was .

0086 (Fig. 1). The adjusted squared correlation coefficient R2 equaled 0.55, which indicates

that PFS6 explains 55% of the variability in OS12. The Pearson correlation between trial-

level PFS6 and OS12 was 0.66 (P = .037).

The individual-level agreement between PFS6 and OS12 was 82% (Қ = 0.45, Pearson chi-

square with Yates continuity correction = 130.69, df = 1, P < .0001). As shown in Table 3,

the Pearson chi-square for the 2 × 2 table shows that the additional agreement over chance is

highly statistically significant. The Pearson chi-square constructs a statistic from the

“observed” minus the “expected” counts.

Overall Association of Response and OS12

For the trial-level correlation of response and OS12, by a weighted least-squares regression

model, the P value for significance of the regression line was .1359, and the adjusted R2

equaled 0.16 (Fig. 2). The Pearson correlation between trial-level response and OS12 was

0.37 (P = .30). The individual-level agreement between response, and OS12 was 78% (Қ =

0.36, P < .0001, Pearson chisquare (Yates corrected) = 90.4, df = 2, P < .001) (Table 3).

Association of PFS6 and Response With OS12 Based on Prior Chemotherapy in
Perioperative or Metastatic Settings

Data regarding the setting of prior chemotherapy were available for 605 patients. Of these

patients, 214 had received prior perioperative chemotherapy and 391 had received prior

chemotherapy for metastatic disease. Trial- and individual-level associations for PFS6 with

OS12 appeared stronger than the associations for response and OS12 in those receiving prior

therapy in both the perioperative and metastatic disease settings (Table 4).

External Validation of Association of PFS6 and Response With OS12

The individual-level agreement between PFS6 and OS12 was 81% (Қ = 0.44, Pearson chi-

square with Yates continuity correction = 63.73, P < .0001). The correlation in individual

risk groups based on prognostic factors, hemoglobin < 10 g/dL versus > 10 g/dL, ECOG-PS

(1 vs. 0), and liver metastasis was examined.20 PFS6 and OS12 were associated when

stratified by risk group and individual prognostic factors (P < .0001 by Cochran–Mantel–

Haenszel statistics), except the group with hemoglobin < 10 g/dL (P = .8787).

The individual-level agreement between response and OS12 in 270 evaluable patients with

measurable disease at baseline was 76% (Қ = 0.17, Pearson chi-square with Yates continuity

correction = 13.57, P = .0002). Excluding the 108 patients in the BSC arm (who exhibited

no responses) showed a stronger individual-level agreement between response and OS12 of

82% (Қ = 0.53, Pearson chi-square with Yates continuity correction = 62.98, P < .0001).
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Discussion

This study shows a significant correlation between PFS6 and OS12 at the trial and

individual levels in the context of second-line therapy using cytotoxic and/or biologic agents

for advanced UC. Although response correlated with OS12 at the individual level (albeit less

robustly), the trial-level association was not statistically significant. Thus, PFS6 captures

durable benefits more robustly than RR. This study was conducted in one of the largest

assembled datasets of second-line therapy for advanced UC (646 evaluable of 689 patients)

and shows a significant correlation between PFS6 and OS12 at the trial (R2 = 0.55, Pearson

correlation = 0.66) and individual levels (82%, Қ = 0.45). The second-line therapy included

both cytotoxic and/or biologic agents, and included patients who had received prior

perioperative therapy only or therapy for metastatic disease. Although response correlated

with OS12 at the individual level albeit less robustly (78%, Қ = 0.36), the trial-level

association was not statistically significant (R2 = 0.16, Pearson correlation = 0.37). In

addition, we externally validated the significant correlation of PFS6 with OS12 at the

individual patient level (81%, Қ = 0.44) in a large phase III trial (n = 340 evaluable of 370

patients). Thus, PFS6 may be useful and appears robust as an intermediate endpoint to

facilitate the screening of a broad spectrum of agents in phase II trials.

Secondary analyses based on prognostic risk groups and setting of prior therapy also

demonstrated stronger associations for PFS6 with OS12 compared with response with OS12.

Of note, both PFS6 and response appeared to be more robustly associated with OS12 in the

context of prior chemotherapy in the perioperative setting as opposed to the metastatic

setting. However, this finding may be a result of the smaller number of patients who had

received prior perioperative chemotherapy or greater variability in association with those

who had received prior therapy for metastatic disease. The RR correlated with OS12 at the

individual patient level in the external validation dataset more strongly (82%, Қ = 0.53) in

the vinflunine plus BSC arm compared with the overall correlation when combining both

arms (76%, Қ = 0.17), although both associations were statistically significant. These data

suggest that in the absence of a cytotoxic agent that induces tumor regressions, response is

unlikely to be a useful intermediate endpoint. The caveat is that in some settings, certain

biologic cytostatic agents may extend PFS without necessarily extending OS by promoting

certain resistance mechanisms. Moreover, the number of patients in subsets receiving

chemotherapy alone, biologic agent alone, or both chemotherapy and biologic agents was

considered suboptimal for such secondary analyses examining each of these subsets.

However, the majority of evaluable patients in the discovery and validation datasets had

received chemotherapeutic agents. Thus, our data require further validation in large datasets

of patients receiving different classes of biologic agents and in larger numbers of patients

receiving combination chemotherapy and biologic agents.

Study Limitations

Our analysis suffers from limitations typical to retrospective studies. The phase II trials

objectively assessed disease at varying intervals (6–12 weeks). However, PFS6 essentially

represents a landmark analysis beyond the median PFS and partly overcomes the

confounding impact of imaging intervals on median PFS when determining progression
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(because most patients would have undergone multiple radiographic assessments by 6

months). Although most deaths in the context of second-line therapy are attributable to

tumor progression, a proportion of deaths may be attributable to other events, which may

inflate the association of progression and death. Nevertheless, the majority of patients in

both the discovery dataset (535/646, ie, 82.8%) and the validation dataset (231/340, ie, 68%)

exhibited objective tumor progression as the progression event rather than death. Therefore,

we do not expect an analysis excluding death as a progression event to alter our findings.

Moreover, we used the conventional definition of PFS, which accounts for both objective

progression and death, whichever comes first. A positive attribute of our study is that the

discovery dataset is one of the largest such second-line UC datasets assembled. The dataset

included only well-conducted prospective phase II trials by respected institutions and

investigators, which are likely to adequately capture progression events compared with a

retrospectively assembled nontrial dataset. Censoring for the primary analysis examining the

association of PFS6 and OS12 occurred in only 43 of 689 patients (6.2%) in the discovery

dataset and in only 17 of 357 patients (4.8%) in the validation dataset. Moreover, the

external validation was conducted in the largest phase III trial reported in the second-line

advanced UC context. However, this phase III trial was considered to be inadequate in size

for a formal surrogacy analysis. In the future, a larger second-line dataset may be able to

conduct such a stringent analysis.

One pitfall is that capturing PFS6 does require a longer follow-up than the time required to

capture response. However, given that the transition of drug development from phase II to

phase III trials has yielded a poor rate of subsequent successful phase III trials (ie, showing

benefit for the experimental agent), a more thorough evaluation at the phase II stage of drug

development is in order. One measure to avoid a misleading positive signal at the phase II

stage of drug development is to better capture durable activity. Indeed, PFS6 was studied as

a candidate endpoint for our study, and PFS at shorter time-points (eg, 3 or 4 months) was

not studied because it does not reflect a durable benefit. Another caveat is that similar to RR,

PFS6 is likely to vary as a function of baseline prognosis of patients and definition of

second-line therapy. Thus, PFS6 needs to be defined in different prognostic groups to enable

its optimal use in nonrandomized trials. This problem is illustrated by the variable PFS6

(3%–53%) in the individual phase II trials combined in the discovery dataset (Table 2).

Furthermore, the definition of second-line therapy requires standardization and consensus.

Therefore, randomized phase II trials with PFS6 as the primary endpoint should be preferred

to identify signals of benefit with novel regimens compared with conventional regimens.

Moreover, the magnitude of trial-level improvement in PFS6 that may translate to trial-level

extension of OS needs further study but may be informed by the finding that an

improvement in PFS6 from 13.25% with BSC to 26.48% with vinflunine plus BSC

translated to a 23% reduction in hazard of death in the phase III trial (personal

communication in September 2012, R. Fougeray).11

Conclusions

This study was conducted in one of the largest assembled datasets of second-line therapy for

advanced UC and shows a significant correlation between PFS6 and OS12 at the trial and

individual levels. The second-line therapy included both cytotoxic and biologic agents, and
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included patients who had received prior perioperative therapy only or therapy for metastatic

disease. Although response correlated with OS12 at the individual level albeit less robustly,

the trial-level association was not statistically significant. In addition, we externally

validated the significant correlation of PFS6 with OS12 at the individual patient level in a

large phase III trial. Thus, we conclude that PFS6 may be useful and seems robust as an

endpoint to facilitate the screening of a broad spectrum of novel agents in future phase II

trials in the setting of second-line therapy of advanced UC. Our data require further

validation in large datasets of patients receiving different classes of biologic agents and in

larger numbers of patients receiving combination chemotherapy and biologic agents.
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Clinical Practice Points

• The goal of this retrospective study was to examine the association of PFS at 6

months with OS in the context of second-line therapy of advanced UC.

• Individual patient data were pooled from 10 available phase II trials enrolling a

total of 646 evaluable patients that investigated second-line chemotherapy or

biologics for advanced UC.

• External validation was conducted using individual patient data from the largest

phase III trial conducted in this setting enrolling 340 evaluable patients for this

analysis.

• This retrospective analysis of individual patient data from 10 pooled prospective

phase II trials followed by external validation in a phase III trial suggests that

PFS at 6 months is a more optimal and innovative primary endpoint than RR to

evaluate new agents for the second-line therapy of advanced UC.
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Figure 1. Trial-Level Relation Between PFS6 and OS12. The fitted Line is From a Weighted
Least-Squares Regression Model With Weights Proportional to the Study Size (ie, the Circles are
Proportional to the Study Size). R2 = 0.55 (P = .0086)
Abbreviations: OS12 = overall survival at 12 months; PFS6 = progression-free survival at

12 months.
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Figure 2. Trial-Level Relation Between OS12 and RECIST Response. The Fitted Line is From a
Weighted Least-Squares Regression Model With Weights Proportional to the Study Size (ie, the
Circles are Proportional to the Study Size). R2 = 0.16 (P =.1359)
Abbreviations: CR = complete response; OS12 = overall survival at 12 months; PR = partial

response.

Agarwal et al. Page 12

Clin Genitourin Cancer. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Agarwal et al. Page 13

T
ab

le
 1

T
ri

al
 a

nd
 P

at
ie

nt
 C

ha
ra

ct
er

is
tic

s

T
he

ra
py

 a
nd

 S
tu

dy
, A

ut
ho

r
T

ot
al

 N
o.

 o
f

Su
bj

ec
ts

N
o.

 o
f 

E
va

lu
ab

le
Su

bj
ec

ts
M

ed
ia

n 
A

ge
 in

Y
ea

rs
 (

R
an

ge
)

M
al

e 
G

en
de

r
N

 (
%

)
V

is
ce

ra
l

M
et

as
ta

si
s 

(%
)

E
C

O
G

-P
S 

(%
)

Im
ag

in
g 

In
te

rv
al

G
P 

(6
 c

yc
le

s 
vs

. t
o 

PD
)a

A
lb

er
s 

et
 a

l12

10
2

98
65

 (
43

–8
1)

73
 (

74
)

40
%

0:
 4

9%
1:

 2
1%

2:
 1

4%
N

A
: 1

5%

E
ve

ry
 6

0 
d

Ir
in

ot
ec

an
B

ee
r 

et
 a

l4
45

38
63

 (
46

–8
0)

28
 (

74
)

87
%

0:
 2

4%
1:

 6
1%

2:
 1

1%
N

A
: 5

%

E
ve

ry
 6

3 
d

D
oc

et
ax

el
 +

 v
an

de
ta

ni
b/

pl
ac

eb
oa

C
ho

ue
ir

i e
t a

l5

15
2

14
4

66
 (

37
–8

8)
99

 (
69

)
70

%
0:

 5
1%

1:
 7

1 
(4

9)
A

t 4
2 

d 
th

en
 e

ve
ry

 6
3 

d

V
in

fl
un

in
e

C
ul

in
e 

et
 a

l6
57

57
63

 (
41

–8
1)

46
 (

81
)

49
%

0:
 5

3%
1:

 4
4%

2:
 4

%

E
ve

ry
 4

2 
d

N
ab

-p
ac

lit
ax

el
K

o 
et

 a
l7

48
48

68
 (

39
–8

8)
40

 (
83

)
58

%
0:

 3
3%

1:
 5

0%
2:

 1
7%

E
ve

ry
 4

2 
d

G
ef

iti
ni

b
Pe

tr
yl

ak
 e

t a
l8

31
31

68
 (

37
–8

2)
25

 (
81

)
74

%
0:

 5
5%

1:
 3

2%
2:

 3
%

3:
 3

%
N

A
: 6

%

E
ve

ry
 6

0 
d

G
P

St
er

nb
er

g 
et

 a
l9

41
36

64
 (

33
–7

8)
28

 (
78

)
53

%
0:

 3
6%

1:
 1

1%
2:

 4
7%

3:
 2

 (
6)

E
ve

ry
 4

2 
d

Pa
zo

pa
ni

b
Pi

li 
et

 a
l13

23
7

66
 (

40
–7

6)
3 

(4
3)

57
%

0:
 4

3%
1:

 5
7%

E
ve

ry
 3

0 
d

V
in

fl
un

in
e

V
au

gh
n 

et
 a

l10
15

1
14

8
66

 (
31

–8
3)

11
9 

(8
0)

49
%

0:
 6

8%
1:

 3
2%

E
ve

ry
 4

2 
d

C
et

ux
im

ab
 o

r 
ce

tu
xi

m
ab

-p
ac

lit
ax

el
W

on
g 

et
 a

l14
,b

39
39

69
 (

46
–8

3)
34

 (
87

)
87

%
0:

 4
1%

1:
 5

1%
2:

 8
%

E
ve

ry
 6

0 
d

A
ll 

st
ud

ie
s

68
9

64
6

65
 (

31
–8

8)
49

5 
(7

7)
59

%
0:

 5
0%

1:
 3

9%
2:

 8
%

3:
 <

 1
%

N
A

: 3
%

Pa
tie

nt
s 

w
ith

 a
va

ila
bl

e 
pr

og
re

ss
io

n 
an

d 
su

rv
iv

al
 in

fo
rm

at
io

n.

Clin Genitourin Cancer. Author manuscript; available in PMC 2015 April 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Agarwal et al. Page 14
A

bb
re

vi
at

io
ns

: E
C

O
G

-P
S 

=
 E

as
te

rn
 C

oo
pe

ra
tiv

e 
O

nc
ol

og
y 

G
ro

up
 P

er
fo

rm
an

ce
 S

ta
tu

s;
 G

P 
=

 g
em

ci
ta

bi
ne

 p
lu

s 
pa

cl
ita

xe
l; 

N
A

 =
 n

ot
 a

va
ila

bl
e;

 O
S1

2 
=

 o
ve

ra
ll 

su
rv

iv
al

 a
t 1

2 
m

on
th

s;
 P

D
 =

 p
ro

gr
es

si
ve

di
se

as
e;

 P
FS

6 
=

 p
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
 a

t 6
 m

on
th

s.

a N
o 

di
ff

er
en

ce
s 

w
er

e 
se

en
 f

or
 p

ri
m

ar
y 

ef
fi

ca
cy

 e
nd

po
in

t b
et

w
ee

n 
ar

m
s 

of
 th

e 
tr

ia
l (

ov
er

al
l o

ut
co

m
es

 a
re

 s
ho

w
n 

fo
r 

th
es

e 
st

ud
ie

s 
an

d 
no

t o
ut

co
m

es
 b

y 
ar

m
).

b N
on

co
m

pa
ra

tiv
e 

ra
nd

om
iz

ed
 tr

ia
l t

ha
t r

an
do

m
iz

ed
 p

at
ie

nt
s 

to
 2

 a
rm

s 
(c

et
ux

im
ab

 a
nd

 c
et

ux
im

ab
-p

ac
lit

ax
el

) 
bu

t d
is

co
nt

in
ue

d 
en

ro
llm

en
t o

n 
ce

tu
xi

m
ab

 a
rm

 a
ft

er
 1

1 
pa

tie
nt

s 
be

ca
us

e 
of

 f
ut

ili
ty

 (
ov

er
al

l
ou

tc
om

es
 a

re
 s

ho
w

n 
fo

r 
th

is
 s

tu
dy

 a
nd

 o
ut

co
m

es
 b

y 
ar

m
 w

er
e 

pu
bl

is
he

d 
se

pa
ra

te
ly

).
 A

ll 
st

ud
ie

s 
us

ed
 R

E
C

IS
T

 1
.0

 to
 e

va
lu

at
e 

re
sp

on
se

 e
xc

ep
t t

he
 tr

ia
l b

y 
St

er
nb

er
g 

et
 a

l, 
w

hi
ch

 u
se

d 
W

or
ld

 H
ea

lth
O

rg
an

iz
at

io
n 

cr
ite

ri
a.

Clin Genitourin Cancer. Author manuscript; available in PMC 2015 April 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Agarwal et al. Page 15

T
ab

le
 2

O
ve

ra
ll 

an
d 

T
ri

al
-L

ev
el

 O
ut

co
m

es

T
ri

al
N

o.
 o

f
Su

bj
ec

ts
P

F
S6

 %
 (

95
%

E
xa

ct
 B

in
om

ia
l C

I)
A

dj
us

te
d 

P
F

S6
a

%
 (

95
%

 C
I)

O
S1

2 
%

 (
95

%
E

xa
ct

 B
in

om
ia

l C
I)

A
dj

us
te

d 
O

S1
2a

%
 (

95
%

 C
I)

R
R

 %
 (

95
%

E
xa

ct
 B

in
om

ia
l C

I)
A

dj
us

te
d 

R
R

a
%

 (
95

%
 C

I)

A
lb

er
s 

et
 a

l12
98

41
 (

31
–5

1)
40

 (
27

–5
3)

36
 (

26
–4

6)
34

 (
25

–4
4)

40
 (

30
–5

2)
39

 (
26

–5
4)

B
ee

r 
et

 a
l4

38
16

 (
6–

31
)

17
 (

11
–2

6)
13

 (
4–

28
)

16
 (

11
–2

2)
12

 (
3–

27
)

14
 (

8–
22

)

C
ho

ue
ir

i e
t a

l5
14

4
15

 (
10

–2
2)

16
 (

10
–2

4)
17

 (
12

–2
5)

18
 (

12
–2

5)
9 

(5
–1

6)
10

 (
6–

17
)

C
ul

in
e 

et
 a

l6
57

16
 (

7–
28

)
17

 (
10

–2
6)

5 
(1

–1
5)

10
 (

7–
14

)
35

 (
16

–5
7)

32
 (

20
–4

6)

K
o 

et
 a

l7
48

38
 (

24
–5

3)
36

 (
24

–4
9)

21
 (

10
–3

5)
21

 (
15

–2
9)

25
 (

14
–4

0)
24

 (
15

–3
7)

Pe
tr

yl
ak

 e
t a

l8
31

3 
(0

–1
7)

9 
(5

–1
4)

26
 (

12
–4

5)
24

 (
17

–3
3)

4 
(0

–1
8)

9 
(5

–1
4)

St
er

nb
er

g 
et

 a
l9

36
53

 (
35

–7
0)

48
 (

35
–6

1)
36

 (
21

–5
4)

32
 (

23
–4

1)
61

 (
43

–7
7)

55
 (

41
–6

9)

Pi
li 

et
 a

l13
7

43
 (

10
–8

2)
32

 (
22

–4
5)

29
 (

4–
71

)
23

 (
16

–3
1)

14
 (

0–
58

)
18

 (
11

–2
8)

V
au

gh
n 

et
 a

l10
14

8
10

 (
6–

16
)

11
 (

7–
18

)
11

 (
7–

18
)

13
 (

9–
18

)
16

 (
10

–2
3)

16
 (

10
–2

6)

W
on

g 
et

 a
l14

39
26

 (
13

–4
2)

25
 (

16
–3

7)
33

 (
19

–5
0)

30
 (

22
–3

9)
18

 (
8–

34
)

19
 (

11
–2

9)

A
ll 

st
ud

ie
s 

co
m

bi
ne

d
64

6
22

 (
17

–2
4)

b
23

 (
15

–3
4)

20
 (

17
–2

4)
b

21
 (

15
–2

9)
22

 (
18

–2
5)

b
21

 (
13

–3
3)

A
bb

re
vi

at
io

ns
: C

I 
=

 c
on

fi
de

nc
e 

in
te

rv
al

; O
S1

2 
=

 o
ve

ra
ll 

su
rv

iv
al

 a
t 1

2 
m

on
th

s;
 P

FS
6 

=
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

 a
t 6

 m
on

th
s.

a T
he

 a
dj

us
te

d 
m

od
el

s 
ta

ke
 in

to
 a

cc
ou

nt
 h

et
er

og
en

ei
ty

 b
et

w
ee

n 
st

ud
ie

s 
w

ith
 a

 r
an

do
m

 s
tu

dy
 e

ff
ec

t. 
Se

e 
St

at
is

tic
al

 M
et

ho
ds

.

b T
hi

s 
C

I 
do

es
 n

ot
 ta

ke
 in

to
 a

cc
ou

nt
 h

et
er

og
en

ei
ty

 b
et

w
ee

n 
st

ud
ie

s.
 T

ha
t i

s,
 th

e 
ba

si
c 

(p
ro

ba
bl

y 
fa

ls
e)

 a
ss

um
pt

io
n 

fo
r 

th
is

 C
I 

is
 th

at
 th

e 
tr

ue
 P

FS
6 

or
 O

S1
2 

is
 th

e 
sa

m
e 

fo
r 

al
l t

he
 tr

ia
ls

, a
nd

 th
e 

va
ri

ab
ili

ty
be

tw
ee

n 
tr

ia
ls

 is
 e

nt
ir

el
y 

du
e 

to
 c

ha
nc

e.

Clin Genitourin Cancer. Author manuscript; available in PMC 2015 April 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Agarwal et al. Page 16

Table 3

Individual-Level Association of PFS6 and OS12

OS12

Alive at 12 Mo Count (Expected Count) Dead at 12 Mo Count (Expected Count)

PFS6 (Evaluable = 646)

  No progression at 6 mo 78 (29.0) 65 (114.0)

  Progression at 6 mo 53 (102.0) 450 (401.0)

Response (Evaluable = 560)

  No response 64 (99.1) 374 (338.9)

  Response 62 (26.9) 57 (92.1)

The table has observed counts with expected counts in parentheses. Expected counts computed assuming no relationship between (unadjusted)
PFS6 and OS12. Pearson chi-square with Yates continuity correction = 130.69, df = 1, P = 2.9e-30. The Pearson chi-square for the 2 × 2 table
shows that the additional agreement over chance is highly statistically significant. The Pearson chisquare constructs a statistic from the “observed”
minus the “expected” counts. For the PFS6 dataset, 78 + 450 = 528/646 = 82% of the subjects show agreement between OS12 and PFS6. One
would expect 29 + 401 = 430/646 = 67% to show agreement by chance (numbers in parentheses). Similar calculations for the response dataset yield
78% agreement between response and OS12.

Abbreviations: OS12 = overall survival at 12 months; PFS6 = progression-free survival at 6 months.
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Table 4

Trial- and Individual-Level Associations for PFS6 and Response With OS12 Based on Setting of Prior

Therapy

Setting of Prior
Chemotherapy

Association of PFS6 With OS12 Association of Response With OS12

Trial-level Individual-level Trial-level Individual-level

Perioperative Adjusted R2 = 0.82
Pearson = 0.92

Kappa = 0.51 Adjusted R2 = 0.54
Pearson = 0.78

Kappa = 0.40

Metastatic Adjusted R2 = 0.22
Pearson = 0.38

Kappa = 0.43 Adjusted R2 = −0.13
Pearson = −0.018

Kappa = 0.34

Abbreviations: OS12 = overall survival at 12 months; PFS6 = progression-free survival at 6 months.
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