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 Background Clinical trials test the efficacy of a treatment in a select patient population. We examined whether cancer clinical 
trial patients were similar to nontrial, “real-world” patients with respect to presenting characteristics and survival.

 Methods We reviewed the SWOG national clinical trials consortium database to identify candidate trials. Demographic fac-
tors, stage, and overall survival for patients in the standard arms were compared with nontrial control subjects 
selected from the Surveillance, Epidemiology, and End Results program. Multivariable survival analyses using 
Cox regression were conducted. The survival functions from aggregate data across all studies were compared 
separately by prognosis (≥50% vs <50% average 2-year survival). All statistical tests were two-sided.

 Results We analyzed 21 SWOG studies (11 good prognosis and 10 poor prognosis) comprising 5190 patients enrolled 
from 1987 to 2007. Trial patients were younger than nontrial patients (P < .001). In multivariable analysis, trial 
participation was not associated with improved overall survival for all 11 good-prognosis studies but was asso-
ciated with better survival for nine of 10 poor-prognosis studies (P < .001). The impact of trial participation on 
overall survival endured for only 1 year.

 Conclusions Trial participation was associated with better survival in the first year after diagnosis, likely because of eligibility 
criteria that excluded higher comorbidity patients from trials. Similar survival patterns between trial and nontrial 
patients after the first year suggest that trial standard arm outcomes are generalizable over the long term and 
may improve confidence that trial treatment effects will translate to the real-world setting. Reducing eligibility 
criteria would improve access to clinical trials.

  JNCI J Natl Cancer Inst (2014) 106(3): dju002 doi:10.1093/jnci/dju002

Randomized cancer clinical trials represent a final step in evaluating 
the efficacy of new treatments. However, few adult cancer patients 
participate in trials (<3%) in the United States (1,2). Reasons for 
low rates of clinical trial participation are numerous (3–5). Trials 
may not be available for patients willing to participate, or when 
they are available, patients are often excluded because they do not 
meet trial eligibility criteria (6–9).

Trial eligibility criteria must satisfy two opposing factors (10). 
They must be sufficiently narrow to establish a homogeneous 
sample, so the effect of treatment is roughly consistent across the 
cohort. Eligibility criteria that are too broad risk including patients 
for which the treatment is not optimal, which could mask the over-
all treatment effect. Eligibility should also be sufficiently broad that 
the results are generalizable. One possible difference between trial 
and nontrial patients is that trial eligibility criteria rule out poor-
prognosis patients with prior comorbid conditions. Yet if the trial 
cohort is otherwise representative of the general cancer popula-
tion with respect to cancer histology and stage, any differences in 
survival induced by ruling out poor-prognosis patients may not 
endure over time.

Despite attempts by clinical trialists to establish equipoise 
between homogeneity and generalizability, clinical trials are some-
times criticized for sacrificing generalizability (11). To assess gener-
alizability in a systematic fashion, we evaluated whether presenting 
characteristics and survival outcomes for patients on the standard 
arms of a series of randomized phase III cancer clinical trials were 
representative of outcomes in patients receiving non–clinical trial 
treatment.

Methods
Cancer clinical trial data were from SWOG, a national clinical 
trials consortium sponsored by the National Cancer Institute. 
Nontrial data were from the Surveillance, Epidemiology, and End 
Results (SEER) cancer registry (12).

We conducted an analysis of randomized phase III studies from 
the SWOG historical database over a 25-year period (1987–2011). 
SWOG studies must have been published and must have had 
upfront randomization because studies with postregistration filter-
ing of patients before receipt of standard treatment could not be 
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reproduced using SEER. SWOG studies of recurrent disease were 
excluded (because SEER indexes reported case patients according 
to first diagnosis of a unique tumor type), as were studies with non-
survival endpoints. Figure 1 shows how approximately two-thirds 
of candidate trials were excluded for these reasons.

To be included, data to replicate the essential primary site, his-
tology, and stage specifications from the SWOG study must have 
been available in SEER. Staging criteria included both TNM stag-
ing and, where appropriate, surgical and nodal staging. Studies 
that relied on tumor characteristics not available in SEER were 
excluded. We excluded positive SWOG studies for which there was 
also a trend toward improved survival over time in the correspond-
ing SEER population because the standard arms for these SWOG 
studies likely no longer reflected community standard care at study 
completion. Only subjects on the standard arm were included, and 
corresponding SEER patients must have had a diagnosis date dur-
ing the SWOG study’s enrollment period. Assuming the SWOG 
standard arm represented standard-of-care in the general cancer 
population during the study enrollment period, this allowed com-
parison between trial and nontrial patients with approximately 
similar treatments. The age limits specified in SWOG study eligi-
bility were applied to the corresponding SEER datasets. Nearly all 
SWOG studies excluded patients with prior malignancies; for com-
parability, only SEER patients with first primaries were included.

Statistical Considerations
Comparisons between SWOG and SEER patients with respect to 
age (<65 years vs ≥65 years), sex, race (black vs white vs other), and 
stage were conducted across the panel of SWOG studies. For stud-
ies with more than one stage, stage was dichotomized into approxi-
mately equal groups to enable a consistent method of adjustment 
across the different studies. To test whether there was a global 
trend in stage or demographic rates across the panel of studies, the 
study-specific rates for both SEER and SWOG were converted to 
z scores (one for each study), and a one-sample t test was conducted 
on the difference in the z scores between SEER and SWOG.

For each study, Kaplan–Meier plots were generated to explore 
patterns of survival between SEER and SWOG patients, and Cox 
regression was used to estimate the hazard ratio and 95% confidence 
interval (CI) for the impact of trial participation, accounting for age, 
sex, race, stage, and year of enrollment (13,14). Studies were catego-
rized as good (≥50%) vs poor (<50%) prognosis based on observed 
results using average 2-year Kaplan–Meier survival estimates.

To further explore differences in survival patterns, SWOG and, 
separately, SEER patients were combined by prognosis. To con-
struct an equally weighted sample, 50 patients from each SWOG 
study and each corresponding SEER cohort were randomly 
selected. This process was averaged across 1000 repeat random 
samples. Kaplan–Meier plots and corresponding smoothed hazard 
functions (using Kernel-based methods) of the aggregate datasets 
were examined (15–17).

Based on the patterns observed using smoothed hazard function 
analysis, we applied landmark survival analysis to assess survival 
patterns related to trial participation given survival of the patient 
for a certain duration.

The contributions of cause of death to survival patterns were 
also investigated. SEER codes cause of death according to the 

International Classification of Diseases, Tenth Edition. In SWOG, a 
death was deemed cancer related if it followed a documented can-
cer progression. SWOG rates were adjusted using cause-of-death 
data available for a subset of patients (see Supplementary Methods, 
available online).

Finally, we assessed the extent to which study factors determined 
variation in survival outcomes. We estimated components of vari-
ation of the factors by comparing the partial log-likelihoods from 
nested models. We took the average of both forward and backward 
nesting approaches, with factors rank-ordered for model inclusion 
according to their χ2 statistic in a multivariable model.

All analyses were limited to survival in the first 5  years after 
diagnosis to emphasize outcomes related to cancer and its treat-
ments. All statistical tests were two-sided.

results
Study Selection
Of 102 SWOG studies examined, 64 were initially excluded 
(Figure 1). Seventeen of the remaining 38 studies were excluded 
because of inadequate SEER data on essential tumor characteristics.

Study Profiles and Eligibility
Twenty-one studies (n = 21/38; 55%) met the specified study inclu-
sion criteria (Table  1) (18–38). The study sample included both 
early- and late-stage cancers from many cancer types. A  total of 
5190 SWOG patients and 69 187 SEER patients from 1987 to 
2007 were analyzed.

Table  2 summarizes additional eligibility criteria from the 
SWOG study that do not specifically pertain to histology or tumor 
characteristics. Nearly all studies had prior systemic therapy exclu-
sions and required adequate kidney, liver, and hematologic function. 
The majority of studies required no current evidence or history 
of cardiac dysfunction. Other common exclusion criteria included 
other serious medical conditions, diseases, or active infections, and 
low patient functional status. Most of the criteria in Table 2 could 
not be accounted for using SEER data.

The mean total number of eligibility criteria for a given study 
was 16.1, of which 9.8 (60%) were related to comorbidity or per-
formance status.

Demographic Factors and Stage
Figure 2 shows the difference between SEER and SWOG patients 
for each demographic and stage factor. The SEER cohort was con-
sistently more likely to be older and, to a lesser degree, female, but 
there were no panel-wide trends in the proportion of patients with 
higher stage or black race.

Overall Survival Comparisons Between SWOG and SEER
Figure 3 shows both unadjusted and multivariable (adjusted) haz-
ard ratios comparing overall survival between SWOG and SEER 
cohorts in descending order of average 2-year survival. Eleven 
studies had average 2-year survival of 50% or greater (good prog-
nosis) and 10 studies had 2-year survival of less than 50% (poor 
prognosis). For none of the good-prognosis studies did survival 
for SWOG patients statistically significantly differ from survival 
for SEER patients in multivariable analysis, whereas for nine of 
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10 poor prognosis studies, SWOG patients had statistically signifi-
cantly lower risk of death (P < .001).

We found no evidence that the hazard ratios for trial participa-
tion differed over calendar time for either good-prognosis (P = .50) 
or poor-prognosis (P =  .69) studies (see Supplementary Figure 1, 
available online). Also, results did not substantively change when 
a covariable for Hispanic ethnicity was added to the multivariable 
models (see Supplementary Methods, available online).

Differences in Aggregate Survival Patterns Between 
SWOG and SEER Patients
Examination of the individual study-specific survival curves (see 
Supplementary Figure 2, available online) indicated a frequent 
pattern of an early survival advantage for SWOG patients that 
waned over time for both good- and poor-prognosis cancers. 
Using aggregate data, we examined Kaplan–Meier plots of 
overall survival and corresponding smoothed hazard functions 
(Figure  4). For both good- and poor-prognosis patients, the 
hazard function for SWOG patients was initially much lower 
than the hazard function for SEER patients. But, by year 1, the 
hazard functions for both SEER and SWOG patients no longer 
differed, suggesting that trial participation was associated with 
better survival only in the first year. Importantly, this analysis 
revealed a consistent association of trial participation and sur-
vival that was not evident in the individual survival analyses for 
good-prognosis studies, likely because of limited power in that 
setting.

Average Effect Accounting for the First-Year Survival 
Difference
For good-prognosis patients, the mean of the adjusted hazard ratios 
for overall survival comparing SWOG with SEER patients shown 

in Figure 3 was not statistically different from 1.0 (mean = 0.96; 
95% CI = 0.92 to 1.01; P = .12). We analyzed the subset of patients 
who survived 1 year using landmark survival analysis. The results 
were similar (mean = 1.05; 95% CI = 0.96 to 1.14; P = .22). However, 
for poor-prognosis patients, the mean of the multivariable hazard 
ratios shown in Figure 3 was much less than 1.0 (mean = 0.74; 95% 
CI = 0.64 to 0.84; P < .001). Conditioning on 1-year survival, this 
difference was no longer evident (mean = 1.05; 95% CI = 0.95 to 
1.15; P = .27), reinforcing the observation that the impact of trial 
participation endured for only about 1 year.

Analysis of Cancer-Specific and 
Non-Cancer-Specific Events
The proportion of patients experiencing cancer-related and non-
cancer-related deaths relative to the number of patients at risk was 
analyzed by year. Non-cancer-related deaths were lower in SWOG 
patients, although this difference was small and relatively stable 
across all 5 years of follow-up (Figure 5). In contrast, cancer-related 
deaths were notably lower in the first year in SWOG patients but 
similar to SEER patients in later years. Therefore the difference in 
the patterns of death for trial vs nontrial patients between year 1 vs 
years 2 to 5 is largely attributable to different patterns of cancer-
related deaths.

Attributable Variation
In the non-sex-specific studies, disease and stage explained 92.2% 
of the relative variation in survival outcomes, followed by age 
(5.2%), trial participation (1.5%), race (0.6%), and sex (0.5%). 
In the first year only, estimate of variation in survival outcomes 
attributable to disease and stage was 88.4% and to trial participa-
tion was 4.9%, compared with 92.7% and 1.2%, respectively, after 
1 year.

Figure 1. Study identification flow diagram. One hundred two phase 
III SWOG studies were examined over the 25-year period from 1987 
to 2011. Among these, 64 were excluded from further consideration, 
33 because of early closure (of which 30 were closed early because 
of poor accrual, two were closed early because of changed relation-
ship with the drug manufacturer, and one was a positive study based 
on progression-free survival), 12 were still active or recently closed, 

seven did not have upfront randomization, six had nonsurvival end-
points, and six were studies for recurrent disease. Of the 38 consid-
ered for comparison with Surveillance, Epidemiology, and End Results 
(SEER) registry data, 17 were excluded because SEER did not have 
essential staging criteria to replicate the SWOG study. In the end, 21 
of 38 studies (55% of those considered for stage comparison) were 
identified.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju002/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju002/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju002/-/DC1


JNCI | Article 4 of 13jnci.oxfordjournals.org

Ta
b

le
 1

. 
S

W
O

G
 s

tu
d

ie
s 

in
cl

u
d

ed
 f

o
r 

co
m

p
ar

is
o

n
 w

it
h

 t
h

e 
S

u
rv

ei
lla

n
ce

, E
p

id
em

io
lo

g
y,

 a
n

d
 E

n
d

 R
es

u
lt

s 
(S

E
E

R
) 

re
g

is
tr

y*

S
W

O
G

 c
ri

te
ri

a
C

o
rr

es
p

o
n

d
in

g
 S

E
E

R
 c

ri
te

ri
a

C
an

ce
r 

an
d

 
st

u
d

y 
n

o.
Ye

ar
s 

o
f 

 
ac

cr
u

al
H

is
to

lo
gy

M
aj

o
r 

tu
m

o
r 

ch
ar

ac
te

ri
st

ic
 c

ri
te

ri
a 

 
fr

o
m

 S
W

O
G

 s
tu

d
ie

s†
S

W
O

G
  

N
o.

S
E

E
R

  
N

o.
IC

D
-O

-3
  

p
ri

m
ar

y 
si

te
H

is
to

lo
gy

  
co

d
e

B
ra

in
 S

00
01

20
01

–2
00

5
G

lio
bl

as
to

m
a 

m
ul

tif
or

m
e/

 
gl

io
sa

rc
om

a
B

io
ps

y 
or

 s
ur

gi
ca

l r
es

ec
tio

n 
pr

io
r 

to
 r

eg
is

tr
at

io
n

89
22

64
C

71
0–

72
5

94
40

–9
44

4

B
re

as
t 

S
93

13
19

94
–1

99
7

A
de

no
ca

rc
in

om
a‡

S
ta

ge
 T

1-
3,

 N
0,

 M
0 

(s
el

ec
te

d 
st

ag
es

 I-
III

; n
o 

lo
ca

lly
 

ad
va

nc
ed

 d
is

ea
se

)
A

xi
lla

ry
 d

is
se

ct
io

n 
re

qu
ire

d
≥6

 n
od

es
 r

em
ov

ed
 a

nd
 e

xa
m

in
ed

≤3
 p

os
iti

ve
 n

od
es

Tu
m

or
 >

2 
cm

 a
nd

 E
R

/P
R

 (-
) o

r 
(+

); 
or

, 1
-3

 (+
) a

xi
lla

ry
 

no
de

s
Pr

io
r 

m
as

te
ct

om
y 

or
 b

re
as

t 
sp

ar
in

g 
su

rg
er

y

14
23

99
41

C
50

0–
50

9
85

00
–8

53
0

B
re

as
t 

S
00

12
20

01
–2

00
5

Lo
ca

lly
 a

dv
an

ce
d 

or
 

in
fla

m
m

at
or

y 
br

ea
st

 
ca

rc
in

om
a

S
ta

ge
 II

B
–I

IIB
 (M

0)
39

1
28

55
C

50
0–

50
6,

 
C

50
8–

50
9

A
ny

G
I-G

as
tr

ic
 S

90
08

19
91

–1
99

8
A

de
no

ca
rc

in
om

a§
S

ta
ge

 IB
–I

V
 (M

0)
Pr

io
r 

en
 b

lo
c 

su
rg

er
y

28
3

24
87

C
15

0–
15

5,
 

58
–6

6,
 6

8–
69

81
40

–8
80

0

G
I-P

an
cr

ea
s 

S
02

05
20

04
–2

00
6

A
de

no
ca

rc
in

om
aǁ

Lo
ca

lly
 a

dv
an

ce
d 

(n
ot

 s
ur

gi
ca

lly
 r

es
ec

ta
bl

e,
 ie

, n
o 

pr
io

r 
su

rg
er

y)
 o

r 
m

et
as

ta
tic

 d
is

ea
se

82
19

43
C

25
0–

25
4,

 
C

25
7–

25
9

81
40

G
U

-B
la

dd
er

 
S

87
10

19
88

–1
99

7
Tr

an
si

tio
na

l c
el

l c
ar

ci
no

m
a

S
ta

ge
 T

2–
T4

A
 (n

o 
m

et
as

ta
si

s)
14

8
23

77
C

67
0–

67
9

81
20

–8
12

4

G
U

-B
la

dd
er

 
S

87
95

19
88

–1
99

2
Tr

an
si

tio
na

l c
el

l c
ar

ci
no

m
a 

(in
cl

ud
in

g 
pa

pi
lla

ry
)

S
ta

ge
 T

a–
T1

 a
nd

 g
ra

de
 I–

IV
C

om
pl

et
el

y 
re

se
ct

ed
19

1
50

59
C

67
0–

67
9

81
20

–8
12

4,
 8

13
0

G
U

-P
ro

st
at

e 
S

88
94

19
89

–1
99

4
A

de
no

ca
rc

in
om

a
S

ta
ge

 D
2

53
4

59
61

C
61

9
81

40

G
U

-R
en

al
 S

89
49

19
91

–1
99

8
C

ar
ci

no
m

a
M

et
as

ta
tic

N
o 

ne
ph

re
ct

om
y 

(s
ta

nd
ar

d 
ar

m
)

95
15

69
C

64
9

83
12

G
Y

N
-C

er
vi

x 
S

87
97

19
90

–1
99

6
S

qu
am

ou
s 

ce
ll 

ca
rc

in
om

a,
 

ad
en

oc
ar

ci
no

m
a,

 
or

 a
de

no
sq

ua
m

ou
s 

ca
rc

in
om

a

S
ta

ge
s 

IA
2,

 IB
, o

r 
IIA

R
ad

ic
al

 h
ys

te
re

ct
om

y 
w

ith
 t

ot
al

 p
el

vi
c 

ly
m

ph
ad

en
ec

to
m

y
Po

si
tiv

e 
pe

lv
ic

 o
r 

pa
ra

m
et

ria
l, 

an
d 

ne
ga

tiv
e 

pa
ra

-
ao

rt
ic

, n
od

al
 in

vo
lv

em
en

t

13
0

13
7

C
53

0–
53

1,
 

C
53

8–
53

9
80

70
–8

, 8
14

0–
7,

 
82

60
–3

, 8
31

0–
84

, 
85

60
–6

2

LE
U

K
-A

M
L 

S
90

31
19

91
–1

99
4

A
M

L
FA

B
 c

la
ss

es
 M

0–
M

2,
 M

4–
M

7 
(e

xc
lu

de
d 

M
3s

 b
eg

in
-

ni
ng

 in
 A

ug
us

t,
 1

99
2)

85
16

72
C

42
0–

1,
 C

42
4

98
01

, 9
84

0,
 9

86
1,

 
98

66
–7

, 9
87

1–
74

, 
98

91
, 9

89
6,

 9
91

0
LE

U
K

-A
M

L 
S

93
33

19
95

–1
99

8
A

M
L

FA
B

 c
la

ss
es

 M
0–

M
2,

 M
4–

M
7 

(e
xc

lu
de

d 
M

3s
)

12
9

23
20

C
42

0–
1,

 C
42

4
98

01
, 9

84
0,

 9
86

1,
 

98
67

, 9
87

1–
74

, 
98

91
, 9

89
6,

 9
91

0
Lu

ng
-N

S
C

LC
 

S
87

38
19

88
–1

99
0

S
qu

am
ou

s 
ce

ll 
ca

rc
in

om
a,

 
ad

en
oc

ar
ci

no
m

a,
 a

nd
 

la
rg

e 
ce

ll 
ca

rc
in

om
a

M
1 

di
se

as
e 

(in
cl

ud
in

g 
lu

ng
 m

et
as

ta
si

s)
. E

xc
lu

de
 

pa
tie

nt
s 

w
ith

 m
et

s 
on

ly
 t

o 
ip

si
la

te
ra

l h
ila

r 
no

de
s 

(N
1)

 a
nd

/o
r 

m
ed

ia
st

in
al

 n
od

es
 (N

2)
 o

r 
su

pr
ac

la
vi

cu
-

la
r 

no
de

s 
(N

3)
 O

N
LY

94
40

84
C

34
0–

3,
 

C
34

8–
9

80
12

, 8
07

0–
78

, 
81

40
–4

7

Lu
ng

-N
S

C
LC

 
S

93
08

19
93

–1
99

5
A

ny
 N

S
C

LC
S

ta
ge

 II
IB

 (b
as

ed
 o

n 
po

si
tiv

e 
pl

eu
ra

l e
ff

us
io

ns
 o

r 
ip

si
la

te
ra

l l
un

g 
in

vo
lv

em
en

t)
 o

r 
st

ag
e 

IV
17

8
47

55
C

34
0–

3,
 

C
34

8–
9

80
12

, 8
04

6,
 8

07
0–

8,
 

81
40

–7
, 8

24
0–

50
, 

85
60

, 9
05

0–
3

(T
ab

le
 c

on
tin

ue
s)



Vol. 106, Issue 3 | dju002 | March 12, 20145 of 13 Article | JNCI

S
W

O
G

 c
ri

te
ri

a
C

o
rr

es
p

o
n

d
in

g
 S

E
E

R
 c

ri
te

ri
a

C
an

ce
r 

an
d

 
st

u
d

y 
n

o.
Ye

ar
s 

o
f 

 
ac

cr
u

al
H

is
to

lo
gy

M
aj

o
r 

tu
m

o
r 

ch
ar

ac
te

ri
st

ic
 c

ri
te

ri
a 

 
fr

o
m

 S
W

O
G

 s
tu

d
ie

s†
S

W
O

G
  

N
o.

S
E

E
R

  
N

o.
IC

D
-O

-3
  

p
ri

m
ar

y 
si

te
H

is
to

lo
gy

  
co

d
e

Lu
ng

-N
S

C
LC

 
S

95
09

19
96

–1
99

7
A

ny
 N

S
C

LC
 (e

xc
ep

t 
br

on
ch

io
al

ve
ol

ar
)

S
ta

ge
 II

IB
 w

ith
 e

ith
er

 1
) T

4 
di

se
as

e 
du

e 
to

 m
al

ig
na

nt
 

pl
eu

ra
l e

ff
us

io
n;

 2
) m

ul
tip

le
 le

si
on

s 
in

 a
 s

in
gl

e 
lo

be
 

co
nt

ai
ni

ng
 a

 T
3 

or
 T

4 
pr

im
ar

y;
 o

r 
3)

 le
si

on
s 

in
 m

ul
ti-

pl
e 

lo
be

s 
of

 t
he

 ip
si

la
te

ra
l l

un
g 

fo
r 

w
hi

ch
 o

ne
 s

uc
h 

le
si

on
 is

 T
3 

or
 T

4;
¶

 o
r 

st
ag

e 
IV

20
5

48
17

C
34

0–
3,

 
C

34
8–

9
80

12
, 8

04
6,

 8
07

0–
8,

 
81

40
–7

, 8
24

0–
9,

 
85

60
, 9

05
0–

3

Lu
ng

-N
S

C
LC

 
S

99
00

19
99

–2
00

4
A

ny
 N

S
C

LC
S

el
ec

te
d 

st
ag

es
 IB

 (T
2N

0)
, I

I (
T1

–2
, N

1;
 o

r T
3N

0)
, o

r 
III

A
 (T

3N
1)

Li
m

ite
d 

to
 s

ur
ge

ry
 t

yp
e 

sp
ec

ifi
ed

 in
 p

ro
to

co
l: 

lo
be

c-
to

m
y,

 s
le

ev
e 

re
se

ct
io

n,
 b

ilo
be

ct
om

y,
 o

r 
pn

eu
m

o-
ne

ct
om

y 
(e

xc
lu

de
s 

lim
ite

d 
re

se
ct

io
n 

or
 N

O
S

)

16
8

82
9

C
34

0–
3,

 
C

34
8–

9
80

12
, 8

04
6,

 8
07

0–
8,

 
81

40
–7

, 8
24

0–
50

, 
85

60
, 9

05
0–

3

Lu
ng

-N
S

C
LC

 
S

00
03

#
20

00
–2

00
2

S
qu

am
ou

s,
 a

de
no

-, 
 

la
rg

e 
ce

ll,
 o

r 
 

N
S

C
LC

 c
ar

ci
no

m
a

U
se

 n
ew

ly
 d

ia
gn

os
ed

, s
el

ec
te

d 
st

ag
e 

III
B

 (b
as

ed
 o

n 
po

si
tiv

e 
pl

eu
ra

l e
ff

us
io

ns
) o

r 
st

ag
e 

IV
16

5
77

27
C

34
0–

3,
 

C
34

8–
9

80
12

, 8
04

6,
 8

07
0–

8,
 

81
40

–7

Lu
ng

-S
C

LC
 

S
01

24
20

02
–2

00
7

A
ny

 S
C

LC
E

xt
en

si
ve

 d
is

ea
se

26
6

27
90

C
34

0–
3,

 
C

34
8–

9
80

41
–5

M
el

an
om

a 
S

86
42

19
87

–1
99

0
A

ny
 m

el
an

om
a

S
ta

ge
 II

 (t
hi

ck
ne

ss
 ≥

1.
5,

 N
0,

 M
0)

 o
r 

III
 (a

ny
 T,

 N
1-

2,
 

M
0)

C
om

pl
et

e 
w

id
e-

ex
ci

si
on

 o
f 

tu
m

or
 (≥

1 
cm

 m
ar

gi
n)

**

96
73

8
C

44
0–

9
87

20
–7

2

M
el

an
om

a 
S

90
35

19
92

–1
99

6
A

ny
 m

el
an

om
a

S
ta

ge
 T

3N
0M

0 
(t

hi
ck

ne
ss

 1
.5

1–
4.

00
 m

m
 o

r 
C

la
rk

 IV
 if

 
th

ic
kn

es
s 

un
kn

ow
n)

C
om

pl
et

e 
w

id
e-

ex
ci

si
on

 o
f 

tu
m

or
 (≥

1 
cm

 m
ar

gi
n)

**

29
9

13
47

C
44

0–
9

87
20

–7
2

M
ye

lo
m

a 
S

86
24

19
87

–1
99

0
M

ul
tip

le
 m

ye
lo

m
a

Pr
ev

io
us

ly
 u

nt
re

at
ed

13
9

35
15

C
42

1
97

32
TO

TA
L 

21
 

st
ud

ie
s

21
 y

ea
rs

 
(1

98
7–

20
07

)
51

90
69

 1
87

* 
A

M
L 

=
 a

cu
te

 m
ye

lo
id

 le
uk

em
ia

; E
R

 =
 e

st
ro

ge
n 

re
ce

pt
or

; F
A

B
 =

 F
re

nc
h-

A
m

er
ic

an
-B

rit
is

h;
 G

I =
 g

as
tr

oi
nt

es
tin

al
; G

U
 =

 g
en

ito
ur

in
ar

y;
 G

Y
N

 =
 g

yn
ec

ol
og

ic
; L

E
U

K
 =

 le
uk

em
ia

; N
S

C
LC

 =
 n

on
–s

m
al

l c
el

l l
un

g 
ca

nc
er

; 
P

R
 =

 p
ro

ge
st

er
on

e 
re

ce
pt

or
; S

C
LC

 =
 s

m
al

l c
el

l l
un

g 
ca

nc
er

.

† 
A

ll 
cr

ite
ria

 li
st

ed
 in

 t
he

 t
ab

le
 w

er
e 

ex
pl

ic
itl

y 
ac

co
un

te
d 

fo
r 

in
 S

E
E

R
. A

dd
iti

on
al

 tu
m

or
 c

ha
ra

ct
er

is
tic

 c
rit

er
ia

 t
ha

t 
co

ul
d 

no
t 

be
 a

cc
ou

nt
ed

 fo
r 

ex
pl

ic
itl

y 
in

 S
E

E
R

 in
cl

ud
e:

 B
ra

in
, S

00
01

) P
at

ie
nt

s 
w

ith
 t

hr
ee

 o
r 

m
or

e 
no

nc
on

tig
uo

us
 s

ite
s 

ar
e 

in
el

ig
ib

le
; G

I-G
as

tr
ic

, S
90

08
) N

o 
as

ci
te

s;
 n

o 
pe

rit
on

ea
l s

ee
di

ng
; n

o 
liv

er
 m

et
as

ta
se

s 
or

 e
xt

ra
-a

bd
om

in
al

 m
et

as
ta

se
s;

 G
U

-B
la

dd
er

, S
87

10
) O

ne
 o

r 
m

or
e 

ki
dn

ey
 a

nd
 p

ro
xi

m
al

 u
re

te
r 

fr
ee

 o
f 

tu
m

or
 

an
d 

al
l o

th
er

 d
is

ea
se

 r
es

ec
ta

bl
e;

 G
U

-B
la

dd
er

, S
87

95
) N

o 
re

cu
rr

en
t 

tu
m

or
 o

n 
cy

st
os

co
py

 w
ith

in
 4

 w
ee

ks
 if

 f
irs

t T
U

R
B

T 
m

or
e 

th
an

 4
 w

ee
ks

 b
ef

or
e 

re
gi

st
ra

tio
n;

 a
nd

, r
an

do
m

 b
io

ps
y 

or
 a

 n
eg

at
iv

e 
ur

in
ar

y 
cy

to
lo

gy
; 

G
U

-R
en

al
, S

89
49

) P
rim

ar
y 

ca
nc

er
 m

us
t 

be
 a

m
en

ab
le

 t
o 

su
rg

er
y 

if 
pa

tie
nt

 d
id

 n
ot

 o
th

er
w

is
e 

ha
ve

 m
et

as
ta

tic
 d

is
ea

se
; L

eu
ke

m
ia

-A
M

L,
 S

90
31

 a
nd

 S
93

33
) E

xc
lu

de
 b

la
st

ic
 t

ra
ns

fo
rm

at
io

n 
of

 c
hr

on
ic

 m
ye

lo
ge

no
us

 
le

uk
em

ia
; L

un
g-

N
S

C
LC

, S
95

09
) E

xc
lu

de
 s

ta
ge

 II
IB

 tu
m

or
s 

in
vo

lv
in

g 
th

e 
su

pe
rio

r 
su

lc
us

; L
un

g-
N

S
C

LC
, S

99
00

) N
o 

pa
tie

nt
s 

w
ith

 s
ym

pt
om

at
ic

 tu
m

or
s 

(T
3,

N
0–

N
1)

 in
vo

lv
in

g 
th

e 
su

pe
rio

r 
su

lc
us

; M
el

an
om

a,
 S

90
35

) 
Ly

m
ph

ad
en

ec
to

m
y 

m
us

t 
ha

ve
 r

es
ol

ve
d;

 p
at

ie
nt

s 
w

ith
 s

us
pi

ci
ou

s 
no

de
s 

m
us

t 
ha

ve
 r

eg
io

na
l l

ym
ph

 n
od

e 
di

ss
ec

tio
n 

w
ith

 n
eg

at
iv

e 
no

de
s;

 M
ye

lo
m

a,
 S

86
42

) S
pe

ci
fic

 p
ro

te
in

 c
rit

er
ia

; a
nd

, p
at

ie
nt

s 
w

ith
 im

m
un

og
lo

bu
lin

 
M

 m
ye

lo
m

a 
no

t 
el

ig
ib

le
.

‡ 
E

xc
lu

di
ng

 tu
bu

la
r, 

m
uc

in
ou

s,
 p

ap
ill

ar
y,

 s
ar

co
m

a,
 ly

m
ph

om
a,

 a
po

cr
in

e,
 a

de
no

cy
st

ic
, o

r 
sq

ua
m

ou
s 

ce
ll 

ca
rc

in
om

a;
 d

uc
ta

l o
r 

lo
bu

la
r 

ca
rc

in
om

a 
in

 s
itu

 a
llo

w
ed

 if
 o

ne
 t

o 
th

re
e 

po
si

tiv
e 

no
de

s.
 P

at
ie

nt
s 

w
ith

 tu
m

or
 g

re
at

er
 

th
an

 1
 c

m
 a

nd
 E

R
/P

R
(-)

 e
xc

lu
de

d 
fr

om
 b

ot
h 

S
W

O
G

 a
nd

 S
E

E
R

 d
at

as
et

s 
be

ca
us

e 
of

 la
ck

 o
f 

E
R

/P
R

 d
at

a 
in

 S
E

E
R

 d
ur

in
g 

th
e 

st
ud

y 
pe

rio
d.

§ 
S

to
m

ac
h 

an
d 

es
op

ha
go

ga
st

ric
 ju

nc
tio

n.

ǁ 
E

xc
lu

de
 e

nd
oc

rin
e 

tu
m

or
s,

 ly
m

ph
om

a 
of

 p
an

cr
ea

s,
 o

r 
am

pu
lla

ry
 c

an
ce

r.

¶
 

Fo
r 

III
B

 d
ef

in
iti

on
 in

 S
E

E
R

, s
im

pl
ifi

ed
 a

s 
III

B
 w

ith
 T

3 
or

 T
4 

ex
te

nt
-o

f-
di

se
as

e.

# 
A

lth
ou

gh
 S

00
03

 a
llo

w
ed

 r
ec

ur
re

nt
 p

at
ie

nt
s,

 t
he

se
 w

er
e 

ex
cl

ud
ed

. C
om

pa
ris

on
 w

ith
 S

E
E

R
 r

el
ie

d 
on

 n
ew

ly
 d

ia
gn

os
ed

 p
at

ie
nt

s 
on

ly
.

**
 D

et
ai

le
d 

su
rg

ic
al

 r
es

ec
tio

n 
cr

ite
ria

 w
er

e 
sp

ec
ifi

ed
.

Ta
b

le
 1

 (
C

o
n

ti
n

u
ed

).



JNCI | Article 6 of 13jnci.oxfordjournals.org

Ta
b

le
 2

. 
E

lig
ib

ili
ty

 c
ri

te
ri

a 
fo

r 
S

W
O

G
 c

lin
ic

al
 t

ri
al

s*

C
an

ce
r 

ty
p

e 
an

d
  

st
u

d
y 

N
o.

M
in

 (
m

ax
) 

ag
e

N
o

 p
ri

o
r 

ca
n

ce
r†

P
ri

o
r 

tr
ea

tm
en

t 
ex

cl
u

si
o

n
s

O
rg

an
 

fu
n

ct
io

n
 

cr
it

er
ia

‡
M

ax
 

P
S

§
O

th
er

 
P

S

P
re

g
n

an
t/

 
co

n
tr

a-
 

ce
p

ti
o

n

S
er

io
u

s 
m

ed
ic

al
 

co
n

d
it

io
n
ǁ

H
I V

P
ri

o
r T

X
 

ti
m

in
g

O
th

er
 o

n
- 

st
u

d
y 

th
er

ap
y

N
o

 
b

ra
in

 
m

et
s

S
tu

d
y 

d
ru

g
 

al
le

rg
y

S
ca

n
 

ti
m

in
g

N
o.

 
o

th
er

 
cr

it
er

ia
¶

B
ra

in
, S

00
01

18
X

C
h,

 R
T

K
, P

2
—

X
X

X
—

X
—

X
X

0
B

re
as

t,
 S

93
13

N
S

—
C

h,
 R

, S
K

, L
, H

, C
—

LT
FU

X
X

—
X

—
—

—
X

1
B

re
as

t,
 S

00
12

N
S

X
C

h,
 H

r, 
R

T,
 S

K
, L

, H
, C

2
—

X
—

X
—

X
—

—
X

0
G

I-G
as

tr
ic

, S
90

08
N

S
X

C
h,

 B
, R

T
K

, L
, H

2
—

X
X

—
X

—
—

—
X

1
G

I-P
an

cr
ea

s,
 S

02
05

N
S

X
C

h
K

, L
, H

, C
2

—
X

—
X

X
X

X
—

X
0

G
U

-B
la

dd
er

, S
87

10
N

S
X

R
T#

K
, L

, H
, C

1
C

U
R

E
X

X
—

X
—

—
—

X
1

G
U

-B
la

dd
er

, S
87

95
N

S
X

C
h

K
, L

, H
2

LE
X

—
—

X
X

—
—

X
1

G
U

-P
ro

st
at

e,
 S

88
94

N
S

X
C

h,
 H

r, 
B

K
, L

, H
3

—
—

X
—

—
X

—
—

X
0

G
U

-R
en

al
, S

89
49

N
S

X
C

h,
 H

r, 
B

, R
T*

*
K

, L
, H

, C
2

—
X

—
—

—
X

X
—

X
0

G
Y

N
-C

er
vi

x,
 S

87
97

N
S

X
C

h,
 H

r, 
B

, R
T#

K
, L

, H
2

—
—

X
—

X
—

—
—

X
1

LE
U

K
-A

M
L,

 S
90

31
56

X
C

h
K

, L
, C

3
—

X
—

—
—

—
—

—
X

0
LE

U
K

-A
M

L,
 S

93
33

56
X

C
h

K
, L

, C
3

—
X

—
—

—
—

—
—

X
1

Lu
ng

-N
S

C
LC

, S
87

38
N

S
X

C
h

K
, H

, C
2

LE
X

—
—

—
X

X
—

X
0

Lu
ng

-N
S

C
LC

, S
93

08
18

X
C

h,
 B

K
, L

, H
1

—
X

X
—

X
—

X
—

X
1

Lu
ng

-N
S

C
LC

, S
95

09
18

X
C

h,
 B

K
, L

, H
, C

1
—

X
X

—
—

—
X

X
X

1
Lu

ng
-N

S
C

LC
, S

99
00

18
X

C
h,

 R
T

K
, L

, H
, P

1
—

X
X

—
—

X
—

X
X

1
Lu

ng
-N

S
C

LC
, S

00
03

N
S

X
C

h,
 B

K
, L

, H
1

—
X

—
—

X
—

X
X

X
0

Lu
ng

-S
C

LC
, S

01
24

18
X

C
h,

 R
T†

†
K

, L
, H

1
—

X
—

X
X

—
—

—
X

1
M

el
an

om
a,

 S
86

42
18

 (7
0)

X
C

h,
 H

r, 
B

, R
T

K
, L

, H
, C

1
—

X
X

—
—

X
—

—
X

2
M

el
an

om
a,

 S
90

35
18

X
C

h,
 H

r, 
B

, R
T

K
, L

, H
, C

1
—

X
—

—
X

X
—

—
X

0
M

ye
lo

m
a,

 S
86

24
N

S
X

C
h

H
‡‡

, C
3

—
—

X
—

—
—

—
—

X
1

* 
O

nl
y 

th
e 

fir
st

 t
w

o 
cr

ite
ria

 li
st

ed
 (a

ge
 a

nd
 p

rio
r 

ca
nc

er
) w

er
e 

ex
pl

ic
itl

y 
ac

co
un

te
d 

fo
r 

in
 t

he
 S

ur
ve

ill
an

ce
, E

pi
de

m
io

lo
gy

, a
nd

 E
nd

 R
es

ul
ts

 (S
E

E
R

) r
eg

is
tr

y.
 A

ll 
ot

he
r 

cr
ite

ria
 c

ou
ld

 n
ot

 b
e 

ac
co

un
te

d 
fo

r 
ba

se
d 

on
 S

E
E

R
 

da
ta

. E
lig

ib
ili

ty
 c

rit
er

ia
 t

ha
t 

re
la

te
d 

to
 c

om
or

bi
di

ty
 o

r 
pe

rf
or

m
an

ce
 s

ta
tu

s 
in

cl
ud

ed
 p

rio
r 

tr
ea

tm
en

t 
ex

cl
us

io
ns

, p
rio

r 
m

al
ig

na
nc

y 
ex

cl
us

io
ns

, p
er

fo
rm

an
ce

 s
ta

tu
s,

 o
rg

an
 f

un
ct

io
n 

st
at

us
, h

um
an

 im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s 

st
at

us
, s

er
io

us
 m

ed
ic

al
 c

on
di

tio
ns

, b
ra

in
 m

et
as

ta
se

s,
 s

tu
dy

 d
ru

g 
al

le
rg

y,
 a

nd
 m

ax
im

um
 a

ge
 li

m
it.

 E
m

pt
y 

ce
lls

 (c
el

ls
 w

ith
 d

as
he

s)
 in

di
ca

te
 t

he
 p

ar
tic

ul
ar

 e
lig

ib
ili

ty
 c

rit
er

io
n 

w
as

 n
ot

 in
cl

ud
ed

 in
 t

he
 s

tu
dy

 p
ro

to
co

l.

 
A

M
L 

=
 a

cu
te

 m
ye

lo
id

 le
uk

em
ia

; B
 =

 b
io

lo
gi

c 
th

er
ap

y;
 C

 =
 c

ar
di

ac
; C

h 
=

 c
he

m
ot

he
ra

py
; C

U
R

E
 =

 p
ot

en
tia

lly
 c

ur
ab

le
; G

I =
 g

as
tr

oi
nt

es
tin

al
; G

U
 =

 g
en

ito
ur

in
ar

y;
 G

Y
N

 =
 g

yn
ec

ol
og

ic
; H

 =
 h

em
at

ol
og

ic
; H

IV
 =

 h
um

an
 

im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s;

 H
r 

=
 h

or
m

on
al

 t
he

ra
py

; K
 =

 k
id

ne
y;

 L
 =

 li
ve

r;
 L

E
 =

 m
in

im
um

 li
fe

 e
xp

ec
ta

nc
y;

 L
E

U
K

 =
 le

uk
em

ia
; L

TF
U

 =
 a

de
qu

at
e 

he
al

th
 fo

r 
lo

ng
-t

er
m

 fo
llo

w
-u

p;
 N

S
 =

 n
ot

 s
pe

ci
fie

d;
 N

S
C

LC
 =

 n
on

–s
m

al
l c

el
l 

lu
ng

 c
an

ce
r;

 P
 =

 p
ul

m
on

ar
y;

 P
S

 =
 p

er
fo

rm
an

ce
 s

ta
tu

s;
 R

T 
=

 r
ad

ia
tio

n 
th

er
ap

y;
 S

 =
 s

ur
ge

ry
; S

C
LC

 =
 s

m
al

l c
el

l l
un

g 
ca

nc
er

; T
X

 =
 t

re
at

m
en

t.

† 
Ty

pi
ca

lly
 r

eq
ui

re
s 

no
 p

rio
r 

m
al

ig
na

nc
y 

ex
ce

pt
 a

de
qu

at
el

y 
tr

ea
te

d 
no

n-
m

el
an

om
a 

sk
in

 c
an

ce
r, 

in
 s

itu
 c

er
vi

ca
l c

an
ce

r, 
or

 o
th

er
 c

an
ce

r 
fo

r 
w

hi
ch

 t
he

 p
at

ie
nt

 h
as

 b
ee

n 
di

se
as

e 
fr

ee
 fo

r 
5 

or
 m

or
e 

ye
ar

s.

‡ 
O

rg
an

 f
un

ct
io

n 
cr

ite
ria

 w
er

e 
ba

se
d 

pr
im

ar
ily

 o
n 

th
e 

fo
llo

w
in

g 
te

st
s:

 fo
r 

ki
dn

ey
, c

re
at

in
in

e 
cl

ea
ra

nc
e 

an
d/

or
 s

er
um

 c
re

at
in

in
e;

 fo
r 

liv
er

 b
ili

ru
bi

n,
 s

er
um

 g
lu

ta
m

ic
 o

xa
lo

ac
et

ic
 t

ra
ns

am
in

as
e 

an
d/

or
 s

er
um

 g
lu

ta
m

ic
 p

yr
uv

at
e 

tr
an

sa
m

in
as

e;
 a

nd
 fo

r 
he

m
at

ol
og

ic
, w

hi
te

 b
lo

od
 c

ou
nt

 a
nd

 p
la

te
le

ts
.

§ 
Pe

rf
or

m
an

ce
 s

ta
tu

s 
is

 a
 m

ea
su

re
 o

f 
th

e 
pa

tie
nt

’s
 w

el
l-b

ei
ng

 a
nd

 a
ct

iv
ity

 le
ve

l. 
In

 S
W

O
G

, t
he

 c
od

in
g 

sc
he

m
e 

is
: 0

 =
 a

sy
m

pt
om

at
ic

 o
r 

fu
lly

 a
ct

iv
e;

 1
 =

 s
ym

pt
om

at
ic

 b
ut

 c
om

pl
et

el
y 

am
bu

la
to

ry
; 2

 =
 s

ym
pt

om
at

ic
 b

ut
 in

 
be

d 
le

ss
 t

ha
n 

50
%

 o
f 

da
y;

 3
 =

 s
ym

pt
om

at
ic

, m
or

e 
th

an
 5

0%
 o

f 
tim

e 
in

 b
ed

, b
ut

 n
ot

 b
ed

bo
un

d;
 4

 =
 c

om
pl

et
el

y 
di

sa
bl

ed
 o

r 
be

db
ou

nd
.

ǁ 
 

In
cl

ud
in

g 
ac

tiv
e 

in
fe

ct
io

ns
.

¶
 

O
th

er
 e

lig
ib

ili
ty

 c
rit

er
ia

 in
cl

ud
e:

 B
re

as
t,

 S
93

13
) P

at
ie

nt
s 

w
ith

 b
re

as
t-

sp
ar

in
g 

su
rg

er
y 

m
us

t 
pl

an
 R

T 
af

te
r 

ch
em

ot
he

ra
py

; G
I-G

as
tr

ic
, S

90
08

) G
oo

d 
ca

lo
ric

 in
ta

ke
 o

f 
15

00
 o

r 
m

or
e 

ca
lo

rie
s/

da
y 

re
qu

ire
d;

 G
U

-B
la

dd
er

, 
S

87
10

) N
or

m
al

 o
rg

an
 f

un
ct

io
n 

re
qu

ire
d;

 G
U

-B
la

dd
er

, S
87

95
) M

us
t 

be
 a

t 
in

cr
ea

se
d 

ris
k 

of
 p

ap
ill

ar
y 

tu
m

or
 r

ec
ur

re
nc

e;
 G

Y
N

-C
er

vi
x,

 S
87

97
) N

o 
pe

lv
ic

 in
fla

m
m

at
or

y 
di

se
as

e;
 L

eu
ke

m
ia

-A
M

L,
 S

93
33

) E
xc

lu
de

 if
 m

ar
ro

w
 

un
as

pi
ra

bl
e 

an
d 

w
hi

te
 b

lo
od

 c
el

ls
 a

nd
 b

la
st

s 
+

 p
ro

m
ye

lo
cy

te
s 

+
 p

ro
m

on
oc

yt
es

 o
ut

si
de

 n
or

m
al

 li
m

its
; L

un
g-

N
S

C
LC

, S
93

08
) N

o 
gr

ad
e 

2 
or

 g
re

at
er

 n
eu

ro
pa

th
y;

 L
un

g-
N

S
C

LC
, S

95
09

) N
o 

gr
ad

e 
2 

or
 g

re
at

er
 n

eu
ro

pa
th

y;
 

S
99

00
) N

o 
gr

ad
e 

2 
or

 g
re

at
er

 n
eu

ro
pa

th
y;

 L
un

g-
S

C
LC

, S
01

24
) P

rio
r 

br
ai

n 
m

et
as

ta
se

s 
m

us
t 

ha
ve

 b
ee

n 
tr

ea
te

d;
 M

el
an

om
a,

 S
86

42
) N

o 
kn

ow
n 

se
iz

ur
e 

di
so

rd
er

 o
r 

kn
ow

n 
ce

nt
ra

l n
er

vo
us

 s
ys

te
m

 d
is

ea
se

; n
o 

pr
io

r 
or

ga
n 

tr
an

sp
la

nt
; M

ye
lo

m
a,

 S
86

24
) P

at
ie

nt
s 

m
us

t 
ha

ve
 o

bj
ec

tiv
e 

ev
id

en
ce

, o
r 

be
 s

ym
pt

om
at

ic
 f

ro
m

, A
M

L.

# 
Pe

lv
ic

.

**
 E

xc
ep

t 
pa

lli
at

iv
e.

††
 E

xc
ep

t 
br

ai
n.

‡‡
 B

as
ed

 o
n 

M
-c

om
po

ne
nt

.



Vol. 106, Issue 3 | dju002 | March 12, 20147 of 13 Article | JNCI

Discussion
We found that trial participation was associated with better 
survival only in the first year. Short-term estimates of abso-
lute survival probabilities from clinical trials may be optimistic 
(Figure  4). Physicians who use clinical trial results to assist in 
making treatment decisions should be aware of this phenome-
non. Better short-term survival for trial patients is likely related 
to the exclusion of sicker patients from trials through eligibil-
ity criteria pertaining to comorbidity and performance status. 
These exclusions also resulted in trial cohorts that were much 
younger and somewhat less likely to be female, consistent with 
prior reports (39,40).

We did not explicitly assess whether the treatment effect in a 
clinical trial translates (ie, generalizes) to the broader cancer popu-
lation. Such a study would require a comparison between experi-
mental and standard arm treatments occurring in the general 
cancer population at the same time as the clinical trial is conducted. 
However, similar standard arm outcomes beyond the first year may 
improve confidence that efficacy of treatment in a trial translates 
to the real-world setting. This conclusion relies on the assumption 

that trial participation would impact standard and experimental 
treatment arms similarly and would not apply in instances where 
new treatments have too much toxicity or poor compliance. 
Importantly, we found no evidence that the association of trial par-
ticipation and survival increased over calendar time, which might 
be expected if new treatments adopted into standard care do not 
show the same benefit as observed in the clinical trial. This suggests 
that most patients may also benefit from the new treatments, even 
if not participating in trials.

The most reliable way to establish the causal relationship 
between trial participation and outcome would be to randomize 
patients to be offered a clinical trial vs not offered a clinical trial (41) 
Such a study would be practically and ethically difficult. Instead, 
the literature is based on observational studies, which focus on pre-
senting characteristics and absolute survival differences between 
trial and nontrial patients. Identification of the appropriate non-
trial control group is crucial to inference because any observational 
design will be limited by unmeasured confounding, whether trial 
patients are compared with eligible nontrial control subjects (bias 
with respect to factors associated with refusing trial participation), 

Figure 2. Horizontal barplots of the difference between Surveillance, Epidemiology, and End Results (SEER) and SWOG patients for each demographic 
and stage factor, in descending order of the absolute difference in percentages between SWOG and SEER cohorts. The SWOG percentage is also shown 
in each figure. Bars to the right of center indicate a higher proportion in SEER, and bars to the left of center indicate a higher proportion in SWOG.
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ineligible control subjects (bias with respect to prognosis), or popu-
lation control subjects (multiple biases) (41). These studies most 
often focused on single trial vs nontrial comparisons, raising the 
issue of subjective study selection.

Both Peppercorn et  al. (41) and Edwards et  al. (42) reviewed 
the historical literature. Both found that a majority of compari-
sons from cancer studies showed evidence of better outcomes for 
trial patients, with no evidence of harm. Peppercorn et  al. (41) 
concluded that there was no strong evidence of a benefit for trial 
patients, in part because of methodological issues with the nontrial 

comparator groups, whereas Edwards et  al. (42) concluded that 
there was positive, albeit weak, evidence that participation in trials 
improves outcomes. Other reviews and studies also found mixed 
evidence (43–46).

The inconclusive picture offered by the literature could be 
related to the transient impact of trial participation on sur-
vival found in this study. We re-examined the cancer studies 
included in two prior reviews (41,42). Studies were catego-
rized as good or poor prognosis as defined in this study. In 
total, there were 36 comparisons from 27 studies (see Table 3) 

Figure  3. Forest plot of univariate and multivariable hazard ratios 
(HRs) for overall survival, by study, ordered in descending order of 
average 2-year overall survival. In univariate analyses, two of 11 (18%) 
good-prognosis studies and nine of 10 (90%) poor-prognosis studies 
showed evidence of a survival benefit for trial patients (P  =  .002 by 

Fisher exact test). In multivariable analyses, zero of 11 good-prognosis 
studies and nine of 10 poor-prognosis studies showed evidence of a 
survival benefit for trial patients (P < .001). AML = acute myeloid leu-
kemia; NSCLC  =  non–small cell lung cancer; SCLC  =  small cell lung 
cancer.
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(47–73). Fifty-six percent of good-prognosis studies showed 
evidence of survival benefit for trial patients, compared with 
82% of poor-prognosis studies, a pattern consistent with but 
not as extreme as the pattern found in this study. A similar pat-
tern was found among comparisons that included multivariable 
analyses only (47,49,51–58,60–62,67–70) and adult cancers 
only (47–57,60,61,64–66,72,73).

We compared trial vs nontrial patients who were similar 
with respect to histology, stage, age, de novo presentation, year 
of diagnosis, race, sex, and treatment. What remained were dif-
ferences between databases that we could not account for. Trial 
patients could benefit from changes in behavior or outlook asso-
ciated with being under observation (the “Hawthorne” effect) 
(74) or from care that is administered according to strict proto-
col (75). Alternatively, none of the eligibility criteria outlined in 
Table 2, the majority of which pertain to performance status and 
comorbidities, could be accounted for. Therefore trial patients 
likely exhibit better outcomes because eligibility criteria pre-
vent sicker patients from enrolling on study. These enrollment 
restrictions appear to primarily limit early cancer deaths, sug-
gesting that comorbidity and performance status identify residual 

variation in cancer-specific survival even after accounting for 
stage. Unfortunately, the extent to which the survival differences 
were related to patient selection or other factors cannot be esti-
mated with these data.

This study also had some limitations. We were unable to 
account for the actual treatments of the nontrial control patients. 
It is inevitable that not all nontrial patients in SEER received 
standard of care for their histology and stage and may have 
received no treatment. The use of different databases with dif-
ferent methods of data collection may induce different patterns 
of endpoint assessment, which could impact analyses of cancer-
specific events in particular. Further, SEER patients have been 
shown to have, on average, higher socioeconomic status; thus 
SEER data are not precisely representative of the US cancer 
population (76,77). Because trial patients also tend to have higher 
socioeconomic status than the general cancer population (78), 
these consistent biases might enable a more, rather than less, fair 
comparison between trial and nontrial patients with respect to 
survival. Unfortunately, socioeconomic status was not available 
for both databases. Moreover, the nature of SEER data, with 
respect to racial, ethnic, sociodemographic, and age distributions, 

Figure 4. Overall survival and corresponding hazard functions for aggregate (equally weighted) study data by prognosis.
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has changed over time, which could impact analyses in unknown 
ways, although, importantly, we did not observe temporal trends 
toward greater or lesser generalizability over calendar time. In 
addition, these results may not apply to other clinical settings (ie, 
screening). Finally, some elements of this analysis were not pre-
specified, so a similar analysis in a different set of studies might 
reveal, in particular, a different duration of trial benefit than the 
1-year effect found in this analysis.

This study also had particular strengths compared with 
prior studies. The approach of systematically examining an 
entire cooperative group phase III clinical trial database limited 
potential subjective selection of studies. It also provided a large 
panel of studies for comparison. Because these studies were 
from one cooperative group, other potential sources of variation 
(eg, data collection methods, payment methods, study designs) 
were implicitly controlled for. These advantages allowed us to 
aggregate data across studies and thus distinguish the different 

behaviors of the survival functions between trial and nontrial 
patients.

These results may serve as a stimulus to design randomized 
trials with less strict eligibility criteria (79). We found that eli-
gibility pertaining to comorbid conditions comprised approxi-
mately 60% of all criteria. Despite this, histology and stage 
were primarily determinative of survival outcomes, even in the 
first year when the influence of trial participation was strong-
est. Eligibility criteria in clinical trials are clearly required to 
maintain patient safety; however, consideration should be given 
to relaxing or eliminating criteria where possible. For instance, 
laboratory cutoff values may exclude patients who are otherwise 
clinically appropriate for trial treatment, or the exclusion of 
patients with prior cancer may be less meaningful in an era in 
which increasingly more patients are cancer survivors. One con-
cern is that broader eligibility will introduce heterogeneity into 
the clinical trial cohort, which could reduce statistical power. 
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Figure 5. Total, cancer-specific, and non-cancer-specific deaths by year of 
follow-up by prognosis. For each of the first 5 years, the proportion of 
patients experiencing death of any kind, cancer-specific death, and non-
cancer-specific death relative to the number of patients at risk in each 
year is plotted for both SWOG and Surveillance, Epidemiology, and End 
Results (SEER) patients. Consistent with the Kaplan–Meier survival plots 
in Figure 4, the total event rate is notably lower in SWOG patients in the 
first year. In years 2 to 5, in contrast, the proportions of total events in 
SWOG and SEER patients are more similar and are decreasing as the risk 
of death decreases. For both good- and poor-prognosis patients, the pat-
tern of a relatively lower event rate for SWOG patients in year 1 is mostly 

reflective of a diminished rate of cancer-related deaths in year 1; although 
non-cancer-related deaths are also lower in SWOG patients, this difference 
was small and relatively stable across all 5 years of follow-up. Indeed, in 
good-prognosis patients, the unweighted ratio of the rate of SEER cancer 
deaths to SWOG cancer deaths was 1.60 in year 1 but was less than one 
(only 0.78) in years 2 to 5. For non-cancer-specific deaths, the ratios are 
very similar whether in year 1 (1.57) or years 2 to 5 (1.52), indicating the 
pattern change over time occurs in cancer-related deaths only. A similar 
pattern held for poor-prognosis cancers. In summary, the difference in the 
patterns of death for trial vs nontrial patients between year 1 vs. years 2 to 
5 is largely attributable to different patterns of cancer deaths.
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Table 3. Main results and prognosis for individual studies included in reviews by Edwards et al. (42) and Peppercorn et al. (41)*

Article† 
Cancer  

type Results‡
Prognosis  

group§

Evidenceǁ

Any  
(U or M) M¶,#

Antman (E) (47)** Sarcoma No U result; no SS difference in M DFS (P = .15); OS not 
reported

Good No No

Bertelsen (E) (48) Ovarian Difference in OS in U setting (P < .001) but not M setting w/
same TX (P = .98)

Good Yes No

Boros (P) (49) AML Difference in OS in U setting (P < .001) and in M setting 
(P = .02)

Poor Yes Yes

Burgers (P) (50) SCLC No SS difference in OS in U (no P value given); M not done Poor No —
Cottin (P) (51) SCLC SS difference in the U (P = .01) but not M setting (unknown P 

value); adjusted for performance status
Poor Yes No

Dahlberg (P) (52) Rectal No differences between trial and nontrial pts of similar TX 
(surgery)

Good No No

Davis (B) (53) NSCLC SS difference in both U (P < .001) and M setting (P < .002) Good Yes Yes
Dowling (P) (54) Prostate SS difference in U (P = .003) but not M setting after adjusting 

for performance status (P = .42)
Poor Yes No

Feuer (P) (55) 1) Testicular Minimal disease: SS difference in both U and M Good Yes Yes
2) Testicular Advanced disease: No difference in U or M Good No No

Greil (P) (56) Hodgkin’s No difference in OS in either U (P = .67) or M (P = .65) settings Good No No
Karjalainen (B) (57) 1) Myeloma 1979–85: SS difference in favor of trial pts Good Yes Yes

2) Myeloma 1959–78: NS trend in favor of nontrial pts Good No No
Lennox (B) (58) Wilms†† SS difference in OS in both U (P < .01) and M settings (P < 

.001)
Good Yes Yes

Link (P) (59) Osteo- 
sarcoma††

No difference in OS in U (no P value) Good No —

Marubini (P) (60) Breast SS in U setting (no P value given) but not M setting (P = .50) Good Yes No
Mayers (P) (61) Breast SS in U setting (P = .02) but not M setting (P = .09) Good Yes No
Meadows (P) (62) ALL†† SS differences in U (P < .001) and M (no P value) settings Good Yes Yes
MRC (E) (63) Leukemia†† Difference in OS (P value not given) Poor Yes —
Roy (P) (64) Hodgkin’s No P values given. OS appears worse for nontrial pts in older 

(≥45 y) but not younger pts
Good Yes —

Schea (P) (65) SCLC SS difference in U (P = .002) Poor Yes —
Schmoor (B) (66) Breast Trial 2) No difference in DFS in U Good No —

Trial 3) NS DFS trend in favor of trial pts in U Good No —
Stiller (P) (67) ALL†† No difference in U (P = .63) Good No —

AML†† SS difference in U (p=.04); in M, No difference in 1984–1988, 
Difference in 1989–1994

Poor Yes Yes

Stiller (B) (68) ALL†† SS difference for both U (no P value given) and M (P < .0001) Good Yes Yes
Stiller (B) (69) AML†† 1975–83: U not done; SS difference in M (p<.001) Poor Yes Yes

1984–88: U not done; No difference in M Good No No
Stiller (P) (70) ALL†† 1980–84: U not done; No difference in M (P = .62) Good Yes No

1985–89: U not done; Difference in M (P = .02) Good Yes Yes
1990–94: U not done; Difference in M (P < .0001) Good Yes Yes

Wagner (P) (71) NHL†† SPOG vs nonstudy: No SS difference in U (P = .07) Good No —
POG vs nonstudy: SS difference in U (P < .0001) Good Yes —

Ward (B) (72) Stomach 5/10 analyses were SS (P ≤ .05; Table III) Poor Yes —
Winger (P) (73) Glioma SS difference in U (P = .00001) vs all nonstudy pts Poor Yes —

Glioma NS for U (P = .12) vs all nonstudy pts Poor No —

* ACM = all-cause mortality; ALL =; AML = acute myeloid leukemia; AS = actuarial survival; DFS = disease-free survival; M = multivariable; NHL = Non-Hodgkin’s 
lymphoma; NS = nonsignificant; NSCLC = non–small cell lung cancer; OS = overall survival; pts = patients; SCLC = small cell lung cancer; SS = statistically 
significant; TX = treatment; U = univariate.

† “E” indicates article was included in Edwards et al. (42), “P” indicates article was included in Peppercorn et al. (41), and “B” indicates article was included in both 
reviews.

‡ Results based on overall survival for all studies except Antman et al. (47) and Schmoor et al. (66).

§ Prognosis groups: Good prognosis is defined as 50% or greater average estimated 2-year survival. Poor prognosis is defined as less than 50% average estimated 
2-year survival.

ǁ  Consistent with our own analysis, studies were categorized according to whether there was a statistically significant (P < .05) difference between trial and nontrial 
patients.

¶  Among studies where multivariable analyses were conducted.

#  A dash indicates that no multivariable analyses were conducted.

** Based on full published article for the conference abstract cited by both authors.

†† Childhood cancer.
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However, because histology and stage are the dominant predic-
tors of outcome, sufficient homogeneity will be retained even if 
less impactful criteria are softened. Expanding eligibility would 
have the further advantage of increasing access to clinical trials 
for a broader cross-section of patients.
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