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Clinical benefit of immune checkpoint
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Abstract

Background: We describe the clinical benefit of immune checkpoint inhibitors using the European Society for
Medical Oncology Magnitude of Clinical Benefit Scale (ESMO-MCBS) and ASCO VF.

Methods: We identify all approved indications of immune checkpoint inhibitors based on RCTs between January 1,
2011 and September 30, 2018 by FDA. Information including medians and HR of OS (PFS or DFS) and 95% CI, grade
3 or 4 toxicities in each arm, QOL data, survival probability at fixed time were extracted.

Results: Immune checkpoint inhibitors were approved for 18 indications based on RCTs. All the indications meet
the ESMO-MCBS 1.1 threshold for meaningful benefit. By the updated ASCO-VF, the median Net Health Benefit
(NHB) of these agents was 55.3 (range 17.4–77.1). Two third of the indication gained the bonus points for durable
survival benefits by updated ASCO VF. When updated results were incorporated in the assessment, clinical benefit
of most approved immune checkpoint inhibitors increased with a median improvement of NHB of 10 (range 2–20).

Conclusions: Approved immune checkpoint inhibitors provided clinical meaningful benefit by ESMO-MCBS 1.1, and
most of these agents reach the threshold for bonus points for durable survival in the updated ASCO VF.

Keywords: Randomized trials, Clinical benefits, Immune checkpoint inhibitors, Cancer, Food and drug administration
agency

Background
Knowledge of the potential benefits and risks associated
with the use of anticancer therapies is fundamental for
making treatment-related recommendations and deci-
sions. Two important oncology societies have recently
taken a step forward to quantize the clinical benefit. The
American Society of Clinical Oncology (ASCO) Value
Framework (ASCO-VF) [1], which was updated in 2016

[2], and the European Society for Medical Oncology
developed its Magnitude of Clinical Benefit Scale
(ESMO-MCBS) for drugs indicated in the treatment of
solid cancer [3], which also updated in 2017 [4]. They
have been used to grade US Food and Drug Administra-
tion (FDA)-approved new drugs for treating advanced
solid cancers [5–7]. In the study by Vivot and colleagues,
they found that Many recently FDA-approved new can-
cer drugs did not have high clinical benefit as measured
by ASCO-VF and ESMO-MCBS.
The growing wave of progress using cancer immuno-

therapy, which has extended and improved the lives of pa-
tients, many of whom had few other effective treatment
options has yielded high expectations from all stake-
holders. However, there are also concerns about the value
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of check point inhibitors. Many immune checkpoint in-
hibitors were approved based on single-arm studies, only
recently more RCTs were finished and reported.
Patient-reported outcomes (PROs), such as symptoms,

quality of life (QOL), and patient-perceived health status
supplement clinical data and are now more important
during decision-making in oncology because they provide
a holistic understanding of patient experience and treat-
ment effectiveness [8, 9]. Both ESMO-MCBS and ASCO
VF incorporated QOL into the determination of the value
of a treatment. ASCO VF awarded bonus points for treat-
ment with a statistically significant improvement in
cancer-related symptoms. However, PROs usually were
not reported in the primary report or approval documents,
but subsequently reported as separate articles.
In this study, we aimed to describe the clinical benefit

of checkpoint inhibitors that were recently approved by
the FDA based on RCTs using ESMO-MCBS and ASCO
VF, and whether these agents reach defined thresholds
of long-term benefit in the two value frameworks. We
also compare the values based on primary reports with
those assessed based on updated reports including long-
term survival reports and/or QOL reports.

Methods
Data sources
We identify all approved indications of immune check-
point inhibitors (Ipilimumab, Nivolumab, pembrolizumab,
Atezolizumab, Avelumab, and Durvalumab, Cemiplimab)
between January 1, 2011 and September 30, 2018 by
searching FDA website [10]. Only indications approved
based on RCTs were included and those approved based
on single arm trials were excluded. Indications that were
granted accelerated approval based on single arm trials
but subsequently obtained regular approval with positive
confirmatory RCTs were included. We included drugs
used both in the metastatic setting and adjuvant setting of
treatment of solid tumors.

Data extraction
Information including medians and HR of OS (PFS or
DFS) and 95% CI, grade 3 or 4 toxicities in each arm,
QOL data, survival probability at fixed or specified time
were extracted from the reports of pivotal clinical trials
supporting the FDA approval and FDA documents (drug
labels and review summary retrieved from Drugs@fda
website [10]). Survival probability at fixed or specified time
was extracted directly from Kaplan-Meier curves using
digital software (DigitizeIt). Baseline characteristics such
as drug name, indication, trial name, sample size, primary
outcome, tumor type, year of approval were also collected.
When statistically significant results were reported for
more than experimental arms, then each arm was evalu-
ated separately and assigned a separate grade.

ESMO-MCBS and the ASCO-VF
ASCO-VF and ESMO-MCBS both quantify treatment
benefit in a survival endpoint. ESMO-MCBS grade was
assigned based on the lower limit of the 95% confidence
interval of the hazard ratio (HR), and in conjunction
with the minimum absolute gain differences in median
survival or by the increase in survival at a fixed time,
and further adjusted on QOL, toxicity and long term
plateau of survival curve. ESMO-MCBS grades, in the
non-curative setting, range from 1 to 5, with grades 4
and 5 representing meaningful clinical benefit, in the
curative setting, range from A to C, with A and B repre-
senting meaningful clinical benefit. ASCO-VF score was
assigned primarily on the point estimate of the HR with
adjustment on toxicity and bonus points including tail of
the curve, palliation, QOL and treatment-free interval.
ASCO-VF score is continuous with a higher score repre-
senting a better score, and no cut-off value was provided
to define clinical benefit. Both value frameworks incor-
porated amendments to introduce tail-of-the curve
credits for progression-free survival and overall survival.
For ESMO-MCBS, credit is given for a 10% or greater
absolute gain at prognostically weighted specified time
points in the true tail of the curve. Grading based on
“long term” survival points differs depending on a PFS
or OS endpoint (i.e., for PFS, this is an upgrade, while,
for OS, this is an additional grading using the curative
framework, e.g., 4/A). None of the trials actually meet
this OS upgrade given the length of time required for
the data to mature. ASCO-VF awarded 20 points of tail-
of-the-curve bonus points if, at twice the median sur-
vival time (or DFS) in the control arm, there was an im-
provement of at least 50% in survival provided the
survival in the control group was at least 20% and award
16 points (0.8 × 20) if the improvement is in PFS.
ASCO-VF further awarded treatment with a statistically
significant improvement in cancer-related symptoms (10
points) or improvement in treatment-free interval (10
points).
Two review authors (F.L. and S.Z.) independently

scored each indication using ESMO-MCBS and the
ASCO-VF with discrepancies resolved by a third investi-
gator. We used the k coefficient to determine degree of
agreement between reviewers. For trials with two or
more immunotherapy arms, we scored each arm separ-
ately, but only the arm with higher score was used to
represent the value of the specific indication in all
analysis.

Updated value score
Value of approved drugs may change as long-term
follow-up data or QOL data (which is usually not avail-
able or reported when initially approved) become avail-
able. Particularly, drugs that failed to qualify the tail of
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the curve bonus due to limited follow-up time can show
long term plateauing of survival with longer follow-up
time.
We searched latest drug label or PubMed to identify if

updated reports of survival, toxicity or quality of life data
and assigned updated score for these indications. When
multiple reports of updated reports of survival were pub-
lished, the most up-to-date one was used.

Results
Eighteen indications for 5 immune checkpoint inhibitors
were approved by the FDA for metastatic solid tumors
based on RCTs from March 2011 to September 2018
(Table 1). Two approvals were for adjuvant therapy and
16 for non-curative therapy. The approvals were for mel-
anoma (7 indications), NSCLC (7 indications), head and
neck cancer (1indication), urothelial carcinoma (1indica-
tion) and renal cell carcinoma (1indication). Median
sample size of pivotal RCTs was 694 (range 272–1034)
(Table 1).

Clinical benefit of immune checkpoint inhibitors
Eighteen pivotal RCTs were included for the value as-
sessment, with 5 trials had two experimental arms. By
the ESMO-MCBS 1.1, for the 16 trials in the non-
curative setting, 8 trials were grade five (the highest),
and 8 trials grade four. For the two trials in the adjuvant
setting, both were grade A. Thus, all trials met the
ESMO-MCBS meaningful benefit threshold. Three trials
met the ESMO-MCBS long term benefit criteria, all with
the primary endpoint of PFS. Twelve of trials meet the
criteria of improved toxicity (less grade 3–4 toxicities
impacting on daily well-being) and only one trial was
considered as increased toxic death.
By the ASCO-VF, the median Net Health Benefit

(NHB) of drugs was 55.3 (range 17.4–77.1). The median
treatment effect score was 34.4 (range 25–58) and the
median toxicity score was 3.8 (range − 7.6 to 11.3), with
13 trials have positive toxicity score and 5 trials with
negative toxicity score (Table 2). 12(66.7%) trials gained
the long tail bonus points in the ASCO framework.
Bonus points for a tail on OS curves were granted for 6

Table 1 Characteristics of immune-checkpoint inhibitors approved by US FDA

Approved drug Indications Pivotal Trial Primary
endpoint

Sample
size

Year of
approval

Pembrolizumab plus
chemotherapy

First-line therapy of metastatic non-squamous NSCLC KEYNOTE-189 OS and PFS 616 2018

Nivolumab plus ipilimumab First-line therapy of intermediate or poor risk advanced renal
cell carcinoma

CHECKMATE-214 OS, ORR and PFS 847 2018

Durvalumab Consolidation therapy for stage III NSCLC who did not have
disease progression after two or more cycles of platinum-based
chemoradiotherapy

PACIFIC PFS and OS 713 2018

Atezolizumab Second line therapy of NSCLC OAK OS 850 2016

Pembrolizumab Second line therapy foradvanced urothelial carcinoma KEYNOTE-45 PFS and OS 542 2017

Pembrolizumab First-line NSCLC with tumors express PD-L1 > 50% as
determined by an FDA-approved test

KEYNOTE-24 PFS 305 2017

Pembrolizumab Second line therapy of metastatic NSCLC whose tumors
express PD-L1

KEYNOTE-010 PFS and OS 1034 2016

Pembrolizumab First-line therapy of melanoma KEYNOTE-006 PFS and OS 834 2015

Nivolumab Adjuvant therapy of melanoma CHECKMATE-238 RFS 906 2017

Nivolumab Second line therapy of squamous-cell carcinoma of the head
and neck

CHECKMATE-141 OS 361 2016

Nivolumab Second line therapy of renal cell carcinoma CHECKMATE-025 OS 821 2015

Nivolumab Second line therapy of advanced squamous-cell NSCLC CHECKMATE-017 OS 272 2015

Nivolumab Second line therapy of advanced nonsquamous NSCLC CHECKMATE-057 OS 582 2015

Nivolumab First line therapy of BRAF wild-type unresectable or metastatic
melanoma

CHECKMATE-066 OS 418 2015

Nivolumab with or
without ipilimumab

First line therapy of unresectable or metastatic melanoma CHECKMATE-067 PFS and OS 945 2015

Pembrolizumab Second line therapy of unresectable or metastatic melanoma KEYNOTE-002 PFS 540 2015

Ipilimumab Adjuvant therapy of melanoma EORTC-18071 RFS 951 2015

Ipilimumab Second line therapy of unresectable or metastatic melanoma MDX010–20 OS 676 2011

FDA Food and Drug Administration, NSCLC Non–small cell lung cancer, PD-L1 Programmed death-ligand 1, OS Overall survival, PFS Progression-free survival, RFS
Recurrence-free survival

Liang et al. BMC Cancer          (2020) 20:823 Page 3 of 11



Ta
b
le

2
ES
M
O
-M

C
BS

an
d
A
SC

O
VF

sc
or
es

of
Pi
vo
ta
lR

C
Ts

of
im

m
un

e-
ch
ec
kp
oi
nt

in
hi
bi
to
rs
ap
pr
ov
ed

by
U
S
FD

A
Tr
ia
ln

am
e

Ev
al
ua
te
d

en
dp

oi
nt

ES
M
O
-M

C
BS

A
SC

O
VF

H
R
(9
5%

C
I)

Q
O
L

To
xi
ci
ty

Lo
ng

te
rm

be
ne

fit
Sc
or
e

C
lin
ic
al
be

ne
fit

sc
or
e

To
xi
ci
ty

sc
or
e

Ta
il
of

th
e
cu
rv
e

Pa
lli
at
io
n

Q
O
L

Tr
ea
tm

en
t-

fre
e
in
te
rv
al

N
H
B

KE
YN

O
TE
-1
89

O
S

0.
49

(0
.3
8–
0.
64
)

N
ot

re
po

rt
ed

N
ot

im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
51

−
7.
5

16
0

0
0

59
.5

C
H
EC

KM
A
TE
-2
14

O
S

0.
63

(9
9.
8%

C
I,

0.
44
–0
.8
9

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
37

4.
9

0
0

10
0

51
.9

PA
C
IF
IC

PF
S

0.
52
(0
.4
2
to

0.
65
)

N
ot

re
po

rt
ed

N
ot

im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
38
.4

−
6.
7

16
0

0
0

47
.7

O
A
K

O
S

0.
73

(0
.6
2–
0.
87
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
27

2.
7

0
0

0
0

29
.7

KE
YN

O
TE
-4
5

O
S

0.
73

(0
.5
9–
0.
91
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
27

1.
0

20
0

0
0

48
.0

KE
YN

O
TE
-2
4

O
S

0.
60

(0
.4
1–
0.
89
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
40

5.
9

0
0

0
0

45
.9

KE
YN

O
TE
-0
10
-1

a
O
S

0.
61

(0
.4
9–
0.
75
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
39

5.
7

20
0

0
0

64
.7

KE
YN

O
TE
-0
10
-2

b
O
S

0.
71

(0
.5
8–
0.
88
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

3
29

6.
6

20
0

0
0

55
.6

KE
YN

O
TE
-0
06
-1

c
O
S

0.
69

(0
.5
2–
0.
90
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
31

2.
3

16
0

0
0

49
.3

KE
YN

O
TE
-0
06
-2

d
O
S

0.
63

(0
.4
7–
0.
83
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
37

3.
1

16
0

0
0

56
.1

C
H
EC

KM
A
TE
-2
38

RF
S

0.
65

(0
.5
1–
0.
83
)

N
ot

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

A
35

3.
8

0
0

0
0

38
.8

C
H
EC

KM
A
TE
-1
41

O
S

0.
70

(0
.5
2,
0.
92
)

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
30

7.
1

20
10

10
0

77
.1

C
H
EC

KM
A
TE
-0
25

O
S

0.
73

(9
8.
5%

C
I,

0.
57
–0
.9
3)

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
27

6.
8

0
0

10
0

43
.8

C
H
EC

KM
A
TE
-0
17

O
S

0.
59

(0
.4
4–
0.
79
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
41

11
.3

20
0

0
0

72
.3

C
H
EC

KM
A
TE
-0
57

O
S

0.
73

(0
.6
0–
0.
89
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
27

8.
3

20
0

0
0

55
.3

C
H
EC

KM
A
TE
-0
66

O
S

0.
42

(9
9.
79
%

C
I,

0.
25
–0
.7
3)

N
ot

Im
pr
ov
ed

N
ot

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
58

2.
4

16
0

0
0

76
.4

C
H
EC

KM
A
TE
-
06
7-
1e

PF
S

0.
42

(9
9.
5%

C
I,

0.
31

to
0.
57
)

N
ot

re
po

rt
ed

In
cr
ea
se
d
to
xi
c

de
at
h

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

3
46
.4

−
5.
1

16
0

0
0

57
.3

C
H
EC

KM
A
TE
-0
67
-2

f
PF
S

0.
57

(9
9.
5%

C
I,

0.
43

to
0.
76
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
34
.4

5.
5

16
0

0
0

55
.9

KE
YN

O
TE
-0
02
-1

g
PF
S

0.
57

(0
.4
5–
0.
73
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
34
.4

7.
3

16
0

0
0

57
.7

KE
YN

O
TE
-0
02
-2

h
PF
S

0.
50

(0
.3
9–
0.
64
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
40

5.
9

16
0

0
0

61
.9

EO
RT
C
-1
80
71

RF
S

0.
75

(0
.6
4–
0.
90
)

N
ot

im
pr
ov
ed

N
ot

im
pr
ov
ed

N
ot

qu
al
ifi
ed

A
25

−
7.
6

0
0

0
0

17
.4

M
D
X0

10
–2
0-
1i

O
S

0.
66

(0
.5
1–
0.
87
)

N
ot

re
po

rt
ed

N
ot

im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
34

1.
0

20
0

0
0

55
.0

M
D
X0

10
–2
0-
2j

O
S

0.
68

(0
.5
5–
0.
85
)

N
ot

re
po

rt
ed

N
o
im

pr
ov
ed

N
ot

qu
al
ifi
ed

4
32

−
0.
34

20
0

0
0

51
.7

Tr
ia
ln

am
e

En
dp

oi
nt

D
ru
g

C
an
ce
r

ES
M
O
-M

C
BS

A
SC

O
VF

H
R
(9
5%

C
I)

Q
O
L

To
xi
ci
ty

Lo
ng

te
rm

be
ne

fit
Sc
or
e

C
lin
ic
al

be
ne

fit
sc
or
e

To
xi
ci
ty

sc
or
e

Ta
il
of

th
e
cu
rv
e

Pa
lli
at
io
n

Q
O
L

Tr
ea
tm

en
t-

fre
e
in
te
rv
al

N
H
B

KE
YN

O
TE
-1
89
*

O
S

Pe
m
br
ol
iz
um

ab
N
SC

LC
0.
49

(0
.3
8–
0.
64
)

N
ot

re
po

rt
ed

N
ot

im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
51

−
7.
5

16
0

0
0

59
.5

C
H
EC

KM
A
TE
-2
14
*

O
S

N
iv
ol
um

ab
RC

C
0.
63

(9
9.
8%

C
I,

0.
44
–0
.8
9

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
37

4.
9

0
0

10
0

51
.9

PA
C
IF
IC
*

PF
S

D
ur
va
lu
m
ab

N
SC

LC
0.
52
(0
.4
2
to

0.
65
)

N
ot

re
po

rt
ed

N
ot

im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
38
.4

−
6.
7

16
0

0
0

47
.7

Liang et al. BMC Cancer          (2020) 20:823 Page 4 of 11



Ta
b
le

2
ES
M
O
-M

C
BS

an
d
A
SC

O
VF

sc
or
es

of
Pi
vo
ta
lR

C
Ts

of
im

m
un

e-
ch
ec
kp
oi
nt

in
hi
bi
to
rs
ap
pr
ov
ed

by
U
S
FD

A
(C
on

tin
ue
d)

O
A
K

O
S

A
te
zo
liz
um

ab
N
SC

LC
0.
73

(0
.6
2–
0.
87
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
27

2.
7

0
0

0
0

29
.7

KE
YN

O
TE
-4
5

O
S

Pe
m
br
ol
iz
um

ab
U
C

0.
73

(0
.5
9–
0.
91
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
27

1.
0

20
0

0
0

48
.0

KE
YN

O
TE
-2
4

O
S

Pe
m
br
ol
iz
um

ab
N
SC

LC
0.
60

(0
.4
1–
0.
89
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
40

5.
9

0
0

0
0

45
.9

KE
YN

O
TE
-0
10
-1

a*
O
S

Pe
m
br
ol
iz
um

ab
N
SC

LC
0.
61

(0
.4
9–
0.
75
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
39

5.
7

20
0

0
0

64
.7

KE
YN

O
TE
-0
10
-2

b
*

O
S

Pe
m
br
ol
iz
um

ab
N
SC

LC
0.
71

(0
.5
8–
0.
88
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

3
29

6.
6

20
0

0
0

55
.6

KE
YN

O
TE
-0
06
-1

c
O
S

Pe
m
br
ol
iz
um

ab
M
el
an
om

a
0.
69

(0
.5
2–
0.
90
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
31

2.
3

16
0

0
0

49
.3

KE
YN

O
TE
-0
06
-2

d
O
S

Pe
m
br
ol
iz
um

ab
M
el
an
om

a
0.
63

(0
.4
7–
0.
83
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
37

3.
1

16
0

0
0

56
.1

C
H
EC

KM
A
TE
-2
38

RF
S

N
iv
ol
um

ab
M
el
an
om

a
0.
65

(0
.5
1–
0.
83
)

N
ot

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

A
35

3.
8

0
0

0
0

38
.8

C
H
EC

KM
A
TE
-1
41

O
S

N
iv
ol
um

ab
SC

C
H
N

0.
70

(0
.5
2,
0.
92
)

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
30

7.
1

20
10

10
0

77
.1

C
H
EC

KM
A
TE
-0
25
*

O
S

N
iv
ol
um

ab
RC

C
0.
73

(9
8.
5%

C
I,

0.
57
–0
.9
3)

Im
pr
ov
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
27

6.
8

0
0

10
0

43
.8

C
H
EC

KM
A
TE
-0
17

O
S

N
iv
ol
um

ab
N
SC

LC
0.
59

(0
.4
4–
0.
79
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
41

11
.3

20
0

0
0

72
.3

C
H
EC

KM
A
TE
-0
57
*

O
S

N
iv
ol
um

ab
N
SC

LC
0.
73

(0
.6
0–
0.
89
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

5
27

8.
3

20
0

0
0

55
.3

C
H
EC

KM
A
TE
-0
66
*

O
S

N
iv
ol
um

ab
RC

C
0.
42

(9
9.
79
%

C
I,

0.
25
–0
.7
3)

N
ot

Im
pr
ov
ed

N
ot

Im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
58

2.
4

16
0

0
0

76
.4

C
H
EC

KM
A
TE
-
06
7-
1e

*
PF
S

N
iv
ol
um

ab
M
el
an
om

a
0.
42

(9
9.
5%

C
I,

0.
31

to
0.
57
)

N
ot

re
po

rt
ed

In
cr
ea
se
d
to
xi
c
de

at
h

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

3
46
.4

−
5.
1

16
0

0
0

57
.3

C
H
EC

KM
A
TE
-0
67
-2

f*
PF
S

N
iv
ol
um

ab
M
el
an
om

a
0.
57

(9
9.
5%

C
I,

0.
43

to
0.
76
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
34
.4

5.
5

16
0

0
0

55
.9

KE
YN

O
TE
-0
02
-1

g
PF
S

Pe
m
br
ol
iz
um

ab
M
el
an
om

a
0.
57

(0
.4
5–
0.
73
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
34
.4

7.
3

16
0

0
0

57
.7

KE
YN

O
TE
-0
02
-2

h
PF
S

Pe
m
br
ol
iz
um

ab
M
el
an
om

a
0.
50

(0
.3
9–
0.
64
)

N
ot

re
po

rt
ed

Im
pr
ov
ed

>
10
%

im
pr
ov
em

en
t

in
PF
S
at

1
ye
ar

4
40

5.
9

16
0

0
0

61
.9

EO
RT
C
-1
80
71
*

RF
S

Ip
ili
m
um

ab
M
el
an
om

a
0.
75

(0
.6
4–
0.
90
)

N
ot

im
pr
ov
ed

N
ot

im
pr
ov
ed

N
ot

qu
al
ifi
ed

A
25

−
7.
6

0
0

0
0

17
.4

M
D
X0

10
–2
0-
1i
*

O
S

Ip
ili
m
um

ab
M
el
an
om

a
0.
66

(0
.5
1–
0.
87
)

N
ot

re
po

rt
ed

N
ot

im
pr
ov
ed

N
ot

qu
al
ifi
ed

4
34

1.
0

20
0

0
0

55
.0

M
D
X0

10
–2
0-
2j
*

O
S

Ip
ili
m
um

ab
M
el
an
om

a
0.
68

(0
.5
5–
0.
85
)

N
ot

re
po

rt
ed

N
o
im

pr
ov
ed

N
ot

qu
al
ifi
ed

4
32

−
0.
34

20
0

0
0

51
.7

ES
M
O
-M

CB
S
Eu

ro
pe

an
So

ci
et
y
fo
r
M
ed

ic
al

O
nc
ol
og

y
M
ag

ni
tu
de

of
C
lin

ic
al

Be
ne

fit
Sc
al
e,
A
SC

O
VF

A
m
er
ic
an

So
ci
et
y
of

C
lin

ic
al

O
nc
ol
og

y
Va

lu
e
Fr
am

ew
or
k,
RC

T
Ra

nd
om

iz
ed

co
nt
ro
lle
d
tr
ia
l,
FD

A
Fo

od
an

d
D
ru
g
A
dm

in
is
tr
at
io
n,

H
R
H
az
ar
d

ra
tio

,C
IC

on
fid

en
ce

in
te
rv
al
,Q

O
L
Q
ua

lit
y
of

lif
e,
N
H
B
N
et

he
al
th

be
ne

fit
,O

S
O
ve
ra
ll
su
rv
iv
al
,P
FS

Pr
og

re
ss
io
n-
fr
ee

su
rv
iv
al
,R

FS
Re

cu
rr
en

ce
-f
re
e
su
rv
iv
al
,N

SC
LC

N
on

–s
m
al
l-c
el
ll
un

g
ca
nc
er
,R

CC
Re

na
l-c
el
lc
ar
ci
no

m
a,
U
C
U
ro
th
el
ia
l

ca
rc
in
om

a,
SC

CH
N
Sq

ua
m
ou

s
ce
ll
ca
rc
in
om

a
of

th
e
he

ad
an

d
ne

ck
*:
Re

po
rt
ed

on
ly

ad
ve
rs
e
ev
en

ts
th
at

oc
cu
rr
ed

in
at

le
as
t
10

%
of

th
e
tr
ea
te
d
pa

tie
nt
s

a
Pe

m
br
ol
iz
um

ab
10

m
g/
kg

ar
m

in
th
e
KE

YN
O
TE
-0
10

tr
ia
l

b
Pe

m
br
ol
iz
um

ab
2
m
g/
kg

ar
m

in
th
e
KE

YN
O
TE
-0
10

tr
ia
l

c
Pe

m
br
ol
iz
um

ab
ev
er
y
3
w
ee

ks
ar
m

in
th
e
KE

YN
O
TE
-0
06

tr
ia
l

d
Pe

m
br
ol
iz
um

ab
ev
er
y
2
w
ee

ks
ar
m

in
th
e
KE

YN
O
TE
-0
06

tr
ia
l

e
N
iv
ol
um

ab
pl
us

ip
ili
m
um

ab
ar
m

in
th
e
C
H
EC

KM
A
TE
-0
67

tr
ia
l

f
N
iv
ol
um

ab
ar
m

in
th
e
C
H
EC

KM
A
TE
-0
67

tr
ia
l

g
Pe

m
br
ol
iz
um

ab
2
m
g/
kg

ar
m

in
th
e
KE

YN
O
TE
-0
02

tr
ia
l

h
Pe

m
br
ol
iz
um

ab
10

m
g/
kg

ar
m

in
th
e
KE

YN
O
TE
-0
02

tr
ia
l

i
Ip
lim

um
ab

ar
m

in
th
e
M
D
X0

10
–2

0
tr
ia
l

j
Ip
ili
m
um

ab
pl
us

gp
10

0
ar
m

in
th
e
M
D
X0

10
–2

0
tr
ia
l

Liang et al. BMC Cancer          (2020) 20:823 Page 5 of 11



trials (33.3%) and for PFS curves for 6 trials (33.3%)
(Fig. 1). For the remaining 6 trials not qualified for the
tail of the curve bonus, survival proportions with stand-
ard regimen at 2X the median OS (or PFS or DFS) were
not available for three trials due to limited follow-up
time and three trials did not achieved the required 50%
improvement in patients alive in the test regimen
compared with the standard (Fig. 1). Bonus for palli-
ation symptoms was granted for 1 trial (5.5%); and
for improvement in QoL for 3 trials (16.7%). No

drugs received bonus points for treatment-free inter-
val (Table 2).
For trials with ESMO-MCBS grade of 4, the median

NHB was 49.3 (range 17.4–72.3), while for those with
ESMO-MCBS grade of 5 or A, the median NHB was
56.8 (range 47.7–71.1).

Updated clinical benefit
Fourteen trials reported updated survival results or tox-
icity data or quality of life data. ESMO-MCBS grades

Fig. 1 ASCO VF Parameters for the Tail of the Curve Bonus Points
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were changed for two trials, both of which increased
from 4 to 5 (Table 3). The ESMO-MCBS grade of
CHECKMATE-066 [11, 12], which support the approval
of nivolumab as first line therapy of BRAF wild-type
unresectable or metastatic melanoma increased from 4
to 5 due to improved QOL, which were not available in
the primary report [11] and approval documents. Nivo-
lumab as second line therapy of squamous-cell carcin-
oma of the head and neck obtained ESMO-MCBS grade
of 4 based on lower limit of HR of OS < 0.65 and gain of
2.4 months (preliminary score of 3) and improved QOL
and less grade 3–4 toxicities reported in the primary re-
port of CHECKMATE-141 trial [13]. This indication
now obtained a score of 5 due to increased preliminary
score with increase in 2 year survival of > 10% reported
in the 2-year long-term survival update report [14]. Two
trials (PACIFIC and CHECKMATE-067) no longer met
the ESMO-MCBS long term benefit criteria when evalu-
ated with subsequently reported OS results instead of
PFS (Table 3). Both trials were first evaluated using PFS
due to immature OS results and met the criteria of long
term PFS benefit with > 10% improvement. When un-
dated mature OS results were available, they were re-
evaluated using OS and did not meet the criteria of long
term OS benefit that OS advantage continues to be ob-
served at 7 years.
By the ASCO-VF, the NHB were changed for 13 trials

with updated results (Fig. 2, Table 3). One indication,
durvalumab as consolidation therapy for stage III NSCL
C, obtained a NHB of 47.7 with initial PFS results [15]
but obtained an updated NHB of 41.8 based on the OS
results [16]. For the rest of 13 trials, the NHB based on
the updated reports is improved because of the awarding
of bonus points for a statistically significant improve-
ment in the QoL (7 trials) or/and statistically significant
improvement in cancer-related symptoms (7 trials) and/
or statistically significant improvement in treatment-free
interval (1 trial). The median improvement of NHB was
10 (range 2–20). The maximum 20 increase of NHB
were seen in three indications: pembrolizumab as second
line therapy for advanced urothelial carcinoma (KET-
NOTE-045 trial) [17, 18], pembrolizumab as first-line
NSCLC with tumors express PD-L1 > 50% as determined
by an FDA-approved test (KETNOTE-024 trial) [19, 20],
and nivolumab as second line therapy of advanced non-
squamous NSCLC (CHECKMATE-057 trial) [21, 22].

Discussion
A previous study by Vivot A et al. [7], which assessed
the clinical benefit of new drugs for treating advanced
solid tumors aproved by the US FDA between 2000 and
2015 using ASCO-VF and ESMO-MCBS, reported that
13 (35%) out of 51 approved anticancer drugs showed a
meaningful clinical benefit (scale levels 4 and 5) by

ESMO-MCBS, and the median drug value was 37 (inter-
quartile range 3.4–67) by ASCO-VF. Another study by
Tibau A et al. [5] evaluated the magnitude of clinical
benefit of cancer drugs approved by the US FDA from
January 2006 to December 2016 using ESMO-MCBS,
and found that fewer than half of RCTs supporting FDA
approval meet the threshold for clinically meaningful
benefit. However, less than 20% of the approved agents
were immune checkpoint inhibitors in these studies,
with more than 60% of approved agents being target
therapy.
In our analysis, all trials met the ESMO-MCBS mean-

ingful benefit threshold and by the ASCO-VF, the me-
dian NHB of drugs was 55.3 (range 17.4–77.1). Although
caution should be taken in interpreting across study
comparisons, due to the fact we used updated ASCO-VF
and ESMO-MCBS, the clinical benefit seems greater in
immune checkpoint inhibitors than other approved can-
cer drugs. Only two trials in the adjuvant setting were
included in our study. Both trial meet the ESMO-MCBS
1.1 threshold for meaningful benefit. NHB of the two
agents were 37.8 and 17.4, which seems lower than those
in the metastatic setting. Further studies are need to
evaluate whether the clinical benefit of immune check-
point inhibitors in the adjuvant setting is consistent with
those in the metastatic setting with more agents were
approved in the adjuvant setting.
Recently, Ben-Aharon et al. [23], tried to determine

whether immuno-oncology agents approved by the FDA
fulfill the durable survival threshold defined in the up-
dated ASCO-VF. They found only 3 drug indications ful-
filled the threshold. However, in our study, 12 of 18
approved indications gained the bonus points for dur-
able survival benefits. Several issues may explain the dis-
crepancies. First,, as pointed by Vivot et al. in their letter
[24] to the editor and Schnipper et al. in their commen-
tary [25], Ben-Aharon et al. used raw proportions of pa-
tients at risk (ie, number of patients still at risk divided
by the number of patients randomized) to estimate the
survival proportion instead of using the probability dis-
played on Kaplan-Meier curves, which may have may
have disqualify trials that actually met the ASCO-VF cri-
teria for long term benefit.. Second, only 10 indications
approved based on RCTs were eligible for their analysis.
Only recently more RCTs of immunotherapy have been
finished and reported. And they were never evaluated
with ESMO-MCBS. Our study provided important and
comprehensive evaluation of approved immune check-
point inhibitors in RCTs.
Although our study did not aim to or was powered to

assess the consistency of updated ASCO-VF and the
ESMO-MCBS 1.1 due to limited number of RCTs in-
cluded, Clinical benefits by updated ASCO-VF and the
ESMO-MCBS 1.1 yielded some sorts of consistencies.
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For trials with ESMO-MCBS grade of 5 or A, the median
NHB was numerical higher than those with ESMO-MCBS
grade of 4. A recent study [26] that evaluated the concord-
ance between the two frameworks in the noncurative set-
ting showed that agreement between the frameworks was
higher than observed in other studies that sought to com-
pare them [27, 28]. This study was done by the authorship
group of the two frameworks (vs independent groups).
Concordance will likely be greater when those individuals
who created the value frameworks are the ones scoring/
grading. Another cohort comparing the two frameworks
has also drawn similar conclusions [29]. The issue of
framework utility in the general oncology community has
been raised recently [30].
We found that 12 of 18 indications gained the bonus

points for tails of the curve, while only 3 indications met
the ESMO-MCBS long term benefit criteria, all with the
primary endpoint of PFS. This discrepancy is not sur-
prising given the differences in their criteria. To qualify
for the long-term plateau by ESMO-MCBS 1.1 [4], over-
all survival advantage need to be observed at 5 years if
the median overall survival in the standard arm ≤12
months. Currently none of these trials in the non-
curative setting reported survival results at 5 years.
When updated results were incorporated in the assess-

ment, clinical benefit of most approved immune check-
point inhibitors increased, largely due to the statistically
significant improvement in the QoL or/and cancer-
related symptoms that were not available in the primary
reports but reported subsequently. Thus, the score may
change when data mature. Our results emphasized the

importance of PROs in accurately evaluating the clinical
benefit of immune checkpoint inhibitors.
Our study has several limitations. First, toxicities infor-

mation were extracted from published articles, which
often reported only adverse events that occurred in at
least 10% of the treated patients, thus, the toxicity grade
by ASCO VF may change with complete toxicity infor-
mation. Second, although we conducted comprehensive
research, PROs reports were not available for all ap-
proved agents, clinical benefit of these agents may
change when PROs report were available. Third, we fo-
cused on clinical benefit of immune checkpoint inhibi-
tors, and no comparisons to approved chemotherapy or
other agents over a similar time period were conducted.

Conclusion
In summary, all of the approved immune checkpoint inhib-
itors based on RCTs meet the ESMO-MCBS threshold for
clinical benefit, and two thirds of these approved agents ful-
filled the durable benefit thresholds in the updated ASCO
VF. This information may be used in future analysis to bet-
ter define clinical benefits of immunotherapies.
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