Investigational New Drugs (2019) 37:1257-1265
https://doi.org/10.1007/s10637-019-00770-y

PHASE Il STUDIES m

. . Check for
Early depth of tumor shrinkage and treatment outcomes in non-small | urdates

cell lung cancer treated using Nivolumab

Hayato Kawachi' - Daichi Fujimoto ' ( - Takeshi Morimoto®? - Kazutaka Hosoya' - Yuki Sato " - Mariko Kogo' -
Kazuma Nagata' - Atsushi Nakagawa' - Ryo Tachikawa' - Keisuke Tomii'

Received: 18 February 2019 /Accepted: 25 March 2019 /Published online: 1 April 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Summary

Background Tt would be useful to have criteria for predicting long-term treatment responses to immune checkpoint inhibitors
(ICIs). Maximum depth of response correlates with treatment outcomes among patients receiving programmed death protein 1
axis inhibitors for non-small cell lung cancer (NSCLC). We investigated associations between early depth of response and
survival outcomes among patients receiving nivolumab for NSCLC. Methods Using records from prospective observational
cohorts, we identified 83 previously treated advanced patients with NSCLC who received nivolumab during 2016-2017. Thirty-
one patients who achieved disease control were analyzed. Tumor assessments followed the Response Evaluation Criteria in Solid
Tumors (RECIST). Using Kaplan-Meier and receiver operating characteristic (ROC) curve analyses, treatment outcomes were
compared with percent tumor reductions from baseline to the first evaluation (8—12 weeks after starting nivolumab). Results Early
depth of response was predictive of 6-month progression-free survival (area under the ROC curve, 0.848). Based on ROC results,
early tumor shrinkage was defined as a> 10% reduction by the first evaluation. Early tumor shrinkage was associated with
significantly longer median progression-free survival (early tumor shrinkage: 16.6 months, 95% confidence interval [CI]
8.5 months—not reached; no early shrinkage: 5.1 months, 95% CI 3.9—6.8 months; P <0.001) and significantly longer median
overall survival (P =0.046). Conclusions Early depth of tumor shrinkage was associated with outcomes after ICI treatment.
Because of its simplicity and predictive ability, early tumor shrinkage may be a promising factor for use in clinical settings.
However, confirmation of our results is needed.

Keywords Immune checkpoint inhibitor - Non-small cell lung cancer - Depth of response - Treatment outcome - Retrospective
study
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Introduction

Lung cancer is the global leading cause of cancer-related death
[1]. Non-small cell lung cancer (NSCLC) accounts for ap-
proximately 80% of lung cancer cases, and the majority of
NSCLCs have already reached an advanced, unresectable,
and metastatic disease stage by the time of the initial diagnosis
[2]. Recent reports have described outstanding outcomes in
patients with metastatic NSCLC who have been treated with
immune checkpoint inhibitors (ICIs), such as antibodies
targeting programmed death protein 1 (PD-1) or programmed
death ligand 1 (PD-L1). Thus, PD-1 axis inhibitors have been
established as a standard treatment for NSCLC [3-7].

In the clinical trial setting, we need criteria that can help to
predict long-term outcomes after ICIs. These criteria are nec-
essary because early-phase trials need to select appropriate
surrogate endpoints that can be used instead of overall surviv-
al (OS), to inform the decision to proceed to phase 3 testing
[8]. At present, the conventional Response Evaluation Criteria
in Solid Tumors (RECIST) still play a leading role in assess-
ments and evaluations of ICI treatment outcomes, which are
used to guide the management of patients with NSCLC. In the
RECIST criteria, treatment response is defined as a>30%
decrease in the sum of the target lesions’ longest diameters
relative to baseline [9]. However, several previous studies re-
vealed that the disease control rate was associated with OS,
and therefore considered disease control as alternative early
predictive endpoint among NSCLC patients treated with IClIs,
although the objective response rate (ORR) was poorly corre-
lated with OS in NSCLC patients who received ICIs [8, 10,
11]. These findings suggest that radiological RECIST-defined
response is insufficient for predicting survival outcomes of
ICIs, as tumor response patterns vary for conventional chemo-
therapeutic agents and targeted therapies. Therefore, it re-
mains necessary to establish response criteria that can provide
early predictions of survival outcomes among patients who
receive ICls.

Recently, it was reported that the maximum depth of re-
sponse relative to baseline was associated with longer
progression-free survival (PFS) and OS among NSCLC pa-
tients who received PD-1 axis inhibitors [12], although the
degree of tumor shrinkage was not correlated with
progression-free survival (PFS) and OS among epidermal
growth factor receptor gene (EGFR)-positive NSCLC patients
treated using EGFR-tyrosine kinase inhibitors (TKIs) [12, 13].
Additionally, in previous clinical trials, it was found that tu-
mor response to treatment using PD-1 axis inhibitors can be
evaluated at approximately 8 weeks after administration [3, 4,
6]. Thus, we hypothesized that the early depth of response
may reflect long-term treatment outcomes in patients treated
with ICIs. The present study aimed to address this issue by
examining the association between early tumor shrinkage and
long-term outcomes, as well as by identifying an optimal cut-
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off value for using tumor shrinkage to predict long-term out-
comes after ICI treatment for NSCLC.

Materials and methods

We identified patients with previously treated advanced
NSCLC (stage IIIB-1V) who received nivolumab at our hos-
pital between January 2016 and December 2017. These pa-
tients had previously been enrolled in a prospective observa-
tional trial (UMIN 000021560). The exclusion criteria were
patients with non-measurable lesions, no response evaluation,
progressive disease, previous treatment using systemic gluco-
corticoids or other immunosuppressive agents, or active auto-
immune disease. The chart review protocol was approved by
the ethics committee of Kobe City Medical Center General
Hospital.

Tumor assessments were performed according to RECIST
ver 1.1. Response was defined as partial or complete response
to therapy. Disease control was defined as stable disease, par-
tial response, or complete response to therapy. In this study,
tumor shrinkage assessments were conducted with computed
tomography (CT), using scan slice thicknesses that were no
greater than 5 mm. Tumor sizes were evaluated by at least 2
pulmonologists and, in any cases of disagreement, the tumor
measurements were re-examined until consensus was reached.
The patients had previously been enrolled in a prospective
observational trial (UMIN 000021560) and had undergone
CT within 30 days before starting nivolumab and then every
8-12 weeks to evaluate tumor response. Thus, we defined the
first evaluation as the follow-up CT assessment at 8—12 weeks
after starting nivolumab and determined the percent tumor
size reduction at the first evaluation relative to the baseline
evaluation.

Receiver operating characteristic (ROC) curve analysis
was used to investigate whether tumor shrinkage at the first
evaluation could predict 6-month PFS among patients with
disease control, as previous reports have indicated that 6-
month PFS is strongly correlated with OS and is a suitable
surrogate endpoint [8, 10]. Patients who had disease progres-
sion at the first evaluation were excluded from this study be-
cause they were unable to experience 6-month PFS. Based on
the ROC curve analysis, we identified the optimal cut-off
value for the percent tumor shrinkage, with cases that
achieved greater shrinkage being considered to have achieved
“early tumor shrinkage”. The optimal cut-off was selected to
maximize the sum of specificity and sensitivity in the ROC
analysis. The PFS interval was measured from the start of
nivolumab treatment until the first instance of lung cancer
progression, death from any cause, or the end of follow-up.
The OS interval was measured from the start of nivolumab
treatment until the first instance of death from any cause or the
end of follow-up. The data cut-off date was June 30, 2018.
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The expression of PD-L1 in NSCLC tumor cells was ana-
lyzed using immunohistochemical staining with the PD-L1
IHC 22C3 pharmDx antibody (clone 22C3; Dako North
America, Inc. Carpinteria, CA). The antibody was used ac-
cording to the DAKO-recommended detection method. We
set 1% and 50% as the cut-off values according to the results
of previous clinical trials [5, 6].

Statistical analysis

Continuous variables were analyzed using Wilcoxon’s signed-
rank test. Categorical variables were analyzed using the x>
test. The Kaplan-Meier method and log-rank test were used
to compare survival outcomes. The ability of tumor shrinkage
to predict 6-month PFS was determined using ROC analysis.
A two-tailed P value of <0.05 was considered to indicate
statistical significance, and all analyses were performed using
JMP 14 software (SAS Institute, Cary, NC, USA).

Results
Patient characteristics

We identified 84 consecutive patients who received
nivolumab at our institution, although 11 patients were ex-
cluded because they were previously treated using another
ICI (N = 3) or they did not have RECIST-defined measurable
lesions (N = 8). Furthermore, among the 73 evaluable patients
who fulfilled the inclusion criteria, 42 patients were excluded
because they had disease progression at the first evaluation
(N=42). Thus, 31 patients with disease control at the first
evaluation were included in the study (Fig. 1), and their

characteristics are summarized in Table 1. The median patient
age was 69 years, and most patients were men (71%), had a
smoking history (71%), had an Eastern Cooperative Oncology
Group performance status of 0 or 1 (97%), and had adenocar-
cinoma (77%).

Tumor response and defining early tumor shrinkage

Figure 2 shows a waterfall plot of the percent change in the
target lesions relative to baseline among the patients with dis-
ease control at the first evaluation. The median change was
—20%, with an overall range of —94% to +17%. Among the 31
patients with disease control at the first evaluation, 18 patients
(58%) had achieved RECIST-based response as their best re-
sponse. The best response during the nivolumab therapy was
different from the response status at the first evaluation in 6
patients. The median PFS was 12.1 months (95% confidence
interval [CI]: 6.1-16.6 months) and the median OS was not
reached (95% CI: not reached—not reached), with 22 patients
(71%) not experiencing disease progression by 6 months after
the start of nivolumab treatment.

Figure 3 shows the results of the ROC analysis for using
tumor shrinkage to predict PFS at 6 months. The area under
the ROC curve was 0.848 and the optimal cut-off for depth of
shrinkage was 8%, which yielded a false-positive rate of 0.111
and a true positive rate of 0.818. Based on these results, we
defined the cut-off for “early tumor shrinkage” as a—10%
change at the first evaluation.

Treatment outcomes and early tumor shrinkage

Among the 31 patients, 18 patients achieved early tumor
shrinkage, and the baseline characteristics of patients with

Fig. 1 Study flowchart. NSCLC: ’

Advanced NSCLC patients treated using nivolumab (N = 84)

non-small cell lung cancer; ICI:
immune checkpoint inhibitor

Excluded
Patients treated using another ICI (N = 3)
Patients with no measurable lesion (N = 8)

A

Eligible patients who were treated using nivolumab (N = 73)

.| Patients with disease progression at the first
evaluation (N = 42)

A

Patients with disease control at the first evaluation (N = 31)
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Table 1 Patient characteristics at the first evaluation, according to early tumor shrinkage (N =31)
Patients with disease control With early tumor shrinkage Without early tumor shrinkage P value
(N=31) (N=18) (N=13)
Age (years)
Median (range) 69 (41-92) 70.5 (41-92) 69 (47-80) 0.645
Sex, n (%)
Male 22 (71) 15 (83) 7 (54) 0.074
Female 9 (29) 3(17) 6 (46)
Smoking status, n (%)
Never-smoker 9(29) 4(22) 5(38) 0.326
Current or former smoker 22 (71) 14 (78) 8 (62)
ECOG PS, n (%)
0-1 30 (97) 18 (100) 12 (92) 0.232
2 1(3) 0 (0) 1(8)
Histology, n (%)
Adenocarcinoma 24 (77) 13 (72) 11 (85) 0.415
Squamous cell carcinoma 6 (19) 4(22) 2 (15)
Other 1(3) 1 (6) 0 (0)
EGFR mutation status, n (%)
Positive 2 (6) 1(6) 18 0.811
Negative or not investigated 29 (94) 17 (94) 12 (92)
ALK translocation, n (%)
Positive 1(3) 0 (0) 1(8) 0.232
Negative or not investigated 30 (97) 18 (100) 12 (92)
Stage, n (%)
1B 2 (6) 2 (11) 0 (0) 0214
v 29 (94) 16 (89) 13 (100)
Treatment line, n (%)
Second 15 (48) 11 (61) 4 (31) 0.095
Third or later 16 (52) 7 (39) 9 (69)
PD-L1 status, n (%)
>50% 6 (19) 5(28) 1(8) 0.122*
1-49% 11 (35) 7 (39) 431
<1% 8 (26) 2 (11) 6 (46)
Not known 6 (19) 4(22) 2 (15)

ECOG PS Eastern Cooperative Oncology Group performance status, EGFR epidermal growth factor receptor gene, ALK anaplastic lymphoma kinase
gene, PD-L1 programmed death ligand 1

P values were calculated by comparing the patients with and without early tumor shrinkage

# Patients with PD-L1 expression of 50% or more and less than 50% were compared

and without early tumor shrinkage are summarized in Table 1.
No significant differences were detected in the baseline char-
acteristics of these two subgroups. However, early tumor
shrinkage was associated with significantly longer median
PFS (early shrinkage: 16.6 months [95% CI: 8.5 months—not
reached], no early shrinkage: 5.1 months [95% CI: 3.9—
6.8 months], P<0.001) (Fig. 4a). Furthermore, the PFS rate
at 6 months was significantly higher for patients with early
tumor shrinkage than patients without early shrinkage (94%
vs. 38%, P <0.001). Moreover, early tumor shrinkage was
associated with significantly longer median OS (early
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shrinkage: median not reached [95% CI: not reached—not
reached], no early shrinkage: not reached [95% CI:
15.3 months—not reached], P = 0.046) (Fig. 4b).

Treatment outcomes and RECIST-defined response
at the first evaluation

Among the 31 patients who achieved disease control at the
first evaluation, 12 patients achieved RECIST-based response
at the first evaluation, and the baseline characteristics of pa-
tients with and without RECIST-based response are
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Fig. 2 Waterfall plot of the 31
patients with disease control at the 2
first evaluation

B No disease progression at 6 months (N = 22)
I Disease progression within 6 months (N = 9)
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summarized in Table 2. The patients who had RECIST-based
response were significantly more likely to have >50% PD-L1
expression than were the patients who did not have RECIST-
based response (42% vs. 5%, respectively; P=0.0006).
Interestingly, achieving RECIST-based response was only
marginally associated with improved median PFS (response:
14.9 months [95% CI: 6.5 months—not reached], no response:
6.8 months [95% CI: 4.1-16.8 months], P =0.096) (Fig. 4c).
However, the PFS rate at 6 months was significantly higher
among patients who achieved response than among patients
who did not (92% vs. 58%, P =0.032). Further, achieving
RECIST-based response was only marginally associated with
improved median OS (response: not reached [95% CI: not
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Fig. 3 Receiver operating characteristic curve for the 31 patients with
early tumor shrinkage. AUC: area under the curve

0
0

reached—not reached], no response: not reached [95% CI:
17.3 months—not reached], P =0.0501) (Fig. 4d).

Subgroup analysis of patients with stable disease
at the first evaluation

We also analyzed the 19 patients who achieved RECIST-
defined stable disease at the first evaluation. Among these
patients, early tumor shrinkage was still associated with sig-
nificantly longer median PFS (early shrinkage: 24.0 months
[95% CI: 8.5-24.0 months], no early shrinkage: 5.1 months
[95% CI: 3.9-6.8 months], P=0.006) (Online Resource 1:
Supplementary Figure).

Discussion

To the best of our knowledge, this is the first study to reveal an
association between early tumor shrinkage and survival out-
comes after nivolumab treatment for NSCLC. Based on our
findings, tumor shrinkage of at least —10% at the first evalu-
ation (8—12 weeks after starting treatment) predicted good
survival outcomes after nivolumab treatment. Furthermore,
the present study revealed that early tumor shrinkage was
strongly associated with the 6-month PFS rate after nivolumab
treatment for NSCLC. In contrast, a previous study revealed
that depth of response at week 6 or 12 had little-to-no associ-
ations with long-term outcomes after EGFR-TKI treatment or
chemotherapy for NSCLC, which suggests that the depth of
response may not be a useful marker for predicting response to
non-ICI therapies [14]. Therefore, it is conceivable that the
clinical benefits of early tumor shrinkage differ between pa-
tients who are treated with ICIs and non-ICI therapies. These
differences may be related to the unique anticancer
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Fig.4 Kaplan-Meier curves for the patients with disease control (N =31).
a Progression-free survival and b overall survival have been stratified by
early tumor shrinkage (present vs. absent). For comparison, ¢
progression-free survival and d overall survival have also been stratified

mechanism of IClIs, relative to target therapies or chemother-
apy, which involve indirect or direct tumor cell inhibition. In
patients treated with ICIs, the depth of early response may
reflect the magnitude of immune system activation and sub-
sequent tumor response, which could predict a durable re-
sponse to ICI treatment. Thus, early tumor shrinkage may be
useful for early decision-making in clinical practice or trials
that involve ICI treatment.

Our study revealed that the RECIST-based classification of
early tumor response was not able to accurately predict the
outcomes of nivolumab treatment. In contrast, early tumor
shrinkage of at least —10% by the first evaluation could be
used to predict the likelihood of 6-month PFS. Other studies
have also revealed that disease control correlates with OS and
might be more suitable than ORR as an early endpoint for
predicting response to ICI treatment among NSCLC patients
[10, 11]. A large multicenter study of real-world experience
has also revealed that patients who achieved stable disease
during nivolumab treatment tended to experience good
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survival outcomes [15]. Furthermore, updated analyses from
the CheckMate 017 and CheckMate 057 trials have demon-
strated that nivolumab prolonged OS in patients who achieved
both disease response and stable disease, which indicated that
tumor response is not a prerequisite for an OS benefit [16].
These findings suggest that ICIs can help improve outcomes
among patients with RECIST-defined stable disease.
Relatedly, our findings indicated that, among 19 patients with
RECIST-defined stable disease, superior outcomes were still
associated with early tumor shrinkage of at least —10%.
Nonetheless, it is unknown whether —10% is the optimal
cut-off value for depth of response. In the present study, the
evaluation of predictive performance showed that the —10%
cut-off value was associated with moderate, but not high ac-
curacy. Additionally, 6-months PFS rates were similar for pa-
tients who showed early tumor shrinkage of at least —10% and
for those who showed RECIST-based response (6-month PFS:
94% and 92%, respectively). However, the results of our study
highlight that early tumor shrinkage may provide useful
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Table 2 Patient characteristics at the first evaluation, according to RECIST-defined response (N =31)
Patients with disease control With RECIST-based response Without RECIST-based response P value
(N=31) (N=12) (N=19)
Age (years)
Median (range) 69 (41-92) 70.5 (41-82) 69 (47-92) 0.919
Sex, n (%)
Male 22 (71) 9(75) 13 (68) 0.694
Female 9(29) 3(25) 6 (32)
Smoking status, n (%)
Never-smoker 9 (29) 325 6 (32) 0.694
Current or former smoker 22 (71) 9 (75) 13 (68)
ECOG PS, n (%)
0-1 30 (97) 12 (100) 18 (95) 0419
2 1(3) 0(0) 1(5)
Histology, n (%)
Adenocarcinoma 24 (77) 8 (67) 16 (84) 0.255
Squamous cell carcinoma 6 (19) 3(25) 3(16)
Other 1(3) 1(8) 0 (0)
EGFR mutation status, n (%)
Positive 2 (6) 1(8) 1(5) 0.735
Negative or not investigated 29 (94) 11 (92) 18 (95)
ALK translocation, n (%)
Positive 1(3) 0(0) 1(5 0.419
Negative or not investigated 30 (97) 12 (100) 18 (95)
Stage, n (%)
1B 2 (6) 1(8) 1(5 0.735
v 29 (94) 11 (92) 18 (95)
Treatment line, n (%)
Second 15 (48) 6 (50) 9 (47) 0.886
Third or later 16 (52) 6 (50) 10 (53)
PD-L1 status, n (%)
>50% 6 (19) 5(42) 1(5) 0.006"
1-49% 11 (35) 3(25) 9 (47)
<1% 8 (26) 1(8) 7 (37)
Not known 6 (19) 3(25) 3 (16)

RECIST Response Evaluation Criteria in Solid Tumors, ECOG PS Eastern Cooperative Oncology Group performance status, EGFR epidermal growth
factor receptor gene, ALK anaplastic lymphoma kinase gene, PD-LI programmed death ligand 1

P-values were calculated by comparing patients with and without RECIST-based response

# Patients with PD-L1 expression of 50% or more and less than 50% were compared

predictions of long-term efficacy. Further, the study results
suggest that the RECIST-based classification of early tumor
response may not be capable of accurately predicting long-
term outcomes in NSCLC patients treated with nivolumab.
Thus, further studies are needed to refine the cut-off value
such that it provides optimal predictions of outcomes after
ICI treatment, based on the depth of tumor shrinkage.

Some patients who receive ICIs exhibit an unconventional
imaging-based pattern of tumor response that is known as
pseudoprogression. In these patients, the pseudoprogression
involves an initial increase in the burden of the primary tumor

or new lesions, with a subsequent response based on possible
immune cell infiltrates within the growing lesion [17-20].
Radiological pseudoprogression is initially indistinguishable
from true disease progression and presents a challenge to ac-
curately assessing the response to ICI treatment [20-22].
However, this event is uncommon among NSCLC patients
treated using anti-PD-1 therapy, as it is only detected at ap-
proximately 2% of the initial radiological assessments [23]. In
addition, the KEYNOTE 024, Checkmate 017, and
Checkmate 057 trials have revealed a median time to response
of 2.1-2.2 months, which is nearly the time to the first tumor
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assessment in most clinical trial protocols [3, 4, 6]. In our
original cohort of 73 patients, only 1 patient had experienced
pseudoprogression. Therefore, for most patients treated using
ICIs, it appears that the tumor response at the first evaluation
reflects the best overall response and is a reasonable option for
predicting long-term treatment outcomes.

The present study has several limitations. First, the study
had a single-center design with a small sample size. Thus,
although the results of our study are clinically important, they
have the potential to be affected by selection bias. Second, the
study included only Japanese patients, which precludes the
generalization of our findings to broader patient groups.
Third, our patients only received nivolumab as second-line
or later treatment. Therefore, large prospective studies with
broader patient selection criteria and treatment protocols are
needed to validate our findings and determine whether they
can be used in clinical practice.

In conclusion, we found that early tumor shrinkage (based
on the depth of response at the first evaluation) was associated
with long-term outcomes among patients who received
nivolumab for NSCLC. Early tumor shrinkage could be a
simple predictive factor for use in clinical settings, although
further studies are needed to confirm our results.
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Summary headings

* RECIST-based tumor shrinkage may not predict outcomes from ICI
treatment.

* A>10% decrease in tumor size predicted good outcomes from
nivolumab.

* Early tumor shrinkage may be a simple and useful marker in the clinical
setting.
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