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Checkpoint Inhibitor for Non-Small Cell Lung Cancer
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Abstract

Background: The Gustave Roussy Immune Score (GRIm-Score) and
the Royal Marsden Hospital prognostic score (RMH score) were re-
cently developed in order to improve a better participant selection for
phase I trials. The GRIm-Score is formed by combination of lactate
dehydrogenase (LDH), serum albumin concentration, and neutrophil-
to-lymphocyte ratio (NLR). The RMH score is calculated by LDH,
albumin, and number of metastases. These two scores have been vali-
dated only in phase I trials. The purpose of this study was to assess
whether these scores are useful for practical treatment of immune-
checkpoint inhibitor (ICI) monotherapy in pretreated non-small cell
lung cancer (NSCLC).

Methods: This was a retrospective and single-centered study of 76
NSCLC patients treated with ICI monotherapy between December
2015 and October 2018 at our hospital. We divided 76 patients into
high and low GRIm-Score and RMH score groups. Comparison of
overall survival (OS) and progression free survival (PFS) was per-
formed by Kaplan-Meier curves and log-rank tests. Independent
prognostic factors of OS and PFS were analyzed by multivariate Cox
proportional hazard analyses.

Results: The OS of the high GRIm-Score group was significantly
shorter than that of the low score group (low vs. high; median 19.9 vs.
3.2 months, P < 0.01), while no significant difference was observed
in PFS (2.6 vs. 2.1 months, P = 0.13). The PFS of the high RMH
score was significantly shorter than that of the low score group (low
vs. high; 2.6 vs. 1.8 months, P = 0.01), while there was no signifi-
cant difference in OS (16.0 vs. 10.4, P = 0.24). Multivariate analyses
detected high GRIm-Score (hazard ratio (HR) 3.93, 95% confidence
interval (CI) 2.04 - 7.58, P < 0.01), and high RMH score (HR 1.76,
95% CI 1.03 - 3.02, P = 0.04) as poor prognostic factors of OS and
PFS, respectively.
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Conclusions: Baseline GRIm-Score and RMH score were inde-
pendent prognostic factors of OS and PFS of ICI monotherapy for
pretreated NSCLC patients, respectively. These two scores are not
only selection biomarkers for patients in experimental trials, but also
useful prognostic biomarkers for NSCLC patients practically treated
with ICI therapy.
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Introduction

The Royal Marsden Hospital prognostic score (RMH score)
[1] and the Gustave Roussy Immune score (GRIm-Score) [2]
were recently developed for the purpose of supporting the op-
timal selection of eligible participants enrolled into early phase
I trials of new biologic or cytotoxic-based agents, and mainly
of new immune-checkpoint inhibitors (ICIs), respectively. The
former scoring system is calculated by the following three ob-
jective variables; lactate dehydrogenase (LDH) level (within
normal range: 0 vs. >upper limit of normal (ULN): +1 ), serum
albumin level (>3.5g/dL: 0 vs. <3.5g/dL: +1), and number of
metastatic sites (< three sites: 0 vs. > three sites: +1) [1], while
the latter by LDH, serum albumin, and neutrophil-to-lympho-
cyte ratio (NLR) (£ 6:0 vs. > 6: +1) [2]. Thus, the number of
metastatic sites in the RMH score is replaced by NLR in the
GRIm-Score. This was caused by the result that, in the phase I
cohort of ICIs therapies, NLR > 6 was associated with shorter
OS, while the number of metastases was not associated with
a poorer outcome [2]. The sum of the three variables divided
participants into low (total score of 0 or 1) and high (2 or 3)
score groups. Patients in low score groups had significantly
longer overall survival than those in high score groups [2, 3].
These two scores have been validated only in phase I trials in-
cluding various solid tumors [2-6]. These scoring systems con-
sist of independent prognostic variables for ICI therapy. Previ-
ous retrospective studies indicated that a higher LDH level [7,
8], a decrease in albumin [9], a higher NLR [10-12], and more
metastatic sites [13] were associated with shorter PFS and OS
in patients with non-small cell lung cancer (NSCLC) treated
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with ICIs. However, little is known about usefulness of RMH
score and GRIm-Score for practical ICI therapy.

The present study investigated whether RMH score and
GRIm-Score are independent prognostic markers for pretreat-
ed and advanced NSCLC treated with practically available ICI
monotherapy.

Materials and Methods

Patients and study design

This study was single-centered and retrospective. We col-
lected the pretreated patients with pathologically confirmed
diagnosis of NSCLC who had received anti-programmed cell
death-1 (PD-1) or anti-programmed cell-death ligand 1 (PD-
L1) immuno-monotherapy (nivolumab, pembrolizumab or at-
ezolizumab) between December 2015 and October 2018 at our
institution. We excluded the patients treated with the first-line
pembrolizumab, which had been approved for patients with
tumor proportion score (TPS) > 50%. Epidermal growth factor
receptor (EGFR) mutation status was examined by the peptide
nucleic acid-locked nucleic acid PCR clamp method or EGFR
gene mutation analysis COBAS version 2 by LSI Medience
Cooperation (Tokyo, Japan). TPS of PD-L1 expression was
examined by an autostainer with PD-L1 immunohistochemis-
try (IHC) 22C3 pharmDx test at our institution. A pretreatment
peripheral venous blood test, performed within 2 weeks prior
to the introduction of the immunotherapy, included LDH level,
serum albumin concentration, proportion of neutrophils and
lymphocytes in leukocytes. In four patients, the missing val-
ues of serum albumin were complemented by the mean value
of the other patients. From our electrical medical records, we
collected the following pretreatment background data; sex,
age, smoking history, histology, PD-L1 expression, EGFR
mutation status, ALK rearrangement, Eastern Cooperative
Oncology Group Performance Status (ECOG-PS), number of
metastatic sites, and laboratory data. We counted the number
of metastatic sites according to the independent radiologists’
reports of the computed tomography scan and other image ex-
aminations taken before the ICI therapy. We also collected the
treatment regimen, its efficacy and outcomes. Progression-free
and overall survivals (PFS and OS) were calculated from the
first day of the immunotherapy administration until progres-
sive disease (PD) or death due to any cause, and until death
due to any cause, respectively. Response to immunotherapy
was based on Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1. Disease control rate (DCR) was defined
as complete response (CR) + partial response (PR) + stable
disease (SD) per all patients, and overall response rate (ORR)
as CR + PR per all patients. The date of data cut-off was the
end of December, 2018. The GRIm-Score was developed on
the basis of the following three components; NLR (> 6 =1 vs.
<6 =0), LDH (> upper limit of normal (ULN) of each center,
225 TU/L in our hospital = 1 vs. <225 [U/L = 0), and serum
albumin (< 3.5 g/dL =1 vs. > 3.5 g/dL = 0). RMH score was
formed by LDH, albumin, and the number of metastatic sites
of disease (< three sites = 0 vs. > three sites = 1). The NLR was
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calculated by dividing neutrophils by lymphocytes. Patients
were sorted into a high score group (2 or 3 factors) and a low
score group (0 or 1 factors).

This study was conducted in compliance with the ethical
standards of the responsible institution on human subjects as
well as with the Helsinki Declaration.

Data analysis

The median value with interquartile range (IQR), frequency,
and median time with 95% confidential intervals (CI) express
the continuous and categorical variables, and survival times,
respectively. For their comparisons, we used Mann-Whitney
U test, Fisher’s exact test, Kaplan-Meier curves with log-rank
test, respectively. Cox proportional hazards models were used
to detect independent factors associated with OS and PFS.
Hazard ratios (HR) with 95% CI describe these models’ results.
Considering the numbers of events and the previous studies [2,
3, 13], we pre-defined the following explanatory variables in
multivariate analyses; age, histology, and ECOG-PS for OS;
age, histology, PD-L1 expression, and ECOG-PS for PFS. The
number of metastatic sites with GRIm-Score and the NLR with
RMH score were mandatory variables in the multivariate anal-
yses. P-value < 0.05 was defined as statistically significant. All
statistical analyses were performed with EZR (Saitama Medi-
cal Center, Jichi Medical University, Saitama, Japan), which is
a graphical user interface for R (The R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results

This study included 76 patients. We divided 76 patients into
high and low GRIm-Score and RMH score groups. At the time
of data cut-off, 50, 20, and six patients were dead, alive, and
lost to follow-up, respectively. Among 50 dead patients, 35, 11,
and four died at our hospital, at other hospitals, and at home,
respectively. Six patients still continued ICI therapy. However,
one of them continued ICI even after disease had already pro-
gressed. In contrast, 51, 10, and nine patients discontinued ICI
therapy because of progressive disease (PD), adverse effects,
deteriorated general conditions and complications, respective-
ly. One patient changed the regimens without documented PD
for some unknown reason. PD was confirmed in 67 patients.
Anaplastic lymphoma kinase (ALK) and c-ros oncogene 1
(ROSI) were examined by immunohistochemistry at our in-
stitution and by real-time PCR method by SRL, Inc. (Tokyo,
Japan) in 53 and nine patients, respectively. As a result, one
patient had ALK rearrangement, while none had ROS/ rear-
rangement. The patient with positive ALK rearrangement had
already received crizotinib and alectinib until the introduction
of nivolumab, and was classified into RMH score high and
GRIm-Score low group. This study included 11 patients with
positive EGFR mutation. These 11 patients had received EG-
FR-tyrosine kinase inhibitors (TKI) until the initiation of ICI
therapy. Two patients received erlotinib and osimertinib after
PD of pembrolizumab and nivolumab, respectively. Tables 1
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Table 1. Baseline Characteristics, Treatment, and Laboratory Data According to GRIm-Score (N = 76)

N GRIm-Score p
Low (N = 55) High (N =21)
Backgrounds
Sex (N)
Male/female 35/20 14/7 1.00*
Age (years)
Median (IQR) 69 (62.5-73) 71 (68 - 75) 0.29°
Smoking status (N)
NS/Ex, CS 12/43 4/17 1.00?
BMI
Median (IQR) 22.7(21.0-25.1) 22.5(18.2-24.0) 0.26°
>18.5/<18.5 (N) 48/7 14/7 0.0512
Histology (N)
Non-SQ/SQ 42/13 16/5 1.002
EGFR mutation (N)
(-) or NA/(+) 46/9 19/2 0.722
PD-L1 status (N)
> 50%/1-49%/< 1% /NA 13/9/5/28 1/5/3/11 0.252
ECOG-PS (N)
0-1/2/3 43/11/1 11/6/4 0.022
Metastatic sites (N)
<3/>3 25/30 10/11 1.00?
Treatment
ICI regimen (N)
Nivolumab 41 17
Pembrolizumab 11 2
Atezolizumab 3 2 0.082
Previous treatment (N)
Anti-angiogenic drug 25 11 0.622
EGFR-TKIs 13 2 0212
Radiotherapy 13 6 0.772
Further line treatment (N) 31 9 0.322
ICI efficacy
ORR (%) (95% CI) 18.2 (9.1 - 30.9) 4.8 (0.1 -23.8) 0.272
DCR (%) (95% CI) 41.8 (28.7-55.9) 19.0 (5.4 - 41.9) 0.112
Laboratory data
NLR
Median (IQR) 2.64 (1.89 -3.89) 5.85(3.57-7.18) <0.01°
>6 (N) 1 10 <0.012
LDH (U/L)
Median (IQR) 208 (184.5 - 242.5) 324 (228 - 387) <0.01°
>ULN (N) 19 16 <0.012
Albumin (g/dL)
Median (IQR) 3.8(3.5-4.0) 3.1(2.8-3.2) <0.01°
<3.5g/dL (N) 9 21 <0.012

aFisher’s exact test, PMann-Whitney U test. BMI: body mass index; Cl: confidence interval; CS: current smoker; DCR: disease control rate; ECOG-PS:
Eastern Cooperative Oncology Group Performance Status; EGFR: epidermal growth factor receptor; Ex: ex-smoker; GRIm-Score: Gustave Roussy
Immune Score; IQR: interquartile range; ICI: immune-checkpoint inhibitor; LDH: lactate dehydrogenase; NA: not assessed; NLR: neutrophil-to-lym-
phocyte ratio; NS: non-smoker; ORR: overall response rate; SQ; squamous cell carcinoma; TKI: tyrosine kinase inhibitor; ULN: upper limit of normal.
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Table 2. Baseline Characteristics, Treatment, and Laboratory Data According to RMH score (N = 76)

N RMH score P
Low (N = 44) High (N = 32)
Backgrounds
Sex (N)
Male/female 31/13 18/14 0.232
Age (years)
Median (IQR) 69.5 (63 -73) 70.5 (61.25 - 75) 0.63°
Smoking status (N)
NS/Ex, CS 7/37 9/23 0.262
BMI
Median (IQR) 22.0 (20.5 - 23.8) 23.1(19.3 -26.5) 0.20°
>18.5/<18.5 (N) 36/8 26/6 1.00?
Histology (N)
Non-SQ/SQ 30/14 28/4 0.062
EGFR mutation (N)
(-) or NA/(+) 35/9 30/2 0.112
PD-L1 status (N)
> 50%/1-49%/< 1%/NA 9/10/3/22 5/5/5/17 0.572
ECOG-PS (N)
0-1/2/3 33/9/2 21/8/3 0.582
Metastatic sites (N)
<3/z3 28/16 7/25 <0.012
Treatment
ICI regimen (N) 0.77%
Nivolumab 32 26
Pembrolizumab 9 4
Atezolizumab 3 2
Previous treatment (N)
Anti-angiogenic drug 18 18 0.252
EGFR-TKIs 11 0.252
Radiotherapy 11 8 1.00?
Further line treatment (N) 24 16 0.82?
ICI efficacy
ORR (%) (95% CI) 20.5 (9.8 -35.3) 6.2 (0.8 - 20.8) 0.112
DCR (%) (95% CI) 40.9 (26.3 - 56.8) 25.0 (11.5-43.4) 0.152
Laboratory data
NLR
Median (IQR) 2.92(2.02 -3.99) 3.75(2.30 - 5.47) 0.14°
>6 (N) 4 7 0.192
LDH (U/L)
Median (IQR) 197 (179 - 219) 304 (233.8 - 344) <0.01°
>ULN (N) 9 26 <0.012
Albumin (g/dL)
Median (IQR) 3.8(3.5-4.0) 32(2.9-3.6) <0.01°
<3.5g/dL (N) 8 22 <0.012

aFisher’s exact test, "Mann-Whitney U test. BMI: body mass index; Cl: confidence interval; CS: current smoker; DCR: disease control rate; ECOG-PS:
Eastern Cooperative Oncology Group Performance Status; EGFR: epidermal growth factor receptor; Ex: ex-smoker; IQR: interquartile range; ICI: im-
mune-checkpoint inhibitor; LDH: lactate dehydrogenase; NA: not assessed; NLR: neutrophil-to-lymphocyte ratio; NS: non-smoker; ORR: overall response
rate; RMH score: Royal Marsden Hospital prognostic score; SQ; squamous cell carcinoma; TKI: tyrosine kinase inhibitor; ULN: upper limit of normal.
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Figure 1. Kaplan-Meier curves of overall survival (a, c) and progression-free survival (b, d) of all patients (a, b) and patients
without EGFR mutation or ALK rearrangement (c, d) according to GRIm-Score.

and 2 showed patients’ backgrounds, treatment, response, and
pretreatment laboratory data according to GRIm-Score and
RMH score, respectively.

The OS of the high GRIm-Score group was significantly
shorter than that of the low score group (low vs. high; me-
dian 19.9 vs. 3.2 months, P < 0.01), while no significant dif-
ference was observed in PFS (median 2.6 vs. 2.1 months,
P = 0.13) (Fig. 1a, b). On the other hand, the PFS of the
high RMH score was significantly shorter than that of the
low score group (low vs. high; median 2.6 vs. 1.8 months, P
=0.01); while there was no significant difference in OS (me-
dian 16.0 vs. 10.4, P = 0.24) (Fig. 2a, b). When we excluded
12 patients with EGFR mutation or ALK rearrangement,
similar trends were observed in patients without driver mu-
tations (Fig. 1c, d and Fig. 2¢, d). Thereafter, we compared
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OS and PFS according to albumin, LDH, NLR and number
of metastases. Both OS and PFS of patients with high albu-
min (> 3.5g/dL) were longer than those of low albumin (<
3.5g/dL) (Figs. 3a, 4a). Regarding LDH, no difference was
detected both in OS and PFS (Fig. 3b, 4b). The OS of pa-
tients with high NLR (> 6.0) and PFS of patients with more
than three metastatic sites were significantly shorter than OS
of low NLR (< 6.0) and PFS of number of metastases < 3,
respectively, though no significant difference was found in
PFS of NLR and OS of number of metastatic sites (Fig. 3c,
d and Fig. 4c, d).

Multivariate Cox proportional hazard analyses of all pa-
tients detected high GRIm-Score (HR 3.93, 95% CI 2.04 -
7.58, P < 0.01) (Table 3), and high RMH score (HR 1.76,
95% CI 1.03 - 3.02, P = 0.04) (Table 4) as poor prognostic
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Figure 2. Kaplan-Meier curves of overall survival (a, c) and progression-free survival (b, d) of all patients (a, b) and patients
without EGFR mutation or ALK rearrangement (c, d) according to RMH score.

factors of OS and PFS, respectively.
Discussion

This was the first study evaluating GRIm-Score and RMH
score in NSCLC patients treated with post-marketing and
practical ICI monotherapy. As a result, this study showed that
pretreatment GRIm-Score and RMH score were independ-
ent prognostic factors of OS and PFS of ICI monotherapy
for pretreated NSCLC patients, respectively. Thus, these two
scores are not only selection biomarkers for patients enrolled
in early phase I trials, but also useful prognostic biomarkers for
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NSCLC patients practically treated with ICI therapy.

The most interesting finding was difference in usefulness
of these two scores between OS and PFS. GRIm-Score was
an independent prognostic marker for OS, but not for PFS. In
contrast, RMH score was an independent predictive marker
for PFS, but not for OS. The difference between these two
scores is only NLR and number of metastatic sites. Compari-
sons of survival times and subsequent multivariate analyses
indicated that NLR was associated with OS, but not with PFS,
while number of metastases showed the opposite response to
NLR. During the development process of GRIm-Score, nei-
ther response to ICI therapy nor PFS was evaluated. The aim
of these two scores was to identify patients who was likely to
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Figure 3. Kaplan-Meier curves of overall survival according to albumin (a), LDH (b), NLR (c), and number of metastatic sites (d).

die early in phase I trials. Thus, these two scores were origi-
nally developed based on OS. As a prognostic biomarker of
OS and PFS, many studies demonstrated baseline NLR, but
some studies failed. A Japanese study of 101 patients treated
with nivolumab [10] and a Korean study of 54 patients treated
with anti-PD-1 antibody [14] showed that pretreatment high
NLR (> 3 and > 5) was not associated with PFS, but post-
treatment high NLR (> 3) at 4 weeks or (> 5) at 6 week was
associated with inferior PFS. Thus, as a prognostic marker of
PFS, baseline NLR may be still controversial. On the other
hand, a little has been reported on number of metastatic sites
as a prognostic factor. A univariate analysis of 201 Japanese
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patients treated with nivolumab found a significant associa-
tion between the number of metastatic organ sites and shorter
PFS [15]. Multivariate analyses of 175 Spanish patients treated
with nivolumab indicated that more than one metastatic loca-
tion was independently associated with shorter PFS and OS
[16]. In a multivariate analysis of European patients treated
with various immunotherapies, involvement of two or more
metastatic sites was selected as an independent prognostic fac-
tor of OS [13]. Organ-specific response to ICI was recently
suggested [17, 18]. It is not clear which is more important as
a prognostic marker of ICI treatment, number or location of
metastatic sites.
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Figure 4. Kaplan-Meier curves of progression-free survival according to albumin (a), LDH (b), NLR (c), and number of metastatic

sites (d).

The unexpected finding was that Kaplan-Meier curves
of OS and PFS did not differ by baseline LDH value. Owing
to small number of events, we could not choose LDH as an
explanatory variable in multivariate analyses. Some studies
of ICI for NSCLC have selected LDH as a prognostic factor
of OS [13, 19] and PFS [7, 8, 19, 20]. A prognostic factor of
LDH has been investigated mainly in melanoma and NSCLC.
In melanoma patients treated with ICI, association of normal
baseline LDH with improved response and OS has been shown
[21]. We have to evaluate LDH again when we collect more
cases in the future.

There were some limitations in this study. First, this was
a retrospective, single-institutional study with a small sample
size. Our sample size made it impossible to individually evalu-
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ate albumin, LDH, number of metastases, and NLR in the mul-
tivariate analyses. Second, the first ICI in the second or further
line will be an old-fashioned regimen in the near future. Cur-
rently, the new regimens of combination of ICI with cytotoxic
chemotherapy or another ICI is becoming a standard first-line
regimen for advanced and metastatic NSCLC. Thus, our forth-
coming challenge may be whether these biomarkers are useful
in these new regimens in the first-line setting.

Conclusions

Baseline GRIm-Score and RMH score were independent prog-
nostic factors of OS and PFS of ICI monotherapy for pretreat-
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Table 3. Multivariate Cox Hazard Proportional Analyses of Overall Survival of All Patients (N = 76)

—— GRIm-Score RMH score
HR (95% CI) P HR (95% CI) P

Age (years)

<70 1 (reference) 1 (reference)

>70 0.87(0.48 - 1.59) 0.66 1.13 (0.61 - 2.10) 0.71
Histology

Non-SQ 1 (reference) 1 (reference)

SQ 0.62 (0.28 - 1.36) 0.23 0.77 (0.35 - 1.71) 0.53
ECOG-PS

Oor1l 1 (reference) 1 (reference)

>2 1.80 (0.98 - 3.30) 0.056 1.93 (1.04 - 3.59) 0.04*
No. of metastases

<3 1 (reference)

>3 1.05 (0.57 - 1.94) 0.88
GRIm-Score

Low (0-1) 1 (reference)

High (2 - 3) 3.93 (2.04 - 7.58) <0.01%*
NLR

<6 1 (reference)

>6 1.92 (0.85 - 4.34) 0.12
RMH score

Low (0-1) 1 (reference)

High (2 - 3) 1.42 (0.78 - 2.57) 0.25

Cl: confidence interval; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; GRIm-Score: Gustave Roussy Immune Score; HR:
hazard ratio; NLR: neutrophil-to-lymphocyte ratio; RMH score: Royal Marsden Hospital prognostic score; SQ: squamous cell carcinoma. *P < 0.05,

P <0.01.

ed NSCLC patients, respectively. These two scoring systems
are not only selection biomarkers for patients in experimental
trials, but also useful prognostic biomarkers for NSCLC pa-
tients practically treated with ICI therapy.
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