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Purpose: To evaluate the dynamics of early serum tumour markers (STMs) and the
neutrophil-to-lymphocyte ratio (NLR) to predict clinical efficacy and prognosis of advanced
non-small-cell lung cancer (NSCLC) patients who received programmed cell death-1 (PD-1)/
programmed cell death-ligand 1 (PD-L1) inhibitors.

Patients and Methods: We retrospectively reviewed patients with advanced NSCLC
treated with PD-1/PD-L1 inhibitors between September 2017 and August 2020. NLR and
STMs were routinely measured between immunotherapy initiation and the first radiological
evaluation. A combination score based on the leading STM and NLR and their dynamic
changes was established. The effects of leading STM change, NLR change, and the combi-
nation score on the objective response rate (ORR), durable clinical benefit (DCB), progres-
sion-free survival (PFS), and overall survival (OS) were analysed. The accuracy of the
combination score was evaluated by receiver operating characteristic (ROC) curve and the
area under the curve (AUC).

Results: Overall, 124 patients were included in this retrospective cohort study. The ORR
was 22.8%, DCB was 54.5%, and the median OS and PFS were 21.6 and 14.9 months,
respectively. Patients with low combination scores had a significantly improved ORR and
DCB compared with those with intermediate or high scores (P = 0.002 for ORR, P < 0.0001
for DCB). In a multivariate model, the combination score was an independent indicator of
PFS (P < 0.0001) and OS (P < 0.0001). The AUC demonstrated that the combination score
(AUC = 0.706) has greater predictive power than either the posttreatment NLR (AUC =
0.668) or the leading STM change (AUC = 0.648) alone.

Conclusion: An easy, cost-effective, and novel combination score based on the dynamics of
an early STM and the NLR can accurately predict the clinical efficacy of PD-1/PD-L1
inhibitors and prognosis in advanced NSCLC patients.

Keywords: serum tumour marker, neutrophil-to-lymphocyte ratio, PD-1 inhibitors, non-
small-cell lung cancer, prognosis

Introduction

Lung cancer has the highest mortality rate among all cancers worldwide and in
China and accounts for 23% of all cancer-related deaths. Approximately 75% to
80% of all lung cancer cases are non-small-cell lung cancer (NSCLC), which
usually presents as advanced or metastatic disease at initial diagnosis.'

Immunotherapy consisting of immune checkpoint inhibitor (ICI) blockade, and
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specifically programmed cell death-ligand 1 (PD-L1) or
programmed cell death-1 (PD-1) inhibitors, has revolutio-
nized therapeutic strategies for advanced human cancers
over the last few years. Durable responses and improved
survival can be observed in advanced NSCLC patients
treated with ICIs as first- or second-line treatments, as
can tolerated immune-related adverse events. However,
by far, only a minority of patients initially respond to
ICI administration. Although the expression status of PD-
L1 by immunohistochemistry has been widely used to
identify pretreatment NSCLC patients who might benefit
from such therapies, patients with negative PD-L1 stain-
ing may still be responsive. Other biomarkers, such as
tumour-infiltrating lymphocytes (TILs), the Teff score,
which represents effector T-cell gene expression, tumour
mutational burden (TMB, the number of somatic muta-
tions within the coding region of a tumour genome), and
tumour neoantigen burden (TNB, the number of tumour-
specific antigens generated by somatic mutations that
produce novel peptides), have been proposed.*®
However, analysis of these biomarkers is expensive and
time-consuming, and to some extent, a consensus regard-
ing detection and analytical methods is lacking, as this
approach has not yet been widely applied in clinical
practice. Thus, the development of inexpensive and repea-
table tests with easily obtainable results for biomarkers is
vital to optimize the clinical use of ICIs, to identify
a subset of patients who are most likely to derive
a clinical benefit, and to help understand the potential
molecular determinants of an immune response.

Recent studies have indicated that predictors in the host
could help select patients for ICI therapy, including Eastern
Cooperative Oncology Group (ECOG) performance status,
routine laboratory parameters, such as lactate dehydrogen-
ase and peripheral blood cell counts, and gut microbiota.” "
Inflammation and the inflammatory response have been
of host
Neutrophilia was found to occur in an inflammatory

viewed as surrogate biomarkers immunity.
response where it suppresses the cytolytic activity of
immune cells, including lymphocytes, natural killer cells,
and activated T cells. An elevated neutrophil-to-lymphocyte
ratio (NLR) has been reported to be tightly associated with
systemic inflammation and the immune status of the host
and has been extensively investigated in solid tumours as
a poor prognostic factor.'*'* Serum tumour markers
(STMs), surrogate indicators of tumour burden, such as
carcinoembryonic antigen (CEA), carbohydrate antigen

19-9 (CA19-9), and cytokeratin-19 fragments (CYFRA
21-1), are also prognostic indicators in NSCLC patients
with or without immune checkpoint blockade treatment.'>~
'7 Recently, Lang et al reported that STM dynamics could
aid in evaluating the therapeutic outcomes of ICI treatment
in NSCLC patients, but the enrichment of clinical response
seemed to be incomplete.'”

In this study, a novel scoring system incorporating the
dynamics of early STMs and the NLR was developed, and
its predictive role in the efficacy of ICI therapy and prog-
nosis in NSCLC patients was analysed. Early changes in
the combination of markers provide clinicians with pre-
dictive and prognostic information as to which patients
with advanced NSCLC may benefit from ICI treatment.

Patients and Methods

Patients and Data Collection
We performed a retrospective analysis of all patients with
a histologically or cytologically proven diagnosis of
advanced NSCLC who were treated with a PD-1 or PD-
L1 inhibitor at No. 960 Hospital, People’s Liberation of
Army, the First Affiliated Hospital of Shandong First
Medical University, and the Third Affiliated Hospital of
Shandong First Medical University from September 2017
to August 2020. This study was approved by the indepen-
dent research ethics committee of The First Affiliated
Hospital of Shandong First Medical University (NO:
YXLL-KY-2020-007) and conformed to the principles of
the Declaration of Helsinki.

The inclusion criteria were as follows: age older than
18 years; histologically or cytologically confirmed
NSCLC; stage IIIB or IV disease (locally advanced or
metastatic) according to the American Joint Committee
on Cancer (AJCC) staging system, 8th version; treatment
with PD-1 inhibitor (nivolumab, pembrolizumab, camreli-
zumab, sintilimab, or tislelizumab) or PD-L1 inhibitor
(durvalumab or atezolizumab) monotherapy or immu-
notherapy combined with chemotherapy as a first-, second-
or later line of treatment; an Eastern Cooperative
Oncology Group (ECOG) performance status of 0-2, and
at least 2 treatment cycles. We excluded patients who were
obviously in a chronic or acute inflammatory state. All
included patients had measurable disease and were treated
until disease progression or until unacceptable toxicity was
reached. Efficacy evaluation by radiographic findings was
performed according to Response Evaluation Criteria in
Solid Tumours version 1.1 (RECIST 1.1) and included
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complete response (CR), partial response (PR), objective
response rate (ORR), and durable clinical benefit (DCB).

The clinical characteristics of the patients were col-
lected from the electronic medical records and included
age, sex, body mass index (BMI), histology, and tumour
node metastasis (TNM) stage. Peripheral blood data,
including absolute neutrophil count, absolute lymphocyte
count and the levels of CEA, CYFRA 21-1, CA19-9,
neuron-specific enolase (NSE) and carbohydrate antigen
125 (CA125), were predominantly used to compute the
NLR and leading STM at the start of treatment and at 6
weeks after treatment initiation. The upper limits of nor-
mal were 5 ng/mL for CEA, 3.3 ng/mL for CYFRA 21-1,
16.3 ng/mL for NSE, 37 U/mL for CA19-9, and 35 U/L
for CA125. If more than one STM increased upon ICI
initiation, the STM with the highest elevation relative to
the upper limit of normal, according to previously reported
criteria, was selected as the leading STM.'” If no analysed
STMs were elevated at immunotherapy initiation, the lead-
ing STM was the one with the highest value in relation to
the upper limit of normal. The NLR was calculated by
dividing the absolute neutrophil counts by the lymphocyte
counts, as measured in peripheral blood.

Statistical Analysis

Categorical variables, such as patient and disease charac-
teristics, were described using frequencies and percen-
tages. Quantitative variables are presented as medians
and ranges. Durable clinical benefit (DCB) was defined
as ICI continuation for six months. Durable clinical benefit
(DCB) was defined as CR, PR or stable disease (SD) that
lasted longer than 6 months. Progression-free survival
(PFS) was defined as the time from immunotherapy initia-
tion to the date of disease progression or death from any
cause, whichever occurred first. Patients who were alive
without disease progression were censored on the date of
their last disease assessment. Overall survival (OS) was
defined as the time from immunotherapy initiation to death
from any cause. Patients who were still alive were cen-
sored at the date of last contact. PFS and OS curves were
calculated using the Kaplan—Meier method and were com-
pared using the Log rank test. Cox regression models were
applied to determine independent indicators associated
with PFS and OS and to estimate the hazard ratio (HR)
and 95% confidence interval (CI). Factors that were statis-
tically significant in the univariate analysis were incorpo-
rated into the multivariate analysis. SPSS 26.0 software
(SPSS Inc., Chicago, IL) was used for all statistical tests.

A P value < 0.05 was considered statistically significant.
The accuracy of the combination score was evaluated by
an ROC curve and by calculating the AUC.

Results
Clinicopathological Characteristics of the

Patients

We initially reviewed the data of 141 advanced NSCLC
patients treated with immunotherapy, and finally, 124
patients were included in this analysis. 17 patients were
excluded because they were lost to follow-up (n = 11) or
received fewer than 2 cycles of therapy (n = 6). The median
age was 63 years (range 36 to 85 years), and 28.2% of
patients were female. 37 patients received ICI monotherapy,
while 87 patients were treated with chemotherapy plus
immunotherapy. In the total population, CEA was deter-
mined to be the leading STM in 57 (51.4%), CYFRA 21—
1 in 36 (32.4%), NSE in 12 (10.8%), CA125 in 4 (3.6%),
and CA19-9 in 2 (1.8%) patients. In 13 cases, no STM was
elevated at the time of ICI initiation. Dynamics of the
leading STM were assessed in 111 (89.5%) patients. The
baseline clinicopathological and laboratory characteristics
are summarized in Table 1. At the end of follow-up, 80
patients had relapsed and 38 patients had died. The median
follow-up duration was 10.8 months (95% CI: 7.5-14.1
months). For the entire population, the ORR was 22.8%,
DCB was 54.5%, and the median OS and PFS were 21.6
months and 14.9 months, respectively.

Association Between Leading STM or
NLR Dynamics and Response to ICl

Treatment and Outcomes

We first analysed the association between the dynamics of
the leading STM or those of the NLR and response to ICI
treatment and patient outcomes. A decreased leading STM
was defined as a leading STM that decreased more than
20% compared with the baseline leading STM at 6 weeks
after ICI initiation, while an increased leading STM was
defined as a leading STM that had not decreased more than
20% over the same period. No clinicopathological or
laboratory characteristics were associated with leading
STM dynamics except for ECOG performance status
(P = 0.05) (Table 2). As shown in Figure 1, the ORR
was significantly higher in the decreased leading STM
group than in the increased leading STM group (32.0%
vs 8.0%, P = 0.003). Similarly, the difference in DCB
between the two groups was significant (64.0% vs
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Table | Baseline Characteristics of Patients

Median Age Years (Range) 63 (36-85)
Age (n, %) <65 years 73 (58.87)
265 years 51 (41.13)
Gender (n, %) Female 35 (28.23)
Male 89 (71.77)
BMI (n, %) <18.5 kg/m? 3 (2.46)
18.5-23.9 kg/m? 61 (50.00)
>23.9 kg/m? 58 (47.54)
Histology (n, %) Adenocarcinoma 70 (56.45)
Squamous carcinoma 40 (32.26)
Adenosquamous carcinoma 3(242)
Large cell carcinoma 5 (4.03)
Unknown 6 (4.84)
TNM stage (n, %) L} 32 (25.81)
v 92 (74.19)
ECOG PS (n, %) 0 25 (20.16)
| 98 (79.03)
2 1 (0.81)
Smoking status (n, %) Never 46 (37.10)
Former 59 (47.58)
Current 19 (15.32)
Metastasis sites (n, %) Bone 14 (14.89)
Lymph node 30 (31.91)
Lung 36 (38.30)
Brain 7 (7.45)
Liver 4 (4.26)
Adrenal gland 3 (3.19)
Radiotherapy (n, %) Yes 44 (35.48)
No 80 (64.52)
PD-LI expression (n, %) Not available 89 (71.77)
<50% 21 (16.94)
1-49% 10 (8.06)
Negative 4 (3.23)
Line of immunotherapy (n, %) | 31 (25.00)
2 63 (50.81)
>3 30 (24.19)
ICI (n, %) PD-1 107 (86.29)
PD-LI 17 (13.71)
Treatment type (n, %) Monotherapy 37 (29.84)
Combination therapy 87 (70.16)
Immune-related adverse events (n, %) Yes 119 (95.97)
No 5 (4.03)
Leading STM (n, %) CEA 57 (51.35)
CYFRA 21-I 36 (32.43)

(Continued)
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Table | (Continued).

NSE 12 (10.81)
CAI19-9 2 (1.80)
CAI25 4 (3.61)
Baseline CEA (n, %) Normal (<5 ng/mL) 47 (43.52)
Increased (25 ng/mL) 61 (56.48)
Baseline CYFRA 21-1 (n, %) Normal (<3.3 ng/mL) 23 (24.47)
Increased (23.3 ng/mL) 71 (75.53)
Baseline NSE (n, %) Normal (<16.3 ng/mL) 49 (56.98)
Increased (216.3 ng/mL) 37 (43.02)
Baseline CA19-9 (n, %) Normal (<37 U/mL) 13 (59.09)
Increased (237 U/mL) 9 (40.91)
Baseline CAI25 (n, %) Normal (<35 U/L) 20 (54.05)
Increased (235 U/L) 17 (45.95)
Baseline NLR (n, %) Decreased (<5) 97 (78.23)
Increased (25) 27 (21.77)

Note: Data are given as absolute number and percent within the respective group unless otherwise specified.

Abbreviations: BMI, body mass index; TNM, tumor node metastasis; ECOG PS, Eastern Cooperative Oncology Group performance status; ICl, immune checkpoint
inhibitor; PD-1, programmed cell death-I; PD-LI, programmed cell death-ligand |; STM, serum tumor markers; CEA, carcinoembryonic antigen; CYFRA 21-1, cytokeratin-
19 fragments; NSE, neuron specific enolase; CA19-9, carbohydrate antigen 19-9; CA125, carbohydrate antigen 125.

26.0%, P = 0.0001). The patients with increased leading
STM had a lower median PFS (9.5 vs 19.1 months, HR:
4.123, 95% CI: 1.832-9.430, P = 0.0002) and OS (13.9 vs
not reached months, HR: 3.526, 95% CI: 1.570-7.921, P =
0.0015) than those with decreased leading STM (Figure 2).
In terms of NLR dynamics, a decreased NLR was defined
as a NLR that had decreased more than 20% 6 weeks after
ICI initiation compared with the baseline NLR, while an
increased NLR was defined as a NLR that had not
decreased more than 20% 6 weeks after ICI initiation
compared with the baseline. No significant difference
was observed between the decreased NLR group and the
increased NLR group in DCB, PFS and OS
(Supplementary Figure 1). Thus, the decreased NLR and

increased NLR were redefined as posttreatment NLR < 5
and NLR > 5, respectively, regardless of the pretreatment
NLR. As expected, patients with decreased NLR were
more likely to benefit from ICI treatment (for ORR,
27.3% vs 4.2%, P = 0.015; for DCB, 52.5% vs 16.7%,
P = 0.002) (Figure 1). Furthermore, patients with an
increased NLR were more likely to experience progression
(19.1 vs 3.1 months, HR: 6.161, 95% CI: 3.215-11.810,
P < 0.0001) or die (21.7 vs 5.0 months, HR: 4.340, 95%
CI: 2.265-8.317, P < 0.0001) (Figure 2).

Association Between a Combination
Score of the Leading STM and NLR
Dynamics and Response to |Cl Treatment

and Outcomes

We next asked whether a combination score incorporating
the leading STM and NLR dynamics could accurately
predict response to ICI treatment and patient outcomes.
A combination score (score 0: low combination score;
score l: intermediate; score 2: high combination score)
was established by combining the dynamics of the leading
STM (score 0: decreased leading STM; score 1: increased
leading STM) and the NLR (score O: posttreatment NLR <
5; score 1: posttreatment NLR > 5).

With the total population as the overall cohort (n = 100),
patients with a low combination score had a significantly
improved ORR (34.8% vs 10.3% vs 0%, P = 0.002) and
DCB (69.6% vs 28.2% vs 13.3%, P <0.0001) compared with
those with intermediate or high combination scores
(Figure 1). In the cohort of the Third Affiliated Hospital of
Shandong First Medical University (n = 40), however, no
significant difference in the ORR or DCB was observed
among these three groups (Figure 1). In the subgroup of
nonresponders (SD and progressive disease), patients with
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Table 2 Associations Between Clinicopathological Features and Leading STM, NLR, and Combination Score

Variables Category Leading STM P NLR P Combination P
Score
Decreased | Increased Decreased | Increased 0 1 2

Age (years) <65 24 33 0.069 | 58 15 0.687 | 21 28 0.050
265 26 17 42 9 25 11

Gender Female 11 16 0.260 | 29 6 0.696 11 12 4 | 0.828
Male 39 34 71 18 35 | 27 11

BMI (kg/m?) 18.5-23.9 26 21 0414 | 47 14 0247 | 24 15 0.387
<18.5 or >23.9 24 27 52 9 22 | 23

Histology Adenocarcinoma 31 27 0220 | 62 8 0.004 | 30 | 22 0.088
Non- 15 22 32 16 12 16
adenocarcinoma

TNM stage 1 14 13 0822 | 29 3 0.097 13 13 1| 0.143
v 36 37 71 21 33 | 26 14

ECOG PS 0 I 4 0.050 | 21 4 0.781 I 2 2 | 0.040
2| 39 46 79 20 35 | 37 13

Smoking status Never 17 20 0534 | 37 9 0.964 16 14 0.698
Former/Current 33 30 63 15 30 | 25

Metastasis No 12 13 0817 | 27 3 0.136 I 13 1] 0.130
Yes 38 37 73 21 35 | 26 14

Radiotherapy Yes 17 18 0.834 | 31 13 0.033 16 9 10 | 0.011
No 33 32 69 11 30 | 30 5

PD-LI expression <50% 7 7 0210 | 18 3 0.533 7 6 1 | 0.388
250% 8 2 10 0 8 2 0

PD-LI status Positive 15 9 1.000 | 27 5 1.000 14 8 2 | 1.000
Negative 3 | 4 0 3 | 0

Line of immunotherapy <3 37 36 0822 | 75 19 0.669 | 35 | 26 12 | 0.588
23 13 14 25 5 I 13 3

ICI PD-1 45 44 0.749 | 88 19 0.320 | 4l 36 12 | 0.467
PD-LI 5 6 12 5 5 3 3

Mono-immunotherapy Yes 13 10 0.476 | 28 9 0.361 13 5 0.124
No 37 40 72 15 33 | 34 10

Immune-related adverse events Yes 46 49 0.362 | 96 23 1.000 | 42 | 39 14 | 0.132
No 4 | 4 | 4 0 |

Notes: Data are given as absolute number and testing for significance between the subgroups was accomplished using a chi square test, a P value of < 0.05 was regarded

statistically significant.

Abbreviations: BMI, body mass index; TNM, tumor node metastasis; ECOG PS, Eastern Cooperative Oncology Group performance status; ICl, immune-checkpoint
inhibitors; PD-1, programmed cell death-I; PD-LI, programmed cell death-ligand I; STM, serum tumor markers; NLR, neutrophil-to-lymphocyte ratio.

a low combination score had a significantly improved DCB
(66.7% vs 20.0% vs 13.3%, P < 0.0001) (Figure 3).
Moreover, the combination score was significantly asso-
ciated with PFS (19.1 vs 14.9 vs 2.8 months, P < 0.0001)
and OS (not reached vs not reached vs 3.1 months, P <
0.0001) in all patients (Figure 2) as well as in nonresponders
(for PFS, 19.1 vs 9.5 vs 2.8 months, P < 0.0001; for OS, not

reached vs not reached vs 3.1 months, P <0.0001) (Figure 3).
This combination score was also further confirmed to stratify
patients with different prognoses in terms of PFS (not
reached vs not reached vs 2.3 months, P < 0.0001) and OS
(not reached vs not reached vs 5 months, P = 0.0003) in the
cohort of the Third Affiliated Hospital of Shandong First
Medical University (n = 40) (Figure 2).
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Figure | ORR and DCB from the decreased leading STM versus the increased leading STM, and from the decreased NLR versus the increased NLR. ORR and DCB for
patients in the overall cohort with different combination scores, and for patients in the cohort of the Third Affiliated Hospital of Shandong First Medical University with

different combination scores.

Abbreviations: STM, serum tumour marker; NLR, neutrophil-to-lymphocyte ratio; ORR, objective response rate; DCB, durable clinical benefit.

In the adenocarcinoma subgroup, significantly
improved DCB, PFS and OS were shown in patients
with low combination scores (for DCB, 66.7% vs 31.8%
vs 0%, P = 0.002; for PFS, not reached vs 14.9 vs 2.8
months, P < 0.0001; for OS, not reached vs 16.7 vs 3.1
months, P < 0.0001) (Supplementary Figure 2A and B). In

the squamous cell carcinoma subgroup, differences in the

ORR among patients with low, intermediate, and high
combination scores were significant (50.0% vs 0% vs
0%, P = 0.002). Additionally, longer median PFS and
OS were found in this subgroup of patients with a low
combination score (for PFS, 19.1 vs not estimable vs 2.8
months, P = 0.0002; for OS, 21.7 vs 16.7 vs 5.0 months,
P =0.0001) (Supplementary Figure 3A and B). In other
subgroups of patients treated with monoimmunotherapy or

combination immunotherapy and in those with good or
poor ECOG performance status, the predictive potency of
the combination score for ORR, DCB, PFS, and OS was
also significant (Supplementary Figures 4-7). Figure 4

shows computed tomography scans at baseline and the

first and subsequent radiological assessments for 3 repre-
sentative NSCLC patients treated with PD-1/PD-L1 inhi-
bitors. These patients with different combination scores
exhibited different responses and outcomes following ICI
treatment.

According to Supplementary Table 1, ECOG PS, leading
STM, posttreatment NLR, an NLR that increased >20% and
the combination score were stronger predictors of these two
outcomes (ORR, DCB). The results of the univariate and
stepwise multivariate Cox regression analyses for variables

influencing PFS and OS are summarized in Tables 3 and 4.
Before developing a combination score, the NLR and STM
were first incorporated in the multivariable Cox regression
model (Table 4A). The posttreatment NLR was an independent
indicator of improved OS (HR: 0.122, 95% CI: 0.042-0.352,
P =0.001) and PFS (HR: 0.144, 95% CI: 0.048-0.427, P =
0.001), which is shown in Tables 3 and 4A. As shown in
Table 4B, the combination score was incorporated in the multi-
variable Cox regression model and was demonstrated to be an
Multivariate analyses revealed

independent predictor.
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Figure 2 Kaplan—Meier survival curves for progression-free and overall survival according to the leading STM and the NLR. Kaplan—Meier survival curves for progression-
free and overall survival according to the combination scores in the overall cohort and in the cohort of the Third Affiliated Hospital of Shandong First Medical University.
Abbreviations: NR, not reached; STM, serum tumour markers; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival; OS, overall survival; HR, hazard ratio;

Cl, confidence interval.
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a significant effect of the combination score (for the medium
score group, HR: 3.661, 95% CI: 1.136-11.792, P =0.030; for
the high score group, HR: 20.066, 95% CI: 5.646-71.311, P<
0.0001) on PFS. In a multivariate model, the combination

score was an independent indicator for predicting OS (for the
medium score group, HR: 3.183, 95% CI: 1.02-9.931, P =
0.046; for the high score group, HR: 22.299, 95% CI: 6.381—
77.924, P < 0.0001). To evaluate whether the combination
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Figure 4 Computed tomography (CT) scans at baseline and at the first and subsequent radiological assessments for 3 representative NSCLC patients treated with PD-1/
PD-LI inhibitors. The first patient (Case |) with a combination score of 0 (low combination score) had achieved a partial response at the first radiological evaluation and
subsequently achieved a complete response (at 14 weeks) with long-term survival (alive; progression-free survival: 30.9 months; overall survival: 30.9 months). The second
patient (Case 2) with a combination score of 0 (low combination score) had stable disease at the first radiological evaluation and subsequently exhibited a partial response
(at 13 weeks) with long-term survival (alive; progression-free survival: 19.] months; overall survival: 21.7 months). The third patient (Case 3) with a combination score of 2
(high combination score) had progressive disease at the first radiological evaluation and subsequently exhibited continuous progression (at 12 weeks) with short-term
survival (death; progression-free survival: 2.3 months; overall survival: 5.0 months). The arrows indicate lesions in the lungs.

score is a better predictor than the posttreatment NLR or the
leading STM alone, ROC curves were generated, as shown in
Figure 5. The AUC value demonstrated that the combination
score (AUC = 0.706) as an individual biomarker had greater
predictive power than the posttreatment NLR (AUC = 0.668)
or the leading STM change (AUC = 0.648).

Discussion

The present study indicated that combined analysis of the early
dynamics of the leading STM and the NLR predicted the
efficacy of ICI therapy and outcomes in advanced NSCLC
patients. The predictive potency of these combined serum
markers showed consistent results in patients with no response
at the first radiological assessment. This predictor may also
help distinguish patients who might be responsive to immu-
notherapy from those who are resistant to immunotherapy
regardless of their pathologic subtype, ECOG status, or

whether they are treated with first-line or late-line ICIs. The
AUC value demonstrated that the combination score had
greater predictive power than the posttreatment NLR or lead-
ing STM change alone.

The high mortality of NSCLC is due to the presence of
metastatic disease at the time of diagnosis in most patients,
which indicates that improvements in long-term survival
will require systemic therapies that are more effective than
traditional chemotherapy.'® As several PD-1 and PD-LI
inhibitors have been approved as novel therapeutic strate-
gies for the treatment of advanced NSCLC in China and

worldwide,'* 23

immunotherapy alone or in combination
with chemotherapy is now the preferred option for patients
with metastatic NSCLC. In recent years, however, only
20-30% of advanced NSCLC patients seem to derive
a clinical benefit, and biomarkers that can predict the

response to immunotherapy with ICIs remain to be
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Table 4 Multivariate Cox Analyses of PFS and OS
A. NLR and STM Multivariate Cox Analysis PFS oS
HR (95% CI) P HR (95% CI) P
Radiotherapy Yes vs No 1.079 (0.432-2.691) 0.871 0.843 (0.342-2.078) 0.710
Mono-immunotherapy Yes vs No 1.786 (0.758—4.212) 0.185 / /
Leading STM change Decrease <20% vs Decrease 220% 2.892 (0.976-8.568) 0.055 0.510 (0.193-1.350) 0.175
Pretreatment NLR 25 vs <5 / / 0.805 (0.308-2.099) 0.657
Posttreatment NLR 25 vs <5 0.144 (0.048-0.427) 0.001 0.122 (0.042-0.352) 0.001
B. The Combination Score Multivariate Cox Analysis PFS os
HR (95% CI) P HR (95% CI) P
Radiotherapy Yes vs No 1.049 (0.417-2.643) 0919 0.807 (0.329-1.976) 0.630
Mono-immunotherapy Yes vs No 1.860 (0.772—4.480) 0.167 / /
Combination Score 0
[ 3.661 (1.136-11.792) 0.030 3.183 (1.02-9.931) 0.046
2 20.066 (5.646-71.311) <0.0001 22.299 (6.381-77.924) <0.0001

Notes: Cox regression models were applied to find independent indicators associated with PFS and OS and estimate the hazard ratio (HR). Factors which were statistically
significant in the univariate analysis were incorporated into the multivariate analysis. Figures are given as HR (95% CI). A P value of < 0.05 was regarded statistically

significant.

Abbreviations: PFS, progression-free survival; OS, overall survival; HR: hazard ratio; Cl, confidence interval.

elucidated. Traditionally, most factors that predict
a response to ICIs are related to the characteristics of
cancer cells and the tumour-associated microenvironment.
PD-L1 expression, as the only approved predictive bio-
marker for PD-1 blockade in NSCLC, is currently widely
applied. However, some patients do not respond well to
ICIs despite positive PD-L1 expression. Nonetheless,
patients with negative PD-L1 expression may still benefit
from inhibitors. This could be because PD-L1 expression
may vary over time and may be distinct in different
tumour lesions.”* A second biopsy for PD-L1 expression
reanalysis may not be feasible in every patient in a clinical
setting to aid in patient selection. Another biomarker,
TMB, has been found to be related to durable responses
in multiple cancers treated with ICls, including
NSCLC.>?® Similarly, TMB has several limitations,
including the lack of standardization among the testing
platforms used and involved genes.”’ Although blood
TMB as a circulating biomarker has shown a positive
association with efficacy of immune checkpoint
blockade,*® a fixed TMB threshold that defines a tumour
with high TMB has not been confirmed. The high overall
costs and expertise for the interpretation of genomic data
also limit TMB assessment in routine companion diagnos-

tics. Other biomarkers including representatives of the

tumour microenvironment, such as TILs and the Teff
score, which represents effector T-cell gene expression,
are reported as positive predictors for ICI therapy.
However, these biomarkers are expensive and to some
extent lack a consensus regarding the detection and analy-
sis methods and are not yet widely applied in clinical
practice. Sometimes, easy combinations of these biomar-
kers may exclude some patients who might truly have
durable responses and derive benefits from immunother-
apy in terms of clinical outcomes. In the CheckMate 026
study, patients with both high TMB and high PD-L1
expression had a higher response rate than those with
only one of these factors or none of the factors.
However, in this trial, these patients accounted for only
10% of all NSCLC patients.>' In this study, the dynamics
of early STMs and the NLR were identified as inexpen-
sive, easily obtainable and repeatable as biomarkers,
which is vital to optimize the clinical use of ICIs, identify
the subset of patients most likely to derive a clinical ben-
efit, and to help understand the potential molecular deter-
minants of the immune response.

In general, as surrogate indicators of tumour burden,
circulating biomarker analyses are cheap, readily obtain-
able and repeatable. Although STMs are currently not
recommended for the diagnosis or management of
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Figure 5 ROC curves for sensitivity and specificity according to leading STM
change, posttreatment NLR and the combination score.

Abbreviations: STM, serum tumour marker; NLR, neutrophil-to-lymphocyte
ratio; ROC, receiver operating curve; AUC, area under the curve.

advanced NSCLC,32 several biomarkers, including CEA,
CYFRA21-1 and CA19-9, were shown to be predictive of
PFS and 0S.""'7 The pretreatment serum CEA or
CYFRA 21-1 level was a predictive biomarker of PFS in
with NSCLC with
nivolumab.'>!® Furthermore, a reduction in CEA or
CYFRA21-1 levels greater than 20%> or a meaningful
reduction in > 2 of 4 biomarkers (CEA, CAI125,
CYFRA21-1, and SCC-Ag),** as a dynamic index, may

serve as a reliable early marker of high ORR and pro-

patients advanced treated

longed PFS and OS. More recently, a decreased leading
STM was similarly associated with longer PFS in NSCLC
patients treated with monoimmunotherapy,'” as well as in
those treated with chemoimmunotherapy and monoimmu-
notherapy maintenance.”> In the present study, we used
a panel of 5 STMs, including CEA, CYFRA 21-1, NSE,
CA19-9, and CA125, that were linked to poor outcomes
of NSCLC patients to define the leading STM.

In addition, host biomarkers could help select patients
that might derive a benefit from ICI therapy. ECOG per-
formance status, inflammatory factors, routine laboratory
parameters, such as lactate dehydrogenase and peripheral
blood cell counts, and gut microbiota,” " have been found
to be associated with a durable response to immunother-
apy. Considering that these markers represent the status of

host immunity and inflammation, combined analysis of
host biomarkers, tumour genomic biomarkers, and tumour
microenvironment biomarkers can comprehensively and
precisely predict sensitivity to ICI therapy.

Several studies have reported that a high pretreatment
NLR is a prognostic marker that strongly correlates with
NSCLC patients treated with
nivolumab.***” However, in our study, the pretreatment

poor survival in
NLR was not a significant predictor of efficacy or out-
come. Suh KJ et al reported that an NLR >5 after 6 weeks
of treatment was associated with poor PFS and OS in anti-
PD-1-treated advanced NSCLC,*® which was consistent
with our results that a posttreatment NLR <5 was
a stronger predictor of excellent response and favourable
outcome. This indicates that a change in the posttreatment
NLR, but not in the initial NLR, can be exploited as an
accurate biomarker to predict patient response to ICI treat-
ment. Recently, the ratio between pretreatment and post-
treatment NLR was shown to be significantly correlated
with PFS (6.2 months for NLR >1 vs 3.0 months for NLR
<10).>® Thus, we used the posttreatment NLR as
a dynamic marker of the NLR for further analysis. As
expected, the combination score incorporating the
dynamics of the early leading STM and the NLR can aid
in selecting patients who are responsive to immunotherapy
and who would exhibit a durable benefit. To the best of our
knowledge, this is the first study that combines changes in
an STM and the NLR as predictive biomarkers in patients
with advanced NSCLC treated with PD-1/PD-L1
inhibitors.

We further found that the predictive potency of these
combined serum markers showed consistent results in
a subset of patients with no response at the first radiologi-
cal assessment. Although most patients who exhibited
long-term survival were responders, a small group of
patients with SD or progressive disease also derived
a long-term benefit from immunotherapy. Recent studies
have indicated that patients with pseudoprogression or
dissociated response exhibited better survival than those
with true progression.****~** Considering the possibility of
classical

these atypical imaging

response criteria, such as RECIST1.1, have been shown

response patterns,

to frequently underestimate or overestimate the therapeutic
effect of ICIs.** Similar to the previously reported predic-
tor, leading STM,'” the combination score is designed for
all patients, including responders and nonresponders, com-
plements radiological assessment, and helps to identify
nonresponders who might experience long-term benefits.
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Furthermore, the AUC demonstrated that the combination
score has greater predictive power than changes in the
posttreatment NLR or leading STM alone.

Our study still has several limitations. First, this study
was limited by its retrospective nature and its rather small,
predominantly Chinese population. Second, we only used
interior validation and subgroup analyses, and thus, further
external validation is needed. Third, the results may have
been influenced by the method used for selecting the cut-
off points. Here, a leading STM decrease > 20% and an
NLR < 5 were selected as thresholds to identify changes in
the leading STM and NLR, respectively, according to
previous reports. Fourth, only patients who received
more than 2 cycles of ICI treatment were enrolled in this
study, which may have increased selection bias. Fifth, the
STM and NLR were measured retrospectively after
a patient had already been treated with ICI therapy, while
traditional biomarkers, such as PD-L1 expression or TMB,
allow an a priori prognostic analysis. A general limitation
of STM evaluation is that none of the included markers is
specific to a certain cancer entity. Finally, other factors,
such as various chronic or acute conditions (infection,
renal function impairment or trauma), apart from malig-
nancies and concomitant steroid administration, may influ-
ence STM concentrations and NLR values.***’ Future
research should focus on baseline combinations of markers
of total metabolic tumour volume, molecular and expres-
sion profiling of the tumour, characteristics of the tumour
microenvironment, and the immunological status of the
host. Additional dynamic combination markers measured
throughout the early stage of immunotherapy can supple-
ment radiological restaging evaluation.

Conclusion

In conclusion, an easy, affordable, and novel combination
score based on routinely available dynamics of a leading
STM and the NLR was first developed and validated and is
a practical clinical tool for predicting the response to immune
checkpoint blockade in advanced NSCLC. Large-size, pro-
spective, multicentre clinical trials are warranted as the next
step.
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