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Abstract

Though immunotherapy has to some extent improved the prognosis of patients with
advanced non-small cell lung cancer (NSCLC), only a few patients benefit. Further-
more, immunotherapy efficacy is affected by inflammatory and nutritional status of
patients. To investigate whether dynamics of inflammatory and nutritional indexes
were associated with prognosis, 223 patients were analysed retrospectively. The
inflammatory indexes of interest were neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR) and systemic immune-inflammation index (Sll)
while prognostic nutritional index (PNI) and the haemoglobin, albumin, lymphocyte
and platelet (HALP) score were considered as nutritional indexes. Patients were
divided into high and low groups or into ‘increase’ and ‘decrease’ groups based on
pre-treatment cut-off values and index dynamics after 6-week follow-up respec-
tively. High pre-treatment PLR (OR = 2.612) and increase in NLR during follow-up
(OR = 2.516) were significantly associated with lower objective response rates. Using
multivariable analysis, high pre-treatment PLR (HR, 2.319) and increase in Sl (HR,
1.731) predicted shorter progression-free survival, while high pre-treatment NLR
(HR, 1.635), increase in NLR (HR, 1.663) and PLR (HR, 1.691) and decrease in PNI
(HR, 0.611) predicted worse overall survival. The nomogram's C-index in inside vali-
dation was 0.718 (95% Cl: 0.670-0.766). Our results indicated both nutritional and
inflammatory indexes are associated with survival outcomes. Inflammatory indexes
were additionally linked to treatment response. Index dynamics are better predictors
than baseline values in predicting survival in advanced NSCLC patients receiving

PD-1 inhibitor combined with chemotherapy as first-line.
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1 | INTRODUCTION TABLE 1 Baseline characteristics of the patients
No. of
Immune checkpoint inhibitors (ICls) treatment, represented by pro- Characteristics patients %
grammed cell death protein-1 (PD-1) inhibitors, has greatly improved the Total 223 100.0
prognosis of patients with advanced non-small cell lung cancer (NSCLC) Age
oy 1 . . .
compared to traditional chemotherapy,” leading to major reformation of <60 109 48.9
treatment patterns. ICls, bined with chemoth th , h
reatment patterns s, combined with chemotherapy therapy, have i A9 04
become the standard first-line treatment for advanced NSCLC with neg- s
ex
ative driver gene. However, only about 10%-40% patients benefit from
. . . Male 189 84.8
durable responses from immunotherapy, with some even going through
hyper-progression or fatal toxicity.>> To date, tumour tissue PD-L1 Female 34 15.2
expression and tumour mutation burden (TMB) have been the most ECOG-PS
widely accepted predicting biomarkers approved by the Food and Drug 0 score 113 50.7
Administration (FDA). Nevertheless, considerable inconsistency exists in 1 score 110 49.3
many different cases.®” As for other reported biomarker candidates, Histology
including tumour neoantigen burden (TNB), deficient mismatch repair LUAD 133 59.6
(dMMR), high microsatellite instability (MSI-high), T-cell receptor clonal- LUSC 90 40.4
ity, tumour-infiltrating lymphocytes (TIL), DNA damage and repair genes Stage
(DDR), effector T-cell gene signature and intestinal microbiota 2 ° the NB/IIC 28 126
invasive nature and high cost would be the additional concerns besides v 195 874
the unacceptable inaccuracy in identifying patients who may benefit .
Metastatic sites
from immunotherapy. Therefore, finding an inexpensive prognostic bio-
- . X . Lung 59 26.5
marker of clinical response to immunotherapy remains urgently required.
. " . N - Pleura 51 229
Patient conditions, including inflammatory and nutritional status,
is likely to impact immune responses and yet this is not fully under- LU - 42
stood. Recently, peripheral blood indexes representing inflammation Bone 87 39.0
or nutrition have been increasingly studied in predicting treatment CNs 18 8.1
responses to immunotherapy among patients with NSCLC.*1"% The Adrenal gland 8 3.6
majority of the studies have focused on single haematological indexes, Distant lymph node 22 9.9
such as white blood cell (WBC), neutrophils, lymphocytes, platelets, metastasis
haemoglobin and albumin, while the prognostic value of a single index PD-L1 expression
is relatively low. Although there were studies exploring combined Negative 45 20.2
peripheral blood indexes, the patients recruited were mostly hetero- Positive 73 32.7
geneous or only baseline indicators were evaluated.'+1” Unknown 105 471
In this study, we carried out a retrospective analysis to examine the Baseline index
capacity of combined peripheral blood indexes in predicting the NLR, M (IQR) 318 (2.33-4.32)
response and survival of patients in a dynamic pattern. The combined PLR, M (IQR) 144.37 (106.32-196.27)
peripheral blood indexes were divided into inflammatory markers, Sl M (IQR) 792,07 (570.01-1247.30)
including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
uding P ympnocyte { ) ) P ymp yt. PNI, M (IQR) 50.50 (47.25-54.60)
ratio (PLR) and systemic immune-inflammation index (Sll); and nutri-
HALP, M (IQR) 39.33 (26.54-53.27)

tional indicators, including prognostic nutritional index (PNI) and the
haemoglobin, albumin, lymphocyte and platelet (HALP) score. The pre-
sent study was initiated to investigate whether the two categories of
indexes are associated with clinically prognostic values and a new

nomogram with relatively high accuracy was developed for assessment.

2 | RESULTS

21 | Clinical characteristics of patients

A total of 223 patients were included in this study. Their characteris-

tics are summarized in Table 1. The average age at the time of

Abbreviations: CNS, central nervous system; ECOG, Eastern Cooperative
Oncology Group; HALP, haemoglobin, albumin, lymphocyte and platelet;
IQR, interquartile range; LUAD, Lung adenocarcinoma; LUSC, Lung
squamous cell carcinoma; NLR, neutrophil-to-lymphocyte ratio; PD-L1,
programmed cell death ligand 1; PLR, platelet-to-lymphocyte ratio; PNI,
prognostic nutrition index; PS, performance status; Sll, systemic immune-
inflammation index.

diagnosis was 60.4 years. Most patients were male (84.8%, n = 189).
Every subject had an Eastern Cooperative Oncology Group Perfor-
mance Status (ECOG-PS) score of O or 1. Lung adenocarcinoma
accounted for most cases (59.6%; n = 133), while lung squamous cell
carcinoma was observed in 40.4% (n = 90) of patients. About 87.4%
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TABLE 2 Relationships between indexes and objective response

rate (ORR)
PR
group
(N)
Total 118
Clinical indexes
Age
<60 62
>60 56
Sex
male 98
female 20
ECOG-PS
0 score 69
1 score 49
Histology
LUAD 76
LUSC 42
Stage
nB/NC 18
v 100
PD-L1 expression
Negative 18
Positive 47
Unknown 53

Pre-treatment indexes

NLR

Low 67
High 51
PLR

Low 74
High 44
Sli

Low 69
High 49
PNI

Low 49
High 69
HALP

Low 47
High 71
Variance indexes

NLR

Decrease 76
Increase 42
PLR

Decrease 58
Increase 60

xperimental FANG ET AL.
gy and Physiology
TABLE 2 (Continued)
PR
group  Non-PR ORR
Non-PR ORR (N) group (N) (%) X2 p
group (N) (%)  x2 p sil
105 Decrease 64 52 55.2 0495  0.482
Increase 54 53 50.5
PNI
47 56.9 1346 0246 Decrease 59 53 52.7 0005 0943
58 49.1 Increase 59 52 532
HALP
91 51.9 0562 0453 Decrease 75 56 57.3 2397 0122
14 58.8 Increase 43 49 46.7
Abbreviations: ECOG, Eastern Cooperative Oncology Group; HALP,
44 61.1 6.103 0.013 haemoglobin, albumin, lymphocyte and platelet; LUAD, Lung
61 44.5 adenocarcinoma; LUSC, Lung squamous cell carcinoma; NLR, neutrophil-
to-lymphocyte ratio; PD-L1, programmed cell death ligand 1; PLR,
platelet-to-lymphocyte ratio; PNI, prognostic nutrition index; PR, partial
57 57.1 2.364 0.124 response; PS, performance status; Sll, systemic immune-inflammation
48 46.7 index.
10 64.3 1.662 0.197
95 51.3 of the cases (n = 195) were in Stage IV. The number of patients with
Kirsten rat sarcoma viral oncogene homologue (KRAS) mutation, v-
27 400 125.348 <0.001 RAF murine sarcoma viral oncogene homologue B1 (BRAF) mutation,
2 64.4 human epidermal growth factor receptor-2 (HER2) mutation and epi-
59 50,5 dermal growth factor receptor gene exon 20 insertion (EGFR-20ins)
mutation were 9, 2, 2 and 3 respectively. The number of patients with
positive and negative PD-L1 expression were 76 and 43 respectively,
and there were 104 patients for whom the PD-Llexpression was
46 59.3 3.379 0.053
unknown.
59 464 All subjects received anti-PD1 therapy combined with chemo-
therapy as first-line treatment with a median follow-up of 20.4 months
38 66.1 15.632  <0.001 (95% confidence interval [Cl]: 14.5-26.3). The median progression-
67 39.6 free survival (PFS) and overall survival (OS) for all patients were
12 months (95% Cl, 10.674-13.326) and 20 months (95% ClI,
43 61.6 6.824 0.009 18.536-21.464), respectively. The cut-off values for NLR, PLR, SlI,
62 441 PNI and HALP were 3.18, 144.37, 792.07, 50.50 and 39.33,
respectively.
63 43.8 7.585 0.006
42 62.2 . .
2.2 | Correlation of treatment response with pre-
treatment values and dynamics of inflammatory and
65 42.0 10.829 0.001 ope .
nutritional indexes
40 64.0
Better objective response rate (ORR) was observed in patients with
lower levels of pre-treatment PLR (66.1%) and SlI (61.6%) and higher
49 60.8 7.098  0.008 levels of pre-treatment PNI (43.8%) and HALP (42.0%), compared with
56 42.9 respective counterpart groups (39.6% for PLR, 44.1% for SlI, 62.2%
for PNI and 64.0% for HALP), with the p value of p < 0.001, 0.009,
56 50.9 0.389 0.533 0.006 and 0.001 respectively. It is also the case for patients with an
49 55.0 ECOG-PS score of 0 in contrast to those with an ECOG-PS score of

1(61.1% and 44.5% respectively, p = 0.013).
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FIGURE 1 Different tumour responses of patients with advanced non-small cell lung cancer (NSCLC) patients who received death protein-1

(PD-1) inhibitor combined with chemotherapy as first-line according to inflammatory/nutritional indexes. (A) Pre-treatment, (B) variance. HALP,
haemoglobin, albumin, lymphocyte and platelet; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic

nutritional index; SlI, systemic immune-inflammation index.

Patients with positive PD-L1 expression has higher ORR (64.4%)
than those with negative PD-L1 expression (40.0%) (p = 0.010). There
was no difference between patients with unknown PD-L1 expression
and those with negative or positive PD-L1 expression (p = 0.239 or
0.066, respectively). Age, sex, histology, stage and pre-treatment NLR
levels were not associated with ORR (Table 2, Figure 1A).

Higher ORR could be observed in subjects demonstrating a
decline in NLR (76/125, 60.8%) compared with those in NLR-increase
group (42/98; 42.9%, p = 0.008). But it was not the case for other
indexes (Figure 1B).

In the multivariate logistic regression analysis, high pre-treatment
PLR (OR = 3.557, 95% ClI: 1.993-6.350, p = 0.000) and dynamic
increase in NLR (OR = 2.626, 95% Cl: 1.466-4.703, p = 0.003) were
significantly associated with inferior ORR.

2.3 | Relationships of patient outcomes with pre-
treatment values and dynamics of inflammatory and
nutritional indexes

The median PFS values of patients with higher pre-treatment levels of
NLR (low group, 14 months vs. high group, 9 months; hazard ratio
[HR], 1.571; [95% Cl, 1.151-2.144]; p = 0.004), PLR (low
group, 14 months vs. high group, 10 months; HR, 1.716; [95% Cl,
1.264-2.329]; p = 0.001), Sll (low group, 13 months vs. high
group, 10 months; HR, 1.371; [95% Cl, 1.012-1.857]; p = 0.042) were
shorter than those at the lower pre-treatment level. Low ECOG-PS
score (0 score, 13 months vs. 1 score, 9 months; HR, 1.619; [95% ClI,
1.193-2.198]; p = 0.002) was linked to longer PFS (Table 3). No asso-
ciations were found between PFS with baseline levels of the two

nutritional indexes, PNI and HALP (Figure 2). Our data only support a
role for the pre-treatment levels of the NLR score (low
group, 21 months vs. high group, 19 months; HR, 1.587; [95% ClI,
1.110-2.268]; p = 0.011) (Figure 2), and the ECOG-PS scores (0
score, 21 months vs. 1 score, 17 months; HR, 1.639; [95% ClI, 1.162-
2.312]; p = 0.005) in predicting the OS of patients. PD-L1 expression
was not associated with PFS and OS (Table 3).

As shown in Figure 3 and Table 3, patients demonstrating an
increase in NLR (decrease group, 14 months vs. increase
group = 9 months, HR, 2.000, [95% Cl, 1.463-2.735], p < 0.001), PLR
(decrease group = 13 months vs. increase group = 11 months, HR,
1.384, [95% Cl, 1.022-1.875], p = 0.036) and Sll (decrease
group = 14 months vs. increase group = 10 months, HR, 1.667, [95%
Cl, 1.230-2.260], p < 0.001) suffered from shorter PFS than those
showing a decline pattern. In comparison, patients demonstrating an
11 months vs. increase
group = 13 months, HR, 0.642, [95% Cl, 0.472-0.873], p = 0.005)

were associated with longer PFS. No significant difference was

increase in PNI (decrease group =

observed between the decrease and the increase group for HALP
(11 months vs. 13 months respectively, HR, 0.863, [95% ClI, 0.635-
1.174], p = 0.348).

The dynamics of NLR (decrease group, 23 months vs. increase
group, 17 months; HR, 2.261; [95% Cl, 1.586-3.223]; p < 0.001), PLR
(decrease group , 22 months vs. increase group, 19 months; HR,
1.539; [95% CI, 1.092-2.169]; p = 0.014), Sl
group, 21 months vs. increase group, 18 months; HR, 1.607; [95% Cl,
1.142-2.262]; p = 0.007) and PNI (decrease group, 17 months
vs. increase group, 26 months; HR, 0.449; [95% Cl, 0.315-0.640];
p < 0.001) were closely associated with OS. The median OS tended to

(decrease

be longer in patients showing an increasing pattern for HALP
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TABLE 3 Univariate Cox regression analysis of PFS and OS

PFS (o)

median HR (95% Cl) p median HR (95% Cl) p

m m
Clinical indexes
Age(y)
<60 13 20
>60 11 1.096 0.809-1.484 0.555 19 1.057 0.751-1.486 0.752
Sex
Female 13 26
Male 11 1.296 0.859-1.955 0.217 19 1.575 0.997-2.489 0.051
ECOG-PS
0 score 13 21
1 score 9 1.619 1.193-2.198 0.002 17 1.639 1.162-2.312 0.005
Histology
LUSC 12 20
LUAD 11 0.799 0.586-1.089 0.155 20 0.832 0.589-1.176 0.298
Stage
nB/nic 14 22
\% 12 1.477 0.868-2.514 0.151 19 0.948 0.551-1.630 0.847
PD-L1 expression
Negative 10 19
Positive 11 0.830 0.536-1.286 0.405 21 0.682 0.426-1.093 0.111
Unknown 13 0.827 0.546-1.251 0.369 19 0.827 0.533-1.283 0.395
Pre-treatment indexes
NLR
Low 14 21
High 9 1.571 1.151-2.144 0.004 19 1.587 1.110-2.268 0.011
PLR
Low 14 20
High 10 1.716 1.264-2.329 0.001 19 1.382 0.978-1.951 0.066
Sl
Low 13 20
High 10 1.371 1.012-1.857 0.042 19 1.140 0.808-1.610 0.455
PNI
Low 10 20
High 13 0.898 0.661-1.221 0.492 19 0.959 0.680-1.353 0.813
HALP
Low 10 20
High 13 0.771 0.569-1.045 0.093 19 0.996 0.709-1.401 0.493
Variance indexes
NLR
Decrease 14 23
Increase 9 2.000 1.463-2.735 <0.001 17 2261 1.586-3.223 <0.001
PLR
Decrease 13 22

Increase 11 1.384 1.022-1.875 0.036 19 1.539 1.092-2.169 0.014
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TABLE 3 (Continued)
PFS (o)
median HR (95% Cl) p median HR (95% Cl) p
m m
SlI
Decrease 14 21
Increase 10 1.667 1.230-2.260 0.001 18 1.607 1.142-2.262 0.007
PNI
Decrease 11 17
Increase 13 0.642 0.472-0.873 0.005 26 0.449 0.315-0.640 <0.001
HALP
Decrease 11 19
Increase 13 0.863 0.635-1.174 0.348 21 0.736 0.519-1.045 0.087

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HALP, haemoglobin, albumin, lymphocyte and platelet; HR, hazard ratio; LUAD, lung
adenocarcinoma; LUSC, lung squamous cell carcinoma; OS, overall survival; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival; PLR,
platelet-to-lymphocyte ratio; PNI, prognostic nutrition index; PS, performance status; SllI, systemic immune-inflammation index.

compared to those demonstrating a decline pattern (decrease
group, 19 months vs. increase group, 21 months; HR, 0.736; [95% Cl,
0.519-1.045]; p = 0.087).

Results from multivariate Cox regression analysis showed that
ECOG-PS score (HR, 1.460; 95% Cl, 1.064-2.005; p = 0.019), pre-
treatment PLR (HR, 2.319; 95% Cl, 1.496-3.595; p < 0.001) and
dynamics of Sl (HR, 1.731; 95% Cl, 1.063-2.819; p = 0.027) were
independently associated with PFS. As for OS, the ECOG-PS score
(HR, 1.442; 95% Cl, 1.014-2.052; p = 0.042), pre-treatment NLR (HR,
1.635; 95% Cl, 1.121-2.386; p = 0.011), as well as dynamics of NLR
(HR, 1.663; 95% Cl, 1.064-2.599; p = 0.026), PLR (HR, 1.691; 95%
Cl, 1.068-2.677; p = 0.025) and PNI (HR, 0.611; 95% ClI, 0.415-
0.900; p = 0.013) were found to be the independent predicting fac-
tors (Table 4).

24 | Nomogram and predictive models using R

The five independent risk factors (i.e., ECOG-PS score, pre-treatment
NLR as well as dynamics of NLR, PLR and PNI) determined with the
multivariate Cox regression analysis were used in developing a predic-
tive nomogram for NSCLC patients treated with received PD-1 inhibi-
tor combined with chemotherapy as first-line treatment. The resulting
nomogram (see Figure 4) yielded an internal verification C-index of
0.718 (95% Cl, 0.670-0.766), indicating that the model has excellent

prediction accuracy.

3 | DISCUSSION

In this study, we found that both pre-treatment values and dynamics
of inflammatory indexes were related to ORR, PFS and OS, while only
the dynamics of nutritional indexes correlated with OS. Our study also

showed dynamics of these clinical indexes were much stronger than

pre-treatment values in predicting survival of patients. To our knowl-
edge, we are among the first to comprehensively explore the prognos-
tic value of dynamic variations in a series of inflammatory and
nutritional indexes in NSCLC treated with chemo immunotherapy as
first-line treatment and develop a nomogram to help clinicians identify
potential unfavourable factors in order to adopt appropriate interven-
tion measures.

Inflammation is crucial in all stages of tumour development and
progression. It also impacts the tumour immune microenvironment
and treatment response.'®? High neutrophil count is related to the
release of tumour-promoting substances (e.g., reactive oxygen spe-
cies, arginase, inflammatory cytokines, tumour or vascular growth fac-
tors, metalloproteinases) and may lead to cancer progression and
spread.2® The mouse model of subcutaneous mesothelioma demon-
strates that neutrophils promote the growth of tumour cells by inhi-
biting CD8" T cells.?* Low lymphocyte counts are associated with
aggrieved anti-tumour response, CD8" T-cell cytotoxicity and CD4*
helper T-cell functions.?? Platelets play an important and multifaceted
role in cancer progression, releasing many cytokines, such as platelet-
derived growth factor and platelet-reactive protein, which may pro-
mote haematogenous spread and invasion.?® In our study, patients in
the NLR-decrease group (60.8%) had a higher ORR than in the NLR-
increase group (42.9%), and high pre-treatment values of and a
dynamic increase in NLR were independent risk factors predicting a
shorter OS. Multiple retrospective studies and meta-analyses have
suggested that low pre-treatment PLR and SIl may be a potential
prognostic biomarker favouring the survival of cancer patients.'224-2?
These were consistent with our results.

Given an important role for nutritional status in tumour immuno-
therapy, accumulating studies have explored the link between nutri-
tional status-related factors and prognosis.>°3! The scarcity of
essential nutrients, such as amino acids, glucose and fatty acids, can
induce altered metabolic reprogramming and functions in immune

cells.>? Some immune cells may lose their anti-tumour functions, while
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FIGURE 2 Kaplan-Meier
curves for progression-free survival
(PFS) and overall survival

(OS) comparing patients with
advanced non-small cell lung cancer
(NSCLC) patients who received
death protein-1 (PD-1) inhibitor
combined with chemotherapy as
first-line according to pre-treatment
inflammatory/nutritional indexes.
(A, F) PFS and OS stratified by the
baseline neutrophil-to-lymphocyte
ratio (NLR) index, (B, G) PFS and OS
stratified by the baseline platelet-
to-lymphocyte ratio (PLR) index, (C,
H) PFS and OS stratified by the
baseline systemic immune-
inflammation index (Sll) index, (D, 1)
PFS and OS stratified by the
baseline prognostic nutritional index
(PNI) index, (E, J) PFS and OS
stratified by the baseline
haemoglobin, albumin, lymphocyte
and platelet (HALP) index.
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FIGURE 3 Kaplan-Meier curves
for progression-free survival (PFS) and
overall survival (OS) comparing
patients with advanced non-small cell
lung cancer (NSCLC) patients who
received death protein-1 (PD-1)
inhibitor combined with chemotherapy
as first-line according to variances of
inflammatory/nutritional indexes. (A,
F) PFS and OS stratified by the
baseline neutrophil-to-lymphocyte
ratio (NLR) index, (B, G) PFS and OS
stratified by the baseline platelet-to-
lymphocyte ratio (PLR) index, (C, H)
PFS and OS stratified by the baseline
systemic immune-inflammation index
(Sll) index, (D, 1) PFS and OS stratified
by the baseline prognostic nutritional
index (PNI) index, (E, J) PFS and OS
stratified by the baseline haemoglobin,
albumin, lymphocyte and platelet
(HALP) index.
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TABLE 4 Multivariate Cox regression

PFS s analysis of PFS and OS
HR (95% CI) p HR (95% Cl) p
ECOG-PS ECOG-PS
0 score 0 score
1 score 1.460 1.064-2.005 0.019 1 score 1.442 1.014-2.052 0.042
Pre-treatment indexes Pre-treatment indexes
NLR NLR
Low Low
High 1.326 0.893-1.970 0.162 High 1.635 1.121-2.386 0.011
PLR
Low
High 2.319 1.496-3.595 0.000
Sli
Low
High 0.964 0.606-1.532 0.876
Variance indexes Variance indexes
NLR NLR
Decrease Decrease
Increase 1421 0.956-2.110 0.082 Increase 1.663 1.064-2.599 0.026
PLR PLR
Decrease Decrease
Increase 1.397 0.900-2.167 0.136 Increase 1.691 1.068-2.677 0.025
Sli Sli
Decrease Decrease
Increase 1731 1.063-2.819 0.027 Increase 0.936 0.579-1.513 0.787
PNI PNI
Decrease Decrease
Increase 0.904 0.641-1.275 0.566 Increase 0.611 0.415-0.900 0.013

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; OS, overall survival; NLR,
neutrophil-to-lymphocyte ratio; PFS, progression-free survival; PLR, platelet-to-lymphocyte ratio; PNI,
prognostic nutrition index; PS, performance status; SlI, systemic immune-inflammation index.
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FIGURE 4 Nomogram for
predicting advanced non-small
cell lung cancer (NSCLC) patients
who received death protein-1
(PD-1) inhibitor combined with
chemotherapy as first-line. ECOG,
Eastern Cooperative Oncology
Group; NLR, neutrophil-to-
lymphocyte ratio; PNI, prognostic
nutritional index

(TME).2% As a sign of malnutrition, low levels of albumin and haemo-
globin were associated with unfavourable clinical outcomes, but they

were not predictors for disease control.>*” The HALP score has
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been shown to be a prognostic indicator®®° for NSCLC patients who
have undergone surgery’* and adjuvant chemotherapy.*® However,
there are no recent studies looking into the relationship of the HALP
score with prognoses of NSCLC patients treated with immunotherapy.
In this study, we did not find the association between HALP and
patient survival. Previous studies suggested that a low pre-treatment
PNI score is an independent risk factor for the survival of advanced

t,4342 which is con-

NSCLC patients receiving PD-1 inhibitor treatmen
firmed by a recent meta-analysis.*> Our results demonstrated signifi-
cant improvement in the survival of patients showing a dynamic
increase in PNI but without association with treatment efficacy.

Patients with advanced cancer are prone to malnutrition, which,
in turn, leads to various complications, severe toxicity and shortened
survival. Patients with good nutritional status may have better toler-
ance to following treatments, after the failure of first-line treatment.
Nutritional status may be more relevant to long-term survival. Nutri-
tional interventions should thus be considered for malnourished
patients.

However, the prognostic value of pre-treatment indexes was
questionable. For instance, Suh et al. found no difference in PFS
between patients with NLR <5 and NLR 25 at baseline among
NSCLC patients treated with anti-PD-1 antibody.** These conflicting
results may derive from differences in characters of recruited patients,
such as age, sex and race. Maybe it is not proper to set a fixed cut-off
value for NLR. Some research found reduced NLR after 6 or 12 weeks
of treatment was connected to higher survival rates in two
reports.}?*2 And in another study, NLR levels of non-responders
increased by 6.6 compared to responders after two courses of nivolu-
mab treatment.*> NLR was also found to decrease by 0.09 every
month among patients who had response to complete response/
partial response (CR/PR) when receiving PL-(L)1 inhibitors.*® Consis-
tently, our study found decreased NLR was associated with higher
ORR, while no correlation was found between pre-treatment NLR and
ORR. In addition, dynamic changes in PLR, Sl and PNI were found to
be related to PFS and the OS, while it was not the case for baseline
scores. It thus appears that dynamics rather than baseline levels of the
clinical parameters could accurately predict the survival outcomes.

In this study, we used a nomogram to estimate the 1 and 3-year
survival rates of advanced NSCLC patients who received PD-1 inhibi-
tor combined with chemotherapy. We then conducted internal verifi-
cation to check the nomogram and found the C-index to be 0.718
(95% Cl, 0.670-0.766), indicating that the accuracy of the prediction
model is high.

PD-L1 expression and tumour mutational burden (TMB) are
approved by the FDA as indicators for predicting the efficacy of
immunotherapy in NSCLC. However, the failure of Checkmate
026 indicates PD-L1 expression may not predict prognosis accurately
in all patients.® The ORRs of NSCLC patients with positive PD-L1
expression were 38.3%-46.1% when receiving first-line monotherapy
with PD-1/PD-L1 inhibitors.2*”8 Estimation of TPS by pathologists
may lead to intra/inter-observer bias. Heterogeneity may exist in dif-
ferent regions of the tumour tissues, and the dynamic changes in the

expression of PD-L1 in tumours have been documented.*’ In our
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study, although PD-L1 positive patients tended to be associated with
better PFS and OS, the differences failed to reach statistical signifi-
cance, which may arise from missing values. For TMB, the ORR in
NSCLC patients with high TMB treated with nivolumab plus ipilimu-
mab was only around 33%-48%.”°C Lack in standard test methods

and high cost limit application of TMB in clinical settings. In 2017,
FDA approved Pembrolizumab for the treatment of all patients with
MSI-H/dMMR, regardless of tumour type. But it may not be the case
in lung cancer patients, because of low incidence.®? It is thus indis-
pensable to build a multidimensional predicting model for individual
immunotherapy, not only due to complex interactions between
tumour cells and TME, but also nutritional and inflammatory state of
hosts.

Our study has several limitations that should be considered when
evaluating the research results. First, the study was a single-centre
retrospective study with a limited sample size. Multi-centre prospec-
tive studies are needed to confirm our results. Second, single chemo-
therapy may cause changes in peripheral blood indexes, suggesting
only patients receiving chemotherapy should be included in the posi-
tive control group. Unfortunately, in our study we could not recruit
these patients for the positive control group because chemotherapy
alone as first-line treatment is rare in current clinical practice. Third,
the standard cut-off values for these indexes have not been con-
firmed. While some authors selected the median values, others only
chose the values previously reported by previous studies. Finally, data
were missing from a large portion of patients, since the detection of
PD-L1 expression is not necessary before initiation of first-line che-
motherapy combined with immunotherapy.>?

While inflammatory and nutritional indexes could serve as inde-
pendent predictors of long-term survival, inflammatory indexes are
additionally linked to treatment response. Dynamics of the explored
clinical parameters were stronger than baseline values in predicting
survival in advanced NSCLC patients receiving PD-1 inhibitor com-

bined with chemotherapy as first-line.

4 | METHODS

4.1 | Patients

We performed a retrospective analysis of consecutive patients with
advanced NSCLC at the Shanghai Pulmonary Hospital from March
2017 to March 2019. Patients were eligible for inclusion in this study
if they had received anti-PD-1 antibody combined with chemotherapy
treatment as first-line treatment. Combination chemotherapies were
based on platinum doublet chemotherapies, including paclitaxel/nab-
paclitaxel, and pemetrexed in accordance with the tumour histology.
All study participants had to meet the criterion: (i) at least 18 years
old; (i) histologically or cytologically confirmed unresectable NSCLC
(based on the International Association for the Study of Lung Cancer
guidelines, 8th edition); (iii) driver-genes including epidermal growth
factor receptor (EGFR)/ROS proto-oncogene 1 (ROS1)/anaplastic
lymphoma kinase (ALK) wildtype; (iv) ECOG-PS <3; and (v) exhibited
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disease progression after receiving therapy once every 3 weeks for at

least two courses.

Patient clinical information was obtained from the patients' elec-
tronic medical records and the following were included: age at diagno-
sis, sex, baseline ECOG-PS score, pathology type, stage, sites of
distant metastases, types of driver mutations, treatment regimen, best
response to treatment, date of progression, date of death, and date of
the last follow-up. Routine blood test results and the blood biochemi-
cal index scores at baseline and 6 weeks after treatment (0 weeks,
6 weeks) were also collected. Data of PD-L1 expression of the
tumour sample at diagnosis detected by immunohistochemistry
according to standard practice (clone 22C3; DAKO) was collected.
Considering the percentage of viable tumour cells with partial or com-
plete membrane staining, the tumour proportion score (TPS) of 21%
was defined as PD-L1 positive. Patients were accordingly divided into
three groups according to the PD-L1 expression: positive, negative
and unknown. This study was approved by the Institutional Ethical
Review Board of the Shanghai Pulmonary Hospital and permitted
waiver of the written informed consents because of the retrospective

and anonymous study design.

42 |
indexes

Definition of inflammatory and nutritional

The inflammatory markers are defined as follows: NLR = the ratio of
neutrophil count to lymphocyte count(10°/L); PLR = the ratio of
platelet count(10%/L) to lymphocyte count(10°/L); SIl = platelet count
(10°/L) x NLR; The PNI = sum of albumin value (g/L) and five times
lymphocyte count (10?/L); HALP = Haemoglobin (g/L) x Albumin
(g/L) x Lymphocytes(10°/L)/Platelets (10°/L). For all indexes, the
median value was calculated and used as the cut-off value and han-
dled as binary variables in the analysis. Based on the difference
between the baseline scores and the score at 6 weeks (after two
treatment cycles) collected before anti-PD-1 antibody treatment,
patients were clustered into two groups (increase and decrease).

43 | Assessment

According to the immune response evaluation criteria in solid tumours
(IRECIST) guidelines, the ORR is defined as the percentage of patients
with the best overall response of CR or PR. PFS is defined as the time
from PD-1 inhibitor treatment until disease progression or death. OS
is defined as the time from the disease onset until death from any

cause or the last follow-up, whichever came first.

44 | Statistical analysis
Categorical variables were summarized as numbers and percentages
and were statistically measured using the chi-square or Fisher's exact

test. Continuous variables with non-normal distribution were shown

as median and interquartile range (IQR). The relationship between the
dependent variable and multiple independent variables was explored
using binary logistic regression. The Kaplan-Meier method was used
to draw the survival curves to estimate the PFS and OS probabilities.
The Cox regression analysis was used to analyse the prognostic fac-
tors. Lastly, the nomogram and the prediction model were generated
using the R programming language. All tests were two-sided, and the
statistical significance was set at p < 0.05. IBM SPSS 22.0 (IBM Corp.,
Armonk, NY, USA), R (version x64 4.2.0) and GraphPad Prism 9.0.0
were used for the statistical analyses and display.
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