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SUMMARY

The neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammatory index (Sll) have been re-
ported as prognosticators in non-small cell lung cancer (NSCLC), renal cell carcinoma (RCC), and mela-
noma. This analysis of the INVIDIa-2 study on influenza vaccination in patients with cancer treated with
immune checkpoint inhibitors (ICls) assessed NLR and Sll on overall survival (OS) by literature-reported
(LR), receiver operating characteristic curve (ROC)-derived (ROC) cutoffs or as continuous variable (CV).
NLR and SIl with ROC cutoffs of <3.4 (p < 0.001) and <831 (p < 0.001) were independent factors for
OS in multivariate analysis. Sll with LR, ROC, or CV significantly predicted OS in NSCLC (p = 0.002, p =
0.003, p = 0.003), RCC (p = 0.034, p = 0.014, p = 0.014), and melanoma (p = 0.038, p = 0.022, p =
0.019). NLR with LR and ROC cutoffs predicted OS in first line (p < 0.001 for both) and second line or
beyond (p = 0.006 for both); likewise Sll (p < 0.001; p = 0.002 and p < 0.001). NLR and Sl are prognosti-
cators in NSCLC, RCC, and melanoma treated with ICls.

INTRODUCTION

The management of lung cancer has advanced significantly with the introduction of immune checkpoint inhibitors (ICls). In patients with non-
small cell lung cancer (NSCLC), the neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammatory index (Sll) have been reported
as useful indicators of survival outcomes.'™ These indices may reflect the host's proinflammatory status and systemic immune response to
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cancer-related inflammation. They can be easily derived from the peripheral full blood count and therefore are relatively inexpensive to use.”

Among the prognostic stratification tools used for patients with lung cancer on ICls that incorporate the NLR and/or SlI are the NHS-Lung
score,” Lung Immune Prognostic Index (LIPI),® and Lung Immuno-Oncology Prognostic Score (LIPS-3).”

In addition to lung malignancies, other tumor types including renal cell carcinoma (RCC) and melanoma can also be treated with ICls. Pre-
vious reports have suggested that the NLR and Sl may be able to predict survival outcomes in patients with these malignancies as well. A

higher NLR was suggested to be a marker of poorer overall survival (OS) and progression-free survival (PFS) in patients with metastatic

10,11

RCC or melanoma with a similar trend seen between higher Sll values and survival outcomes in these patients.'”"? It is well known

how important inflammation is in the process of cancer development, and these markers are thought to be an indication of the body's inflam-
matory status and thus have been investigated as indicators of prognosis.'*'®

The INVIDIa-2 study prospectively investigated the impact of influenza vaccination on the incidence and severity of influenza syndrome
and the oncological outcome in patients with advanced cancer treated with ICls.'” This present analysis utilizes the INVIDIa-2 study popula-
tion to assess and compare the application of the aforementioned peripheral immune-inflammatory blood markers in predicting survival out-
comes in patients with different tumor types including NSCLC, RCC, and melanoma treated with ICls.

RESULTS
Patient characteristics

The INVIDIa-2 study included 1,279 patients from 82 centers, and the present analysis included 1,169 patients from 63 centers of this original
study population fully evaluable for the present analysis; 110 patients were excluded due to missing data (36 patients with missing data on ICls
and 52 patients with missing data on OS). The characteristics of this patient cohort are described in Table 1.

Peripheral blood markers and association with survival

The NLR was significantly associated with the OS of the entire patient cohort as shown in Table 2. When used as a continuous variable, the
c-index was 0.595 (hazard ratio [HR] 1.21; 95% confidence interval [Cl]: 1.12-1.31], p < 0.001). When using the literature-reported NLR cutoff of
<4.0versus >4.0, the c-index was 0.566 (HR 1.68 [95% Cl: 1.41-2.00], p < 0.001). When using the receiver operating characteristic curve (ROC)-
derived NLR cutoff of <3.4 versus > 3.4, the c-index was 0.569 (HR 1.67 [95% Cl: 1.40-2.00], p < 0.001). With the use of the derived neutrophil-
to-lymphocyte ratio (dNLR), the c-index was 0.544 (HR 1.75[95% Cl: 1.40-2.17], p < 0.001). The c-index when the ROC-derived cutoff values for
the NLR were used appeared to be better than when using the literature-reported cutoff values or the dNLR.
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Table 1. Patient characteristics

Overall population (n = 1,169)

Age, median (IQR)
Gender, n (%)
Male
Female
ECOG PS, n (%)
0
1
2
3
Unknown
Primary tumor, n (%)
Lung
RCC
Melanoma
uc
H&N
Other
ICl treatment line, n (%)
1
2
3
Unknown
Therapy, n (%)
ICI/ICI+ICI
ICl + other®
Smoking habits, n (%)
Current
Former
Never
Unknown
Bone metastases, n (%)
Brain metastases, n (%)
Liver metastases, n (%)
Pre-treatment steroids, n (%)
Neutrophils, median (IQR)
Lymphocyte, median (IQR)
Platelets, median (IQR)
NLR, median (IQR)
dNLR, median (IQR)
SII, median (IQR)
LDH, median (IQR)

69.7 (60.9-75.9)

820 (70.2)
349 (29.9)

678 (58.0)
419 (35.8)
53 (4.5)
3(0.3)

16 (1.4)

635 (54.3)
200 (17.1)
150 (12.8)
65 (5.6)
45 (3.9)
74 (6.3)

582 (49.9)
482 (41.3)
101 (8.7)
4(0.1)

1,097 (93.8)
72 (6.2)

281 (24.0)
509 (43.5)
348 (29.8)
31(2.7)
349 (29.9)
181 (15.5)
149 (12.8)
337 (28.8)

4.9 (3.6-7.1)
1.61(1.16-2.25)
255.3 (200-322)
3.3(2.2-4.9)

1.92 (1.43-2.54)
829.2 (506.7-1,451.4)
390 (217-581)

dNLR, derived neutrophil-to-lymphocyte ratio; ECOG, Eastern Cooperative Oncology Group; H&N, head and neck; ICI, immune checkpoint inhibitor; IQR, in-
terquartile range; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; n, number; PS, performance status; RCC, renal cell carcinoma; SlI, systemic

immune-inflammatory index; UC, urothelial carcinoma.
2Chemotherapy or targeted therapy.
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Table 2. Neutrophil-to-lymphocyte ratio at univariate analysis

All sample (n = 1,169)

Lung (n = 635)

RCC (n = 200)

Melanoma (n = 150)

HR (95% Cl); p value

HR (95% Cl); p value

HR (95% Cl); p value

HR (95% Cl); p value

NLR (continuous;

10-unit difference) c-index = 0.595 c-index = 0.583 c-index = 0.599 c-index = 0.557
NLR
<4.0 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
>4.0 1.68 (1.41-2.00); p < 0.001, 1.42(1.14-1.78); p = 0.002, 1.65 (1.01-2.70); p = 0.045, 1.52(0.78-2.95); p = 0.22,
c-index = 0.566 c-index = 0.549 c-index = 0.556 c-index = 0.546
NLR
<3.4 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
>3.4 1.67 (1.40-2.00); p < 0.001, 1.54 (1.22-1.93); p < 0.001, 1.58 (0.98-2.53); p = 0.059, 1.18 (0.62-2.23); p = 0.62,
c-index = 0.569 c-index = 0.561 c-index = 0.555 c-index = 0.522
dNLR
<3 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
>3 1.75(1.40-2.17); p < 0.001, 1.67 (1.28-2.19); p < 0.001, 1.85(0.94-3.62); p = 0.073 3.66 (1.69-7.92); p = 0.001,
c-index = 0.544 c-index = 0.547 c-index = 0.537 c-index = 0.565

1.21 (1.12-1.31); p < 0.001,

1.17 (1.06-1.31); p = 0.003,

1.80 (0.99-3.30); p = 0.055,

2.43 (1.00-5.90); p = 0.050,

95% Cl, 95% confidence interval; HR, hazard ratio; dNLR, derived neutrophil-to-lymphocyte ratio; n, number; NLR, neutrophil-to-lymphocyte ratio; RCC, renal cell
carcinoma.

When using NLR as a continuous variable, the c-index was 0.583 (HR 1.17 [95% CI: 1.06-1.31], p = 0.003) in patients with lung cancer and
0.557 (HR 2.43[95% ClI: 1.00-5.90], p = 0.050) in patients with melanoma. The use of the literature-reported NLR threshold of <4.0 resulted in
significant differences in OS in patients with lung cancer and those with RCC. The c-index was 0.549 (HR 1.42 [95% CI: 1.14-1.78], p = 0.002) in
patients with lung cancer and 0.556 (HR 1.65 [95% CI 1.01-2.70], p = 0.045) in patients with RCC. The c-index was 0.546 in patients with
melanoma, but this did not confer a significant difference in OS (HR 1.52 [95% Cl: 0.78-2.95], p = 0.22). With the ROC-derived NLR threshold
of <3.4, significant differences in OS were only found in patients with lung cancer (HR 1.54 [95% Cl: 1.22-1.93], p = 0.002, c-index: 0.561) but not
in patients with RCC (HR 1.65 [95% CI: 0.98-2.53], p = 0.059) or melanoma (HR 1.18 [95% CI: 0.62-2.23], p = 0.62).

With the use of the dNLR and the literature-reported cut-off of <3 versus >3 for this, there was a significant difference in OS for patients
with lung cancer (HR 1.67 [95% Cl: 1.28-2.19] p < 0.001, c-index 0.547) and those with melanoma (HR 3.66 [95% Cl: 1.69-7.92], p = 0.001, c-in-
dex 0.565) but not in those with RCC (HR 1.85 [95% ClI: 0.94-3.62], p = 0.073).

The Sl was significantly associated with the OS of the entire patient cohort as shown in Table 3. When used as a continuous variable, the
c-index was 0.592 (HR 1.06 [95% CI: 1.03-1.08], p < 0.001). When using the literature-reported cutoff of <1,444 versus > 1,444, the c-index was
0.557 (HR 1.67 [95% CI: 1.43-2.02], p < 0.001). When using the ROC-derived cutoff of <831 versus >831, the c-index was 0.570 (HR 1.71 [95%
Cl: 1.43-2.05], p < 0.001). The c-index when the ROC-derived cutoff values for the Sl were used appeared to be better than when using the
literature-reported cutoff values.

The SlI consistently showed significant differences in OS across the three tumor types. Using a continuous measurement for the SlI, the
c-index in patients with lung cancer was 0.568 (HR 1.05 [95% CI 1.02-1.08], p = 0.002), 0.603 in those with RCC (HR 1.18 [95% ClI: 1.01-
1.37], p = 0.034), and 0.589 in those with melanoma (HR 1.22 [95% CI 1.01-1.47], p = 0.038).

Using the literature-reported Sll threshold of <1,444, the c-index in patients with lung cancer was 0.545 (HR 1.43 [95% CI 1.13-1.81], p =
0.003), 0.556 in those with RCC (HR 1.92 [95% Cl: 1.14-3.24, p = 0.014), and 0.569 in those with melanoma (HR 2.23 [95% CI 1.12-4.42], p =
0.022). Using the ROC-derived SlI threshold of <831, the c-index in patients with lung cancer was 0.547 (HR 1.41 [95% CI 1.13-1.78],
p = 0.003), 0.576 in those with RCC (HR 1.81 [95% CI: 1.13-2.91], p = 0.014), and 0.595 in those with melanoma (HR 2.05 [95% CI 1.13-
3.74], p = 0.019).

Other clinical factors in univariate analysis
There were significant differences in OS among the entire patient cohort when lactate dehydrogenase (LDH) was used (HR 1.41 [95% CI 1.14—
1.75], p = 0.001) with a c-index of 0.533 as demonstrated in Table S1. When assessed according to tumor type, it was only patients with lung
cancer who had their OS significantly affected (HR 1.39 [95% ClI: 1.04-1.87], p = 0.027) with a c-index of 0.523, but not patients with RCC or
melanoma as shown in Table S1.

Performance status was significantly associated with OS among the entire patient group as well. This was consistent in patients with per-
formance status 1 (HR 1.87 [95% CI: 1.56-2.25], p < 0.001), performance status 2 (HR 3.66 [95% ClI: 2.52-5.30], p < 0.001), and performance
status 3 (HR 4.39 [95% CI: 1.41-13.74], p = 0.011).

4 iScience 26, 107970, November 17, 2023
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Table 3. Systemic immune-inflammatory index at univariate analysis

All sample (n = 1,169)

Lung (n = 635)

RCC (n = 200)

Melanoma (n = 150)

HR (95% Cl); p value

HR (95% Cl); p value

HR (95% Cl); p value

HR (95% Cl); p value

Sll (continuous;

1,000-unit difference) c-index = 0.592 c-index = 0.568 c-index = 0.603 c-index = 0.589
Sl
<831 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
>831 1.71 (1.43-2.05); p < 0.001, 1.41(1.13-1.78); p = 0.003, 1.81(1.13-2.91); p = 0.014, 2.05(1.13-3.74); p = 0.019,
c-index = 0.570 c-index = 0.547 c-index = 0.576 c-index = 0.595
Sl
<1,444 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
>1,444 1.67 (1.39-2.02); p < 0.001, 1.43 (1.13-1.81); p = 0.003, 1.92 (1.14-3.24); p = 0.014, 2.23(1.12-4.42); p = 0.022,
c-index = 0.557 c-index = 0.545 c-index = 0.556 c-index = 0.569

1.06 (1.03-1.08); p < 0.001,

1.05 (1.02-1.08); p = 0.002,

1.18 (1.01-1.37); p = 0.034,

1.22 (1.01-1.47); p = 0.038,

95% Cl, 95% confidence interval; HR, hazard ratio; n, number; RCC, renal cell carcinoma; SlI, systemic immune-inflammatory index.

Age and gender were not found to be factors significantly associated with the OS for the whole patient cohort with an HR of 1.01 (95% ClI:
1.00-1.02; p = 0.002) and 1.18 (95% CI: 0.97-1.43; p = 0.10), respectively. Smoking status also did not result in significant differences in OS for
these patients with ex-smokers having an HR of 1.10 (95% ClI: 0.89-1.36; p = 0.39) and current smokers having an HR of 1.14 (95% Cl: 0.90-1.4¢;
p = 0.28).

The multivariate analysis showed that the NLR with an ROC-derived threshold of <3.4 versus > 3.4 affected survival outcomes (HR 1.40
[95% CI: 1.17-1.68], p < 0.001), and so did the Sl with the ROC-derived threshold of <831 versus >831 (HR 1.45 [95% Cl: 1.20-1.75],
p < 0.001) as shown in Table 4.

The NLR and Sll were significantly associated with the OS of patients irrespective of the other independent prognostic factors including the
performance status of patients, pre-treatment with steroids, and the presence of liver metastases. The presence of bone metastases and LDH
values did not independently affect survival outcomes.

Using the continuous measurement, literature-reported, or ROC-derived cutoff thresholds for the NLR and SlI, the OS was significantly
different against these values when patients were treated in a first-line setting or a second-line setting and beyond. Using a continuous
NLR measurement, the c-index was 0.622 (HR 1.43 [95% Cl: 1.22-1.66, p < 0.001) in patients receiving ICls in a first-line setting and 0.576
(HR 1.13 [95% CI: 1.02-1.25, p = 0.016) in those receiving treatment in a second-line setting or beyond. Using NLR with a cutoff value
of <4.0, the c-index was 0.589 (HR 2.14 [95% Cl: 1.63-2.81], p < 0.001) in patients receiving treatment in a first-line setting and 0.551 (HR
1.39 [95% Cl: 1.10-1.75], p = 0.006) in those receiving treatment in a second-line or further-line setting. Using NLR with a threshold
of <3.4, the c-index was 0.594 (HR 2.11 [95% CI: 1.60-2.78], p < 0.001) in patients receiving treatment in a first-line setting and 0.551 (HR
1.38[95% ClI: 1.10-1.74], p = 0.006) in those receiving treatment in a second-line or further-line setting. The dNLR (< 3 versus >3) also affected
the OS significantly with the c-index being 0.573 (HR 2.33[95% Cl: 1.72-3.17], p < 0.001) in first-line treatment and 0.528 (HR 1.39 [95% CI: 1.01-
1.92], p = 0.042) in second- or further-line treatment. These are shown in Table 5.

Using a continuous Sll measurement, the c-index was 0.619 (HR 1.09 [95% CI: 1.05-1.13, p < 0.001) in patients receiving ICls in a first-line
setting and 0.576 (HR 1.04 [95% CI: 1.01-1.07, p = 0.008) in patients receiving treatment in a second-line or further-line setting. Using SIl with a
threshold of <831, the c-index was 0.586 (HR 2.01 [95% Cl: 1.52-2.67], p < 0.001) in patients receiving treatment in a first-line setting and 0.560
(HR 1.53 [95% Cl: 1.21-1.93], p < 0.001) in those receiving treatment in a second-line or further-line setting. Using SIl with the standard cutoff
value of <1,444, the c-index was 0.573 (HR 1.94 [95% Cl: 1.46-2.57], p < 0.001) in patients receiving treatment in a first-line setting and 0.545 (HR
1.48 [95% Cl: 1.16-1.90], p = 0.002) in second-line treatment or beyond.

The c-index for LDH using the upper limit of normal (ULN) as the threshold was 0.529 both in a first-line and second-line or further-line
setting, although it was only significant in the latter (p = 0.065 and p = 0.027, respectively).

In summary, the NLR, SII, and dNLR all performed better in a first-line setting compared with the second-line setting and beyond. The NLR
and Sll performed better than the dNLR, whereas the LDH was the least accurate.

Applicability of the LIPI score
Use of the LIPI score led to significant differences in OS not only for the whole patient cohort (c-index 0.564) but also specifically for patients
with lung cancer (c-index 0.559) as shown in Table S2. When replacing the dNLR within the LIPI score with the ROC-derived SlI threshold, this
led to a higher c-index score of 0.578 for the entire patient group as presented in Table S3. The LIPI score with this modification showed sig-
nificant differences in OS for patients with lung cancer with an HR of 2.01 (95% Cl: 1.29-3.11 [p = 0.002]).

When the ROC-derived NLR was used instead of the dNLR within the LIPI score, this also led to a slightly higher c-index score of 0.579 not
only for the entire patient cohort but also in patients with lung cancer (c-index 0.566). This is demonstrated in Table S4.
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Table 4. Multivariate analysis

Clinical characteristics or biomarker

Multivariable for NLR
HR (95% CI); p value

Multivariable for Sl
HR (95% CI); p value

NLR
<34
>3.4
Sl
<831
>831
Age
ECOG-PS
0
1
2
3
Pre-treatment steroids
No
Yes
Bone metastases
No
Yes
Liver metastases
No
Yes
LDH
< Upper limit of normal

> Upper limit of normal

1.00 (ref)
1.40 (1.17-1.68); p < 0.001

1.00 (0.99-1.01); p = 0.49

1.00 (ref)

1.69 (1.40-2.04); p < 0.001
3.21(2.19-4.71); p < 0.001
3.24 (1.02-10.27); p = 0.046

1.00 (ref)
1.23(1.02-1.49); p = 0.033

1.00 (ref)
1.17 (0.97-1.43); p = 0.11

1.00 (ref)
1.79 (1.41-2.27); p < 0.001

1.00 (ref)
1.19(0.95-1.48); p = 0.12

1.00 (ref)
1.45 (1.20-1.75); p < 0.001
1.00 (0.99-1.01); p = 0.29

1.00 (ref)
1.65 (1.37-2.00); p < 0.001
3.11(2.12-4.56); p < 0.001
3.06 (0.97-9.71); p = 0.057

1.00 (ref)
1.25(1.03-1.52); p = 0.021

1.00 (ref)
1.19(0.98-1.45); p = 0.074

1.00 (ref)
1.76 (1.39-2.23); p < 0.001

1.00 (ref)
1.17 (0.94-1.46); p = 0.15

95% Cl, 95% confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; LDH, lactate dehydrogenase; n, number; NLR, neutrophil-to-
lymphocyte ratio; RCC, renal cell carcinoma; SlI, systemic immune-inflammatory index.

Applicability of the LIPS-3 score

Use of the LIPS-3 score resulted in significant differences in OS not only for the whole patient group (c-index 0.566) but also for those
with lung cancer specifically (c-index 0.552) as shown in Table S5. When the ROC-derived NLR threshold was incorporated in the
LIPS-3 score instead of the standard cutoff value, an analogous pattern was seen with significant differences in OS noted for the whole
patient cohort (c-index 0.571) and for those with lung cancer specifically (c-index 0.562) as seen in Table S6. When the LIPS-3 score
was recalculated using the ROC-derived SlI threshold instead of the NLR, there were similar findings in terms of significant differences
in OS for the entire patient cohort and those with lung cancer specifically with higher c-indices of 0.571 and 0.553, respectively, as demon-
strated in Table S7.

Owing to the low numbers of patients within the subgroups with a high-risk LIPI or LIPS-3 score, the analyses for the other tumor subgroups
could not be conducted.

DISCUSSION

This analysis has shown that both the NLR and SlI with either their literature-reported or ROC-derived cutoffs and as continuous variables are
prognostic factors for OS in patients with different tumor types treated with ICls in the first-line setting or second-line setting and beyond. We
have also shown that the NLR and SlI with their ROC-derived cutoff values (of <3.4 and <831, respectively) are independent factors signifi-
cantly associated with survival in this cohort.

Differences in prognostic accuracy might exist according to tumor type. For instance, NLR with its literature-reported cutoff value (<4) can
significantly affect OS in patients with lung cancer or RCC, but not in melanoma. The NLR in its continuous measurement and the dNLR can
significantly affect OS in patients with melanoma. The Sll with either literature-reported or ROC-derived cutoffs, and as continuous variables,
appears to perform better with significant differences in OS across the three tumor types: lung, RCC, and melanoma.
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Table 5. NLR, SlI, and LDH according to line of ICIs by univariate analysis

First line (n = 582)

HR (95% Cl); p value

2+ treatment line (n = 587)

HR (95% Cl); p value

NLR (continuous; 10-unit difference)

NLR

1.43 (1.22-1.66); p < 0.001, c-index = 0.622

1.13(1.02-1.25); p = 0.016, c-index = 0.576

<4.0 1.00 (ref) 1.00 (ref)

>4.0 2.14 (1.63-2.81); p < 0.001, c-index = 0.589 1.39 (1.10-1.75); p = 0.006, c-index = 0.551
NLR

<3.4 1.00 (ref) 1.00 (ref)

>3.4 2.11 (1.60-2.78); p < 0.001, c-index = 0.594 1.38 (1.10-1.74); p = 0.006, c-index = 0.551

Sl (continuous; 1,000-unit difference)
Sl

1.09 (1.05-1.13); p < 0.001, c-index = 0.619

1.04 (1.01-1.07); p = 0.008, c-index = 0.576

<831 1.00 (ref) 1.00 (ref)

>831 2.01 (1.52-2.67); p < 0.001, c-index = 0.586 1.53(1.21-1.93); p < 0.001, c-index = 0.560
Sl

<1,444 1.00 (ref) 1.00 (ref)

>1,444 1.94 (1.46-2.57); p < 0.001, c-index = 0.573 1.48 (1.16-1.90); p = 0.002, c-index = 0.545
dNLR

<3 1.00 (ref) 1.00 (ref)

>3 2.33(1.72-3.17); p < 0.001, c-index = 0.573 1.39 (1.01-1.92); p = 0.042, c-index = 0.528
LDH

<ULN 1.00 (ref) 1.00 (ref)

>ULN 1.34 (0.98-1.84); p = 0.065, c-index = 0.529 1.39 (1.04-1.86); p = 0.027, c-index = 0.529

95% Cl, 95% confidence interval; dNLR, derived neutrophil-to-lymphocyte ratio; HR, hazard ratio; LDH, lactate dehydrogenase; n, number; NLR, neutrophil-to-
lymphocyte ratio; RCC, renal cell carcinoma; SlI, systemic immune-inflammatory index.

The NLR, SlI, and dNLR appear to perform better as prognostic markers when used in patients being given first-line treatment compared
with those treated in the second-line setting or beyond. NLR and Sl perform similarly but appear superior to dNLR in their prognostication
ability.

As previously described, studies have reported the NLR value to be a helpful indicator of survival outcomes and therefore prognosis in
patients with NSCLC. Patients with a lower NLR value tended to have a better response to treatment and prognosis.''® In a retrospective
study of 327 patients with non-metastatic RCC, it was reported that an elevated NLR was a potential marker for poorer survival outcomes.
These patients had just undergone a curative or palliative nephrectomy without any systemic therapy given as yet.'? This was also consistent
with another study in a non-metastatic setting that found the NLR to be an indicator of tumor size and therefore prognosis.”® In a metastatic
RCC setting, a lower NLR was reported to be associated with better survival outcomes.”' This is mirrored by the output from a systematic
review of patients with metastatic RCC on ICls that concurred that the NLR can be a useful marker of OS and PFS.'” The present analysis
has demonstrated that dNLR did not have an impact on OS for patients with RCC, and this is echoed in the findings of another systematic
review of urological cancers assessing the use of dNLR in prognostication.”

In patients with metastatic melanoma who have undergone a metastasectomy, previous studies have suggested the NLR can predict sur-
vival outcomes, but this is based on a cutoff value of >5.7%?* Other work including patients with melanoma having ICls also found them to have
apoor PFS if their NLR was >4.""*>?* The present analysis found that using the NLR value as a continuous measurement or the dNLR resulted
in significant differences in survival outcomes but not with the literature-reported or ROC-derived cutoff values.

There may be several factors accounting for the varied performance of the NLR among tumor types. As previously mentioned, the relatively
lower proportion of patients with RCC or melanoma may have resulted in a lower likelihood of detecting any significant differences in OS
when using the NLR. As also noted from the earlier studies described, some had to use different NLR thresholds among the different tumor
types. This too may have been a reason for the lack of significant differences in OS among some tumor types noted in our present analysis.

The SlI has also been reported as a marker of prognosis in patients with lung cancer with higher SlI values conferring poorer survival out-
comes.?”"?% |n patients with localized RCC who had undergone a radical nephrectomy, the Sll was found to be a marker of poor prognosis.”’
This was also found to be true in patients with metastatic RCC including those on ICls or tyrosine kinase inhibitor treatment.'?*°=*? The results
from our current work are in parallel with these previous reports.

There has been contradicting information about the impact of the Sl on the survival of patients with melanoma. Previous work had re-
ported that Sll was not a significant predictor for clinical outcomes of these patients with melanoma on ICls.* These patients were treated
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with pembrolizumab, ipilimumab, nivolumab, or a combination of ipilimumab and nivolumab, but the study comprised a relatively small
cohort of 62 patients. Other studies have reported otherwise with a higher Sl being associated with worse OS; this is consistent with the find-
ings of the present analysis, although it is recognized that these studies too had relatively smaller sample sizes.*%°

A study of 569 patients with NSCLC who underwent lobectomy for their cancer with curative intent found that Sll did perform better in the
prognostication of these patients. Other work involving other tumor types had shown similar results. These studies included 916 patients with
esophageal cancer, 1,383 patients with colorectal cancer, and 133 patients with hepatocellular carcinoma, all of whom underwent radical
resection of their esophageal or colorectal tumor or liver transplantation for their hepatocellular carcinoma, respectively.***® Although these
patients did not receive ICls at the time of the analysis, these studies reported that Sl did have a superior prognostic value compared
with NLR.

The addition of the platelet count to the calculation of the Sl may explain why it appears to be a better indicator of prognosis. Platelets are
involved in the shielding of cancer cells from natural killer cell-mediated attack and shear stress. They are also involved in promoting the met-
astatic characteristics of these cancer cells via the signaling molecules present in platelets and their ability to enhance cancer cell migration
across the endothelial layer.>”*°

The analysis of the LIPI score with dNLR replaced by the ROC-derived NLR revealed a higher c-index score for the entire patient cohort
particularly in patients with lung cancer. This infers that the application of the LIPI score to these patients could potentially be enhanced with
the incorporation of the ROC-derived NLR as opposed to the dNLR. The evaluation of the LIPI and LIPS-3 scores suggests that the dNLR and
Sl can be useful markers of prognosis when incorporated into such models for patients on ICls. However, tumor-specific models are required
to be able to include other relevant features.

Conclusion

The NLR and Sl are associated with OS and thus prognosis in a large prospective cohort of patients with different tumor types treated with
ICls. This is consistent whether the patient is being treated in a first-line setting or beyond.

Limitations of study

The main limitation of this analysis is its posthoc nature. There was also a much higher proportion of patients with lung cancer compared with
RCC or melanoma. The smaller proportions of patients with melanoma may have accounted for the lack of significant differences in survival
outcomes when using the literature-reported cutoff NLR values. However, the multicenter and real-life nature of this work allows for the gener-
alizability of the results. Furthermore, based on the PROGRESS framework, our study can be considered confirmatory of the prognostic value
of the peripheral blood immune-inflammatory indexes we investigated with their relative literature-reported cutoffs and non-confirmatory for
their ROC-derived one.”’
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REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

Stata (v.16; StataCorp) StataCorp https://www.stata.com/stata16/

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources should be directed to the lead contact: Giuseppe Luigi Banna, giuseppe.banna@nhs.net.

Materials availability

This study did not generate new unique reagents.

Data and code availability

Data reported in this paper will be shared by the lead contact upon request. This paper does not report original code. The study protocol and
the validation certificate for the eCRF platform will be made available by Melissa Bersanelli upon request (bersamel@libero.it) at any time.
Participants’ data and the study dataset will be available by Melissa Bersanelli upon reasonable request. Any additional information required
to reanalyse the data reported in this paper is available from the lead contact.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

The patient cohort for the present analysis was derived from the INVIDIa-2 study. The original study database comprised 1279 patients (831
males and 357 females). Their median age was 69 years 645 patients had a lung malignancy, 201 patients had an RCC and 153 patients had a
melanoma.

Declarations
The authors have completed the REMARK guideline checklist and included this in Table $8.%?

Institutional permission information

Local Institutional Review Board approval was required for each centre for inclusion in the study. Written informed consent was obtained for all
the enrolled patients. All the study procedures were per the precepts of Good Clinical Practice and the declaration of Helsinki.

Consent for publication

All authors have read and approved the submitted manuscript and confirmed their consent for publication. The corresponding author had full
access to all the data in the study and had final responsibility for the publication.

METHOD DETAILS

The INVIDIa-2 study is a prospective multicentre observational study investigating the clinical efficacy of the influenza vaccination in patients
with advanced cancer receiving ICls who had been enrolled patients from 82 centres from October 2019 to January 2020. The oncological
outcomes of these patients on ICls were included in the study’s secondary endpoints.*’

Baseline data were collected on patient characteristics, Eastern Cooperative Oncology Group (ECOG) performance status (PS), type of
cancer, treatment and line of therapy, location of metastatic lesions, pre-treatment with steroids and peripheral blood counts including
the neutrophils, lymphocytes and platelets, at study entry before vaccination or ICl therapies. These were used to calculate the NLR and
SlI. The present analysis focused on lung cancer, RCC and melanoma as they were the most representative of the overall INVIDIa-2 study
population and each of those involved at least 150 patients.

The primary objective of this analysis was to assess the prognostic role of the NLR and Sll by comparing OS among the whole study pop-
ulation and patients with each tumour type (i.e. lung, renal and melanoma) using defined cut-off thresholds for the NLR and SII. These thresh-
olds were either literature-reported or receiver operating characteristic curve (ROC)- derived based on OS at 12 months in the whole study
population. With regards to the literature-reported ones, we selected those that had previously been assessed in large series of patients with
lung cancer based on our previous literature reviews.>® The NLR and Sll were also assessed as continuous variables. The secondary endpoints
included the assessment of the NLR and Sll by OS when treatment was given first-line versus second-line and beyond, the evaluation of the
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derived NLR (dNLR) and lactate dehydrogenase (LDH) across tumour types and treatment lines. Furthermore, we explored the prognostic
performance across tumour types of the original LIPI and LIPS-3 score or modified by the incorporation of Sll instead of dNLR or NLR,
respectively.

The NLR was calculated as the ratio between neutrophils and lymphocytes from the peripheral full blood count of a standard blood test
performed within 14 days of the treatment start date. A high NLR was considered a value >4 according to the literature-reported cut-off.” The
analysis was repeated with a modified ROC-derived 3.4 cut-off value as well as a continuous variable. The Sl was calculated as the NLR multi-
plied by the platelet count with the previously reported cut-off value of > 1,440.” This was also repeated with a modified ROC-derived 831
cut-off value and as a continuous measurement. The derived NLR (dNLR) was calculated using the following formula: neutrophil count/ (white
blood cell count — neutrophil count).

QUANTIFICATION AND STATISTICAL ANALYSIS

Clinical data were analysed using descriptive statistics with their respective dispersion values given, utilising percentages for binary variables
and medians for continuous variables. The PFS was computed from the treatment start date to disease progression or death from any cause,
whereas the OS was calculated from the treatment start date to death or the date of the final follow-up. The study censored patients who had
no events at the time of the analysis.

A Cox-regression univariate analysis assessing OS against the pre-determined NLR and Sl values, alongside the dNLR, LDH and main
clinical potentially prognostic features (i.e., age, gender, ECOG PS, smoking status, primary tumour, pre-treatment with steroids, presence
of bone, brain or liver metastases) was conducted for the entire patient cohort but also each of the three tumour types (lung, renal and mel-
anoma) and by treatment line (first line versus second line or beyond). A Cox-regression multivariate analysis by the NLR and Sl based on OS
including clinical variables was performed for the entire patient cohort. When both literature-reported and ROC-derived NLR and SlI cut-off
values were significant, the one with the highest c-index was carried forward into the multivariate analysis. For both the univariate and multi-
variate analyses, an acceptable significance value of p <0.05 was established. The analysis was performed using Stata (v.16; StataCorp).

We present the following analysis in accordance with the REMARK Guideline.*

ADDITIONAL RESOURCES
The patient cohort for the present analysis was derived from the INVIDIa-2 study."’
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