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Abstract
Background  An elevated pre-treatment neutrophil to lymphocytes ratio (NLR) is associated with poor prognosis in various 
malignancies. Optimal cut-off is highly variable across studies and could not be determined individually for a patient to 
inform his prognosis. We hypothesize that NLR variations could be more useful than baseline NLR to predict progression-
free survival (PFS) and overall survival (OS) in patients (pts) receiving anti-PD1 treatment.
Patients and methods  All pts with metastatic renal cell carcinoma (mRCC) and metastatic non-small cell lung cancer 
(mNSCLC) who received anti-PD1 nivolumab monotherapy in second-line setting or later were included in this French 
multicentric retrospective study. NLR values were prospectively collected prior to each nivolumab administration. Clinical 
characteristics were recorded. Associations between baseline NLR, NLR variations and survival outcomes were determined 
using Kaplan–Meier’s method and multivariable Cox regression models.
Results  161 pts (86 mRCC and 75 mNSCLC) were included with a median follow-up of 18 months. On the whole cohort, 
any NLR increase at week 6 was significantly associated with worse outcomes compared to NLR decrease, with a median 
PFS of 11 months vs 3.7 months (p < 0.0001), and a median OS of 28.5 months vs. 18 months (p = 0.013), respectively. 
In multivariate analysis, NLR increase was significantly associated with worse PFS (HR 2.2; p = 6.10−5) and OS (HR 2.1; 
p = 0.005). Consistent results were observed in each cohort when analyzed separately.
Conclusion  Any NLR increase at week 6 was associated with worse PFS and OS outcomes. NLR variation is an inexpensive 
and dynamic marker easily obtained to monitor anti-PD1 efficacy.

Keywords  Neutrophil to lymphocyte ratio (NLR) · NLR variation · Anti-PD1 · Nivolumab · Renal cell carcinoma · Non-
small cell lung cancer
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Introduction

Non-small cell lung cancer (NSCLC) is one of the most com-
monly diagnosed cancer and remains the leading cause of 
cancer-related death worldwide. Renal cell carcinoma (RCC) 
accounts for 3% of all malignant disease in adult [1]. Despite 
progress in surgical resection, targeted therapy and immuno-
therapy, local and distal recurrences are common and 40% 
of patients will die from metastasis [2]. Both NSCLC and 
RCC patients have been offered exciting advances with the 
development of anti-PD-L1 therapies leading to a major shift 
in the treatment landscape. Nivolumab, an anti-PD1 check-
point blocker is the current standard second-line treatment in 
mNSCLC and mRCC based on phase III randomized clinical 
trials results [3–5]. At the same time pembrolizumab was 
approved as the standard of care of first-line treatment in 
metastatic NSCLC patients with PD-L1 expression ≥ 50% 
[6]. Combination of anti-PD1 and anti-CTLA4 therapies had 
demonstrated significant improvement in terms of objective 
response rate (ORR) and PFS in both localizations and OS 
in mRCC, leading to the approvement as the new first-line 
standard of care option for mRCC with intermediate or poor 
IMDC risk as well as for mNSCLC harboring a high tumor 
mutational burden [7, 8].

Even though immune checkpoint blockers (ICB) are well-
tolerated, by unbalancing the immune system, they may give 
rise to immune-related adverse events (irAEs) [9]. Almost 
10% of patients receiving anti-PD/L1 therapy experience 
grade ≥ 3 irAEs [10] with some of them requiring immu-
nosuppressive treatment beyond corticosteroid. In addition, 
when given as monotherapy, 35% and nearly 40% of patients 
experienced progressive disease in the pivotal trial of mRCC 
and NSCLC respectively [3–5]. Because of the potential tox-
icities and the lack of efficacy for many patients, biomark-
ers are needed for early identification of non-responders, to 
avoid useless and expensive treatments.

Inflammation and immunity are part of the Hallmarks of 
Cancer [11]. Chronic inflammation, mediated by cytokines 
and chemokines has been linked with genetic instability, 
angiogenesis, cell growth and survival whereas immune 
system, cytotoxic T and B cells play a major role in detect-
ing and eliminating cancer cells [12–15]. Many biomark-
ers of inflammation, including C Reactive Protein (CRP) 
and neutrophil to lymphocyte ratio (NLR) have been inves-
tigated as prognostic factors. In various malignancies, an 
elevated pre-treatment NLR has been associated with poor 
prognosis [15–18]. Being cohort-dependent and time-
dependent, the optimal cut-off for NLR is highly variable 
across studies. Thus for a given patient we cannot use its 
baseline NLR value to determine its prognostic.

Few data reported NLR value and/or variations for 
patients treated with anti-PD-1. Lalani et al. [19] showed 

that higher NLR at 6 weeks was a stronger predictor of 
ORR, PFS and OS than baseline NLR in mRCC pts receiv-
ing anti-PD1. We hypothesize that NLR variations could 
be more useful than baseline NLR to predict PFS and OS 
in patients receiving anti-PD1 in two different cohorts. 
We also explore the association between Best Overall 
Response (BOR) and NLR variations in mRCC pts.

Materials and methods

Study design and participants

We performed a multicenter, retrospective analysis in three 
French institutions of all consecutive patients treated with 
anti-PD1 nivolumab for metastatic NSCLC or mRCC who 
consented to participate. Data were collected from patient’s 
electronic medical records including patients’ clinical and 
laboratory characteristics, IMDC (International Metastatic 
Renal Cell Carcinoma Database Consortium risk factors) for 
mRCC patients, adverse events as well as date of radiologi-
cal progression, date of death or last follow-up. NLR val-
ues defined as the absolute neutrophil count divided by the 
absolute lymphocyte count were prospectively stored in the 
patient’s electronic medical records prior each nivolumab 
administration and retrospectively collected for our study. 
NLR variation was defined as the variation between the 
baseline NLR value collected before the first nivolumab 
administration and the NLR values collected before each 
nivolumab administrations. Nivolumab was given intrave-
nously every 2 weeks, at the dose of 3 mg/kg for pts included 
before May 2018 and at a flat dose of 240 mg afterwards. All 
toxicities were reported according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) of the National 
Cancer Institute using the v4.03. Patients who received cor-
ticosteroids at the time of NLR collection were excluded 
from this study. Patients with known hematologic disorders 
or concurrent infection at the time of nivolumab start were 
excluded from our analysis. According to the good clinical 
practices, for each time points, patients with a suspected or 
an active infection did not receive the nivolumab administra-
tion. Thus, no confounding parameters falsely elevated the 
collected blood parameters.

To demonstrate that NLR variations were associated with 
outcomes with anti-PD1 treatment whatever the tumor type, 
we decided to consider the same anti-PD1 across the two 
cohort, to limit the treatment heterogeneity. Indeed, pem-
brolizumab is only available for 1st line PD-L1+ NSCLC 
pts but not in mRCC.

Patients gave their oral, informed consent to participation 
in the study. The study has been declared to the CNIL on the 
following number: 2215794 v 0.
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Outcome

Primary endpoint was the association between NLR vari-
ations and PFS and OS in patients treated with anti-PD-1 
nivolumab for mNSCLC and mRCC. Tumor response and 
progression were assessed every 8–12 weeks per RECIST 
1.1 (Response evaluation Criteria in Solid Tumor version 
1.1). NLR variations were calculated between value from 
each new nivolumab administration and the baseline value.

Statistical analysis

Qualitative variables were reported as percentage, and quan-
titative variables as median. We investigated the impact of 
baseline NLR, NLR variation and others parameters on PFS 
and OS using Cox regression models, adjusted for ECOG-PS 
and IMDC group for mRCC cohort. Analyses were done on 
the whole cohort population after stratification on tumor site. 
Kruskal–Wallis test was used to compare baseline NLR and 
NLR variation according to the tumor response and accord-
ing to the IMDC prognostic score. T test and Wilcoxon tests 
were used to compare quantitative variables.

PFS was defined as the time interval between first admin-
istration of nivolumab to radiographic or clinical progression 
or death, censored at last follow-up for patients who have not 
progressed. OS was defined as the time interval between the 
first administration of nivolumab and death from any cause. 
Patients who were alive at the time of the final analysis were 
censored at last follow-up. PFS and OS were evaluated using 
Kaplan–Meier’s method, and reported with their 95% confi-
dence interval (CI). Survival outcomes were compared using 
the log-rank test.

All tests were two-sided and a p value of 0.05 or less 
was considered as statistically significant. All analyses were 
performed using R software Version 1.0.136.Boston, MA.

Results

Patients’ characteristics and outcomes

One hundred sixty-one patients (86 mRCC and 75 
mNSCLC) were enrolled. Baseline characteristics are sum-
marized in Table 1.

In the whole cohort, median age was 66 (range 21.6–86.7) 
and 71% (n = 114) of patients were male. One hundred 
twenty-four patients (77%) were ECOG-PS 0 or 1 and 49% 
(n = 80) had received two or more prior therapeutic lines. 
Most common metastatic sites were lung (75%, n = 121) and 
bone (41%, n = 66).

In mRCC cohort, IMDC risk group’s distribution was 
as follow: 28% favorable risk (n = 24), 53% intermediate 
risk (n = 46) and 11% poor risk (n = 9). After a median 

follow-up of 24.7 months (range 0.2–47), median PFS and 
OS were 4.6 months (95% CI 3–8.9) and 24.7 months (95% 
CI 18.9–NR), respectively.

In mNSCLC cohort, after a median follow-up of 
16.8 months (range 0.4–41), median PFS and OS were 
4.4 months (95% CI 3.5–6.6) and 16.8 months (95% CI 
14.1–27.4), respectively.

Association of NLR variations and survival outcomes 
in the whole cohort

Median NLR at baseline was 3.4 (range 1–37) and 3 (range 
0.97–13.4) at week 6. Less than median baseline NLR was 
significantly associated with a longer median PFS and OS 
compared to greater or equal to median (data shown in 
Fig. 1a, b).

NLR variations were explored from baseline (before 
first administration) to each administration of nivolumab 
until the date of the first CT-scan (between week 8 and 12). 
We dichotomized NLR variations into two categories: any 
increase vs. any decrease. Associations between variations 
and survival outcomes were analyzed from baseline to each 
administration until week 6. The better hazard ratio for 
decrease vs. increase was found to be at week 6 (Supple-
mentary Data Table 1). NLR variations between baseline 
and week 6 was summarized as varNLRw1-6.

Pts with any NLR decrease at week 6 had a significant 
better PFS and OS than those with an NLR increase with a 
median PFS of 11 months (95% CI 9.1–13) vs. 3.7 months 
(95% CI 2.9–4.4) (p < 0.0001), respectively. Median OS 
was 28.5 months (95% CI 27.4–NR) vs. 18 months (95% CI 
10.6–28.2) (p = 0.013), respectively (Fig. 1c, d). Analyses 
according to quartiles of NLR variations between baseline 
and week 6 (varNLRw1-6) confirmed that any increase vs. 
any decrease was the best predictor of a worse outcome 
(Supplementary Data Fig. 1).

In univariate analysis, together with varNLRw1-6, an 
ECOG-PS ≥ 2 and a poor IMDC prognostic score were sig-
nificantly associated with poor PFS and OS. Hazard Ratio 
(HR) for PFS were respectively 2.2 (95% CI 1.4–3.1), (p = 
0.0001), 2.1 (95% CI 1.4–3.1) (p = 0.001) and 4.1 (95% CI 
1.8–9.5), (p = 0.0005) for varNLRw1-6, an ECOG-PS ≥ 2 
and a poor IMDC prognostic score. HR for OS were respec-
tively 2.3 (95% CI 1.4–3.8), (p = 0.001), 3 (95% CI 2.4–5.8) 
(p = 2.10–9) and 4.3 (95% CI 12.4–17), (p = 0.0002) for 
varNLRw1-6, an ECOG-PS ≥ 2 and a poor IMDC prognos-
tic score (Supplementary Data Fig. 2). Tumor type, number 
of prior therapeutic lines, sex and age were not associated 
with survival outcomes. No baseline characteristic was asso-
ciated with NLR increase (Supplementary Data Fig. 3).

In multivariate analysis, ECOG-PS ≥ 2, high-baseline 
NLR and positive varNLRw1-6 were independently associ-
ated with worse PFS and OS (Table 2).
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Regarding safety, no new safety signal was reported 
as compared to pivotal phase III trial [3–5]. No signifi-
cant association was observed between incidence of ≥ 
grade 3 adverse events and baseline NLR or NLR varia-
tions. Among patients who experienced grade 3–4 adverse 
events, median baseline NLR was 3.4 vs 3.3 for those who 
did not experience grade 3–4 adverse events (p = 0.9). 
VarNLRw16 was − 4% for patients experiencing grade 
3–4 adverse events vs − 27% for those who did not expe-
rience severe toxicities (p = 0.2). In the same way, no 
significant association was observed between incidence of 
≥ grade 3 adverse events and survival outcomes. Median 
PFS were respectively 6 months (95% CI 2.9–27.2) and 
4.3 months (95% CI 3.8–5.1), (p = 0.3) for patients expe-
riencing severe toxicities vs those who did not. Median 
OS were respectively 13.6 (95% CI 6.7–NR) vs 23 (95% 
CI 18–28.5), (p = 0.13) for patients experiencing severe 
toxicities vs those who did not.

Association of NLR variations and survival outcomes 
in mNSCLC and mRCC cohorts

For mNSCLC cohort, median PFS and median OS were 
respectively 10.9 months (95% CI 4.9–19) vs 4.2 months 
(95% CI 2.5–5.8) (p < 0.01) and 27.4 months (95% CI 
21.1–NR) vs 15.6 months (95% CI 10.2–NR) (p = 0.23) 
for patients with any NLR decrease vs. increase at week 6 
(Fig. 2). In multivariate analysis, any NLR increase at week 
6 remained independently associated with worse PFS (HR 
2.5, p = 0.002) and OS (HR 2.2, p = 0.049).

For mRCC cohort, median PFS and median OS were 
respectively 13.6 months (95% CI 9–27.1) vs. 3.6 months 
(95% CI 2.9–4.9) (p = 0.003) and NR (27.4–NR) vs. 
19.6 months (95% CI 9.6–NR) (p = 0.008) for patients with 
any NLR decrease vs. increase (Fig. 3). In multivariate 
analysis, any NLR increase at week 6 remained indepen-
dently associated with worse PFS (HR 2.2, p = 0.01) and OS 

Table 1   Patients’ baseline characteristics

ECOG-PS Eastern Cooperative Oncology Group, IMDC International metastatic renal cell carcinoma data base consortium, NLR neutrophils to 
lymphocytes ratio, CRP C-reactive protein, PFS progression-free survival, OS overall survival

Characteristics Renal cell carcinoma (n = 86) Lung carcinoma (n = 75) All patients (n = 161)

Age, years—median (range) 67 (21.6–82) 65 (31.2–86.7) 66 (21.6–86.7)
Sex ratio, (M:F), n 67:19 47:28 114: 47
ECOG-PS, n (%)
 0–1 73 (85%) 51 (67%) 124 (77%)
 2 9 (10.5%) 20 (27%) 29 (18%)
 ≥3 3 (3.5%) 4 (6%) 7 (5%)

Prior lines, n (%)
 1 42 (49%) 38 (51%) 80 (49%)
 2 27 (31%) 19 (25%) 46 (29%)
 ≥3 17 (20%) 18 (24%) 35 (22%)

Metastatic sites, n (%)
 Lung 58 (67%) 63 (84%) 121 (75%)
 Liver 16 (19%) 12 (16%) 28 (17%)
 Bone 35 (41%) 31 (41%) 66 (41%)
 Brain 3 (4%) 19 (25%) 22 (14%)

IMDC, n (%)
 Favorable 24 (28%)
 Intermediate 46 (53%)
 Poor 9 (11%)
 Unknown 7 (8%)

NLR, median 95% CI 3.26 (1–37) 3.4 (1.4–13) 3.4 (1–37)
Albumin g/l, median (range) 38 (16–47) 38.4 (29–48) 38 (16–48)
Serum CRP mg/dl, median (range) 20.20 (1–216) 24 (1.1–171) 22 (1–216)
Neutrophils/mm3 , median (range) 4310 (1230–13390) 4898 (1810–15520) 4600 (1230–15520)
Lymphocytes/mm3, median (range) 1284 (200–3300) 1323 (558–2863) 1320 (200–3300)
Platelets/mm3, median (range) 261,000 (115,000–654,000) 277,000 (79,000–693,000) 267,000 (79,000–693,000)
PFS (months) 95% CI 4.6 (3.8–9) 4.4 (3.5–6.6) Not evaluated
OS (months) 95% CI 24.7 (18.9–NA) 16.8 (14.1–27.4) Not evaluated
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(HR 1.7, p = 0.09). Other factors independently associated 
with worse PFS and OS were ECOG-PS ≥ 2 (HR 5.5, p = 
2.5·10–5 and HR 6, p = 0.0001, respectively) and poor IMDC 
prognostic score (HR 4.2, p = 0.006 and HR 2.5, p = 0.07 
respectively) (Supplementary Data Table 2).

Interestingly, if baseline NLR was significantly higher in 
the poor IMDC risk group compared to those with favorable 
or intermediate risk (p = 0.005, Fig. 4), no correlation was 
identified between varNLRw1-6 and IMDC group (p = 0.4, 
Fig. 4).

Fig. 1   PFS and OS among all patients according to baseline NLR (a, 
b) and NLR variations between the first and the fourth administra-
tion (c, d). a Is referring to the PFS of patients of the whole cohort 
according to the baseline NLR value (below or above the median 
NLR baseline value in the whole cohort). b Is referring to the OS 
of patients of the whole cohort according to the baseline NLR value 

(below or above the median NLR baseline value in the whole cohort). 
c Is referring to the PFS of patients of the whole cohort according to 
the NLR variation between the first and the fourth nivolumab admin-
istration. d Is referring to the OS of patients of the whole cohort 
according to the NLR variation between the first and the fourth 
nivolumab administration

Table 2   Association of baseline 
characteristics and survival 
outcomes with multivariate Cox 
regression models

Multivariate analysis was adjusted for PS-ECOG. Baseline NLR was also included as a covariate for the 
analysis of NLR kinetics.
ECOG-PS Eastern Cooperative Oncology Group-Performance Status, NLR neutrophils to lymphocytes 
ratio, PFS Progression-Free Survival, OS Overall Survival, RCC​ renal cell carcinoma
*p<0.05

Multivariate analysis all patients

PFS OS

HR 95% CI p value HR 95% CI p value

Median NLR (ref: NLR < median NLR) 1.4 (1.01–2.1), p = 0.05* 1.8 (1.2–2.9), p = 0,019*
NLR variations (ref: decrease) 2.2 (1.5–3.4), p = 5.9.10–5* 2.1 (1.2–3.4), p = 0.005*
ECOS-PS (ref: 0–1)
ECOG-PS > 2

2.1 (1.4–3.1), p = 0.0004* 3.2 (1.7–5.7), p = 0.0001*

Tumor type (ref: RCC) 1.02 (0.7–1.5), p = 0.9 0.98 (0.8–1.7), p = 0.95
Age (ref : < 65 years) 0.99 (0.7–1.5), p = 0.98 1.25 (0.7–2.1), p = 0.4
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Association of NLR variation and best overall 
response in mRCC patients

At Georges Pompidou Hospital, all mRCC pts treated with 
ICB have a second and blinded radiologic review by an inter-
national expert (LF) to confirm RECIST 1.1. 84/86 (97.7%) 
mRCC patients included in this study had a robust tumor 
response evaluation using RECIST 1.1 criteria allowing us to 
evaluate association between NLR variations and BOR.

The overall response rate was 17% (2 CR, 12 PR), and 35% 
(n = 29) of patients had a stable disease.

Baseline NLR was significantly higher in patients with pro-
gressive disease (PD) compared to those with stable disease 
(SD) or partial and complete response (PR/CR) (p = 0.048, 
Supplementary Data Fig. 4).

Disease control rate was higher in pts with any NLR 
decrease at week 6 as compared to pts with any NLR increase, 
81% vs 40% (p = 0.0007) respectively.

Discussion

To our knowledge, we report here the largest cohort inves-
tigating the prognostic value of early NLR variations and 
its utility in every practice in patients receiving anti-PD1 
monotherapy either for mRCC or mNSCLC. We found the 
commonly accepted relationship between high-baseline 
NLR value and poor survival outcomes. As reported in 
various cohorts of pts treated with chemotherapy, NLR 
optimal cut-off is hard to define and time- and cohort-
dependent, limiting its utility in clinical practice. As 
mentioned above, Lalani et al. first demonstrated that for 
mRCC patients treated with anti-PD1/L1, a 25% increase 
in NLR at 6-weeks was associated with reduced ORR, 
shorter PFS (p < 0.001) and OS (p = 0.004) being in line 
with our results [19]. In 2018, Khunger et al. demonstrated 
that NLR increased in NSCLC non-responders after two 
cycles of nivolumab by 6.6 as compared to responders (p 

Fig. 2   PFS and OS among lung carcinoma according to baseline 
NLR (a, b) and NLR variations between the first and the fourth 
administration (c, d). a Is referring to the PFS of patients of the lung 
carcinoma cohort according to the baseline NLR value (below or 
above the median NLR baseline value in the lung carcinoma cohort). 
b Is referring to the OS of patients of the lung carcinoma cohort 
according to the baseline NLR value (below or above the median 

NLR baseline value in the lung carcinoma cohort). c Is referring to 
the PFS of patients of the lung carcinoma cohort according to the 
NLR variation between the first and the fourth nivolumab administra-
tion. d Is referring to the OS of patients of the lung carcinoma cohort 
according to the NLR variation between the first and the fourth 
nivolumab administration
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= 0.03) [20]. Focusing on patients with advanced solid 
tumors on phase 1 trials of PD-(L)1 inhibitors, Amera-
tunga et al. showed that NLR reduced over time in respond-
ers to immunotherapy: patients with CR/PR had a − 0.09 
(p = 0.01) change in transformed NLR per months [21]. 
Focusing on NSCLC, main studies related to this question 
(including Bagley et al. [22], Kiriu et al. [23], Diem et al. 
[24], Nakaya et al. [25], or Shiroyama et al. [26]) identified 
an elevated pre-treatment NLR as a poor prognostic factor 
for NSCLC pts receiving nivolumab. Nonetheless, results 
were not totally unequivocal since baseline NLR could be 
associated with PFS, or OS, or both PFS and OS, based 
on the selected study. Main limitation of such studies is 
the heterogeneity of the NLR cut-off used to stratify the 
patients : NLR ≥ 5 for Bagley et al. and Suh et al., NLR ≥ 
3 for Nakaya et al., NLR > 4 for Shiroyama et al., NLR ≥ 
median for others studies…which do not permit any use 
at the individual level in clinical practice.

The question of the putative prognostic value of the NLR 
variation is less-well studied.

Nakaya et al. have studied NLR variations at several time 
points (baseline, 2 and 4 weeks) but they did not studied the 

prognostic value of the NLR variations between the differ-
ent time points.

No largest publication related to the prognostic value of 
NLR variations in patients with solid tumors treated with 
ICB have been published. Focusing on both mRCC and 
mNSCLC, we aimed to demonstrate that NLR variation is 
not cohort dependent.

We showed that any NLR increase was associated with 
worse outcomes. Interestingly, we showed that the baseline 
NLR value was associated with IMDC prognostic groups 
but on the opposite, no significant difference was observed 
between varNLRw1-6 and IMDC, suggesting that this 
parameter does not add information to IMDC regarding 
prognosis. Beyond the prognostic value of NLR variation 
on OS, the association with PFS in the two cohorts and ORR 
in the mRCC cohort suggests that this parameter might be 
predictive of anti-PD1 efficacy.

The major strength of our study is to demonstrate that 
the prognostic and/or predictive value of NLR variations is 
not cohort-dependent with similar results in both NSCLC 
and mRCC cohorts. We decided to group these cohorts 
because pragmatically, nivolumab was EMA-approved first 

Fig. 3   PFS and OS among renal cell carcinoma according to base-
line NLR (a, b) and NLR variations between the first and the fourth 
administration (c, d). a Is referring to the PFS of patients of the renal 
cell carcinoma cohort according to the baseline NLR value (below 
or above the median NLR baseline value in the renal cell carcinoma 
cohort). b Is referring to the OS of patients of the renal cell carci-
noma cohort according to the baseline NLR value (below or above 

the median NLR baseline value in the renal cell carcinoma cohort). c 
Is referring to the PFS of patients of the renal cell carcinoma cohort 
according to the NLR variation between the first and the fourth 
nivolumab administration. d Is referring to the OS of patients of the 
renal cell carcinoma cohort according to the NLR variation between 
the first and the fourth nivolumab administration
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in NSCLC and mRCC allowing us to treat a large cohort 
of patients as soon as 2016. Second, at the tumor cell-level 
NSCLC and mRCC share similarities in the abundance of 
tissue-infiltrating immune and stromal cell population, with 
high abundance of neutrophils, T-cells, CD8 T-cells and 
cytotoxic lymphocytes. Nevertheless, they also had major 
differences: B lineage, myeloid dendritic cells and fibro-
blast are abundant in NSCLC microenvironment whereas 
endothelial cells is predominant in RCC microenvironment 
[22–25] and tumor mutational burden is commonly higher 
in NSCLC than in RCC [28]. We hypothesize that peripheral 
immunity, evaluated by NLR variations could be a strong 
predictor of ICB efficacy, whatever tumor site.

This study has limitations due to its retrospective nature 
and the small number of pts. Risk for selection bias is 
also a potential limitation. Moreover, only some pts with 
mNSCLC had a robust and homogeneous tumor evaluation 
using RECIST 1.1 criteria even if we believe that iRECIST 
criteria may have been more relevant to evaluate ICB effi-
cacy [29]. Nevertheless, as survival criteria are certainly 
more relevant and more robust than ORR, the latter limita-
tion does not impair the importance of our findings. The 
NLR evaluation time point could be discussed but as shown 
previously, the better HR for decrease vs increase was found 
to be at week 6. Lastly, no subgroups analysis stratified by 
PD-L1 expression or correlation between NLR and tumor 

mutation burden have been done. Neither PD-L1 expres-
sion, nor tumor mutation burden are performed in clinical 
routine in our country. Nivolumab approval is not based on 
any companion biomarker, neither for NSCLC nor mRCC. 
Especially in mRCC, PD-L1 expression is not a good predic-
tive biomarker of nivolumab response.

Our data may have important clinical implications. First 
NLR, as opposed to many biomarkers such as PD-L1 expres-
sion, is an inexpensive and reproducible blood test, could 
be easily and dynamically assessed before each ICB injec-
tion and thus could be a better reflect of immune reinvig-
oration. Some translational data suggest that a small subset 
of tumor infiltrating immune cells (TIIC) could recirculate 
in the blood and is sensitive to checkpoint inhibition [30]. 
Second, as tumor response is still a challenge under ICB 
therapy, including pseudo progression [31, 32] or dissoci-
ated responses, NLR might help clinicians to decide to stop 
treatment or to maintain it. In our study, more than 80% of 
pts with NLR decrease between 1st and 4th injection had a 
response or SD.

We think that looking at the NLR variations over time 
may enable to identify patients with the worst outcomes. 
The link between NLR and ICB response is obvious since 
NLR is a marker of the balance between inflammation and 
immunity, thus suggesting that NLR change may have its 
best predictive value in patients treated with ICB. Solid 

Fig. 4   Baseline NLR (a) and NLR variations between the first and 
the fourth administration (b) according to IMDC prognostic group 
among the renal cell carcinoma cohort. Among the renal cell car-
cinoma cohort, the baseline NLR value is significantly different 
between the IMDC prognostic groups. The NLR variation between 

the first and the fourth nivolumab administration is not significantly 
different between the three groups. Nonetheless, the poor IMDC 
group tends to harbor an NLR increased which is not the case of both 
the favorable and intermediates groups
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biological evidences linking NLR and ICB response have 
recently emerged. A high neutrophils count is associated 
with the release of pro-tumor substances (as reactive oxy-
gen species, arginase, inflammatory cytokines, tumor or 
vascular growth factor and metallo-proteases…) whereas 
a low lymphocytes count is associated with an impaired 
anti-tumor response, an impaired CD8+ T cell cytotoxicity 
and CD4+ helper T-cell functions [33]. NLR is thus the 
expression of a global balance between pro-tumor inflam-
mation and anti-tumor immunity. Recently, Kargl et al. 
have identified a strong negative correlation between intra 
tumor neutrophils and CD8+ cellular content in NSCLC. 
Given that peripheral cells abundance can reflect the TME, 
this reinforces the link between NLR and ICB response 
[34]. Dirican et al. [35] also demonstrated a strong nega-
tive correlation between a high NLR and CD3+ T-cells (r 
= 0.623, p = 0.012).

This work needs an external validation in a prospec-
tive trial, which will be available with the mRCC rand-
omized phase II trial BIONIKK (NCT02960906) compar-
ing responses to 1st line nivolumab ± ipilimumab and TKI 
according to molecular group. If validated, these results 
could lead to an adaptive trial either based on NLR variation 
at 6 weeks with addition of an immune boost, or treatment 
intensification with addition of a TKI in pts treated with 
nivolumab alone, or even based on NLR variation at the time 
of dissociated response and/or first unconfirmed PD by iRE-
CIST criteria. The concept of immune boost is of particular 
interest and is already tested in the phase 2 TITAN-RCC 
(Tailored Immunotherapy Approach with Nivolumab in 
advanced Renal Cell Carcinoma) (NCT0291772) where an 
ipilimumab boost is given in case of stability or progressive 
disease at first time evaluation. First results were recorded 
during ESMO congress 2019 and showed that ipilimumab 
boost significantly improved ORR compared to nivolumab 
monotherapy [29].

Conclusion

Our findings show that NLR variation (increase vs. decrease) 
at week 6 is significantly associated with survival outcomes 
PFS and OS. NLR variation could become one of the easi-
est and cheapest prognostic factors for pts with solid tumors 
treated with ICB.
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