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Hôpitaux universitaires de Genève
(HUG), Switzerland
Martin Klabusay,
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Background: Treatment choice for metastatic renal cell carcinoma (mRCC)

patients is still based on baseline clinical and laboratory factors.

Methods: By a pre-specified analysis of the Meet-URO 15 multicentric

retrospective study enrolling 571 pretreated mRCC patients receiving

nivolumab, baseline and early dynamic variations (D) of neutrophil,

lymphocyte, and platelet absolute cell counts (ACC) and their inflammatory

ratios (IR) were evaluated alongside their association with the best disease

response and overall (OS) and progression-free survival (PFS). Multivariable

analyses on OS and PFS between baseline and D ACC and IR values were

investigated with receiving operating curves-based cut-offs.

Results: The analysis included 422 mRCC patients. Neutrophil-to-lymphocyte

ratio (NLR) increased over time due to consistent neutrophil increase (p < 0.001).

Higher baseline platelets (p = 0.044) and lower lymphocytes (p = 0.018), increasing

neutrophil D (p for time-group interaction <0.001), higher baseline IR values (NLR:

p = 0.012, SII: p = 0.003, PLR: p = 0.003), increasing NLR and systemic immune-

inflammatory index (SII) (i.e., NLR x platelets) D (p for interaction time-group =

0.0053 and 0.0435, respectively) were associated with disease progression. OS

and PFS were significantly shorter in patients with baseline lower lymphocytes (p <

0.001 for both) and higher platelets (p = 0.004 and p < 0.001, respectively)

alongside early neutrophils D (p = 0.046 and p = 0.033, respectively). Early

neutrophils and NLR D were independent prognostic factors for both OS (p =

0.014 and p = 0.011, respectively) and PFS (p = 0.023 and p = 0.001, respectively),

alongside baseline NLR (p < 0.001 for both) and other known prognostic variables.

Conclusions: Early neutrophils and NLR D may represent new dynamic

prognostic factors with clinical utility for on-treatment decisions.
KEYWORDS

renal cell carcinoma, immunotherapy, dynamics, inflammatory, NLR, prognostic
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1 Introduction

Immune checkpoint inhibitors (ICIs) have reshaped the

treatment landscape of metastatic renal cell carcinoma (mRCC)

with the introduction of nivolumab in pretreated patients in 2015

and the more recent first-line immunotherapy-based combinations

(1–3).

Despite the survival benefit leading to these new

immunotherapy indications, the proportion of mRCC patients

achieving long-term benefits from ICI-based therapies is still low.

Early predictive biomarkers are needed to optimize patient and

treatment selection (4, 5). The programmed-cell-death-ligand1

(PD-L1) expression, tumor mutational burden (TMB), and tumor

microenvironment-related signatures have been investigated for

their prognostic and predictive value. However, none has still

reached sufficient evidence or applicability to be routinely tested

in everyday clinical practice (6–9). Although PD-L1 expression

correlated with poor prognosis and advanced clinicopathological

features in RCC patients (10–12), it is expressed in about one

quarter of patients with clear-cell RCC and approximately 10% of

those with non-clear cell RCC (10) and does not seem to have a

predictive value (13).

Inflammatory ratios (IR) from peripheral blood might reflect

the cancer-related inflammatory phenomena, the host immune

response to cancer and comorbidity (14). In practically every

area of medicine, including cancer patients, elements of the full

blood count, like the total leukocyte, neutrophil, lymphocyte,

monocyte, and platelet counts, have been extensively studied as a

proxy of a dysfunctional pro-inflammatory response (15–17). It

has long been known that blood count parameters have a

prognostic value for mRCC. High neutrophils were initially

reported as a poor prognostic indicator in 1996 (18). Later, the

notion of neutrophils-to-lymphocytes ratio (NLR) reached the

clinical practice (19). No later than 2011, the relevance of an

elevated platelet count was recognized (20). IR have emerged as a

quick and inexpensive assessment with reproducible prognostic

value across different tumor types, stages, and treatment settings,

particularly for patients with metastatic tumors treated with ICIs

(21, 22). However, their baseline value has been mainly

investigated so far, while increasing evidence suggests a

possible correlation with disease outcome related to their early

variations during treatment, particularly in lung cancer patients

(23–33). If associated with worse prognosis and failure of

therapy their early variations might have clinically helpful

aftermaths, like the anticipation of disease reassessments

during treatments and an earlier start of the next treatment

line. Furthermore, a better understanding of the IR specific

cellular component on-treatment variations would shed light

on the shift of the patient’s immune system in response to anti-

tumoral treatments, specifically the ICIs.

The Meet-URO 15 study is one of the largest analyses of

baseline prognostic factors, including IR in patients with mRCC
Frontiers in Oncology 03
treated with ICIs (34). This study developed a novel prognostic

score, namely the Meet-URO score, based on the addition of two

newly identified independent variables, or the NLR and the

presence of bone metastases.

In this pre-specified sub-analysis of the Meet-URO 15 study,

we longitudinally investigated the dynamics of neutrophil,

lymphocyte and platelet absolute cell counts (ACC) and IR

during the first four nivolumab treatment administrations and

their correlation with response and survival.
2 Materials and methods

The analysis was a pre-specified secondary analysis of the

multicentric retrospective Meet-URO 15 study, approved by the

institutional review board (regional ethical committee of Liguria

– registration number 068/2019). The Meet-URO 15 study was

conducted among 34 Italian centers and enrolled 571 mRCC

patients. It was performed according to the Declaration of

Helsinki. All living patients signed written informed consent.
2.1 Study population and treatment

Patients with mRCC who had received at least two

completed nivolumab administrations as ≥2nd treatment line

between October 2015 and November 2019 were included in the

analysis. Nivolumab was administered intravenously at the dose

of 3 mg/kg every 2 weeks until May 2018, then at the fixed dose

of 240 mg every 2 weeks, or 480 mg every 4 weeks, according to

the clinical practice of each participating center. The treatment

was continued until progressive disease (PD), unacceptable

toxicity, death, or patient choice. Patients with radiological PD

were allowed to continue therapy beyond progression of clinical

benefit according to physicians’ decision.

The follow-up consisted of periodic physical examinations,

laboratory analyses, and imaging assessments. Radiological

assessments included computed tomography (CT) scan of

chest-abdomen-pelvis and head (when clinically indicated) at

baseline and every 2–4 months thereafter, according to

physicians’ practice, or when PD was clinically suspected.
2.2 Absolute cell counts and
inflammatory ratios from
peripheral blood

Data from full blood counts performed within 7 days from

each of the first four nivolumab administrations were collected,

including neutrophils, lymphocytes and platelets ACC, and the

following IR: neutrophil-to-lymphocyte ratio (NLR), platelet-to-

lymphocyte ratio (PLR) and the systemic immune-inflammation
frontiersin.org
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index (SII, calculated as NLR × platelets as originally developed)

(35). Patients were then followed up until the date of the

database lock for the final analysis on 31 July 2020.
2.3 Study objectives and endpoints

The first study objective was the description of the ACC and IR

value variations through the first four nivolumab administrations

(Delta, D). The Delta was derived from subtracting the parameter

value at the fourth nivolumab administration minus baseline level.

The second study objective evaluated the correlation between ACC

and IR baseline and D values with the best disease response to

treatment. The third study objective included the correlation of

their baseline and early D values with overall survival (OS) and

progression-free survival (PFS), the assessment of related prognostic

models and potential interactions between baseline and D values on

OS and PFS. Early Dwas defined as the variations of values from the

first to the second treatment administrations, or the subtraction of

the parameter value at the second nivolumab administration minus

baseline level. The disease response to treatment was defined in each

center, referring to the Response Evaluation Criteria in Solid

Tumours (RECIST) criteria version 1.1 as complete response

(CR), partial response (PR), stable disease (SD) and PD (36).

Responders were defined as those patients achieving CR or PR as

the best disease response. OS was calculated from the first

nivolumab administration until death, censored at last follow-up

for living patients, while PFS was calculated from the first

nivolumab administration until PD or death, censored at last

follow-up for patients who did not progress and were alive at the

end of the follow-up.
2.4 Statistical analysis

Patients’ characteristics were reported using absolute

frequency and percentage for categorical variables and by

mean with standard deviations, or median and ranges, for

quantitative variables.

Analysis of variance (ANOVA) was used to test differences

between baseline ACC, IR, and the best response to treatment; p

values for each comparison (i.e., PD vs. CR/PR) were adjusted

using the false discovery rate approach for multiple comparisons.

The longitudinal trend of ACC and IR was assessed using the

linear mixed model with random intercept; p-values for

longitudinal trends were corrected for multiple comparisons

using the false discovery rate approach. The interaction between

the therapy administration number and best response to

treatment was performed to test differences across

administrations between CR/PR, SD and PD, and ACC or IR.

The Kaplan–Meier method was used to estimate survival

curves of OS and PFS by the baseline and early ACC and IR

D values.
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Survival receiver operating curves (ROC) based on OS were

performed to identify both baseline ACC and early ACC and IR

D cut-off values; baseline IR cut-offs were those identified in the

previous analysis (34).

Univariable and multivariable analyses to test the association

between baseline, early ACC, and IR D values and PFS and OS

were performed using the Cox proportional hazard regression

model. As the early D was the variable of interest, multivariable

models were performed only for those values with a p value <0.10

at the univariable analyses. All the other characteristics, including

the International Metastatic RCC Database Consortium (IMDC)

risk score for mRCC and the presence of bone metastases, were

also considered into the model when a p value <0.10 was found at

the univariable analysis.

The interaction between baseline and early D values was

assessed to test whether the association with outcomes depended

on baseline values. The level of significance was set to 0.05.

All statistical analyses were performed using Stata v.16

(StataCorp 2019).
3 Results

3.1 Patients’ characteristics

Four hundred twenty-two mRCC patients had available data

for the analysis. The CONSORT flow diagram is shown in

Figure 1S. Forty-two out of the 571 overall patients (7.4%) did

not reach the second treatment cycle. Of 107 patients (18.7%)

who received at least two treatment cycles, 40 and 67 had

laboratory missing data at baseline or the second cycle,

respectively, thus leading to the 422 patients included in the

analysis. Their characteristics are reported in Table 1. Of the 422

patients, 309 (73.2%), 82 (19.4%), and 31 (7.4%) received

nivolumab as a second-, third-, or further line treatment. Most

patients had clear-cell histology (85%) and received nivolumab

as a second line treatment (73%); median age was 63.4 years

(range: 18–85). According to the prognosis estimation at

metastatic disease onset, 34% of patients were at favorable,

60% intermediate, and 6.5% poor-risk by the IMDC

classification, while 22% belonged to the Meet-URO score risk

group 1, 43% to group 2, 23% to group 3, and 11% to group 4.
3.2 Absolute cell count and inflammatory
ratio variations during treatment

The ACC and IR D values through the first four nivolumab

administrations are represented in Figure 1. Among the formers,

the neutrophil counts consistently increased from baseline

(mean: 4313 x10e3/L) to the fourth administration (mean:

5058x10e3/L) with a significant positive D at each therapy

administration (p < 0.001; Figure 1A).
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After a non-significant initial drop below the baseline value

(mean: 1492x10e3/L), lymphocyte counts progressively

increased with a significant positive D reached at the fourth

administration (mean: 1559x10e3/L) (p = 0.030) (Figure 1B).

A significant platelet positive D from baseline count (mean:

264x10e9/L) was observed at the second administration (mean:

292x10e9/L) (p = 0.003), followed by a non-significant drop with

counts remaining higher than baseline until the fourth

administration (mean: 276x10e9/L) (Figure 1C).

Reflecting trends of their constituting cell types, a significantly

positive D was observed at each therapy administration time point

for the NLR (from baseline mean 3.58 to 3.99 at the fourth; p <

0.001, p = 0.037, p = 0.015 at the second, third, and fourth,

respectively) (Figure 1D), at the second only for SII (from mean

992 to 1260; p < 0.001) (Figure 1E) and PLR (from mean 209 to

244 at the second; p = 0.001) (Figure 1F).
3.3 Absolute cell counts and
inflammatory ratios according to
disease response

3.3.1 Baseline values
The baseline ACC and IR values according to the disease

response to nivolumab are reported in Figure 2. Patients with PD

had higher platelet (mean: 283x10e9/L) and lower lymphocyte

(mean: 1401x10e3/L) baseline counts than responders (mean:

255 x10e9/L and 1610x10e3/L; p = 0.044 and p = 0.018,

respectively) and higher baseline neutrophils (mean:

4707x10e3/L) and platelets (mean: 283x10e9/L) compared to

patients with SD (mean: 3963x10e3/L and 250x10e9/L; p = 0.003

and p = 0.036, respectively) (Figures 2A–C).

Higher baseline NLR (mean: 4.12), SII (mean: 1208), and

PLR (mean: 237) values were consistently associated with PD

than responders (mean: 3.18, 836 and 184; p = 0.012, p = 0.003

and p = 0.003, respectively) or SD (mean: 3.35, 899 and 201; p =

0.029, p = 0.014 and p = 0.032, respectively) (Figures 2D–F).

3.3.2 Longitudinal variations (D)
The ACC and IR values D according to the disease response

to therapy are represented in Figure 3.

Neutrophils significantly increased in patients with PD

(from baseline mean count of 4612x10e3/L to 6176x10e3/L at

the fourth administration) compared to responders (from

4364x10e3/L to 4547x10e3/L) or patients with SD (from

3890x10e3/L to 4498x10e3/L) (p for time-group interaction <

0.001) (Figure 3A).

No significant differences in lymphocyte and platelet D were

observed according to disease response (p = 0.41 and p = 0.60,

respectively). However, the higher baseline counts of

lymphocytes were maintained over treatment in responders
TABLE 1 Patients’ characteristics.

Patients n = 422

Characteristics N (%)

Gender

Male 305 (72.3)

Female 117 (27.7)

Median age, years (range) 63.4 (18-85)

<70 314 (74.4)

≥70 108 (25.6)

Karnofsky performance status

‗80% 367 (87.0)

<80% 55 (13.0)

Histologic subtype

Clear cell 358 (84.8)

Non-clear cell 64 (15.2)

Nephrectomy

Yes No 376 (89.1)46 (10.9)

Metastatic ad diagnosis

Yes 174 (41.2)

No 248 (58.8)

IMDC score at metastatic diagnosis

Favorable 130 (33.9)

Intermediate 229 (59.6)

Poor 25 (6.5)

Missing 38

Meet-URO score

1 (0-1) 92 (21.9)

2 (2-3) 182 (43.3)

3 (4-5) 98 (23.4)

4 (6-8) 48 (11.4)

5 (9) 0

Nivolumab line

2nd line 309 (73.2)

3rd line 82 (19.4)

≥ 4th line 31 (7.4)

IMDC score at start of nivolumab

Favorable 92 (21.9)

Intermediate 280 (66.7)

Poor 48 (11.4)

Missing 2

Lymph-nodal metastases

Yes 226 (53.6)

No 196 (46.5)

Visceral metastases

Yes 385 (91.2)

No 37 (8.8)

Bone metastases

Yes 147 (34.8)

No 275 (65.2)
N, number of patients; IMDC, International Metastatic RCC Database Consortium.
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(from baseline mean count of 1591x10e3/L to 1653x10e3/L at

the fourth administration) compared to patients with PD (from

1435x10e3/L to 1502x10e3/L) or SD (from 1476x10e3/L to

1525x10e3/L) (Figure 3B). Similarly, the higher baseline

platelet counts were maintained in patients with PD (from

277x10e9/L to 298x10e9/L at the fourth administration) than

responders (from 251x10e9/L to 255x10e9/L) or patients with

SD (from 246x10e9/L to 266x10e9/L) (Figure 3C).

Accordingly, NLR and SII values significantly increased in

patients with PD (from baseline mean value of 4.24 to 5.41 at the

fourth administration for NLR, and from 1208 to 1618 for the SII)

compared to responders (from 3.32 to 3.24 for NLR, and from 845

to 830 for SII) or patients with SD (from 3.35 to 3.55 for NLR, and

from 883 to 973 for SII) (p for interaction time-group = 0.0053 and

0.0435 for NLR and SII, respectively) (Figures 3D, E). The PLR
Frontiers in Oncology 06
value D was not significantly increased according to the disease

response (p for interaction time-group = 0.092) (Figure 3F).
3.4 Correlation of absolute cell
counts and inflammatory ratios with
survival outcomes

The univariable analyses of baseline and early ACC and IR D
values, based on their ROC-based cut-off values, are reported in

Table 2 and represented in Figure 4, 2S and 3S.

3.4.1 Baseline values
Higher baseline platelet (cut-off: ≥263x10e9/L) and lower

lymphocyte (cut-off: <1460x10e3/L) counts were either
A

B

D

E

FC

FIGURE 1

The ACC and IR D values through the first four nivolumab administrations.Neutrophils (A), lymphocytes (B), platelets (C), NLR (D), SII (E) and PLR
(F) were assessed.*Significant difference compared with baseline and adjusted for multiple comparisons using the false discovery rate approach.
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significantly associated with worse OS (p < 0.001 for both) and PFS

(p = 0.004 and p < 0.001, respectively), while higher neutrophils

(≥4330x10e3/L) were significantly associated with OS (p < 0.001)

only and not with PFS (p = 0.059) (Table 2, Figure 1S and 2S).

Higher NLR (cut-off: ≥3.2), SII (cut-off: ≥720), and PLR

(cut-off: ≥176) baseline values were associated with both worse

OS (p < 0.001 for all) and PFS (p < 0.001 for all) (Table 2).

3.4.2 Longitudinal variations (D)
Increased neutrophil early D (cut-off: ≥730x10e3/L) only was

either associated with OS (p = 0.046) or PFS (p = 0.033), while
Frontiers in Oncology 07
increased NLR early D (cut-off: ≥0.5) was significantly associated

with PFS (p = 0.007) but not with OS (p = 0.062) (Table 2,

Figure 4, Figure 5S and Figure 6S).
3.4.3 Multivariable analysis on
survival outcomes

In two prognostic models by the NLR or neutrophil counts,

higher baseline NLR values (cut-off: ≥ 3.2) (p < 0.001) or

neutrophils (cut-off: ≥4330x10e3/L) (p < 0.001), increased

early D of NLR (cut-off: ≥0.5) (p = 0.014) or neutrophils (cut-
A

B

D

E

FC

FIGURE 2

The baseline ACC and IR values according to the disease response to nivolumab.Neutrophils (A), lymphocytes (B), platelets (C), NLR (D), SII
(E) and PLR (F) were assessed.*Significant differences compared with response (R); ^Significant difference compared with stable disease (S); 2A:
p = 0.11 for S vs. R; p = 0.17 for progression (P) vs. R; p = 0.003 for P vs. S; 2B: p = 0.14 for S vs. R; p = 0.018 for P vs. R; p = 0.33 for P vs. S;
2C: p = 0.72 for S vs. R; p = 0.044 for P vs. R; p = 0.036 for P vs. S; 2D: p = 0.61 for S vs. R; p = 0.012 for P vs. R; p = 0.029 for P vs. S; 2E: p =
0.60 for S vs. R; p = 0.003 for P vs. R; p = 0.014 for P vs. S; 2F: p = 0.31 for S vs. R; p = 0.003 for P vs. R; p = 0.032 for P vs. S; p values were
adjusted for multiple comparisons using the false discovery rate approach.
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off: ≥730x10e3/L) (p = 0.011), alongside IMDC intermediate (p <

0.001 with both models) and poor risk (p < 0.001 with both

models) and the presence of bone metastases (p = 0.006 and p =

0.004, respectively) resulted as negative independent factors on

OS at the multivariable analysis (Table 3).

Multivariable analysis results on PFS are reported in

Table 1S and confirmed higher baseline NLR (p < 0.001) and

SII (p = 0.038) values and increased early D of NLR (p = 0.001)

and neutrophils (p = 0.023), alongside the IMDC intermediate-

and poor-risk and the presence of bone metastases as negative

prognostic factors (Table 1S).

The Harrel’s c-index of the model with neutrophil early D

was 0.692 for the OS and 0.630 for PFS, while with NLR early D
was 0.693 and 0.644, respectively.
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3.4.4 Interaction on survival outcomes
between absolute cell counts and early D

A significant interaction between increased neutrophil early D
(cut-off: ≥730x10e3/L) and higher baseline neuthrophil counts (cut-

off: ≥4330x10e3/L) was found on PFS (p for interaction = 0.047) but

not on OS (p for interaction = 0.12), with a longer median PFS for

those patients with lower neutrophil early D (<730x10e3/L) and

higher baseline neutrophil counts (≥4330x10e3/L) (HR = 1.76; 95%

CI: 1.23-2.52; p = 0.002) (Figure 6S). No significant interactions

between NLR early D (cut-off: ≥0.5) and baseline NLR values (cut-

off: ≥3.2) were found in both PFS and OS (p for interaction = 0.36

and 0.89, respectively), suggesting that the association between NLR

D, PFS, and OS was similar in patients with baseline NLR below or

above the cut-off of 3.2 (Figure 7S).
A

B

D

E

FC

FIGURE 3

The ACC and IR value D according to the disease response to therapy.Neutrophils (A), lymphocytes (B), platelets (C), NLR (D), SII (E) and PLR (F)
were assessed.*Significant differences compared with response; ^ Significant difference compared with stable disease.
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TABLE 2 Univariable analysis on survival outcomes of absolute cell counts and immune-inflammatory indices baseline and early D, and baseline
clinical parameters.

Inflammatory
indices

ROC-based cut-off
values

PFS OS

mPFS(95%
CI)

Univariable(HR; 95% CI; p
value)

mOS(95%
CI)

Univariable(HR; 95% CI;
p value

Absolute cell counts

Baseline Neutrophils
(x10e3/L)

≥ 4330 6.9
(5.1-10.9)

1.25; 0.99-1.56; p = 0.059 19.4
(12.6-26.4)

1.87; 1.40-2.49; p < 0.001

< 4330 10.2
(8.4-14.3)

1.00 (ref) NR 1.00 (ref)

Early D Neutrophils ≥ 730 6.1
(4.7-9.2)

1.29; 1.02-1.62; p = 0.033 20.8
(17.4-43.9)

1.34; 1.01-1.80; p = 0.046

< 730 11.0
(9.3-13.9)

1.00 (ref) 46.9
(25.7-NR)

1.00 (ref)

Baseline Lymphocytes
(x10e3/L)

< 1460 6.4
(5.0-8.4)

1.57; 1.25-1.98; p < 0.001 20.0
(17.1-27.7)

1.88; 1.39-2.53; p < 0.001

≥ 1460 13.9
(9.9-18.5)

1.00 (ref) NR 1.00 (ref)

Early D Lymphocytes ≥ -10 8.4
(5.5-12.1)

1.10; 0.88-1.38; p = 0.41 25.7
(20.1-43.9)

1.15; 0.86-1.54; p = 0.34

< -10 9.9
(8.1-12.5)

1.00 (ref) 46.9
(23.0-NR)

1.00 (ref)

Baseline Platelets
(x10e9/L)

≥ 263 8.4
(5.1-10.1)

1.40; 1.11-1.76; p = 0.004 19.4
(13.8-25.7)

1.92; 1.44-2.56; p < 0.001

< 263 10.9
(7.8-15.0)

1.00 (ref) NR 1.00 (ref)

Early D Platelets ≥ 17 8.5
(5.5-10.5)

1.07; 0.85-1.34; p = 0.56 26.4
(20.2-NR)

0.97; 0.73-1.30; p = 0.86

< 17 10.8
(8.0-14.3)

1.00 (ref) 34.3
(20.8-NR)

1.00 (ref)

Indices

Baseline NLR ≥ 3.2 5.8
(4.6-8.3)

1.58; 1.26-1.99; p < 0.001 18.7
(11.3-22.7)

2.10; 1.57-2.80; p < 0.001

< 3.2 11.2
(9.5-16.6)

1.00 (ref) NR 1.00 (ref)

Early D NLR ≥ 0.5 6.4
(5.0-9.3)

1.37; 1.09-1.72; p = 0.007 21.7
(18.4-43.9)

1.32; 0.99-1.76; p = 0.062

< 0.5 12.1
(9.5-16.8)

1.00 (ref) 46.9
(25.7-NR)

1.00 (ref)

Baseline SII ≥ 720 6.1
(4.7-9.4)

1.51; 1.21-1.90; p < 0.001 18.7
(13.8-22.0)

2.27; 1.69-3.04; p < 0.001

< 720 11.3
(9.5-18.3)

1.00 (ref) NR 1.00 (ref)

Early D SII ≥ 218 6.4
(4.6-9.5)

1.24; 0.99-1.57; p = 0.061 24.5
(18.7-NR)

1.22; 0.91-1.64; p = 0.18

< 218 11.0
(9.2-14.7)

1.00 (ref) 30.7
(23.7-NR)

1.00 (ref)

Baseline PLR ≥ 176 6.5
(4.7-9.5)

1.52; 1.21-1.91; p < 0.001 19.9
(15.5-22.7)

2.23; 1.66-3.01; p < 0.001

< 176 11.5
(9.3-16.8)

1.00 (ref) NR 1.00 (ref)

Early D PLR ≥ 21 9.2
(5.9-11.3)

1.07; 0.85-1.35; p = 0.54 27.7
(19.4-NR)

1.09; 0.82-1.45; p = 0.57

< 21 9.9
(6.9-14.3)

1.00 (ref) 30.1
(21.7-NR)

1.00 (ref)

Baseline clinical parameter

(Continued)
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4 Discussion

In the era of tyrosine kinease inhibitors (TKIs), ICIs and

their combinations for mRCC, baseline clinical, and laboratory

characteristics of patients incorporated into the IMDC score (37,

38) still represent the critical factors clinicians consider for the

treatment decision making (2, 3, 39). More recently, we

proposed implementing the IMDC prognostic stratification by

the Meet-URO score, which was demonstrated in large series

(34, 40) to be more accurate than IMDC alone by two additional

independent prognostic factors (the presence of bone metastases
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and the NLR). Tumor biomarkers, like the PD-L1 expression or

the TMB, have not showed yet a clinical utility, particularly for

the ICIs (8, 9), nor dynamic biomarkers, whose variations during

treatment might early indicate the tumor sensitivity or

resistance, are available. Moreover, early predictors of disease

progression could spare patients from ineffective treatments and

their related toxicity and could potentially improve patients’

outcomes by allowing an earlier change of treatment line (41).

The early variations of inflammatory indices from peripheral

blood are captivating dynamic biomarkers as they have

consistently shown their prognostic value in several tumor
TABLE 2 Continued

Inflammatory
indices

ROC-based cut-off
values

PFS OS

mPFS(95%
CI)

Univariable(HR; 95% CI; p
value)

mOS(95%
CI)

Univariable(HR; 95% CI;
p value

Heng score Favorable 22.5
(16.4-35.2)

1.00 (ref) NR 1.00 (ref)

Intermediate 8.2
(5.9-9.5)

1.85; 1.36-2.51; p < 0.001 25.7
(20.1-34.3)

2.83; 1.79-4.50; p < 0.001

Poor 2.9
(2.2-5.5)

3.28; 2.16-4.99; p < 0.001 8.1
(3.7-10.7)

7.13; 4.12-12.37; p < 0.001

Metastatic at diagnosis Yes 6.4
(5.3-9.3)

1.21; 0.96-1.53; p = 0.11 21.7
(17.5-34.3)

1.40; 1.05-1.87; p = 0.023

No 11.2
(9.3-14.7)

1.00 (ref) 46.9
(24.8-NR)

1.00 (ref)

Nephrectomy Yes 9.9
(8.3-12.5)

0.60; 0.42-0.85; p = 0.004 43.9
(25.7-NR)

0.43; 0.29-0.62; p < 0.001

No 4.0
(2.9-8.8)

1.00 (ref) 14.5
(8.6-19.4)

1.00 (ref)

Histologic subtype Clear-cell 9.5
(7.9-11.5)

0.95; 0.69-1.31; p = 0.77 29.5
(22.0-NR)

1.08; 0.71-1.63; p = 0.72

Non-clear cell 6.6
(5.0-13.6)

1.00 (ref) NR 1.00 (ref)

Lymph node metastases Yes 7.4
(5.6-10.1)

1.15; 0.92-1.45; p = 0.22 25.7
(19.9-30.7)

1.28; 0.95-1.71; p = 0.10

No 11.0
(8.8-13.8)

1.00 (ref) 46.9
(22.7-NR)

1.00 (ref)

Viscera metastases Yes 9.3
(6.9-11.1)

1.09; 0.72-1.64; p = 0.69 29.8
(22.0-NR)

1.04; 0.62-1.74; p = 0.88

No 11.3
(5.8-23.4)

1.00 (ref) 25.7
(16.7-NR)

1.00 (ref)

Bone metastases Yes 6.4
(4.6-8.4)

1.51; 1.20-1.91; p = 0.001 18.7
(13.1-25.0)

1.81; 1.36-2.42; p < 0.001

No 11.3
(9.3-16.0)

1.00 (ref) 46.9
(29.8-NR)

1.00 (ref)

Line of therapy 2 9.5
(6.6-12.1)

1.00 (ref) 30.1
(21.4-NR)

1.00 (ref)

3 9.5
(6.1-13.1)

1.06; 0.84-1.35; p = 0.61 NR 0.97; 0.71-1.31; p = 0.83

>4 8.3
(3.2-16.6)

0.94; 0.68-1.28; p = 0.68 18.1
(9.3-NR)

0.86; 0.57-1.30; p = 0.48
Early D value variations between second and first therapy infusion, mOS median overall survival, mPFS median progression-free survival, NLR neutrophils-to-lymphocytes ratio, NR not
reached, PLR platelets-to-lymphocytes ratio, ROC receiving operating curve, SII systemic immune-inflammatory index.
In bold, significant p-values.
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types and treatment settings in addition to their easy and

relatively inexpensive assessment and reproducibility in clinical

practice (21, 22, 34). Evidence is accumulating regarding the

prognostic value of their early variations, mainly involving the

NLR, in advanced non-small-cell lung cancer (23, 25, 29–31),

small-cell lung cancer (33), esophageal squamous cell carcinoma

(32), and mRCC treated with ICIs (24, 28). However, the

mechanisms underlying the dynamic variations of

inflammatory indices from peripheral blood during treatments

and whether they reflect a change in the immunological status in

response to treatment, especially to ICIs, are still unclear.

On these premises, the results of this pre-specified secondary

analysis of the Meet-URO 15 study (34), focusing on the

quantitative variations of cellular counterparts of the mainly

used IR (or the NLR, SII and PLR), provided us with the

following four key observations. Firstly, during the initial

treatment with nivolumab, there was a consistent neutrophil

and relative NLR increase. Secondly, patients with higher platelet

and lower lymphocyte baseline counts, and increasing

neutrophil counts during the ICI, were more likely to develop

disease progression than response. This may also explain why all

the baseline IR values but only increasing NLR and SII (i.e., not

the PLR) were predictive of PD. Thirdly, survival outcomes

(both OS and PFS) were worse for patients with baseline lower

lymphocytes and higher platelets (and consequently higher NLR,

SII and PLR), and early neutrophil increase over treatment. The

latter was particularly relevant in patients with higher baseline
Frontiers in Oncology 11
neutrophils. Finally, besides baseline NLR and the other known

prognostic variables, early rise in neutrophils and NLR resulted

as independent prognostic factors on both OS and PFS.

Increased peripheral neutrophils promote tumor

development, invasiveness, metastasis, and resistance to

treatment (42). The intra-tumoral neutrophil count is also

directly related to blood neutrophils (43). Blood lymphocyte

counts are associated with the immunological response to

malignancy. As a result, the body’s capacity to inhibit cancer

cells may be impacted when inflammation results in prolonged

lymphocytopenia, including CD4+ and CD8+ T lymphocytes

(42, 44). The contribution of lymphocytes from peripheral

blood, and their early increase, to the tumor response in

mRCC patients treated with immunotherapy was already

demonstrated with interleukin-2 treatment (45). Platelets

promote an immunosuppressive tumor microenvironment

(TME) in addition to tumor-induced aggregation and clotting

by secreting angiogenic and mitogenic growth factors and

immunosuppressive cytokines and physically shielding tumor

cells from cytotoxic lymphocytes and natural killer (NK) cells

invading the tumor (46). In addition, they recruit leukocytes to

tumor sites and regulate responses of the adaptive immune

system (47). NLR may work as a stand-in for tumor

inflammation and most likely reflects the suppression of T-cell

proliferation by myeloid-derived suppressor cells (MDSC) (48).

The current analysis could not assess the predictive role for

immunotherapy of baseline levels or dynamics of peripheral-
A

B D

C

FIGURE 4

The univariable analyses of baseline and early D of NLR (A, B) and neutrophils (C, D).
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blood parameters based on neutrophil, lymphocyte, and platelet

absolute cell counts, particularly regarding their potential

correlation with TME or whether they corresponded to the

intratumoral immune response modifications favored by ICIs.

For those issues, we should have had a TME correlate and a

control arm. Thus, we cannot provide a mechanistic link

between the different immune-inflammatory cell populations

in the peripheral blood and TME. Moreover, it was not the scope

for the current analysis, which focused on the only prognostic

value of those blood baseline and dynamic peripheral-blood

immune or inflammatory cells and their derived ratios based on

their association with survival outcomes of patients with mRCC

following immunotherapy. Nonetheless, we believe the findings

retain a relevant clinical utility for their exclusive prognostic

value while hypothesis-generating for future translational,

correlative, or comparative studies. For instance, their routine

assessment could represent a helpful tool to predict treatment

resistance early. In fact, outside clinical trials, the first

radiological disease evaluation is rarely performed earlier than

3 months after the treatment start. Thus, the early increase of

neutrophils and NLR, just at the second ICI administration,
Frontiers in Oncology 12
might prompt the clinician to anticipate the radiological

reassessment, thus saving toxicity to patients and the health

system and offering the patient a different treatment before

clinical worsening would make it not possible, or informing

novel prospective adaptive studies with arm allocation based on

treatment response (49, 50). Notably, before ICIs and their

combinations were used as the first-line treatment, only 42%–

57% of mRCC patients were estimated to receive a second-line

therapy, and this proportion might have not dramatically

increased (51, 52).

We acknowledge as study limitations the retrospective data and

analysis (including missing clinical information interplaying with

ACC and IR, like comorbidity and steroids, or other concomitant

drugs), the possible selection bias (as enrolled patients had to receive

at least two nivolumab administrations), the variable timing and

clinician-lead disease reassessment (which might have impacted on

the definition of disease response), the restriction to variations of

ACC as components of the IR (i.e., albumin, lactate dehydrogenase,

C-reactive protein, and other inflammatory parameters were not

considered), which make more important an external validation of

our findings. Another relevant study limitation is the disused
TABLE 3 Multivariable analysis on OS of absolute cell counts and immune-inflammatory indices baseline and early D, and baseline clinical
parameters.

Inflammatory indices ROC-based cut-off values Multivariable Cox regression for OS

NLR Neutrophils
(HR; 95% CI; p value) (HR; 95% CI; p value)

Baseline NLR ≥ 3.2 1.83; 1.35-2.49; p < 0.001

< 3.2 1.00 (ref)

Early D NLR ≥ 0.5 1.46; 1.08-1.96; p = 0.014

< 0.5 1.00 (ref)

p value for interaction
baseline NLR and DNLR = 0.73

Baseline Neutrophils ≥ 4330 x10e3/L 1.82; 1.35-2.45; p < 0.001

< 4330 x10e3/L 1.00 (ref)

Early D Neutrophils ≥ 730 x10e3/L 1.48; 1.09-1.99; p = 0.011

< 730 x10e3/L 1.00 (ref)

p value for interaction
baseline Neutrophils and DNeutrophils = 0.074

Clinical parameter

IMDC score Favorable 1.00 (ref) 1.00 (ref)

Intermediate 2.79; 1.73-4.50; p < 0.001 2.68; 1.66-4.32; p < 0.001

Poor 5.46; 3.03-9.82; p < 0.001 5.52; 3.07-9.93; p < 0.001

Metastatic at diagnosis Yes 0.85; 0.61-1.18; p = 0.32 0.84; 0.60-1.17; p = 0.30

No 1.00 (ref) 1.00 (ref)

Nephrectomy Yes 0.67; 0.43-1.04; p = 0.077 0.57; 0.37-0.87; p = 0.009

No 1.00 (ref) 1.00 (ref)

Bone Yes 1.52; 1.13-2.04; p = 0.006 1.55; 1.15-2.08; p = 0.004

No 1.00 (ref) 1.00 (ref)
CI confidence interval, early D value variations between 2nd and 1st therapy infusion, HR hazard ratio, IMDC International Metastatic RCC Database Consortium Risk Score for RCC, NLR
neutrophils-to-lymphocytes ratio, OS overall survival, RCC renal cell carcinoma, ROC receiving operating curve.
In bold, significant p-values.
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treatment setting for immunotherapy. However, the proof-of-

principle value of the analysis may be retained. Baseline values

and early variations of peripheral blood inflammatory ratios and

their cellular components were associated with the clinical

outcomes of pretreated patients with metastatic renal cell

carcinoma receiving single-agent immunotherapy. It needs

confirmation in the front-line setting with immunotherapy-based

combinations for which we planned ad hoc analyses. Immortal and

lead time biases are further analysis limitations related to the

variation of blood inflammatory ratios and their dynamic

assessment. However, we had a relatively low proportion (7.4% of

patients) who did not reach the second treatment cycle, and most

patients were treated in the second-line setting. Regarding the

immortal time bias, early deaths due to disease progression would

be expected in patients with high delta values of blood

inflammatory ratios, thus not changing the observed effect

direction. Furthermore, the late dynamics of ACC and IRR and

their association were not investigated.

Nevertheless, this study is one of the largest reports on the

dynamics of inflammatory indices from peripheral blood during

treatment with ICIs. It adds biological insights to the prognostic

value of IR based on the different baseline and early value

variations of their specific cellular components. Moreover, it

pointed out the early variation of neutrophils and NLR as new

prognostic factors with clinical utility for on-treatment

decisions, thus offering a new dynamic non-invasive, routinely

available tool, at no additional costs, to help clinicians with early

on-treatment decisions concerning patients with mRCC treated

with ICIs.
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