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Simple Summary: Immune checkpoint inhibitors have become widely used against malignant
tumors. The neutrophil-to-lymphocyte ratio, an index focusing on immune cells, has been reported
as a marker to predict the efficacy and side effects of anti-tumor drugs. In the present study, we
found that the neutrophil-to-lymphocyte ratio shows an altered predictability of anti-tumor efficacy
and side effects due to changes in nutritional status. Patients with carcinoma in situ are prone to
changes in nutritional status depending on the progression of the cancer and the age of the patient.
We believe that the results of this study are important findings in predicting the course of treatment
for cancer patients.

Abstract: The neutrophil -to-lymphocyte ratio (NLR) is useful for predicting the effectiveness of
treatment with immune checkpoint inhibitors (ICIs) and immune-related adverse events (irAEs). Be-
cause a growing body of evidence has recently shown that the number of lymphocytes that comprise
NLR fluctuates according to nutritional status, this study examined whether the usefulness of NLR
varies in ICI treatment due to changes in nutritional status. A retrospective analysis was performed
on 1234 patients who received ICI treatment for malignant tumors at our hospital. Progression-free
survival (PFS) was significantly prolonged in patients with NLR < 4. Multivariate analysis revealed
that the factors associated with the occurrence of irAE were NLR < 4 and the use of ipilimumab.
However, when limited to cases with serum albumin levels <3.8 g/dL, lymphocyte counts signifi-
cantly decreased, and the associations between NLR and PFS and between NLR and irAE occurrence
disappeared. In contrast, when limited to the cases with serum albumin levels ≥3.8 g/dL, the
associations remained, with significantly prolonged PFS and significantly increased irAE occurrence
at NLR < 4. NLR may be a good predictive tool for PFS and irAE occurrence during ICI treatment
when a good nutritional status is maintained.

Keywords: immune-related adverse events; serum albumin; real-world practice

1. Introduction

Immune checkpoint inhibitors (ICIs) are widely used to treat various tumors. ICIs have
been shown to activate autoimmunity against tumors by blocking specific molecules [1].
Programmed cell death-1 (PD-1), programmed cell death ligand 1 (PD-L1), and cytotoxic
T lymphocyte-associated antigen-4 (CTLA-4) are known to negatively regulate immune
function and are targets of ICIs treatment [2]. While the high therapeutic efficacy of ICIs
has been confirmed, serious immune-related adverse events (irAEs) have also been shown
to occur [3,4]. irAEs are the side effect caused when this activated immune function is
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excessive, causing severe damage to various organs throughout the body [5–9]. However,
this may contribute to favorable anti-tumor effects and a prolonged prognosis due to a
strong immune response [10].

The status of immune cell activation has been reported to be inferred by laboratory
tests such as blood counts [11]. For example, the neutrophil-to-lymphocyte ratio (NLR)
is considered a useful indicator of systemic immune status during cancer treatment, and
several studies have suggested that pretreatment NLR may be useful in predicting the
development of irAEs and prognosis during ICI treatment [12–16].

In NLR, lymphocytes are particularly important, especially those associated with
tumor immunity. These lymphocytes are known to fluctuate in number and function
depending on nutritional status [17–21]. Many patients with carcinoma are often mal-
nourished due to increased inflammatory cytokines associated with cancer, metabolic
changes, and anorexia due to disease or systemic treatment [22]. Although this may affect
lymphocyte-associated NLRs, there have been no reports examining the relationship be-
tween nutritional status and NLRs. In this study, we focused on serum albumin levels, a
good indicator of nutritional status [23], to determine the impact of nutritional status on
the usefulness of NLR toward predicting irAE occurrence and prognosis during treatment
with ICIs.

2. Materials and Methods
2.1. Patients

This was a single-center, retrospective, observational study. We enrolled 1234 patients
who received ICI treatment at our hospital between January 2016 and December 2022. Pa-
tients who were difficult to assess due to short observation periods or missing biochemical
data at the start of treatment; who were difficult to follow-up due to hospital transfer or
relocation; or who refused to consent to the study were excluded. The most common type
of cancer was lung (n = 394, 31.9%), followed by gastrointestinal tract (n = 218, 17.6%), head
and neck (n = 164, 13.3%), kidney (n = 163, 13.2%), melanoma (n = 138, 11.8%), liver (n = 68,
5.5%), genital (n = 65, 5.3%), and others (n = 24, 1.9%).

2.2. ICIs Treatment Regimens

The patients were treated with the following ICIs: (1) anti-PD-1 nivolumab, (2) anti-PD-
1 pembrolizumab, (3) anti-CTLA-4 ipilimumab, (4) anti-PD-L1 atezolizumab, (5) anti-PD-L1
durvalumab, (6) anti-PD-L1 avelumab, and (7) a combination of anti-PD-1 nivolumab and
anti-CTLA-4 ipilimumab. For each carcinoma, an ICI treatment regimen recommended
by the guidelines and approved in Japan was initiated based on the judgment of the
oncologists. Patients received ICI treatment until confirmation of disease progression, a
drop in performance status to 2 or higher, or until unacceptable toxicity. When physicians
decided to discontinue ICI treatment, patients received other chemotherapies or transition
to the best supportive care.

2.3. Follow-up

Tumors were evaluated using computed tomography or magnetic resonance imaging
at every period, according to the standard protocols for the treatment of each carcinoma.
Responses were graded as complete response, partial response, stable disease, or progres-
sive disease using the Response Evaluation Criteria in Solid Tumors 1.1 guidelines. The
Common Terminology Criteria for Adverse Events 5.0 were used to assess irAEs.

2.4. Statistical Analyses

Baseline characteristics are presented as medians and ranges. Continuous variables
were compared using the Wilcoxon rank-sum test, and for categorical values the chi-square
test was employed. A Cox proportional hazards model was used to identify the factors
associated with progression-free survival (PFS). Multivariate logistic regression analysis
was performed to identify factors associated with irAE occurrence. Items with p < 0.1 in
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the univariate analysis were selected as adjustment factors in the multivariate analysis.
The median value was used as the cutoff value for each item. Overall survival (OS) and
PFS were estimated using the Kaplan–Meier method and compared among patient groups
using the log-rank test. All significance tests were two-sided, and statistical significance
was set at p < 0.05. Receiver operating characteristic curve analyses for the onset of irAEs
were used to identify the cutoff values for NLR. The cutoff value used for serum albumin
was 3.8 g/dL, as this was the median value. All analyses were performed using JMP
software (version 16.0; SAS Institute Japan Ltd., Tokyo, Japan).

3. Results
3.1. Patient Characteristics

The characteristics of the patients enrolled in the study at ICI treatment initiation are
shown in Table 1. The median age of the included patients was 69 years, and 892 (72.3%)
were male. The median serum albumin level was 3.8 g/dL. The median lymphocyte and
neutrophil counts were 1172 and 3286/µL, respectively. The median NLR was 2.9. For each
carcinoma, an ICI treatment regimen recommended by the guidelines and approved in
Japan was initiated based on the judgment of the oncologists (Supplementary Table S1).
The incidence of irAEs was 27.0% of all cases, with liver injury being the most common,
accounting for 20.8% (Table 2). The median time to irAE occurrence was 68 days from the
initiation of ICI treatment, and the median observation period was 280 days.

Table 1. Characteristics of the patients receiving ICI treatment.

Patient Characteristics Study Patients (n = 1234)

Age (years) 69 (60–95) +

Gender
Male (%) 892 (72.3)

Female (%) 342 (27.7)
White blood cells (/µL) 5325 (4150–6960) +

Neutrophils (/µL) 3286 (2097–4610) +

Lymphocytes (/µL) 1172 (813–1713) +

NLR 2.9 (1.8–4.6) +

Albumin (g/dL) 3.8 (3.3–4.0) +

Total Bilirubin (mg/dL) 0.5 (0.4–0.7) +

Aspartate aminotransferase (U/L) 20 (17–27) +

Alanine aminotransferase (U/L) 15 (11–23) +

Creatinine (mg/dL) 0.8 (0.7–1.0) +

Cholinesterase (U/L) 246 (185–305) +

Total cholesterol (mg/dL) 178 (151–210) +

Immunoglobulin G (mg/dL) 1144 (953–1403) +

Drug
Nivolumab (%) 526 (42.6)

Pembrolizumab (%) 369 (29.9)
Atezolizumab (%) 187 (12.2)

Nivolumab + Ipilimumab (%) 76 (6.2)
Durvalumab (%) 47 (3.8)
Ipilimumab (%) 16 (1.3)
Avelumab (%) 13 (1.0)

irAE occurrence (%) 333 (27.0)
irAE grade (1 /2 /3 /4) 55 /150 /108 /19

Time to irAE occurrence (days) 68 (26–167) +

Observation period (days) 280 (138–489) +

+ Data are presented as the median (range); NLR, neutrophil-to-lymphocyte ratio; irAEs, immune-related ad-
verse events.
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Table 2. Types of irAEs.

Type of irAEs All Events
(n = 413)

Liver injury (%) 84 (20.8)
Pneumonia (%) 71 (17.2)

Thyroid dysfunction (%) 63 (15.3)
Rash (%) 54 (13.1)

Adrenocortical insufficiency (%) 28 (6.8)
Colitis (%) 29 (7.0)

Renal dysfunction (%) 16 (3.9)
Arthritis (%) 9 (2.2)

Cytopenia (%) 8 (1.9)
Pituitary dysfunction (%) 7 (1.7)

Infusion reaction (%) 7 (1.7)
Gastritis (%) 5 (1.2)

Type 1 diabetes (%) 5 (1.2)
Muscle pain (%) 3 (0.7)
Cholangitis (%) 3 (0.7)
Pancreatitis (%) 3 (0.7)

Others (%) 18 (4.4)

3.2. Factors Associated with ICI Response and irAE Occurrence

Based on the Cox proportional hazards model, Table 3 shows the analysis of factors
related to PFS when using the ICI treatment. The univariate analysis showed that serum
creatinine levels <0.8 mg/dL, NLR < 4, and the occurrence of irAEs were significantly
associated with prolonged PFS. As per the multivariate analysis, NLR < 4 (odds ratio
[OR] = 1.2, 95% confidence interval [CI] = 1.1–1.4; p = 0.033) and the occurrence of irAEs
(OR = 1.9, 95% CI = 1.6–2.2; p < 0.01) were significant and independent determinants of
prolonged PFS.

Table 3. Cox proportional hazards model of parameters associated with progression-free survival.

Parameters
Univariate Analysis Multivariate Analysis

Hazard Ratio (Range) + p-Value Hazard Ratio (Range) + p-Value

Age (≥70 years) 0.9 (0.83–1.1) + NS
Sex (male) 0.9 (0.79–1.1) + NS
NLR < 4 1.3 (1.1–1.5) + <0.01 1.2 (1.1–1.4) + 0.033

Total Bilirubin (≥1.0 mg/dL) 1.0 (0.77–1.3) + NS
Creatinine (<0.8 mg/dL) 1.2 (0.99–1.3) + 0.056 1.1 (0.98–1.3) + NS

Immunoglobulin G (≥1200 mg/dL) 0.93 (0.74–1.2) + NS
Fever within 24 h (present) 1.1 (0.79–1.3) + NS

irAEs (present) 1.9 (1.6–2.2) + <0.01 1.9 (1.6–2.2) + <0.01
+ 95% confidence interval. NLR, neutrophil-to-lymphocyte ratio; irAEs, immune-related adverse events; NS,
not significant.

Table 4 shows the analysis of predictive factors for irAE occurrence using logistic
regression. The univariate analysis revealed that NLR < 4 and ipilimumab use were
significant factors associated with the occurrence of irAEs. A multivariate analysis also
showed that NLR < 4 (OR = 1.4, 95% CI = 1.0–1.9; p = 0.022) and the combination use
of ipilimumab (OR = 3.6, 95% CI = 2.2–5.9; p < 0.01) were significant and independent
determinants of irAE occurrence.
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Table 4. Logistic regression analysis of predictive factors for irAEs.

Parameters
Univariate Analysis Multivariate Analysis

Odds Ratio (Range) + p-Value Odds Ratio (Range) + p-Value

Age (≥70years) 1.1 (0.85-1.4) + NS
Sex (male) 1.0 (0.78–1.3) + NS
NLR < 4 1.4 (1.0–1.8) + 0.042 1.4 (1.0–1.9) + 0.022

Total Bilirubin (≥1.0 mg/dL) 0.8 (0.49–1.3) + NS
Creatinine (≥0.8 mg/dL) 1.2 (0.90–1.5) + NS

Immunoglobulin G (≥1200 mg/dL) 0.88 (0.58–1.3) + NS
Ipilimumab (present) 3.7 (2.3–5.9) + <0.01 3.6 (2.2–5.9) + <0.01

+ 95% confidence interval; NLR, neutrophil-to-lymphocyte ratio; NS, not significant.

3.3. Serum Albumin Levels May Affect the Relationships between NLR and irAE Occurrence and
between NLR and Therapeutic Effects of ICIs

It was shown that albumin levels could alter the predictive ability of NLR for treatment
response. The correlation coefficient between serum albumin levels and lymphocyte counts
was 0.1257 (95% CI = 0.0679–0.1805). Hence, serum albumin levels and lymphocyte counts
correlated with significant relevance (p < 0.01). As shown in Figure 1, the number of lym-
phocytes in patients with serum albumin levels ≥3.8 g/dL was predominantly higher than
in patients with serum albumin levels <3.8 g/dL (1280 vs. 1080/µL, respectively; p = 0.021)
(Figure 1a), and NLR was conversely significantly lower in patients with serum albumin
levels ≥3.8 g/dL compared to those with serum albumin levels <3.8 g/dL (2.6 vs. 3.4,
p < 0.01) (Figure 1b). Table 5 shows the results of the analyses of the predictive factors for
irAE occurrence using logistic regression, depending on serum albumin levels. Further, a
multivariate analysis showed that NLR < 4 (OR = 1.7, 95% CI = 1.1–2.6; p = 0.030) and the
use of ipilimumab (OR = 4.0, 95% CI = 1.9–8.7; p < 0.01) were significant and independent
determinants of irAE occurrence in patients with serum albumin levels ≥3.8 g/dL. In
contrast, in patients with serum albumin levels <3.8 g/dL, the use of ipilimumab (OR = 3.3,
95% CI = 1.7–6.4; p < 0.01) was the only significant and independent determinant of irAE
occurrence. As shown in Figure 2, patients with serum albumin levels ≥3.8 g/dL had
significantly prolonged PFS when NLR < 4 (median survival, 5.6 vs. 3.1 months, p < 0.01;
Figure 2a), while patients with serum albumin levels <3.8 g/dL showed no difference in
PFS in terms of different NLR levels (median survival, 6.6 vs. 5.9, p = 0.82; Figure 2b). It was
shown that albumin levels could alter the predictive ability of NLR for treatment response.

Table 5. Logistic regression analysis of factors related to irAE occurrence at different albumin levels.

Albumin < 3.8 g/dL Albumin ≥ 3.8 g/dL

Parameters
Multivariate Analysis Multivariate Analysis

Odds Ratio (Range) + p-Value Odds Ratio (Range) + p-Value

NLR < 4 1.2 (0.74–1.8) + NS 1.7 (1.1–2.6) + 0.030
Ipilimumab (present) 3.3 (1.7–6.4) + <0.01 4.0 (1.9–8.7) + <0.01

+ 95% confidence interval; NLR, neutrophil-to-lymphocyte ratio; NS, not significant.
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Figure 1. Changes in the number of lymphocytes and the NLR value according to the albumin values.
(a) Comparison of lymphocyte number in cases with serum albumin levels ≥3.8 g/dL and <3.8 g/dL
at the start of ICI treatment. The number of lymphocytes in patients with albumin ≥ 3.8 g/dL is
higher than in patients with serum albumin levels <3.8 g/dL (p = 0.021). (b) Comparison of NLR
value in cases with serum albumin levels ≥3.8 g/dL and <3.8 g/dL at the start of ICI treatment. NLR
is significantly lower in patients with serum albumin levels ≥3.8 g/dL compared to those with serum
albumin levels <3.8 g/dL (p < 0.01).
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Figure 2. Progression-free survival according to the NLR status. Comparison of the survival curves
in patients with NLR < 4 or with NLR ≥ 4 for PFS, in cases with serum albumin levels ≥3.8 g/dL
(a) and <3.8 g/dL (b). While in cases with serum albumin levels ≥3.8 g/dL, PFS is significantly
prolonged in patients with NLR < 4 (p < 0.01) (a), there is no significant difference in PFS according to
NLR levels in cases with serum albumin levels <3.8 g/dL (b).

3.4. Effect of Albumin Levels on Overall Survival by in ICI Treatment

Regarding overall survival, when all patients were considered, it was significantly
prolonged in patients with NLR < 4 (median survival, 21.9 vs. 10.0 months; p < 0.01)
(Figure 3). Even in patients with NLR < 4, OS was most prolonged with serum albumin
levels ≥3.8 g/dL. When serum albumin levels were <3.8 g/dL, although OS was also
prolonged in cases with NLR < 4, its prolonged duration was significantly shorter than
the cases with serum albumin levels ≥3.8 g/dL (median survival, 33.1 vs. 16.2 months,
p < 0.01; Figure 4). These results suggest that decreased serum albumin levels also reduce
the significance of NLR as a predictor of OS in ICI treatment.
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Figure 4. In patients with serum albumin levels >3.8 g/dL, OS was prolonged by approximately
33.1 months when NLR was <4. However, in patients with serum albumin levels <3.8 g/dL, OS was
prolonged by approximately 16.2 months when NLR was <4. The duration of prognostic prolongation
predicted by NLR was significantly shorter (p < 0.01) in cases with serum albumin levels <3.8 g/dL.

4. Discussion

ICIs are important agents for the immunotherapy of malignant tumors. In this study,
we examined, for the first time, the influence of nutritional status on NLR, which has
been reported as a good predictor of treatment response and the development of irAEs
during ICI treatment. Consistent with other reports [12–14,16], a low NLR at the start of
ICI treatment is a significant predictor of irAE occurrence and improved treatment efficacy.
However, when we focused on serum albumin levels, one of the indicators of the patients’
nutritional status, NLR was not a good predictor of irAE occurrence when serum albumin
levels were low and was not useful for predicting the changes in PFS.



Cancers 2024, 16, 1811 8 of 10

Albumin is involved in protein metabolism. Other than a low nutritional status,
albumin levels can also be decreased by other conditions such as nephrotic syndrome,
impaired liver function, and inflammatory diseases [24–26]. However, the patients analyzed
in this study had preserved performance status that allowed the induction of systemic
chemotherapy, and there were no differences in albumin levels based on age. In addition,
there were no comorbidities that could cause a decrease in albumin, such as nephrotic
syndrome, persistent inflammatory disease, trauma, or hemorrhage. Even in patients with
hepatocellular carcinoma, liver function was good and albumin levels were not decreased.

Cellular immunity is reduced under low-nutrient conditions. The fact that a decrease
in cellular immunity leads to the atrophy of lymphoid tissues such as the thymus, lymph
nodes, and spleen; a decrease in the number of peripheral blood lymphocytes; and a
decrease in T lymphocytes and their functions is well documented [18,19,21,27]. Lympho-
cytes are important cells in the treatment of ICIs because ICIs bind to immune checkpoint
molecules or their ligands and inhibit the transmission of immunosuppressive signals,
thereby releasing the suppression of T-cell activation by immune checkpoint molecules and
promoting T-cell antitumor effects [28–30]. NLR is considered an indicator that reflects the
power of anti-tumor immunity or excessive immune response of these lymphocytes and
has been used to investigate its association with irAE development and prognosis [31,32].
In this study, a positive correlation between serum albumin levels and lymphocyte counts
was confirmed. It has been suggested that ICI activates lymphocytes in the priming and
effector phases, thereby decreasing NLR by increasing lymphocytes in the affiliated lymph
nodes and in the tumor. It has also been suggested that the effect of ICIs is greater when
lymphocyte counts are high and NLR values are low before treatment begins. Therefore,
although lymphocyte status may be an important predictor of response in ICI treatment, a
positive correlation between serum albumin levels and lymphocyte counts was confirmed
in this study. A lower serum albumin level was associated with a significantly lower
lymphocyte count, and thus NLR, theoretically, increased with poor nutritional status. In
addition, we revealed that changes in serum albumin levels were associated with changes
in the occurrence of irAEs and NLR and between the therapeutic effect of ICIs and NLR.
Because NLR is a tool for assessing nutritional status based on blood cell balance [33], when
serum albumin levels are low, that is, when patients are undernourished, NLR is no longer
able to accurately predict the occurrence of irAEs and the efficacy of ICIs.

The association between irAE occurrence and prolonged OS and the association with
lower NLR have been reported [32]; however, it may not be appropriate to make predictions
based on irAEs and NLR alone, since these variables change depending on subsequent
treatment after treatment discontinuation due to irAEs or tumor progression, as well as
on the general condition of the patient. Although it was confirmed that OS worsened
when the serum albumin level was low, even with a low NLR, it was suggested that the
usefulness of NLR for OS may change depending on nutritional status, while the possibility
that worsening nutritional status itself may affect prognosis cannot be ruled out, making it
difficult to accurately assess NLR in OS based on nutritional status. Considering that OS
is not only affected by the therapeutic effect of ICI treatment but also by post-treatment
is essential.

The present study has some limitations. First, there was heterogeneity and variability
in the patient population, clinical setting, comorbidities, organ function, treatment duration,
details of prior therapy, and follow-up time because this was a retrospective study using
real clinical data. Secondly, in some cases, some biochemical data could not be collected.
Third, it was difficult to ascertain the irAE grade. Fourth, the study was conducted at
a single center with possible regional influences. Nevertheless, the identification of pre-
dictive factors is possible in the treatment of ICIs. NLR is one of the possible predictors
of these. However, careful monitoring is required, especially for patients who are under-
nourished because of increased NLR due to lower lymphocyte counts. Furthermore, it
remains to be determined whether the prediction of the frequency of irAEs and therapeutic
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efficacy using NLR becomes effective once the nutritional status is improved by means of
therapeutic intervention.

5. Conclusions

In treatment with ICIs, NLR has so far been reported to be a useful tool for predicting
the occurrence and prognosis of irAEs. However, its usefulness may be reduced if a good
nutritional status is not maintained. NLR may be useful only when albumin levels, an
indicator of nutritional quality, are high.
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