
Academic Editor: Alfred Sze-Lok

Cheng

Received: 9 April 2025

Revised: 23 May 2025

Accepted: 6 June 2025

Published: 17 June 2025

Citation: Cunningham, M.M.;

Romero, R.; Alvarez, C.; Saxena Beem,

S.; Schwartz, T.A.; Ishizawar, R.C.

Neutrophil to Lymphocyte Ratio as a

Biomarker for the Prediction of Cancer

Outcomes and Immune-Related

Adverse Events in a CTLA-4-Treated

Population. Cancers 2025, 17, 2011.

https://doi.org/10.3390/

cancers17122011

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Neutrophil to Lymphocyte Ratio as a Biomarker for the
Prediction of Cancer Outcomes and Immune-Related Adverse
Events in a CTLA-4-Treated Population
Michael M. Cunningham 1,*, Rachel Romero 2, Carolina Alvarez 3, Shruti Saxena Beem 3 , Todd A. Schwartz 3,4

and Rumey C. Ishizawar 1,3

1 Division of Rheumatology, Allergy, and Immunology, Department of Medicine, University of North Carolina,
Chapel Hill, NC 27514, USA; rumey_ishizawar@med.unc.edu

2 Atrium Health Rheumatology, 200 Medical Park Drive, Suite 330, Concord, NC 28025, USA;
rachel.romero@atriumhealth.org

3 Thurston Arthritis Research Center, University of North Carolina, Chapel Hill, NC 27599, USA;
alvarec@live.unc.edu (C.A.); tschwart@email.unc.edu (T.A.S.)

4 Department of Biostatistics, Gillings School of Global Public Health, University of North Carolina,
Chapel Hill, NC 27599, USA

* Correspondence: michael.cunningham@unchealth.unc.edu

Simple Summary: This study looked at whether side effects of a type of cancer ther-
apy called immunotherapy could be predicted by a blood test and whether these side
effects could help predict who would better respond to the treatment. The test is called a
“neutrophil-to-lymphocyte” ratio (NLR) and can be obtained from a simple blood draw.
Researchers reviewed data from 111 patients who had cancer, mostly a type of skin cancer
called melanoma, and were treated with a specific immunotherapy, ipilimumab, to answer
these questions. Patients who had multiple side effects tended to have a better cancer
outcome. Additionally, patients with low NLR levels were more likely to experience side
effects. This suggests that the NLR could be a useful and low-cost tool for predicting
treatment responses and side effects in patients receiving this cancer therapy. More research
is needed to confirm these results in larger groups and with other types of cancer.

Abstract: Background/Objectives: Immune-related adverse events (irAEs) triggered by
immune checkpoint inhibitor therapy (ICI) have been paradoxically associated with both
significant morbidity and improved cancer outcomes. While predictive markers for irAEs
have been studied in the PD-1 blockade, less is known for their role in CTLA-4 inhibition.
This study aims to fill this gap by evaluating NLR and irAE incidence in a CTLA-4-treated
population. Methods: This study is a single-center retrospective cohort study investigating
111 patients treated with CTLA-4 inhibition (ipilimumab) to assess associations for baseline
low NLR values with cancer outcomes and irAE type and incidence. Patient charts were
manually reviewed by a single physician, and unclear clinical events were assessed by
a second physician reviewer. Results: In this cohort, the occurrence of more than one
irAE presentation was associated with an improved cancer outcome, OR 1.48 (1.02, 2.15).
When stratified by organ-specific manifestation, only endocrinologic irAEs were associated
with improved cancer outcome, OR 2.82 (1.19, 6.67). A low baseline NLR was statistically
significantly associated with an increased incidence of irAEs of any type, OR 4.34 (1.73,
10.9). Conclusions: These data show that irAE occurrence in cancer patients treated with
CTLA-4 inhibition is associated with improved cancer outcomes, similar to that previously
seen with PD-1 inhibition. It also suggests that the NLR may serve as a practical peripheral
biomarker to predict both cancer response and odds of irAEs in patients treated with CTLA-
4 inhibition. This low-cost and widely available tool could provide additional information
for modeling cancer outcomes.
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1. Introduction
Immune checkpoint inhibitor (ICI) therapeutics is a growing area of cancer im-

munotherapy that serves to induce anti-tumor immune responses via a blockade of im-
mune checkpoint proteins, namely, programmed cell death protein 1 (PD-1) and cytotoxic
T-lymphocyte associated protein 4 (CTLA-4) [1]. Additional ICI targets are under inves-
tigation with the more recent approval of anti-LAG3 [2–4]. The growing number of ICIs
indicates the effectiveness of this class of cancer therapy. Immune checkpoints play a
key role in the maintenance of self-tolerance [5]. Tumor cells utilize immune checkpoint
pathways to evade anti-tumor targeting by immune system proteins [1,6]. To combat this,
checkpoint inhibitors impede this pathway. While obstruction of this regulatory pathway
has led to efficacy in cancer treatment, this disinhibition of the immune system is not tumor
specific and can lead to autoimmune targeting of healthy host tissue, termed immune-
related adverse events (irAEs) [1,7]. While generally felt to be better tolerated than older
chemotherapeutic regimens [8], these irAEs can be associated with significant morbidity,
irreversible organ damage, and in rare incidences mortality, of cancer patients [9,10].

Given the potential for significant toxicity, multiple biomarkers have been investigated
to predict risk for irAEs [11–13]. One such biomarker is the peripheral blood neutrophil
to lymphocyte ratio (NLR). A low NLR (i.e., a higher proportion of lymphocytes) is as-
sociated with cancer outcomes [14,15]. While the underlying mechanistic pathways are
not well elucidated, there is some thought that the peripheral leukocyte differential could
mirror tumor microenvironments and that significant neutrophilia can inhibit the cytolytic
function of lymphocytes, thereby neutralizing anti-tumor effects [14]. As the therapeutic
mechanisms of ICI therapy are mediated by lymphocytic activity, the NLR was investigated
as a potential predictor for response to therapy. To date, few studies have shown that a low
NLR has been associated with improved cancer outcomes in those treated with ICI therapy,
largely with PD-1 [11,16–24]. Interestingly, irAEs are also associated with improved cancer
outcomes in ICI-treated patients, suggesting a possible mechanistic link [1,5,16–19]. This
led to the NLR being investigated as a predictor for irAEs, where recent data has shown
a lower NLR to be associated with irAEs among PD-1-treated patients [17–19,25]. Less is
known about the CTLA-4 blockade, which acts primarily in earlier stages of T cell activation
when compared to PD-1, which acts after T cell activation [25–28]. Furthermore, CTLA-4
has a more defined effect on T-regulatory cells and thus may have greater potential to
alter lymphocyte populations. Lastly, CTLA-4 and PD-1 are expressed in varying amounts,
depending on the organ system. These differences may account for the distinct risk profiles
of certain organ-specific irAEs (e.g., PD-1 has been associated with thyroid dysfunction,
while the CTLA-4 blockade more commonly causes hypophysitis) [29,30].

This study investigates a cohort of patients treated with an anti-CTLA-4 ICI, ipil-
imumab, and characterizes the irAEs, evaluates irAE incidence as a predictor for im-
proved cancer outcome, and examines whether a low NLR predicts irAE occurrence and
cancer outcome.

2. Materials and Methods
IRB approval (IRB 17-1841) was obtained prior to any research activity. We conducted

a single-institution retrospective electronic medical record review of patients being treated
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with ipilimumab by the University of North Carolina at Chapel Hill Division of Oncology
from 1/2004 to 7/2017. Ipilimumab was chosen, as it was the only CTLA-4 ICI therapy
offered at this site during the timeframe studied. All patient charts were independently
reviewed by a single physician. In areas of uncertainty, a second physician reviewer was
used to determine clinical outcomes.

The type of ICI therapy was defined as ipilimumab monotherapy or ipilimumab
in combination with another ICI. irAE occurrence was based on the patient’s oncologist
or other subspecialist assessment determined by a review of clinical documentation and
defined as outlined in Supplemental Table S1; these irAEs were organized by organ involved
(e.g., GI/HEP for gastroenterology or hepatic manifestations). While the cohort did have
cardiac, pulmonary, and neurological events, these were rare with n < 5 and were thus
excluded from the final analysis. When irAEs from multiple organ systems were identified,
these were categorized as involving one or more, two or more, or three or more systems
involved. Three groups of cancer response were defined: no evidence of disease/complete
remission (NED/CR), minimal residual disease/stable disease (MR/SD), and progression
of disease (PD). Cancer response was evaluated from the most recent known oncologic
evaluation at the time of chart review. ECOG status and cancer stage were determined by
the cancer care team as standard care and were abstracted without change from electronic
medical records.

To determine the NLR, baseline complete blood counts (CBCs) were recorded prior to
the initiation of ICIs for all patients. All patients had recorded CBCs; these were primarily
on the day of treatment if not the day before. There is no accepted standard value for
a “low” NLR. In this study, the values of <4 and <5 were each investigated based on
previously published cutoffs in PD-1/PD-L1-treated patients, as there were very limited
data for CTLA-4-treated patients [16–19]. The majority of CBC tests were performed at
UNC’s McLendon Laboratories Clinical Lab (Chapel Hill, NC, USA), with the remaining
values obtained from outside entities (e.g., commercial labs).

Descriptive statistics were used to summarize the study patients and relevant variables.
Frequencies (percentages) were produced for categorical variables, while mean (standard
deviation (SD) and range) were computed for continuous variables. Separate, multivariable
logistic models were used to model the following outcomes: (1) irAE incidence by type
and (2) whether a threshold for the number of irAEs was exceeded. Consideration of
irAEs by type was limited to organ types with more than 5 events in the sample. Separate,
multivariable, partial proportional odds models (with distinct parameter estimates for sex
due to this covariable showing a significant (p < 0.05) effect) were used to model the outcome
(3) with three-level ordinal cancer response among patients with cancer, with probabilities
in the logistic model cumulated for better versus worse cancer response. Odds ratios (ORs)
and 95% confidence intervals (CIs) were produced to characterize the association between
the baseline NLR < 4 or NLR < 5 and each outcome stated above. Receiver operating
characteristic (ROC) curve analysis was used to assess the appropriateness of these NLR
literature thresholds to our sample. Hazard ratios (HRs) and 95% confidence intervals (CIs),
using time-dependent Cox proportional hazard models, were produced to characterize the
association between irAE definitions and either time to PD or time to mortality. Violations
of the proportional hazards assumption by covariables other than the main effect (i.e., irAE
definition) resulted in models stratified by that covariable. All models were adjusted for age,
sex, and ICI therapy, and a second set of models was additionally adjusted for ECOG score
and cancer stage at the start of ICI therapy. In an exploratory fashion, interactions between
NLR definition with age, sex, and ICI therapy (effect modifiers) were tested separately
for all models. Results are produced for each level of an effect modifier if it is found to
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be significant at the 0.10 level, which was chosen as a threshold to detect at least modest
effect modification.

All analyses were performed with SAS version 9.4 (SAS institute Inc., Cary, NC,
USA). Statistical significance was determined at an alpha level of 0.05, except where
otherwise noted.

3. Results
We identified 116 patients who received ipilimumab during the defined time period.

The mean age for the cohort was 57 years of age with a balanced sex distribution. Clinically,
while half the cohort had a baseline ECOG status of 0 (n = 61; 55%), the concurrent cancer
staging was either at stage 3 (n = 49; 44.1%) or at stage 4 (n = 59; 53.2%) (see Table 1).

Table 1. Descriptive statistics of baseline characteristics for patients with non-varying ICI therapy
(N = 111) and a subgroup of patients only being treated for melanoma with an available cancer
response (N = 100).

Patients with
Non-Varying ICI

Therapy (N = 111)

Patients Treated for
Melanoma with Cancer

Response (N = 100)

Baseline Characteristics n * % * n * % *

Age, mean (±SD) years
(range = 17 to 81) 57.1 (±13.0) 56.7 (±13.2)

Female 49 44.1 42 42.0

NLR, mean (±SD)
(range = 0.20 to 45.3) 4.62 (±4.95) 4.25 (±3.20)

NLR < 4 (lit) 59 53.2 55 55.0
NLR < 5 (lit) 78 70.3 71 71.0

ECOG status
at the start of

the ICI

(Missing, N/A) 6 5.4 6 6.0
0 61 55 58 58.0
1 36 32.4 28 28.0
2 7 6.3 7 7.0
3 1 0.9 1 1.0

Cancer stage
at the start of

the ICI

(Missing,
limited/no

formal staging)
2 1.8 - -

<3 1 0.9 1 1.0
3 49 44.1 45 45.0
4 59 53.2 54 54.0

* unless otherwise specified; ICI = immune checkpoint inhibitor; NLR = neutrophil to lymphocyte ratio;
ECOG = Eastern Cooperative Oncology Group (ECOG) performance status; ±SD = standard deviation.

The predominant cancer diagnosis was melanoma (n = 100; 91.3%), but the cohort
also included lung and bladder cancer patients. Of the 116 patients initially identified,
5 were excluded as they had received triple ICI therapy (pembrolizumab, nivolumab, and
ipilimumab). Of the 111 remaining, 36% received ipilimumab monotherapy, while the rest
were in combination with another ICI. A total of 72% of these patients experienced at least
one irAE of any type (see Table 2).

Based on previously published data showing an association between irAEs and im-
proved cancer outcomes in the PD-1/PD-L1 blockade [1,5], we first looked at this associa-
tion in our population of CTLA-4 ICI-treated patients. Among the 100 melanoma patients
treated with CTLA-4 ICI therapy (ipilimumab), having more than one irAE was associ-
ated with better cancer outcomes (Figure 1). This inverse relationship of improved cancer
outcomes is particularly demonstrated as a linear effect for an increase in one additional
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irAE (1.48 [1.02, 2.15], Table 3). This relationship remains when additionally adjusting for
ECOG status and cancer stage at the time of ICI start (1.71 [1.13, 2.57], Table 3). Our data
examining CTLA-4-directed ICI replicate findings where the development of the irAE is
associated with improved cancer outcomes in PD-1 and PD-L1 ICI-treated patients [31].

Table 2. Descriptive statistics of ICI treatment and clinical outcomes for patients with non-varying
ICI therapy (N = 111) and a subgroup of patients only being treated for melanoma with an available
cancer response (N = 100).

Patients with
Non-Varying ICI

Therapy (N = 111)

Patients Treated for
Melanoma with Cancer

Response (N = 100)

Characteristics n * % * n * % *

IPI only 40 36.0 38 38.0
IPI with NIVO 57 51.4 48 48.0

IPI with PEMBRO 14 12.6 14 14.0

irAE by organ
type

GI/HEP 49 44.1 46 46.0
DERM 43 38.7 42 42.0
ENDO 32 28.8 29 29.0

RHEUM/MSK 10 9.0 8 8.0
PULM 4 3.6 3 3.0

OPTHL 3 2.7 3 3.0
NEURO 4 3.6 4 4.0
RENAL 3 2.7 2 2.0

Count of organ
systems with

irAEs

0 31 27.9 26 26.0
1 34 30.6 31 31.0
2 25 22.5 24 24.0
3 20 18.0 18 18.0
4 1 0.9 1 1.0

At least 1 type of irAE 80 72.1 74 74.0
At least 2 types of irAEs 46 41.4 43 43.0
At least 3 types of irAEs 21 18.9 19 19.0

Cancer
Response

(Missing, N/A) 1 0.9
NED/CR 20 18.0 20 20.0
MR/SD 40 36.0 39 39.0

PD 50 45.0 41 41.0

PD, mean (SE), days 740 (79) 802 (84)

Mortality 53 47.7 43 43.0

Mortality, mean (SE), days 1066 (63) 1142 (64)
* unless otherwise specified; IPI = ipilimumab; NIVO = nivolumab; PEMBRO = pembrolizumab; irAE = immune-
related adverse event; GI/HEP = gastrointestinal and/or hepatic irAE; DERM = dermatologic irAE;
ENDO = endocrine irAE; RHEUM/MSK = rheumatologic and/or musculoskeletal irAE; PULM = pulmonary
irAE; OPTHL = ophthalmology irAE; NEURO = neurological irAE; RENAL = renal irAE; NED/CR = no evidence
of disease or complete remission; MR/SD = minimal residual disease or stable disease; PD = progression of
disease; SE = standard error.

There were varied associations found among organ-specific irAEs and improved
cancer response, as shown in Table 3. Endocrine irAEs were statistically significantly
associated with improved cancer outcomes (OR 2.82 [1.19, 6.67]) when adjusted for age,
sex, and ICI therapy. The effect of improved cancer outcome was evidenced with endocrine
irAEs with additional adjustment for ECOG score and cancer stage (OR 2.51 [0.95, 6.65] but
did not achieve statistical significance, likely due to reduced sample size. While other organ
systems assessed (GI, Derm, Rheum/MSK) did not demonstrate a statistically significant
association, likely due to limited statistical power, Rheum/MSK irAEs notably have a
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suggestion of association with improved cancer outcomes (OR 2.56 [0.63, 10.3]) when
adjusted for age, sex, and ICI therapy that is even further enhanced with adjustment for
ECOG score and cancer stage with an OR 4.46 (0.90, 22.2). However, the adjusted odds ratio
for Rheum/MSK irAEs with cancer response is imprecise, as seen by the wide confidence
interval. This reflects the limited number of Rheum/MSK events (n = 8) (Table 2).

 
Figure 1. Number of organ systems affected by irAEs by cancer response. Cancer response is
designated as no evidence of disease and/or complete response (NED/CR), marginal response
and/or stable disease (MR/SD), or progression of disease (PD).

Evaluating time-to-event outcomes of mortality and disease progression in this cohort
revealed that irAE occurrence was associated with a lower risk of either when adjusted for
ECOG score and cancer stage (mortality HR 0.49 [0.26, 0.93] and disease progression HR
0.40 [0.20, 0.82], Table 4). We then stratified for one irAE or more than one irAE, i.e., two to
four organ systems involved, as no patient had more than four organ systems involved.
Having more than one irAE was associated with a more beneficial outcome (HR 0.52 [0.27,
0.99], Table 4). Evaluating organ-specific irAEs suggested a possible association with a
lower rate of PD and mortality, but none were found to be statistically significant.

When including the cancer stage at the start of the ICI, this variable violated propor-
tional hazards so that the results were stratified by cancer stage. These results showed
that the rate of disease progression after having a first irAE (vs. no irAE) significantly
decreased, particularly among patients who had stage 4 disease (HR 0.36 [0.14, 0.89],
Supplemental Table S2). The association was also strongest in those with 2–4 irAEs (vs.
none) (HR 0.24 [0.08, 0.75], Supplemental Table S2).
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Table 3. Association of irAEs (as counts or by organ type) with better cancer response using adjusted
odds ratios and 95% confidence intervals, OR (95% CI), and N = 100 melanoma patients.

OR (95% CI) 1 OR (95% CI) 2

Model by irAE count definition
1 irAE increase (linear, one

additional irAE) 1.48 (1.02, 2.15) 1.71 (1.13, 2.57)

irAE (categorical)
1 (vs. none) 1.76 (0.60, 5.13) 1.90 (0.55, 6.50)
2 (vs. none) 2.86 (0.90, 9.07) 3.83 (1.11, 13.3)

3 or 4 (vs. none) 3.10 (0.94, 10.2) 4.62 (1.24, 17.2)
At least 1 (vs. none) 2.38 (0.96, 5.93) 3.10 (1.11, 8.63)

At least 2 (vs. 1 or none) 2.22 (0.98, 5.05) 3.03 (1.24, 7.43)
3 or 4 (vs. 2 or fewer) 1.83 (0.69, 4.87) 2.32 (0.82, 6.59)

Model by irAE organ type
definition
GI/HEP 1.39 (0.65, 2.99) 1.55 (0.62, 3.88)
DERM 1.19 (0.55, 2.57) 1.16 (0.50, 2.70)
ENDO 2.82 (1.19, 6.67) 2.51 (0.95, 6.65)

RHEUM/MSK 2.56 (0.63, 10.3) 4.46 (0.90, 22.2)
1 Cumulative logistic regression using partial proportional odds models with probabilities cumulated over the
better cancer response (NED/CR vs. MR/SD vs. PD), adjusting for age, sex (allowing for unequal slopes for sex),
and ICI therapy; 2 additionally adjusted for ECOG score (≥1 vs. 0) and cancer stage (4 vs. <4), sample size n = 94;
significant results at alpha = 0.05 are shown in bold.

Table 4. Association of irAEs with time-to-event outcomes of mortality or disease progression using
adjusted hazard ratios and 95% confidence intervals, HR (95% CI), and N = 111 patients.

Mortality
(n = 111)

Disease
Progression

(n = 109)

Mortality
(n = 103)

Disease
Progression

(n = 101)

HR (95% CI) 1 HR (95% CI) 1 HR (95% CI) 2 HR (95% CI) 2

irAE definition
Any/first 0.58 (0.32, 1.03) 0.55 (0.31, 0.97) 0.49 (0.26, 0.93) 0.40 (0.20, 0.82)

irAE
(categorical)
1 (vs. none) 0.68 (0.33, 1.37) 0.81 (0.40, 1.64) 0.61 (0.28, 1.32) 0.62 (0.27, 1.43)

2–4 (vs. none) 0.52 (0.27, 0.99) 0.42 (0.22, 0.83) 0.44 (0.22, 0.88) 0.31 (0.14, 0.68)

Site-specific
irAEs

GI/HEP 0.87 (0.49, 1.57) 0.84 (0.46, 1.55) 0.77 (0.41, 1.45) 0.70 (0.35, 1.41)
DERM 0.65 (0.36, 1.17) 0.67 (0.36, 1.23) 0.72 (0.39, 1.30) 0.66 (0.35, 1.26)
ENDO 0.74 (0.37, 1.46) 0.52 (0.25, 1.11) 0.71 (0.35, 1.44) 0.44 (0.19, 1.01)

RHEUM/MSK 0.91 (0.32, 2.59) 0.60 (0.21, 1.73) 0.74 (0.22, 2.48) 0.52 (0.15, 1.74)
1 Cox proportional hazards regression modeling time to outcome, adjusting for age, sex, and ICI therapy;
2 additionally adjusted for ECOG score (≥1 vs. 0) and cancer stage (4 vs. <4); irAEs are included as time-varying
covariables; significant results at alpha = 0.05 are shown in bold.

To better predict patients at risk for irAEs and cancer outcomes, the NLR was investi-
gated for associations with irAE incidence. A low NLR has been found to be associated with
irAE incidence and improved cancer outcomes in PD-1/PD-L1-treated patients, but less has
been published on CTLA-4-treated patients. We found that a low NLR was associated with
increased odds of irAEs of any organ type or severity in patients treated with ipilimumab
(Table 4). The effect was larger using a cutoff value of NLR < 5 (OR 4.34 [1.73, 10.9]) as
opposed to NLR < 4 (OR 2.35 [0.99, 5.58]). These effects also appear within the range of
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previously published data in PD-1/PD1-L1 ICI-treated patients who largely had non-small
cell lung cancer (NSCLC) [16–19].

When stratifying irAEs by organ system, there was no statistically significant associa-
tion with a low NLR found (Table 5). Despite this, these data show a potentially noteworthy
effect for NLR < 5 with Rheum/MSK irAEs (4.40 [0.53, 36.9]). In addition, we noted a
differing association of a low NLR with dermatologic irAEs with regard to sex, with a
suggestion (p < 0.1) of an association of a low NLR with DERM among women but not men
(for NLR < 4: 4.41 [1.17, 16.6] and NLR < 5: 12.2 [1.40, 106] among women and 0.90 [0.32,
2.49] and 1.04 [0.34, 3.14] among men, respectively), as shown in Supplemental Table S3.
While exploratory, this heterogeneity between sexes is an intriguing finding not previ-
ously reported.

Lastly, a low NLR was examined for association with improved cancer outcomes. This
hypothesis stems from the data above, demonstrating that a low NLR is associated with
irAEs, and irAEs have been associated with improved cancer outcomes. In this population,
there was a trend that a low NLR is associated with improved cancer outcomes but did not
meet statistical significance (Supplemental Table S4; OR 0.76 [0.36, 1.59] for NLR < 4).

We originally used NLR cutoffs of 4 and 5 based on previous data on PD-1 inhibition,
with less guidance in a CTLA-4 cohort due to limited published data on CTLA-4 as related to
the NLR and irAEs. When considering receiver operator characteristic curve optimization
to identify the ideal NLR cutoff to predict any irAE occurrence (Figure 2), NLR < 5.09
was determined to be the optimal threshold value and indicates that the literature cutoffs
considered are appropriate in our cohort, particularly NLR < 5.

 
Figure 2. Receiver operator characteristic (ROC) curve for a comparison of NLR values to best predict
irAEs.
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Table 5. Association of the neutrophil (N) to lymphocyte (L) ratio, the NLR, with an incidence of any
irAE or by organ system using adjusted odds ratios and 95% confidence intervals, OR (95% CI), and
N = 111 all patients.

NLR < 4 NLR < 5 NLR < 4 NLR < 5

irAE Outcome irAE Count OR (95% CI) 1 OR (95% CI) 1 OR (95% CI) 2 OR (95% CI) 2

Any 80 2.35 (0.99, 5.58) 4.34 (1.73, 10.9) 2.54 (0.99, 6.54) 4.11 (1.51, 11.2)
GI/HEP 49 1.03 (0.48, 2.22) 2.03 (0.85, 4.83) 0.89 (0.39, 2.04) 1.61 (0.64, 4.05)

DERM 43 1.70 (0.77, 3.72) 2.22 (0.90, 5.48) 1.57 (0.68, 3.59) 2.24 (0.87, 5.79)
ENDO 32 1.28 (0.55, 3.00) 0.80 (0.32, 1.97) 1.46 (0.59, 3.63) 0.82 (0.31, 2.15)

RHEUM/MSK 10 1.35 (0.35, 5.16) 4.40 (0.53, 36.9) 1.56 (0.34, 7.25) 3.52 (0.40, 31.3)

2 or more organ
systems 46 1.21 (0.54, 2.68) 1.66 (0.69, 4.01) 1.08 (0.47, 2.51) 1.43 (0.57, 3.61)

3 or 4 organ systems 21 1.12 (0.42, 3.02) 1.86 (0.59, 5.87) 1.00 (0.34, 2.97) 1.37 (0.41, 4.64)
1 Logistic regression modeling odds of irAE outcome, adjusting for age, sex, and ICI therapy; 2 additionally
adjusted for ECOG score (≥1 vs. 0) and cancer stage (4 vs. <4), sample size n = 103; significant results at
alpha = 0.05 are shown in bold.

4. Discussion
In this population of anti-CTLA-4-treated patients, an association between additional

irAEs and improved cancer outcomes was observed. The previous literature has shown
similar findings among PD-1-treated patients [16–19,32], consistent with the well-described
hypothesis of a mechanistic link between irAEs and anti-tumor effects [1]. To further
characterize this association, categorical groups of irAE number were analyzed against
cancer outcome. There was a suggestion for an association between an increased number of
irAEs and improved cancer outcomes (Figure 1). Further investigation into time-to-event
analysis (Table 4) revealed that irAE occurrence was linked to a lower risk of both mortality
and disease progression. In subgroup analysis, this was found to be strongest among
patients with stage 4 disease at the time of ICI initiation (Supplemental Table S2). There
have been suggestions in the literature of certain organ-specific irAEs portending a better
prognosis, most consistently with dermatologic irAEs and improved cancer outcomes in
PD-1 ICI-treated patients [1]. Less is known for the CTLA-4 blockade.

When analyzing this cohort for organ-specific irAEs and cancer outcomes, only the
association with endocrine irAEs was statistically significant. Endocrine irAEs have been
associated with improved cancer outcomes in previously published works. As each organ-
specific irAE may have different pathophysiological mechanisms, it has been suggested that
endocrine irAEs may share a mechanism with the anti-tumor effect of ICI therapy [33]. In
support of this previous finding, our data also supports the association of endocrine irAEs
with improved cancer outcomes (OR 2.82 [1.19, 6.67]). Interestingly, Rheum/MSK, when
compared to derm or GI, had a high OR but did not meet statistical significance, likely due
to a low number of events. Of the many biomarkers that have been investigated to predict
irAEs, the NLR has shown promise [11,20], although primarily for those treated with PD-
1/PD-L1. Due to limited publications regarding NLR in CTLA-4-treated cancer patients, we
investigated whether a low NLR value was associated with an increased incidence of irAEs
in this CTLA-4-treated cohort. Our data revealed that in a CTLA-4-treated cohort, a low
NLR is associated with higher odds of developing an irAE. The effect sizes that we saw in
this cohort are similar to what has been seen in the PD-1 blockade [16–19]. There have been
varying degrees of association reported between the pre-treatment NLR and organ-specific
irAEs, leading to hypotheses about different pathogenic mechanisms playing key roles in
each irAE [1,20]. When the pre-treatment NLR was analyzed against organ-specific irAEs
in this cohort, the data suggested a few trends. There was a suggestion of a low NLR
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being associated with Rheum/MSK irAEs (Table 4). This is hypothesis generating, and
a larger cohort of these patients will be needed to further clarify this relationship. When
analyzing the data for sex differences, in an exploratory fashion, there was a difference
among dermatologic irAEs, with a low pre-treatment NLR appearing to be more strongly
associated with increased risk amongst female participants (Supplemental Table S3). Data
on sex differences in irAE incidence and organ manifestations has been mixed in the
literature and not well established; however, multiple studies have suggested a potential
difference [31].

Our retrospective cohort study characterizing irAEs amongst patients treated with
anti-CTLA-4 ICI therapy and investigating the NLR as a potential biomarker for prediction
showed similar findings to that in PD-1/PD-L1 ICI-treated patients. A lower NLR was
shown to be associated with irAEs, and additional irAEs were found to be associated with
improved cancer outcomes. Moreover, our study supports using a cutoff for NLR < 5 in
receiver operating characteristic curve analysis (Figure 2). This further adds to the growing
body of literature that shows that a lower NLR could be a peripheral biomarker for the
prediction of irAEs and cancer outcomes amongst those treated with either class of ICI
(PD-1/PD-L1 or CTLA-4). Using the NLR would provide oncologists with additional
data to help predict irAEs and guide monitoring strategies for patients. For example, if
a patient has a lower NLR and, therefore, a higher risk for an irAE, they may increase
monitoring frequency or be quicker to escalate investigation into symptoms that may be
harbingers of an impending irAE. As the NLR is calculated from a CBC with differential,
it is readily available in most, if not all, clinical settings. However, further research with
larger cohorts of varied cancer types is likely needed before such a biomarker could be
implemented into clinical practice. Some limitations of the study include its limited scope,
as most patients were treated with melanoma, and all CTLA-4-treated patients were treated
with ipilimumab, raising questions about whether this truly is a class effect. As the study
population was from 2004 to 2017 and the standard of care in oncology is rapidly changing,
there is potential for temporal bias. Beyond larger validation studies, future studies of
interest would include evaluating the NLR over time to see if there is a temporal change
preceding an irAE. Such a finding would give providers more real-time information to
predict irAEs. It would also be of interest to investigate NLR values and the severity of
irAEs. Unfortunately, our cohort’s irAE grades were not readily available or consistently
measured to investigate this question. We would be interested in investigating this in
future studies.

5. Conclusions
This retrospective cohort study on CTLA-4-treated patients showed that immune-

related adverse event incidence correlated with improved cancer outcomes, similar to that
seen in PD-1-treated patients. A low NLR was associated with increased irAE incidence,
which in turn was associated with improved cancer outcomes. However, a low NLR was
not found to be associated with improved cancer outcomes. We hypothesize that this is from
a limitation of power and, therefore, hypothesis generating. Further hypothesis-generating
findings include a suggestion of NLR’s association with organ-specific irAEs, such as
Rheum/MSK irAEs. The exploratory findings suggested sex differences in dermatologic
irAEs. These results imply NLR’s potential as a low-cost predictive biomarker for irAEs
in CTLA-4-treated patients. However, these results are not powered to fully answer these
hypotheses, and larger studies are needed for validation.
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List of Acronyms

CBC Complete blood count
CI Confidence interval
CR Complete remission
CTLA-4 Cytotoxic T-lymphocyte associated protein 4
DERM Dermatologic
ECOG Eastern Cooperative Oncology Group performance status
ENDO Endocrine
GI/HEP Gastrointestinal and/or hepatic
HR Hazard ratio
ICI Immune checkpoint inhibitor
IPI Ipilimumab
irAE Immune-related adverse event
IRB Institutional Review Board
LAG3 Lymphocyte activation gene 3
MR Minimal residual disease
NED No evidence of disease
NEURO Neurological
NIVO Nivolumab
NLR Neutrophil to lymphocyte ratio
NSCLC Non-small cell lung cancer
OPHTL Ophthalmologic
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OR Odds ratio
PD Progression of disease
PD-1 Programmed cell death protein 1
PD-L1 Programmed cell death ligand 1
PULM Pulmonary
RENAL Renal
RHEUM/MSK Rheumatologic and/or musculoskeletal
ROC Receiver operating characteristic
SD Stable disease
±SD Standard deviation
SE Standard error
UNC University of North Carolina at Chapel Hill

References
1. Ramos-Casals, M.; Brahmer, J.R.; Callahan, M.K.; Flores-Chavez, A.; Keegan, N.; Khamashta, M.A.; Lambotte, O.; Mariette,

X.; Prat, A.; Suarez-Almazor, M.E. Immune-related adverse events of checkpoint inhibitors. Nat. Rev. Dis. Primers 2020, 6, 38.
[CrossRef] [PubMed]

2. Adam, K.; Butler, S.C.; Workman, C.J.; Vignali, D.A.A. Advances in LAG3 cancer immunotherapeutics. Trends Cancer 2025, 11,
37–48. [CrossRef] [PubMed]

3. Borgeaud, M.; Sandoval, J.; Obeid, M.; Banna, G.; Michielin, O.; Addeo, A.; Friedlaender, A. Novel targets for immune-checkpoint
inhibition in cancer. Cancer Treat. Rev. 2023, 120, 102614. [CrossRef]

4. Kraehenbuehl, L.; Weng, C.H.; Eghbali, S.; Wolchok, J.D.; Merghoub, T. Enhancing immunotherapy in cancer by targeting
emerging immunomodulatory pathways. Nat. Rev. Clin. Oncol. 2022, 19, 37–50. [CrossRef] [PubMed]

5. Pardoll, D.M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer 2012, 12, 252–264. [CrossRef]
6. Zou, W.; Chen, L. Inhibitory B7-family molecules in the tumour microenvironment. Nat. Rev. Immunol. 2008, 8, 467–477.

[CrossRef]
7. Darnell, E.P.; Mooradian, M.J.; Baruch, E.N.; Yilmaz, M.; Reynolds, K.L. Immune-Related Adverse Events (irAEs): Diagnosis,

Management, and Clinical Pearls. Curr. Oncol. Rep. 2020, 22, 39. [CrossRef]
8. Boutros, C.; Tarhini, A.; Routier, E.; Lambotte, O.; Ladurie, F.L.; Carbonnel, F.; Izzeddine, H.; Marabelle, A.; Champiat, S.;

Berdelou, A.; et al. Safety profiles of anti-CTLA-4 and anti-PD-1 antibodies alone and in combination. Nat. Rev. Clin. Oncol. 2016,
13, 473–486. [CrossRef]

9. Yin, Q.; Wu, L.; Han, L.; Zheng, X.; Tong, R.; Li, L.; Bai, L.; Bian, Y. Immune-related adverse events of immune checkpoint
inhibitors: A review. Front. Immunol. 2023, 14, 1167975. [CrossRef]

10. Postow, M.A.; Sidlow, R.; Hellmann, M.D. Immune-Related Adverse Events Associated with Immune Checkpoint Blockade. N.
Engl. J. Med. 2018, 378, 158–168. [CrossRef]

11. Nakamura, Y. Biomarkers for Immune Checkpoint Inhibitor-Mediated Tumor Response and Adverse Events. Front. Med. 2019, 6,
119. [CrossRef] [PubMed]

12. Chennamadhavuni, A.; Abushahin, L.; Jin, N.; Presley, C.J.; Manne, A. Risk Factors and Biomarkers for Immune-Related Adverse
Events: A Practical Guide to Identifying High-Risk Patients and Rechallenging Immune Checkpoint Inhibitors. Front. Immunol.
2022, 13, 779691. [CrossRef] [PubMed]

13. Les, I.; Martínez, M.; Pérez-Francisco, I.; Cabero, M.; Teijeira, L.; Arrazubi, V.; Torrego, N.; Campillo-Calatayud, A.; Elejalde,
I.; Kochan, G.; et al. Predictive Biomarkers for Checkpoint Inhibitor Immune-Related Adverse Events. Cancers 2023, 15, 1629.
[CrossRef] [PubMed]

14. Templeton, A.J.; McNamara, M.G.; Šeruga, B.; Vera-Badillo, F.E.; Aneja, P.; Ocana, A.; Leibowitz-Amit, R.; Sonpavde, G.; Knox, J.J.;
Tran, B.; et al. Prognostic role of neutrophil-to-lymphocyte ratio in solid tumors: A systematic review and meta-analysis. J. Natl.
Cancer Inst. 2014, 106, dju124. [CrossRef]

15. Cupp, M.A.; Cariolou, M.; Tzoulaki, I.; Aune, D.; Evangelou, E.; Berlanga-Taylor, A.J. Neutrophil to lymphocyte ratio and cancer
prognosis: An umbrella review of systematic reviews and meta-analyses of observational studies. BMC Med. 2020, 18, 360.
[CrossRef]

16. Owen, D.H.; Wei, L.; Bertino, E.M.; Edd, T.; Villalona-Calero, M.A.; He, K.; Shields, P.G.; Carbone, D.P.; Otterson, G.A. Incidence,
Risk Factors, and Effect on Survival of Immune-related Adverse Events in Patients with Non-Small-cell Lung Cancer. Clin. Lung
Cancer 2018, 19, e893–e900. [CrossRef]

https://doi.org/10.1038/s41572-020-0160-6
https://www.ncbi.nlm.nih.gov/pubmed/32382051
https://doi.org/10.1016/j.trecan.2024.10.009
https://www.ncbi.nlm.nih.gov/pubmed/39603977
https://doi.org/10.1016/j.ctrv.2023.102614
https://doi.org/10.1038/s41571-021-00552-7
https://www.ncbi.nlm.nih.gov/pubmed/34580473
https://doi.org/10.1038/nrc3239
https://doi.org/10.1038/nri2326
https://doi.org/10.1007/s11912-020-0897-9
https://doi.org/10.1038/nrclinonc.2016.58
https://doi.org/10.3389/fimmu.2023.1167975
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.3389/fmed.2019.00119
https://www.ncbi.nlm.nih.gov/pubmed/31192215
https://doi.org/10.3389/fimmu.2022.779691
https://www.ncbi.nlm.nih.gov/pubmed/35558065
https://doi.org/10.3390/cancers15051629
https://www.ncbi.nlm.nih.gov/pubmed/36900420
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1186/s12916-020-01817-1
https://doi.org/10.1016/j.cllc.2018.08.008


Cancers 2025, 17, 2011 13 of 13

17. Pavan, A.; Calvetti, L.; Dal Maso, A.; Attili, I.; Del Bianco, P.; Pasello, G.; Guarneri, V.; Aprile, G.; Conte, P.; Bonanno, L.
Peripheral Blood Markers Identify Risk of Immune-Related Toxicity in Advanced Non-Small Cell Lung Cancer Treated with
Immune-Checkpoint Inhibitors. Oncologist 2019, 24, 1128–1136. [CrossRef]

18. Peng, L.; Wang, Y.; Liu, F.; Qui, X.; Zhang, X.; Fang, C.; Qian, X.; Li, Y. Peripheral blood markers predictive of outcome and
immune-related adverse events in advanced non-small cell lung cancer treated with PD-1 inhibitors. Cancer Immunol. Immunother.
2020, 69, 1813–1822. [CrossRef]

19. Eun, Y.; Kim, I.Y.; Sun, J.M.; Lee, J.; Cha, H.S.; Koh, E.M.; Kim, H. Risk factors for immune-related adverse events associated with
anti-PD-1 pembrolizumab. Sci. Rep. 2019, 9, 14039. [CrossRef]

20. Matsukane, R.; Watanabe, H.; Minami, H.; Hata, K.; Suetsugu, K.; Tsuji, T.; Masuda, S.; Okamoto, I.; Nakagawa, T.; Ito, T.; et al.
Continuous monitoring of neutrophils to lymphocytes ratio for estimating the onset, severity, and subsequent prognosis of
immune related adverse events. Sci. Rep. 2021, 11, 1324. [CrossRef]

21. Zhang, W.; Tan, Y.; Li, Y.; Liu, J. Neutrophil to Lymphocyte ratio as a predictor for immune-related adverse events in cancer
patients treated with immune checkpoint inhibitors: A systematic review and meta-analysis. Front. Immunol. 2023, 14, 1234142.
[CrossRef] [PubMed]

22. Guo, Y.; Xiang, D.; Wan, J.; Yang, L.; Zheng, C. Focus on the Dynamics of Neutrophil-to-Lymphocyte Ratio in Cancer Patients
Treated with Immune Checkpoint Inhibitors: A Meta-Analysis and Systematic Review. Cancers 2022, 14, 5297. [CrossRef]
[PubMed]

23. Valero, C.; Lee, M.; Hoen, D.; Weiss, K.; Kelly, D.W.; Adusumilli, P.S.; Paik, P.K.; Plitas, G.; Ladanyi, M.; Postow, M.A.; et al.
Pretreatment neutrophil-to-lymphocyte ratio and mutational burden as biomarkers of tumor response to immune checkpoint
inhibitors. Nat. Commun. 2021, 12, 729. [CrossRef] [PubMed]

24. Nakamura, Y.; Tanaka, R.; Maruyama, H.; Ishitsuka, Y.; Okiyama, N.; Watanabe, R.; Fujimoto, M.; Fujisawa, Y. Correlation
between blood cell count and outcome of melanoma patients treated with anti-PD-1 antibodies. Jpn. J. Clin. Oncol. 2019, 49,
431–437. [CrossRef]

25. Cassidy, M.R.; Wolchok, R.E.; Zheng, J.; Panageas, K.S.; Wolchok, J.D.; Coit, D.; Postow, M.A.; Ariyan, C. Neutrophil to
Lymphocyte Ratio is Associated with Outcome During Ipilimumab Treatment. eBioMedicine 2017, 18, 56–61. [CrossRef]

26. Ferrucci, P.F.; Gandini, S.; Battaglia, A.; Alfieri, S.; Di Giacomo, A.M.; Giannareilli, D.; Cappellini, G.C.; De Galitiis, F.; Marchetti, P.;
Amato, G.; et al. Baseline neutrophil-to-lymphocyte ratio is associated with outcome of ipilimumab-treated metastatic melanoma
patients. Br. J. Cancer 2015, 112, 1904–1910. [CrossRef]

27. Matsumura, Y.; Kawarada, Y.; Matsuo, M.; Yokota, K.; Mizoguchi, H.; Akiyama, M.; Yamada, K. Retrospective Analysis
of Neutrophil-to-Lymphocyte Ratio in Patients with Melanoma Who Received Ipilimumab Monotherapy or Ipilimumab in
Combination with Nivolumab in Japan. Biol. Pharm. Bull. 2023, 46, 427–431. [CrossRef]

28. Zaragoza, J.; Caille, A.; Beneton, N.; Bens, G.; Christiann, F.; Maillard, H.; Machet, L. High neutrophil to lymphocyte ratio
measured before starting ipilimumab treatment is associated with reduced overall survival in patients with melanoma. Br. J.
Dermatol. 2016, 174, 146–151. [CrossRef]

29. Buchbinder, E.I.; Desai, A. CTLA-4 and PD-1 Pathways: Similarities, Differences, and Implications of Their Inhibition. Am. J. Clin.
Oncol. 2016, 39, 98–106. [CrossRef]

30. Chera, A.; Stancu, A.L.; Bucur, O. Thyroid-related adverse events induced by immune checkpoint inhibitors. Front. Endocrinol.
2022, 13, 1010279. [CrossRef]

31. Jing, Y.; Zhang, Y.; Wang, J.; Li, K.; Chen, X.; Heng, J.; Gao, Q.; Ye, Y.; Zhang, Z.; Liu, Y.; et al. Association Between Sex and
Immune-Related Adverse Events During Immune Checkpoint Inhibitor Therapy. J. Natl. Cancer Inst. 2021, 113, 1396–1404.
[CrossRef] [PubMed]

32. Zhao, Z.; Wang, X.; Qu, J.; Zuo, W.; Tang, Y.; Zhu, H.; Chen, X. Immune-Related Adverse Events Associated with Outcomes in
Patients with NSCLC Treated with Anti-PD-1 Inhibitors: A Systematic Review and Meta-Analysis. Front. Oncol. 2021, 11, 708195.
[CrossRef] [PubMed]

33. Lee, D.J.; Lee, H.J.; Farmer, J.R.; Reynolds, K.L. Mechanisms Driving Immune-Related Adverse Events in Cancer Patients Treated
with Immune Checkpoint Inhibitors. Curr. Cardiol. Rep. 2021, 23, 98. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1634/theoncologist.2018-0563
https://doi.org/10.1007/s00262-020-02585-w
https://doi.org/10.1038/s41598-019-50574-6
https://doi.org/10.1038/s41598-020-79397-6
https://doi.org/10.3389/fimmu.2023.1234142
https://www.ncbi.nlm.nih.gov/pubmed/37622124
https://doi.org/10.3390/cancers14215297
https://www.ncbi.nlm.nih.gov/pubmed/36358716
https://doi.org/10.1038/s41467-021-20935-9
https://www.ncbi.nlm.nih.gov/pubmed/33526794
https://doi.org/10.1093/jjco/hyy201
https://doi.org/10.1016/j.ebiom.2017.03.029
https://doi.org/10.1038/bjc.2015.180
https://doi.org/10.1248/bpb.b22-00750
https://doi.org/10.1111/bjd.14155
https://doi.org/10.1097/COC.0000000000000239
https://doi.org/10.3389/fendo.2022.1010279
https://doi.org/10.1093/jnci/djab035
https://www.ncbi.nlm.nih.gov/pubmed/33705549
https://doi.org/10.3389/fonc.2021.708195
https://www.ncbi.nlm.nih.gov/pubmed/34604047
https://doi.org/10.1007/s11886-021-01530-2
https://www.ncbi.nlm.nih.gov/pubmed/34196833

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

