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Neutrophil to lymphocyte ratio varies in magnitude
and biomarker utility based on patient demographics

To the Editor: The neutrophil to lymphocyte ratio (NLR) in
the peripheral blood is viewed as a marker of inflammation and
has been associated with poor outcomes in a variety of diseases
(1). An increasing emphasis has been placed on the potential for
the NLR to predict outcomes following treatment with immune
checkpoint inhibition (ICI) immunotherapies (2). Despite evi-
dence that patient demographics may impact blood test reference
values (3) and the utility of ICI biomarkers such as tumor muta-
tion burden (4), there has been minimal study into how the NLR
varies by patient demographics and whether the NLR predicts ICI
outcomes across different population subsets. This paper presents
evidence that the NLR varies by race/ethnicity and sex, and that
the association of the NLR with ICI outcomes is restricted to
non-Hispanic White (NHW) individuals.

Associations between patient demographic features and the
NLR were analyzed in the nationally representative National
Health and Nutrition Examination Survey (NHANES, Supple-
mental Table 1; supplemental material available online with this
article; https://doi.org/10.1172/JCI198948DS1). We found
that the NLR was elevated in men and increased with age, BMI,
and inflammation (see Supplemental Methods), and decreased
in all race/ethnicity groups compared with NHW (Figure 1A).
Upon multivariable analysis, all covariates retained significance
except BMI (Figure 1B).

Based on our observation that the NLR was significantly
altered by sex and race/ethnicity, we hypothesized that different
threshold values for high NLR based on patient demographics
may be required to optimally stratify ICI outcomes. Using data
from Memorial Sloan Kettering Cancer Center (MSKCC) (5), we
divided patients into high and low NLR by splitting at the upper
tertile of NLR values. As expected, this resulted in a strongly
significantly worse progression-free survival (PFS) in NHW
patients with a high NLR (Figure 1C). Repeating this analysis
with patients from other racial/ethnic groups, we observed no
association with PFS, including for non-Hispanic Black (NHB)
(Figure 1C), Asian (Supplemental Figure 1A), and Hispanic
patients (Supplemental Figure 1B).

To determine whether alternative thresholds could signifi-
cantly stratify patients across populations, we next evaluated the
association of NLR with ICI PFS using a range of thresholds.
We found that NLR was significantly associated with PFS fol-
lowing ICI across all analyzed thresholds for NHW patients, but
that neither NHB nor Asian cohorts achieved significance at any
NLR threshold value assessed when either analyzing all available
patients (Figure 1D) or down-sampling all cohorts to equal sample
size (Supplemental Figure 1C), suggesting ICI outcomes may only
be associated with the NLR in patients with NHW.

To validate our observation that the NLR was only associ-
ated with ICI outcomes in NHW individuals in individual can-
cer types, we compiled a new cohort of 5,128 patients treated
with ICI from the Cleveland Clinic Foundation (CCF). We first
analyzed patients with lung cancer treated with ICIs, which
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accounted for 50% of the initial MSKCC cohort. We found
a comparable ability to stratify PFS in NHW patients, but no
association in NHB, Asian, or Hispanic patients (Figure 1E and
Supplemental Figure 2A). Based on the NHW hazard ratio, the
NHB cohort had 83% power to detect a significant association
between NLR and PFS on ICIs, suggesting lack of significance
was not due to sample size. The NLR was associated with ICI
PFS in NHW patients with breast cancer, but again no significant
association with PFS was found in NHB patients at 89% pow-
er (Figure 1F). Similar trends were observed with kidney/renal
cancer (Figure 1G and Supplemental Figure 2B), liver cancer
(Figure 1H and Supplemental Figure 2C), cervical cancer (Fig-
ure 1I), and head and neck cancer (Figure 1J). Pooling all cancer
types, we still failed to detect an association between NLR and
ICI outcomes in data from NHB patients at 99% power (Supple-
mental Figure 2D). Likewise, extending this model to include
all patients with an interaction effect found a significant interac-
tion effect between NLR and NHB race/ethnicity (Supplemen-
tal Figure 2E). Upon analyzing patients treated with non-ICI
regimens, we did not identify differences by race/ethnicity, sug-
gesting this phenomenon is specific to ICI (Supplemental Figure
2, F and G).

To test whether sex-based differences in baseline NLR may
impact the optimal threshold to predict ICI outcomes within
NHW patients, we first determined optimal threshold values for
both male and female NHW patients with lung cancer from the
MSKCC cohort, finding 6.3 and 9.5, respectively. We visualized
ICI outcomes stratified into low NLR, NLR between the female
and male threshold, and NLR higher than the male threshold.
ICI outcomes were worse for female patients with NLR values
above either threshold, but for male patients worse prognosis was
only observed above the male threshold (Supplemental Figure
3A). This result was confirmed in CCF cohorts of patients with
lung cancer, kidney cancer, liver cancer, and head and neck cancer
(Supplemental Figure 3, B-E).

In conclusion, our study demonstrates that the NLR varies
based on sex and race/ethnicity, the association of NLR with ICI
outcomes was restricted to NHW individuals, and that within
NHW individuals the optimal threshold varied by sex (see Sup-
plemental Discussion). Together, these observations highlight the
importance of considering patient demographics when imple-
menting clinical biomarkers.
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Figure 1. NLR varies in magnitude and prognostic relevance by patient race/ethnicity and sex. (A and B) Univariable (A) and multivariable (B) regression model
between indicated variables and log,(NLR). N = 8,095. Box-and-whisker plots show the regression coefficient with 95% confidence interval. (C) Kaplan-Meier
curves following ICI treatment for NHW (N = 1,135) and NHB patients (N = 91) from MSKCC. (D) Significance determined by log-rank test as function of NLR
threshold values in patients from MSKCC. Shaded region indicates standard deviation from cross-validation. NHW N = 1135, NHB N = 91, Asian N = 96. (E-})
Kaplan-Meier curves following ICl treatments in patients from CCF with (E) lung cancer, NHW N = 2550, NHB N = 49; (F) breast cancer, NHW N =352, NHB N =
102; (G) kidney cancer, NHW N = 508, NHB N = 46, (H) liver cancer, NHW N = 348, NHB N = 57; (I) cervical cancer, NHW N =109, NHB N = 21; and (J) head and neck
cancers, NHW N = 408, NHB N = 71. For all Kaplan-Meier curves, log-rank P values are shown with values split at upper tertile of cohort. HR, hazard ratio.
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