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Abstract

BACKGROUND

Low neutrophil-to-lymphocyte ratio (NLR) has been shown to be associated with a
favorable therapeutic response to nivolumab. The activation of immunocompetent cells
such as lymphocytes exhibits an antitumor effect; however, the development of
excessive immune responses in autologous organs along with the breakdown of self-
tolerance causes immune-related adverse events, including hypothyroidism. Therefore,
the possibility that NLR is associated with immune response shows that NLR can be not
only a predictive factor for good response to nivolumab but also a predictive factor for

the development of hypothyroidism.

AIM
To evaluate whether continuous NLR monitoring during nivolumab treatment is useful

for predicting the incidence and onset period of hypothyroidism.

METHODS

This retrospective study comprised patients who received nivolumab for treating all
types of cancer at our hospital between January 2015 and December 2019. The NLRs of
patients were measured before each administration, and the patients were followed up
till the administration of 12 doses. NLR at treatment initiation was compared between
patients with and without hypothyroidism. Patients who developed hypothyroidism
were categorized into three groups: those with NLR < 3.5, 3.5 to <5, and 2 5 according
to their maximum NLR from treatment initiation to hypothyroidism development.

Further, the onset periods of hypothyroidism were compared between the groups.

RESULTS
Overall, 104 patients were included in the analysis. Twenty-one patients developed
hypothyroidism throughout the observation period. NLR at treatment initiation was

significantly lower (2.54 + 1.21 wvs. 458 + 4.03; P = 0017) in patients with




hypothyroidism than in those without hypothyroidism, and patients with NLR < 5 had
a significantly higher incidence of hypothyroidism than those with NLR =5 (26%: 20 of
78 patients vs. 4%: 1 of 26 patients; P = 0.022). Additionally, treatment continuity in
patients with hypothyroidism was significantly longer than in those without
hypothyroidism (median not reached vs. 7 times administration, P = 0.010). Patients
with maximum NLR < 3.5 until the development of hypothyroidism had a significantly
earlier onset of hypothyroidism than those with maximum NLR = 5 (hazard ratio for

low tertile [NLR < 3.5] vs. high tertile [NLR = 5]: 5.33, P = 0.011).

CONCLUSION
Low NLR at treatment initiation increases the incidence of treatment-induced
hypothyroidism. Furthermore, its persistence may be a risk factor for the early onset of

hypothyroidism.
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Core Tip: This study evaluated whether continuous monitoring of neutrophil-to-
lymphocyte ratio (NLR) during nivolumab treatment is useful for predicting the
incidence and onset period of hypothyroidism. Patients with hypothyroidism had a
significantly lower NLR at treatment initiation, and hypothyroidism incidence was
higher among those with NLR < 5. Patients with persistently low NLR (<3.5) developed
hypothyroidism earlier than those with an NLR of 3.5 to <5 and 2=5. Low NLR at
treatment initiation increases the incidence of treatment-induced hypothyroidism.

Furthermore, its persistence may be a risk factor for the early onset of hypothyroidism.




INTRODUCTION

The immune checkpoint inhibitor nivolumab restores and activates antigen-specific T

cells that have become unresponsive to cancer cells by inhibiting the binding of
programmed death-1 (PD-1) to PD-1 Ligands (PD-L1) and exerts antitumor effectslll.
Nivolumab has been Sﬁccessfully used to treat various types of cancer, including
advanced melanoma, non-small-cell lung cancer, renal cell carcinoma, classical
Hodgkin lymphoma, head and neck cancer, gastric cancer, and malignant pleural
mesothelioma. Although nivolumab exerts a remarkable effect on cancer, it requires a
certain period until the manifestation of treatment responsel219. Considering that other
treatments may be required if nivolumab does not achieve a good treatment response,
early identification of predictive factors for its efficacy is highly desired. Treatment with
nivolumab is accompanied by immune-related adverse events (irAEs), such as
hypothyroidisml!!l. A recent study suggested that the development of irAEs was
associated with treatment benefit(!215l. The mechanism by which nivolumab elicits an
antitumor and antithyroid immune response has not been fully elucidated. The
activation of immunocompetent cells by nivolumab results in an antitumor effect.
However, the development of excessive immune responses in autologous organs along
with the breakdown of self-tolerance causes irAEs, such as hypothyroidism.
Neutrophil-to-lymphocyte ratio (NLR) has gained attention as a predictive factor for the
efficacy of nivolumab; particularly, low NLR at treatment initiation has been associated
with a favorable therapeutic responsel'®2l, Therefore, it is assumed that the association
of NLR with an immune response shows that NLR is both a predictive factor for
nivolumab efficacy and an indicator of the risk for hypothyroidism. In our previous
study with patients who responded to six or more doses of nivolumab, we showed that
patients with NLR < 5 at the 6th administration had a significantly higher incidence of
hypothyroidism!2!l. Although we showed the effect of low NLR on the incidence of
hypothyroidism, NLR was evaluated only at a fixed observation point, i.e., at the 6t

administration of nivolumab. In this study, we investigated whether continuous




monitoring of NLRs during nivolumab treatment is necessary to predict the frequency

and onset period of hypothyroidism.

MATERIALS AND METHODS

Patients

This single-center retrospective study comprised patients who received nivolumab
regardless of the type of cancer at the Jikei University Hospital between January 2015
and December 2019. The dosage of nivolumab was 3 mg/kg every 2 wk up to October
2018, and due to the revision in guidelines, the dosage of nivolumab was 240
mg/person every 2 wk thereafter. This study included patients who underwent
thyroid-stimulating hormone (TSH) and free thyroxine (FT4) measurements at every or
alternate administration of nivolumab to assess fluctuation in NLR. The exclusion
criteria were as follows: patients with a history of hypothyroidism, thyroid cancer;
those at treatment initiation; and those with TSH levels above the upper limit or FT4
Levels below the lower limit of the reference values. Patients who discontinued
nivolumab after single administration were also excluded from the analysis because
fluctuations in laboratory data could not be analyzed. The reference values of TSH and
FT4 Levels were 0.34-4.04 plU/mL and 0.88-1.67 ng/dL, respectively, based on the
Japanese Committee for Clinical Laboratory Standards. In this study, hypothyroidism
was defined as TSH levels exceeding the upper limit or FT4 Levels falling below the
lower limit of the reference values twice in a row during the nivolumab observation

period, with the follow-up period being up to the 12" administration.

NLR and nivolumab treatment continuity

NLR was calculated by dividing the absolute neutrophil and lymphocyte counts
measured in peripheral blood samples at each administration. The follow-up period
was up to the 12t administration, and each NLR from treatment initiation to the 12th
administration was investigated. The decision to discontinue treatment was made by

the clinician depending on the progression of disease or the development of severe




irAEs. Fluctuations in NLRs were assessed for the following groups of patients: those
who discontinued treatment after administering nivolumab <6 times, those who
discontinued treatment after administering nivolumab 6-11 times, and those who
administered nivolumab =12 times. In particular, we compared NLR fluctuation at
treatment initiation and discontinuation among the patients who received nivolumab
<6 times and 6-11 times. Among the patients who received nivolumab >12 times, we
compared NLR fluctuation at treatment initiation and the 12th administration.
Furthermore, we categorized the patients into three groups according to the tertiles
of their mean NLR as follows: NLR < 3.5, NLR 3.5 to <5, and NLR 2 5 during the
observation points. This analysis compared the differences in treatment continuity

between the NLR 3.5 to <5 and NLR = 5 groups relative to the NLR < 3.5 group.

NLR and hypothyroidism

Patients were classified into two groups according to the presence or absence of
hypothyroidism, and the difference in treatment continuity between the two groups
was evaluated.

Patients who developed hypothyroidism were categorized into three groups
according to the tertiles of their maximum NLR from treatment initiation to
development of hypothyroidism as follows: NLR < 3.5, NLR 3.5 to <5, and NLR = 5. The
onset period of hypothyroidism was defined as the number of times nivolumab was
administered until the onset. This analysis compared the differences in onset period of
hypothyroidism between the NLR < 3.5 and NLR 3.5 to <5 groups relative to the NLR =
5 group.

Statistics

The distribution of continuous variables was evaluated using the Shapiro-Wilk test.
Based on the distribution of the data, continuous variables were statistically analyzed
using the Student t test or Mann-Whitney’s U-test. Categorical variables were

statistically analyzed using Fisher's exact test. For comparing the NLR levels during




nivolumab treatment or at discontinuation, we used the Wilcoxon signed-rank test for
the following groups: patients who discontinued treatment after administering
nivolumab <6 times, those who discontinued treatment after administering nivolumab
6-11 times, and those who administered nivolumab =12 times. The differences in
nivolumab treatment continuity and onset period of hypothyroidism were calculated
using the Kaplan-Meier method and analyzed using the log-rank test and Cox
proportional hazards analysis. All statistical data were analyzed using the BellCurve for
Excel (Social Survey Research Information Co., Ltd. Tokyo, Japan). The significance

level of the tests was set at 0.05.

RESULTS

Patients and NLR at treatment initiation

A total of 104 patients were included in the analysis. Nivolumab was administered
primarily at 2-week intervals, but it was temporarily administered at 3-week intervals
when the hospital was closed or requested by the patient. Table 1 summarizes the
background characteristics of patients who received nivolumab and their types of
cancers. Throughout the observation period, 21 of 104 (20%) patients developed
hypothyroidism. NLR at treatment initiation in patients with hypothyroidism was
significantly lower than that in patients without hypothyroidism (2.54 + 1.21 vs. 458 +
4.03; P = 0.017). Patients with NLR < 5 had a significantly higher incidence of
hypothyroidism than those with NLR =5 (26%: 20 of 78 patients vs. 4%: 1 of 26 patients;
P =0.022).

Association between NLR and nivolumab treatment continuity

The median values of NLR at treatment initiation in patients who received nivolumab
administration <6, 6-11, and >12 times were 4.01, 3.03, and 2.64, respectively (Figure
1A-C). A significant increase in NLR was observed at discontinuation in 40 patients
who discontinued treatment after administering nivolumab <6 times (median NLR, 4.01

vs. 5.92, P = 0.020; Figure 1A). The reasons for the discontinuation of nivolumab in these




patients were progression of disease in 34 patients and development of severe irAEs in
six patients (pneumonitis: two patients, rashes: one patient, myocarditis: one patient,
hypophysitis: one patient, and eosinophilia: one patient). A significant increase in NLR
was observed at discontinuation in 32 patients who discontinued treatment after
administering nivolumab 6-11 times (median NLR, 3.03 vs 3.50, P = 0.038; Figure 1B).
The reasons for the discontinuation of nivolumab in these patients were progression of
disease in 26 patients and severe irAEs in six patients (pneumonitis: three patients,
rashes: two patients, and colitis: one patient). Finally, no significant differences in NLR
were observed between the treatment initiation and the 12th administration in 32
patients who received nivolumab =12 times (median NLR, 2.64 vs. 2.32, P = 0.940;
Figure 1C).

When the population was categorized into three groups based on the tertiles of their
mean NLR during the observation period as NLR <3.5, 3.5 to <5, and 25, we observed a
significant difference in treatment continuity between the three groups, as shown in
Figure 2. The median number of times that nivolumab was administered in each group
with mean NLR <3.5, 3.5 to <5, and =5 was 11.5, 8, and 4, respectively. The groups with
mean NLR < 3.5 and 3.5 to <5 had significantly longer treatment continuity than the
group with NLR = 5 (hazard ratio [HR] for low tertile compared with high tertile: 0.23;
95% confidence interval [CI]: 0.13-0.41, P < 0.001; HR for middle tertile compared with
high tertile: 0.32; 95% CI: 0.17-0.60; P < 0.001).

Association between NLR and hypothyroidism
Treatment continuity was significantly longer in patients who developed
hypothyroidism than in patients without hypothyroidism (median not reached vs. 7
times administration, P = 0.010; Figure 3).

No patients discontinued nivolumab due to hypothyroidism. In patients who
developed hypothyroidism, the reasons for discontinuing nivolumab during the
observation period were progression of disease in nine patients and severe irAEs in two

patients (pneumonitis: one patient and rashes: one patient). In patients without




hypothyroidism, the reasons for discontinuing nivolumab during the observation
period were progression of disease in 51 patients and severe irAEs in ten patients
(pneumonitis: four patients, rashes: two patients, myocarditis: one patient, colitis: one
patient, eosinophilia: one patient, and hypophysitis: one patient ).

When the population was categorized into three groups based on the tertiles of their
maximum NLR from treatment initiation to development of hypothyroidism, we
observed a significant difference in the onset period, as shown in Figure 4. The median
onset periods of each group with maximum NLRs of <3.5, 3.5 to <5, and =5 were at 5%,
6th, and 9th administrations, respectively. The groups with maximum NLR < 3.5 had a
significantly earlier onset of hypothyroidism than the group with NLR = 5, whereas
there was no significant difference in the onset periods of the groups with maximum
NLRs of 3.5 to <5 and 25 (HR for low tertile compared with highest tertile: 5.33; 95% CI:
1.47-19.33, P = 0.011; HR for middle tertile compared with highest tertile: 3.15; 95% CI:
0.83-11.89, P = 0.091).

DISCUSSION

This study evaluated treatment outcomes as the number of times of nivolumab
administration. The median values of NLR at treatment initiation in patients who
adminitered nivolumab <6, 6-11, and 212 times were 4.01, 3.03, and 2.64, respectively.
Previous studies have found that low NLR at treatment initiation is associated with
favorable therapeutic outcomesl'¢-20l; the results of this study are similar to those
previously reported. Because the cancer treatment response to nivolumab is assessed up
to the 6% administration!210, patients who discontinue after adminitering nivolumab <6
times are considered to show a lack of therapeutic effect, whereas those who
discontinue after administering nivolumab 6-11 and 212 times are considered to show a
therapeutic effect. Therefore, patients with high NLR at treatment initiation may not
show a therapeutic effect until the 6" administration, increasing the possibility of

discontinuation.




A previous study reported that low NLR at the 4" administration of nivolumab was
associated with prolongation in overall survivallZ2l and that responding patients
showed a decline in their longitudinal NLR over timel23l. We found that patients with
mean NLR < 3.5 and 3.5 to <5 had significantly longer treatment continuity than those
with mean NLR = 5. Thus, we suggest that low NLR (mean NLR < 5) can be useful for
predicting treatment continuity. Interestingly, a significant increase in NLR was
observed at treatment discontinuation (Figure 1A-C). PD-1 expressed on activated T
cells binds to PD-L1 expressed on cancer cells to transmit an inhibitory signal to T cells;
however, nivolumab promotes the reactivation of the immune response by suppressing
this inhibitory signall'24l. Thus, low NLR levels indicates that the antitumor effect of
nivolumab sustains the lymphocyte-dominant immune state, whereas an increase in
NLR indicates that the weakened immune activation affects the discontinuation of
nivolumab.

Patients who developed irAEs have shown favorable treatment response to
nivolumabl1213], Furthermore, it has recently been reported that patients who developed
hypothyroidism, one of the irAEs, during treatment also showed a favorable
therapeutic responsel!415. Our study showed that patients with hypothyroidism have a
longer treatment continuity than those without hypothyroidism, supporting the results
of the previous studies.

Although it has been mentioned above that monitoring NLR fluctuations during
treatment is useful for predicting the therapeutic effect, whether NLR fluctuations can
be used to predict the onset period of hypothyroidism is an interesting topic. However,
Matsukane et al. showed that there was no significant change in NLR from the period of
treatment initiation to development of hypothyroidism in patients who developed
hypothyroidism after administering nivolumabl?3l. Thus, NLR fluctuations during
treatment cannot predict the development of hypothyroidism. However, the present
study revealed that patients who developed hypothyroidism showed significantly
lower NLR at treatment initiation and patients with NLR < 5 showed a significantly

higher incidence of hypothyroidism than those with NLR = 5. We further investigated




whether the persistence of low NLR affected the difference in the onset period of
hypothyroidism. In particular, we investigated whether patients with NLR < 3.5 and
NLR 3.5 to <5 at treatment initiation had an earlier onset period than those with NLR >
5. This study showed that patients with maximum NLR of <3.5 until the development
of hypothyroidism had a significantly earlier onset of hypothyroidism than those with
NLR = 5. Thus, persistently low NLR may be a risk factor for the early development of
hypothyroidism. Monitoring the maximum NLR using a cutoff value of <3.5 as a
reference is clinically helpful in predicting the early onset of hypothyroidism.

This study has several limitations. First, this was a retrospective study conducted at a
single institution, and the cancer types of patients were not specified. Additionally,
there was a bias in cancer types of the patient population. Second, due to the limited
sample size of this study population, follow-up with larger populations is needed for
verification. Third, the follow-up period was limited to the 12" dose of nivolumab. In
fact, in some patients, hypothyroidism develops after 12 doses; hence, the incidence of
hypothyroidism should be evaluated throughout the treatment period. Fourth, we
analyzed the treatment continuity of nivolumab rather than its therapeutic response as
a criterion of therapeutic effect. Further studies are needed on NLR fluctuations via
treatment response.

The involvement of antithyroid peroxidase antibody or antithyroglobulin antibody
has been shown as a factor related to the development of hypothyroidisml!2¢l. However,
these laboratory data are not measured regularly in daily clinical practice. Alternatively,
as the neutrophil and lymphocyte counts are regularly measured, the possibility of
using NLR as a predictive factor was considered to be useful for the evaluation of the

treatment continuity of nivolumab and associated adverse effects.

CONCLUSION

Low NLR at treatment initiation increased the incidence of treatment-induced

hypothyroidism. Low NLR levels were also associated with the treatment continuity of




nivolumab. Thus, the persistence of low NLR may be a risk factor for the early

development of hypothyroidism.

ARTICLE HIGHLIGHTS

Research background

The activation of immunocompetent cells by nivolumab exerts an antitumor effect.
However, excessive immune responses developed in autologous organs along with the
breakdown of self-tolerance causes immune-related adverse events (irAEs), such as

hypothyroidism.

Research motivation

Low neutrophil-to-lymphocyte ratio (NLR) values have been shown to be associated
with a favorable therapeutic response to nivolumab. The possibility that NLR is
associated with immune response implies that NLR can be not only a predictive factor
for good response to nivolumab but also a predictive factor for the development of

hypothyroidism.

Research objectives
We aimed to evaluate whether continuous monitoring of NLRs during nivolumab

treatment is useful for predicting the incidence and onset period of hypothyroidism.

Research methods

NLR of patients who received nivolumab treatment was measured before each
administration. NLR at treatment initiation was compared between patients with and
without hypothyroidism during the treatment period. Patients who developed
hypothyroidism were categorized into three groups as those with NLR < 3.5, NLR 3.5 to
<5, and NLR = 5 according to their maximum NLR from treatment initiation to
hypothyroidism development, and the onset periods of hypothyroidism were

compared.




Research results

Patients with hypothyroidism showed significantly lower NLR at treatment initiation,
and the incidence of hypothyroidism was higher among those with NLR < 5. Patients
with persistently low NLR (<3.5) developed hypothyroidism earlier than those with
NLR 3.5 to <5and NLR = 5.

Research conclusions
Low NLR at treatment initiation increases the incidence of treatment-induced
hypothyroidism. Moreover, its persistence may be a risk factor for the early onset of

hypothyroidism.

Research perspectives
The follow-up period in this study was limited to the 12% dose of nivolumab. The

incidence of hypothyroidism should be evaluated throughout the treatment period.
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