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Background: Inflammatory biomarkers have been reported to be associated with anticancer drug efficacy in
various cancers. This study aimed to investigate the associations between baseline inflammatory biomarkers or
dynamics of neutrophil-to-lymphocyte ratio (NLR) and treatment outcomes of lenvatinib in ATC.
Methods: Twenty ATC patients whose complete blood count were available were included in this study.
Patients characteristics, overall survival (OS), and the associations between baseline inflammatory biomarkers
or dynamics of NLR and treatment outcomes of lenvatinib were investigated.

Results: All 20 patients had a median baseline NLR of 4.5 (range, 1.4-19.7), a median platelet-to-
lymphocyte ratio (PLR) of 169.9 (range, 66.8-671.1), and a median lymphocyte-to-monocyte ratio (LMR)
of 2.6 (range, 0.5-5.5). The median OS was 4.2 (95% CI: 1.1-10.3) months in patients with baseline NLR
<4.5 and 3.1 (95% CI: 1.1-8.3) months in patients with baseline NLR >4.5 (P=0.681). The median OS was
4.2 (95% CI: 1.1-7.8) months in patients with baseline PLR <169.9 and 3.9 (95% CI: 0.6-8.3) months in
patients with baseline PLR >169.9 (P=0.822). The median OS was 3.7 (95% CI: 1.1-9.8) months in patients
with baseline LMR <2.6 and 4.2 (95% CI: 0.6-5.4) months in patients with baseline LMR >2.6 (P=0.421).
NLR was increased more than the standard deviation of the baseline NLR after lenvatinib initiation in two
of 16 patients with follow-up NLR data available. The median OS was 2.0 (95% CI: 1.1- not estimable)
months in the increased group but was 5.3 (95% CI: 3.1-9.8) months in the non-increased group (P=0.003).
Conclusions: There was seemed to be no association between prognosis or treatment efficacy of lenvatinib
and baseline inflammatory biomarker values in our cases with ATC. However, we possibly estimate prognosis

for AT'C during lenvatinib treatment by observing the dynamics of NLR.
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Introduction

Anaplastic thyroid carcinoma (ATC), which is composed
of 1-2% of all thyroid carcinomas, has very poor prognosis
and, there is no established effective treatment strategy (1,2).

Lenvatinib inhibits various signal receptors, and showed
a good efficacy in global phase III study for differentiated
thyroid carcinoma (DTC) patients (3). Additionally,
lenvatinib is also used for ATC patients in Japan since it
had a significantly antitumor effect (4). We previously
reported that patients with ATC treated with lenvatinib
had a good response, disease control rate, and overall
survival (OS) rate (5).

Inflammatory reactions have been reported to be
associated with tumor progression, and also affects immune
surveillance (6). The neutrophil-to-lymphocyte ratio
(NLR), which is considered to be as a systemic marker
of inflammation, and the dynamics of NLR have been
reported to be associate with prognosis or treatment
efficacy in various cancers (7-11). Other inflammatory
biomarkers, such as platelet-to-lymphocyte ratio (PLR)
and lymphocyte-to-monocyte ratio (LMR), have been also
reported to be associated with cancer prognosis (10,12).
Yamazaki er al. revealed that the dynamics of NLR have
association of prognosis in AT'C patients (13). Additionally,
Fukuda et al. reported that the baseline NLR value is a
potential prognostic marker (14).

We conducted this study to investigate the associations
between baseline inflaimmatory values and dynamics of
NLR, and treatment outcomes of lenvatinib for AT'C in our
institution. We present the following article in accordance
with STROBE reporting checklist (available at http://
dx.doi.org/10.21037/gs-20-871).

Methods
Subjects

The medical records of AT'C patients treated with lenvatinib
from May 2015 to December 2019 were retrospectively
reviewed. Baseline patient characteristics, blood test,
efficacy of lenvatinib, and survival were subsequently
collected for analysis. This study included patients with
age of 18 or older, confirmed ATC by histopathological
examination, whose baseline complete blood count (CBC)
data were available. The exclusion criterion was double
primary carcinoma at diagnosis. Four ATC patients were
excluded because of unavailability of baseline CBC data.
Ultimately, 20 patients with ATC were included in this
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study. All patients had no comorbidities such as autoimmune
disease, and did not take a medicine such as steroid and
other immunosuppressant. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). The protocol of this retrospective study was
approved by the Institutional Review Board of Kanagawa
Cancer Center (IRB approval no. 2019-146) and the need
for informed consent was waived due to the retrospective
nature of this study.

Definitions

The cancer staging used the latest American Joint
Committee on Cancer tumor-node-metastasis staging
system (15). Baseline CBC data were obtained while
the patients were in a stable condition, which had no
other inflammatory factor such as infection, before
undergoing surgery or core needle biopsy for ATC. The
Response Evaluation Criteria in Solid Tumors, version 1.1
classification scheme was used for assessing the efficacy of
lenvatinib (16). NLR, PLR, and LMR was calculated like
previous study (13). OS was calculated as the duration from
the point of starting lenvatinib to the date of death from any
cause.

Outcomes

Baseline inflammatory biomarkers and OS

The median baseline NLR was 4.5, PLR was 169.9, and
LMR was 2.6 in all 20 patients. We subclassified patients
into the two groups based on a median baseline value of
each inflammatory markers, and compared OS between
high and low value groups.

Dynamics of NLR after treatment with lenvatinib and
(O

In 16 patients with ATC with follow-up NLR data
available, we collected NLR data of the first two months
after initiation of lenvatinib, because first image assessment
timing was two months after initiation of lenvatinib
previous trial (3). We investigated the dynamics of NLR
between baseline and after treatment of lenvatinib. The
post-treatment NLR minus NLR at baseline was defined
as the difference in NLR. Increased NLR was defined as an
NLR increase of more than the standard deviation of the
baseline NLR (17). With this in mind, we subclassified the
16 patients with AT'C into an increased group and a non-
increased group, then compared OS between the two.
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Table 1 Baseline characteristics of the study participants

Characteristics Total (n=20)
Sex
Male 9
Female 11
Age (years), mean + SD 73.6+9.0

Performance status

0, 1

>2
WBC count (/uL), mean + SD
Neutrophil (%), mean = SD
Lymphocyte (%), mean + SD
Monocyte (%), mean = SD
Platelet (x10%/uL), mean + SD
NLR

Mean + SD

Median (range)
PLR

Mean + SD

Median (range)
LMR

Mean + SD

Median (range)
Initial dose (mg)

24

<20
Best clinical response

Complete response

Partial response

Stable disease

Progressive disease

Not evaluable

11,090+5,067
71.0+11.1
18.0£9.4
6.7+2.0
29.7+10.0

6.1+5.3
4.5(1.4-19.7)

215.6+142.6
169.9 (66.8-671.1)

2.7+1.2
2.6 (0.5-5.5)

12

N~ ~ N o

4

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SD,

standard deviation; WBC, white blood cell.
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Statistical analysis

All statistical analyses were conducted using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria) (18). Continuous
variables were compared using the Mann-Whitney U test.
An OS curve was constructed using the Kaplan-Meier
method. A P value of less than 0.05 was considered to be
statistically significant. None of the patients were lost to
follow-up.

Results
Baseline patient characteristics

Table 1 shows patient characteristics. This study included nine
men and 11 women with an average age of 73.6+9.0 years. All
patients had a mean baseline NLR of 6.1+5.3 with a median
of 4.5 (range, 1.4-19.7), mean baseline PLR of 215.6+142.6
with a median of 169.9 (range, 66.8-671.1), and mean baseline
LMR of 2.7+1.2 with a median of 2.6 (range, 0.5-5.5). No
significant differences in baseline inflammatory biomarkers
were observed between AT'C patients whose primary thyroid
tumor was resectable (n=6) and unresectable (n=14) [median
NLR: resectable, 4.9 (range, 1.8-19.7) vs. unresectable, 4.4
(range, 1.4-16.7); P=0.509, median PLR: resectable, 230.3
(range, 66.-671.1) vs. unresectable, 164.4 (range, 68.2-377.6);
P=0.547, median LMR: resectable, 2.7 (range, 0.5-4.1) vs.
unresectable, 2.6 (range, 1.6-5.5); P=0.901].

The patients with or without clinical benefit of lenvatinib
(complete response, partial response, or stable disease)
showed median OS lengths of 7.6 (95% CI: 2.3-10.3)
and 2.8 (95% CI: 1.1-4.7) months, respectively (P=0.042)
(Figure I). Although patients who received the clinical
benefit of lenvatinib achieved better OS than those who did
not, baseline inflammatory markers were not significantly
different between the two populations (Figure 2).

Baseline inflammatory markers and OS

Baseline NLR and OS
The median OS was 4.2 (95% CI: 1.1-10.3) months in patients
with baseline NLR <4.5 and 3.1 (95% CI: 1.1-8.3) months
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in patients with baseline NLR >4.5, respectively (P=0.681)
(Figure 3A). The median OS was 4.2 (95% CI: 1.1-7.8) months
in patients with baseline PLR <169.9 and 3.9 (95% CI: 0.6-
8.3) months in patients with baseline PLR >169.9, respectively,
(P=0.822) (Figure 3B). Finally, the median OS was 3.7 (95% CI:
1.1-9.8) months in patients with baseline LMR <2.6 and 4.2
(95% CI: 0.6-5.4) months in patients with baseline NLR >2.6,
respectively (P=0.421) (Figure 3C). There were no significant

— Clinical benefit (+)
---- Clinical benefit (-)

80 !

(o]
o
|

Overall survival (%)

Time (months)

Figure 1 Overall survival based on the clinical benefit of
lenvatinib. The study participants with or without a clinical benefit
of lenvatinib (stable disease or partial response) had a median
overall survival of 7.6 [95% confidence interval (CI): 2.3-10.3] and
2.8 [95% CI: 1.1-4.7] months, respectively (P=0.042).

855

differences in OS between each group by baseline inflammatory
biomarker value.

Dynamics of NLR after treatment of lenvatinib and OS
Table 2 shows CBC and inflammatory biomarkers after
initiation of lenvatinib. Separately, Figure 44 displays the
dynamics of NLR between baseline and after the initiation
of lenvatinib, where NLR was increased more than the
standard deviation of the baseline NLR after lenvatinib
initiation in two of 16 patients with ATC. The median
OS was 2.0 (95% CI: 1.1- not estimable) months in the
increased group but was 5.3 (95% CI: 3.1-9.8) months in
the non-increased group (P=0.003) (Figure 4B).

Discussion

This study investigated the association between
inflammatory biomarkers and treatment outcomes of
lenvatinib in AT'C. There were no significant differences
in OS by baseline inflammatory biomarker values recorded
during lenvatinib treatment for AT'C. However, patients
whose NLR values increased during lenvatinib treatment
experienced a worse prognosis.

It has been reported that a median NLR in DTC
patients is from 1.57 to 2.44 (19-21). Meanwhile, poorly
differentiated thyroid carcinoma and ATC patients
probably have higher NLR than DTC (19). The patients
with AT'C included in this study had a mean and median

A NLR B PLR C LMR
20 . X .
P=0.849 600 1 P=0.656 57 P=0.425
154 — 500 4 -1
4001 - ‘
10+ H 37
300 -
2
; 100 | "

Clinical benefit () Clinical benefit (+)

Clinical benefit ()

Clinical benefit (+) Clinical benefit ()  Clinical benefit (+)

Figure 2 Association between baseline inflammatory biomarker values and clinical benefit of lenvatinib. No significant differences in
baseline neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR) were
observed between study participants with and those without a clinical benefit (complete response, partial response, and stable disease) of
lenvatinib [(A) median NLR: with clinical benefit: 4.6 (range, 1.4-16.7) vs. without clinical benefit: 4.5 (range, 1.6-19.7), P=0.849; (B)
median PLR: with clinical benefit: 171.7 (range, 69.6-365.1) vs. without clinical benefit: 155.7 (range, 66.8—-671.1), P=0.656; (C) median
LMR: with clinical benefit: 2.7 (range, 1.7-4.2) vs. without clinical benefit: 2.5 (range, 0.5-5.5), P=0.425].

© Gland Surgery. All rights reserved.

Gland Surg 2021;10(3):852-860 | http://dx.doi.org/10.21037/gs-20-871



856

Yamazaki et al. Dynamics of NLR in lenvatinib treatment for ATC

A Baseline NLR B Baseline PLR C Baseline LMR
100
= —— Low —_ —— Low =
S ---- High X ---- High =
g g g
2 2 2
3 3 3
e I <
[ o [
5 3 S
0 01
0 5 10 15 20 25 0 5 10 15 20 25

Time (months)

Time (months)

Time (months)

Figure 3 Overall survival based on the baseline inflammatory biomarker values. (A) The median overall survival (OS) was 4.2 [95% confidence
interval (CI): 1.1-10.3] months in patients with baseline neutrophil-to-lymphocyte ratio (NLR) <4.5 and 3.1 (95% CI: 1.1-8.3) months in
patients with baseline NLR >4.5, respectively (P=0.681). (B) The median OS was 4.2 (95% CI: 1.1-7.8) months in patients with baseline
platelet-to-lymphocyte ratio (PLR) <169.9 and 3.9 (95% CI: 0.6-8.3) months in patents with baseline PLR >169.9, respectively, (P=0.822)

[with baseline NLR >2.6, respectively (P=0.421) (C)].

Table 2 Complete blood count and inflammatory biomarkers data
after initiation of lenvatinib

Total (n=16)

WBC count (/uL), mean + SD 8,868+4,561
Neutrophil (%), mean + SD 67.8+13.0
Lymphocyte (%), mean + SD 19.4+10.8
Monocyte (%), mean + SD 6.1+2.6
Platelet (x10*/pL), mean + SD 18.7£14.3
NLR

Mean + SD 6.9+10.2

Median (range) 4.5 (1.2-43.4)
PLR

Mean + SD 152.6+114.7

Median (range) 118.1 (43.0-430.3)

LMR
Mean + SD 3.5+1.7
Median (range) 3.6 (1.0-7.0)

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SD,
standard deviation; WBC, white blood cell.
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NLR values of 6.1 and 4.5, respectively. These values were
as high as previous reports (4,19). In DTC and medullary
thyroid carcinoma, NLR or PLR have been reported to
be associated with advanced stage, recurrence, treatment
efficacy, and metastases (7,22-24). However, there were no
reports on association between PLR and lenvatinib efficacy
in ATC, and this is the first study.

Elsewhere, high baseline NLR has been reported to
be associated with poor response rate in anticancer drug
therapy (25-27). Similarly, higher baseline NLR was
reported to be associated with poor prognosis in lenvatinib
treatment for ATC (14). However, our study did not show
a significant association between baseline inflammatory
biomarkers, including NLR, and treatment outcome of
lenvatinib. We think that the different cutoff value caused
these results. In previous report, the NLR cutoff value was
determined by using receiver operating characteristic curve
analysis of the disease control rate. On the other hand,
we chose the median NLR for cutoff value in this study.
Further case accumulation is needed to determine properly
cutoff value of NLR for ATC.

In a phase II open-label study of lenvatinib for ATC,
the median PFS was 7.4 months, the median OS was
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Figure 4 Dynamics of neutrophil-to-lymphocyte ratio after lenvatinib initiation and overall survival. (A) The solid lines show patients with

increased neutrophil-to-lymphocyte (NLR) values and the dotted lines show patients with non-increased NLR values after the initiation of
lenvatinib. Increased NLR was defined as an NLR increase of more than the standard deviation of the baseline NLR. (B) The median overall
survival (OS) was 2.0 [95% confidence interval (CI): 1.1- not estimable] months in the increased group but was 5.3 (95% CI: 3.1-9.8) months

in the non-increased group (P=0.003).

10.6 months, and the objective response rate was 24% (28).
In our study, the response rate was 10%, and the patients
who received the clinical benefit of lenvatinib tended
to show better OS. However, there was no significant
difference in baseline inflammatory biomarker values
between patients with and without a resulting clinical
benefit of lenvatinib. Therefore, at least in this study, it
seemed to be difficult to accurately predict the association of
OS or treatment efficacy of lenvatinib in patients with ATC
using baseline inflammatory biomarker values. We have
previously examined the association between the treatment
efficacy of lenvatinib and the expression of target receptors
in ATC tissues, and reported that the fibroblast growth
factor receptor 4 expression was associated with treatment
efficacy (29,30). Additionally, the same association has
also been shown in hepatocellular carcinoma (HCC) (31).
Therefore, the response to lenvatinib might be influenced
not only by baseline inflammatory biomarkers but also
the expression of target receptors. In this study, there was
no association between baseline PLR value and treatment
efficacy though lenvatinib inhibits platelet-derived growth
factor receptor o (PDGFRa). One possible reason is that
lenvatinib shows antitumor effect by mainly inhibiting
vascular endothelial growth factor 2 (29). Another possible
reason is that the expression of PDGFRo in tumor tissue
may be more correlated with efficacy than PLR value.

© Gland Surgery. All rights reserved.

There is no report on the expression of PDGFRa and
lenvatinib treatment, and further study is needed to
investigate this association.

Not only baseline NLR but also the dynamics of NLR
have been reported to be associated with treatment efficacy.
Moschetta et al. postulated that increased NLR after
immunotherapy had a negative effect on PFS in clinical
trials studying various cancers (9). In advanced biliary tract
cancer, high NLR with increased NLR after chemotherapy
was associated with worse OS and PFS, and it was suggested
that systemic inflammation represented by NLR might
predict treatment outcomes in such patients (10). In non-
small cell lung cancer, during nivolumab therapy, the early
dynamics of NLR were considered to be associated with
the late efficacy of subsequent salvage chemotherapy (11).
In this study, NLR was increased more than the standard
deviation of the baseline NLR after lenvatinib initiation
in two of 16 patients, and the median OS of the increased
group was worse than that of the non-increased group.
Therefore, NLR dynamics in the treatment of lenvatinib
for AT'C may be associated with efficacy as well as other
carcinomas or other anticancer drug therapies. Nakano
et al. evaluated the changes in the NLR before and one
month after molecular-targeted treatment which included
lenvatinib and reported that HCC patients with decreased
neutrophil-to-lymphocyte ratio survived significantly longer

Gland Surg 2021;10(3):852-860 | http://dx.doi.org/10.21037/gs-20-871



858

than patients with increased neutrophil-to-lymphocyte ratio
(32). In our study, we collected NLR data of the first two
months after initiation of lenvatinib based on previous trial,
but the trial included only DTCs. Since ATCs progress
rapidly compared with DTC, we may need to evaluate
the change of NLR at shorter interval like HCC. Further
prospective study is needed to determine the appropriate
evaluation interval.

In DTC, thyroglobulin can be a marker for tumor
progression, and it is indicated that the reduction of
thyroglobulin may be a marker of response in lenvatinib
therapy (33,34). However, AT'C has no useful marker for
assessing tumor progression like DTC. Our findings suggest
that NLR was increased in two of 16 patients, and these
patients had tended to have worse OS like previous report (13).
Therefore, there was the possibility that NLR increase reflects
treatment resistance to lenvatinib in ATCs. If the dynamics of
NLR are associated with disease progression in ATC, NLR
may be clinically useful for conducting follow-up during
lenvatinib treatment because CBC can be routinely performed
in clinical practice.

The present study has some limitations worth noting.
First, this was a single-center retrospective investigation
that included a small number of patients. Second, there was
a degree of selection bias in this study because we excluded
patients with ATC whose baseline inflammatory biomarker
values were not calculated. Finally, the initial doses of
lenvatinib were different in some patients, and this might
have affected the treatment efficacy and NLR dynamics.
Despite these limitations, we believe that the results of
this study are important given that this, to our knowledge,
is the largest study to investigate the association between
inflammatory biomarker values and treatment outcomes of
lenvatinib in ATC.

In conclusion, there was seemed to be no association
between prognosis or treatment efficacy of lenvatinib and
baseline inflammatory biomarker values in our cases with
AT C. However, we possibly estimate prognosis for ATC
during lenvatinib treatment by observing the dynamics of
NLR. Further large-scale prospective studies are needed to
clarify the association between inflammatory biomarker values
and treatment outcomes of lenvatinib in patients with ATC.
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