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Neutrophil-to-Lymphocyte Ratio as a Prognostic Marker
for Anaplastic Thyroid Cancer Treated With Lenvatinib
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Abstract. Background/Aim: Lenvatinib is one of the few
options for patients with anaplastic thyroid cancer (ATC).
However, tumor markers for ATC treated with lenvatinib is
lacking. The aim of this study was to explore whether the
neutrophil-to-lymphocyte ratio (NLR) can be a tumor marker
for ATC treated with lenvatinib. Patients and Methods: We
retrospectively analyzed the prognostic significance of the
NLR in 13 ATC patients treated with lenvatinib. Results: The
disease control rate was better in patients with lower NLR
(<8; 89%) than higher NLR (=8; 25%) (p=0.05). Median
progression-free survival and overall survival were longer in
patients with lower NLR than higher NLR (4.0 vs. 1.6 months,
p<0.05; and 10.2 vs. 3.8 months, p<0.05, respectively).
Patients whose NLR on day 14 decreased compared to
baseline had a slightly higher overall response rate than
patients without NLR decrease (42.9% vs. 0%, p=0.19).
Conclusion: The baseline NLR is a potential prognostic
marker, and the change of NLR can be an early indicator of
response for ATC patients treated with lenvatinib.

According to the GLOBOCAN, it is estimated that 567,000
patients newly diagnosed with thyroid cancer worldwide, and
41,000 of these patients died from the disease in 2018 (1).
Approximately 95% of thyroid cancer cases involve
differentiated thyroid cancer (DTC), including papillary
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thyroid cancer and follicular thyroid cancer (2, 3). The
majority of DTC cases tend to be of a slow-growing nature;
however, the prognosis of anaplastic thyroid cancer (ATC) is
extremely poor, with a disease-specific mortality >90% (4).
Although ATC comprises only 1-2% of all thyroid cancers,
ATC accounts for 14-39% of all thyroid cancer deaths (5, 6).
Lenvatinib is an antiangiogenic multi-kinase inhibitor (MKI)
that prevents ligand-induced receptor autophosphorylation of
vascular endothelial growth factor receptor (VEGF-R) 1-3,
fibroblast growth factor receptor 1-4, ret proto-oncogene
(RET), stem cell factor receptor (KIT), and platelet-derived
growth factor receptor-alpha (PDGFRa) (7-9). A phase 3
study of lenvatinib in patients with radioactive iodine ablation-
refractory (RR)-DTC showed improvement in progression-free
survival (PFS) compared to placebo (10). Moreover, lenvatinib
exhibited efficacy and safety for patients with ATC [objective
response rate (ORR)=24%] in a phase 2 trial (11, 12).

No tumor markers for ATC have been established.
Thyroglobulin, a well-known tumor marker for RR-DTC, is
widely used for post-operative follow-up and as a supportive
indicator for starting MKIs (13). However, thyroglobulin is
not suitable for use in ATC patients. In a large Japanese
cohort of ATC patients, the presence of acute symptoms,
leukocytosis [white blood cell (WBC) count 210,000/mm3),
large tumor size (=5 cm), T stage (T4b), and presence of
distant metastases were associated with a poor prognosis
(14). These factors are used as a prognostic index to
determine the appropriate treatment strategy for ATC, but
their use in patients with recurrent or metastatic ATC
receiving lenvatinib is not established.

We previously reported that the neutrophil-to-lymphocyte
ratio (NLR) can be a prognostic factor for RR-DTC patients
treated with lenvatinib (15). The NLR is the absolute number
of neutrophils divided by the absolute number of
lymphocytes, as determined from a complete blood cell
count. A systematic review and meta-analysis reported that
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Table 1. Patient characteristics (n=13).

Table II. Efficacy of lenvatinib based on the NLR.

Number %
Age Median (range) 68 (39-80)
Gender Male 4 31
Female 9 69
ECOG PS 0 9 69
1 4 31
Initial stage IVB 10 77
(AJCC 8th) IvC 3 23
Metastatic sites Lung 10 77
Lymph node 7 54
Bone 1 8
Prior therapies Surgery 10 77
External beam radiotherapy 6 46
Chemotherapy 4 31
Pretreatment WBC ~ Median (range) 5900
(/mm?3) (4300-31500)
Pretreatment NLR Median (range) 5.02
(1.34-30.56)
Leukocytosis 3 23

ECOG PS: Eastern Cooperative Oncology Group performance status;
AJCC: American Joint Committee on Cancer; WBC: white blood cell;
NLR: neutrophil-to-lymphocyte ratio.

the NLR reflects the balance of systemic immunity while
being associated with survival in patients with solid tumors
(16). In a phase 2 trial of lenvatinib for treating thyroid
cancer patients, including those with ATC, a non-significant
trend suggested that pre-treatment NLR is associated with
shorter PFS (12). Moreover, in a retrospective cohort study,
ATC patients whose NLR increased during follow-up period
showed worse prognosis than non-increased patients (17).
We, therefore, performed an exploratory analysis of the NLR
as a marker lenvatinib treatment for ATC in this study.

Patients and Methods

We retrospectively analyzed recurrent or metastatic ATC patients
who were treated with lenvatinib from December 2012 to June 2019
at the Department of Medical Oncology of the Cancer Institute
Hospital of the Japanese Foundation for Cancer Research. For all
patients, the treatment consisted of 24 mg of once-daily oral
lenvatinib. Dose modifications or delays during the treatment
schedules were allowed according to the physicians’ discretion.
Treatment was continued until disease progression, unacceptable
toxicity despite appropriate dose reduction and interruption, or the
patient's refusal of treatment.

Treatment response was evaluated by computed tomography
scans according to Response Evaluation Criteria in Solid Tumors
(RECIST) (ver. 1.1) criteria. PFS was defined as the time between
the initiation of treatment and disease progression or death by any
cause. We defined overall survival (OS) as the time between the
initiation of treatment and death by any cause. NLR was defined as
the absolute number of neutrophils divided by the absolute number
of lymphocytes, as determined from a complete blood cell count.
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Best overall NLR <8 NLR =8 p-Value
response (n=9) (n=4)

CR 0 (0.0%) 0 (0.0%)

PR 3 (33.3%) 0 (0.0%)

SD 5 (55.6%) 1 (25.0%)

PD 1(11.1%) 3 (75.0%)

Objective 3 (33.3%) 0 (0.0%)

response (95%C1=7.5-70.1%) (95%C1=0.0-52.7%)  0.50
Disease 8 (88.9%) 1 (25.0%)

control (95%C1=51.8-99.7%)  (95%CI1=0.6-80.6%)  0.05

NLR: Neutrophil to lymphocyte ratio; CR: complete response; PR:
partial response; SD: stable disease; PD: progressive disease; CI:
confidence interval.

We used EZR (R ver. 4.0.0) software to perform the statistical
analyses (18). Categorical variables were compared by the 2-tailed
Fisher’s exact test. The PES and OS were estimated by the Kaplan-
Meier method. The HR and p-value for OS and PFS were evaluated
using the Cox proportional hazard model. The survival results were
expressed as the median value with a 95% CI. Statistical
significance was defined as p<0.05.

This study was approved by the institutional review board of the
Cancer Institute Hospital of the Japanese Foundation for Cancer
Research (no. 2017-1052). The study was conducted in accordance with
the Helsinki Declaration of 1964 and later versions. In light of the
retrospective nature of this study, the requirement for patients' informed
consent was waived by our hospital's institutional review board.

Results

Patient characteristics. Between December 2012 and June
2019, 13 ATC patients were treated with lenvatinib at our
Hospital. Patient characteristics are shown in Table 1. The
median age was 68 years (range=39-80 years), and 4 (31%)
patients were males. The initial stage of cancer was IVB in
10 (77%) and IVC in 3 (23%) patients. Ten (77%) patients
had previously undergone surgery for primary tumor, 6 (46%)
received external-beam radiotherapy, and 4 (31%) received
chemotherapy with taxane (paclitaxel or docetaxel). The
median size of the largest tumor was 30 mm (range=15-74
mm). The median pre-treatment WBC count and NLR were
5,900/mm3 (range=4,300-31,500) and 5.02 (range=1.34-
30.46), respectively. Leukocytosis (WBC >10,000/mm?>) was
observed in 3 (23%) patients.

Efficacy of lenvatinib for all patients. Regarding the data
cutoff (December 23, 2019), the median follow-up time was
7.3 months (range=1.9-47.5 months). The median PFS was
3.8 months (95%CI=1.8-6.4 months), and the median OS
was 10.2 months (95% CI=3.7-17.6 months) (Figure 1A and
B). The ORR was 23.1% (95% CI1=5.0-53.8), and the disease
control rate (DCR) was 69.2% (95% CI=38.6-90.9%).
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Figure 1. Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B).

Exploratory analysis of the NLR and leukocytosis as prognostic
Jactors. We compared the treatment outcomes of lenvatinib for
ATC patients according to baseline leukocytosis and NLR. We
set the NLR cutoff value at 8 using receiver operating
characteristic (ROC) curve analysis of the DCR. Higher NLR
(=8) and leukocytosis (WBC =10,000 mm3) coexisted in 2
(15%) patients. The ORR was 33.3% (95% CI=7.5-70.1%) in
the lower NLR group and 0% (95% CI=0.0-52.7%) in the
higher NLR group (p=0.50). The DCR was slightly better in
the lower NLR group [88.9% (95% CI=51.8-99.7%)] than in
the higher NLR group [25.0% (95% C1=0.6-80.6%)] (HR=3.6,
p=0.05) (Table II). The median PFS was significantly longer
in the lower NLR group [4.0 months (95% CI=1.8-13.5
months)] compared to the higher NLR group [1.6 months (95%
CI=2.3 months—not available)] (HR=3.8, p<0.05). The median
OS was also significantly longer in the lower NLR group [10.2
months (95% CI=3.7-19.8 months)] than the higher NLR group
[3.8 months (95% CI=1.9 months —not available)] (p<0.05)
(Figure 2A and B).

Median OS was significantly longer in patients without
leukocytosis (10.6 months vs. 4.3 months, p<0.05), similar
to patients with a lower NLR. However, there was no
significant difference between patients with and without
leukocytosis (3.9 months vs. 3.4 months, p=0.37) (Figure 2C
and D). The DCR was similar regardless of baseline WBC
count (70% in patients with leukocytosis and 66% in patients
without leukocytosis).

The median NLR value on day 14 (+7) after starting
lenvatinib 3.5 (range=1.1-12.5). Patients whose NLR value
decreased compared to baseline showed a non-significant

trend for higher ORR than patients without NLR decrease
(42.9% vs. 0%, p=0.19).

Discussion

To date, there are no available tumor markers for ATC
patients treated with lenvatinib, such as thyroglobulin for
patients with RR-DTC. The results of this exploratory
analysis suggest that the NLR is a potential tumor marker
that can be readily evaluated in a low-cost manner in ATC
patients treated with lenvatinib.

The NLR is reportedly higher in ATC patients than RR-
DTC patients (19). Indeed, in our previous report, the median
NLR at start of lenvatinib was 2.63 (range=1.35-24.35) in
RR-DTC patients, which was lower than the value in the
present ATC cohort (15). These results suggest that the NLR
is a diagnostic marker that discriminates ATC from RR-DTC.
A previous genetic analysis indicated that a portion of ATC
cases arise from DTC (20), whereas another study reported
that anaplastic transformation accounts for 15% of all ATC
cases (21). Moreover, both DTC and ATC can be
simultaneously present in a single surgical specimen (22). An
increase in NLR may reflect either anaplastic transformation
or the coexistence of DTC and ATC. The results of our cohort
analysis indicate that the NLR can be useful for detecting
these phenomena during active surveillance of RR-DTC and
as an indicator of when to initiate lenvatinib therapy.

The presence of leukocytosis was reported as an
independent prognostic factor for ATC patients in a Japanese
multicenter cohort (14). That cohort was not designed only

2861



in vivo 34: 2859-2864 (2020)

1.0
Sos -
c
3
(2]
g 0.6
s
‘w 0.4
(%]
o
3
& 0.2
0.0
T T T T
0 5 10 15
Time (months)
Number at risk
NLR<8 9 4 2 1
NLR=8 4 0 0 0
C
1.0
Sos -
c
>
(2]
g 0.6
s
2 0.4
o \ WBC<10000
2 ]
& 0.2 :
1 WBC=10000
0.0 :
T T T T
0 5 10 15
Time (months)
Number at risk
WBC<10000 10 4 2 1
WBC=10000 3 0 0 0

B

1.0
0.8
©
2
2 0.6
-
(2]
%
o 0.4
>
(@)
NLR<8
0.2
0.0
T T T T T
0 10 20 30 40
Time (months)
Number at risk
NLR<8 9 4 1 1 1
NLR28 4 1 0 0 0

D

1.0
]
]
]
08 1
g :-|
2 0.6 I
- I
= |
© |
6 04 7 |
> -
] 1
o2 | _| WBC<10000
l
| WBC210000
0.0
T T T T T
0 10 20 30 40
Time (months)
Number at risk
WBC<10000 10 5 1 1 1
WBC=10000 3 0 0 0 0

Figure 2. Kaplan-Meier curves for progression-free survival and overall survival according to the NLR (A, B) and presence of leukocytosis (C, D).

for metastatic or recurrent setting, as only 50% of the patients
received chemotherapy. Moreover, even though all of patients
in our cohort were in an unresectable or metastatic setting,
only 23% of patients had leukocytosis. Both the PFS and OS
were better in the lower-NLR group in our cohort, suggesting
that a higher NLR can predict poor prognosis before starting
lenvatinib even if leukocytosis is absent.

In the present study, patients whose NLR value on day 14
decreased compared to baseline had better ORR (42.9% vs.
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0%), although not statistically significant. A previous study
described that the patients whose NLR value increased
during the follow-up period had a worse OS than patients
with whose NLR value did not increase (17). It is also
reported that the dynamic changes of the NLR value before
and during lenvatinib treatment for patients RR-DTC were
associated with disease progression or treatment response
(15). Taking together these results, it is suggested that the
decrease of NLR value from baseline to day 14 might reflect
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disease activity of ATC, and it may enable to estimate the
treatment effect of lenvatinib before 1! radiological
evaluation.

The median PFS and OS were extremely short (1.6 and
3.8 months, respectively), and the ORR was 0% in patients
with higher NLR; therefore, the benefit of lenvatinib for
these patients is considered limited. The development of a
more effective salvage therapy for these patients is, thus,
urgently needed. The addition of pembrolizumab, an anti-
programmed cell death 1 (PD-1) antibody, to lenvatinib
appears to be a candidate for the next treatment
development, although it is still under investigation (22, 23).
At present, there are no more-effective options than
lenvatinib for ATC patients. As such, we should consider
quality of life (QOL) due to the limited efficacy of lenvatinib
in ATC patients with a higher NLR. The toxicity of
lenvatinib is not always mild, and some of its side-effects,
such as appetite loss, diarrhea, fatigue, and palmar-plantar
erythrodysesthesia, directly affect patient QOL. Indeed, 76%
of the RR-DTC patients in the SELECT trial experienced
adverse events of grade =3 (10). Therefore, intensive
palliative care without chemotherapy may be preferable in
some patients. Physicians should carefully consider the
balance between risks and benefits when administrating
lenvatinib to ATC patients with a higher NLR.

Our study has several limitations. First, this was a
retrospective analysis of a small number of patients at a
single institute. We could not perform multivariate analyses
due to the small number of patients. It is challenging to
prospectively analyze a sufficient number of ATC patients,
as ATC is an orphan cancer with an extremely high mortality
rate. Indeed, although only 17 ATC patients were enrolled in
the Japanese phase 2 trial of lenvatinib, it was approved by
the Pharmaceuticals and Medical Devices Agency (PMDA)
in Japan (11). Second, the NLR can be affected by not only
tumor progression but also infection, corticosteroids,
radiotherapy, or other physiological stresses. Although we
used an NLR cutoff value of 8 based on ROC curve analysis,
the appropriate cutoff value for ATC patients has not been
reported. To resolve these issues and validate our results, a
further prospective study will be needed.

In conclusion, we propose that the NLR is a potential
prognostic marker for ATC patients treated with lenvatinib. ATC
is a rare and extremely fatal disease, and lenvatinib is one of
the few therapeutic options for recurrent or metastatic disease.
Due to the limited efficacy of lenvatinib, physicians should
carefully consider the balance between QOL and expected
prognosis when starting patients on lenvatinib for ATC.
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