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and Neutrophil-Lymphocyte Ratio
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Background: Radioiodine-refractory differentiated thyroid cancer (RR-DTC) has a low 10-year patient-
survival rate and is challenging to treat. Lenvatinib is a multikinase inhibitor approved for the treatment of
RR-DTC. This study aims to assess Eastern Cooperative Oncology Group performance status (ECOG PS)
and neutrophil-to-lymphocyte ratio (NLR) as prognostic markers for patients with RR-DTC treated
with lenvatinib.

Methods: In this retrospective analysis of the Study of (E7080) LEnvatinib in Differentiated Cancer of the
Thyroid (SELECT), patients randomly assigned to receive lenvatinib were classified according to baseline
ECOG PS (0 or 1) or baseline NLR (<3 or >3). The effects of baseline ECOG PS and NLR on progression-
free survival (PFS), overall survival (OS), and objective response rate (ORR) were evaluated. In addition,
the effects of baseline ECOG PS on the change in diameter of target lesions and correlations between
baseline NLR and the sums of the diameters of target lesions were calculated.

Results: Among patients who received lenvatinib, patients with a baseline ECOG PS of 0 had statistically
improved PFS (hazard ratio [HR] 0.52; 95% confidence interval [CI 0.35-0.77]; p=0.001), OS (HR 0.42
[CI 0.26-0.69]; p=0.0004), and ORR (odds ratio [OR] 3.51 [CI 2.02-6.10]; p<0.0001) compared with
patients with a baseline ECOG PS of 1. Patients who received lenvatinib with a baseline NLR <3 also had
improved PFS (HR 0.43 [CI 0.29-0.65]; p<0.0001) and OS (HR 0.48 [CI 0.29-0.78]; p=0.0029) versus
patients with a baseline NLR >3. Moreover, patients with a baseline NLR <3 had a trend toward increased
ORR (OR 1.57 [CI 0.94-2.64]; p=0.08) compared with patients with a baseline NLR >3. Treatment-
emergent adverse events were generally similar among patients who received lenvatinib, irrespective of
patients” ECOG PS at baseline.
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Conclusion: Lower ECOG PS and NLR may provide prognostic value for improved efficacy in patients

with RR-DTC. ClinicalTrials.gov no. NCT01321554.
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Introduction

THE INCIDENCE OF CANCER with thyroid as the site of
origin has increased from 3.6 cases per 100,000 in 1973
to 8.7 cases per 100,000 in 2002, representing a 2.4-fold
increase in the number of cases diagnosed/year (1). This in-
crease was almost entirely attributable to an increase in pap-
illary thyroid cancers (2), and because the incidence of
tumors of ~2—4cm in diameter remained stable, this in-
crease was thought to be due to more frequent diagnosis of
subclinical tumors as a result of medical imaging (3). How-
ever, rates are also increasing for larger thyroid tumors and
those with regional and distant spread (4); as such, thyroid
cancer mortality has increased by 1.1% per year from 1994
to 2013 (5). Although most patients’ differentiated thyroid
cancer (DTC) can be cured with surgery, often followed
by radioiodine therapy and thyroid-stimulating-hormone
suppression, patients with unresectable locally recurrent
and/or metastatic radioiodine-refractory (RR)-DTC have a
10-year survival rate of only 19% (6,7).

Lenvatinib is a tyrosine kinase inhibitor of vascular en-
dothelial growth factor receptors 1-3, fibroblast growth fac-
tor receptors 1-4, platelet-derived growth factor receptor o,
RET, and KIT (8-11). Lenvatinib was approved for the
treatment of patients with locally recurrent or meta-
static, progressive RR-DTC, based on the results of the phase
3 Study of (E7080) LEnvatinib in Differentiated Cancer
of the Thyroid (SELECT) (12,13). In SELECT, median
progression-free survival (PFS) was 18.3 months with
lenvatinib compared with 3.6 months with placebo. Further
analyses of SELECT have indicated that the efficacy and
safety of lenvatinib is maintained across several categories of
radioiodine refractoriness (i.e., when patients were stratified
by RR inclusion criteria: including no radioiodine uptake,
disease progression within 12 months of radioiodine therapy,
and extensive cumulative radioiodine exposure) (14).

Despite this advancement in treatment, few prognostic fac-
tors have been described for RR-DTC. Eastern Cooperative
Oncology Group performance status (ECOG PS)—a compre-
hensive measure of a patient’s level of functioning (15)—is
associated with survival and response to therapy in patients
with multiple types of malignancies, including non-small cell
lung cancer and esophageal cancer (16,17). Similarly, elevated
neutrophil-to-lymphocyte ratio (NLR) is associated with more
aggressive disease and decreased survival in patients with nu-
merous types of solid tumors, including DTC (18,19). When
NLR was retrospectively analyzed in patients specifically with
RR-DTC treated with lenvatinib in a real-world setting, median
overall survival (OS) was significantly longer in patients with
lower baseline NLR (20). The mechanism by which elevated
NLR is associated with more aggressive disease is not de-
finitively known but may, in part, be explained by tumor-
promoting consequences of inflammation (21). Moreover,
results of a retrospective review of clinical records indicated
that high baseline tumor burden was associated with a worse

prognosis in patients with RR-DTC (22). Evidence has shown
that treatment-emergent hypertension in patients receiving
lenvatinib is associated with longer OS (23), but this correla-
tion is not useful in making decisions regarding when to initi-
ate lenvatinib treatment.

Treatment with tyrosine kinase inhibitors in RR-DTC
is not curative and is associated with treatment-emergent
adverse events (TEAEs); therefore, identification of prog-
nostic markers could help physicians make the challenging
decision of whether to initiate systemic therapy. This ex-
ploratory post hoc analysis assessed baseline ECOG PS
and NLR as potential prognostic indicators in patients with
RR-DTC treated with lenvatinib.

Methods
Patients

SELECT was a phase 3 randomized, double-blind, multi-
center study that compared lenvatinib versus placebo in
patients with RR-DTC. Full details of the study have been
published (13). A brief summary of eligibility criteria can be
found in the Supplementary Material S1. This analysis fo-
cuses on patients initially randomized to the lenvatinib arm of
the study.

All patients provided written informed consent, and the
study protocol was approved by all relevant institutional re-
view bodies. The study was conducted in accordance with the
provisions of the Declaration of Helsinki and local laws.

Study design

In SELECT, patients were randomly assigned (2:1) to re-
ceive oral lenvatinib at 24 mg/day or placebo in 28-day cycles
(13). Tumor responses were assessed by an independent
centralized imaging laboratory using Response Evaluation
Criteria In Solid Tumors version 1.1 (RECIST v1.1) every
8 weeks during the randomization phase and every 12 weeks
during the extension phase; they were confirmed by an
independent imaging review (13). Patients initially ran-
domly assigned to receive placebo were offered open-label
lenvatinib on centrally confirmed disease progression. Primary
and secondary objectives of SELECT have been previously
reported (13). Adverse events (AEs) were categorized ac-
cording to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events, version 4.0.

Post hoc subgroup analyses and statistical methods

This exploratory post hoc subgroup analysis included pa-
tients from SELECT who were randomly assigned to receive
lenvatinib, using the data cutoff date from the primary anal-
ysis (November 15, 2013). Patients were then divided into
subgroups according to baseline ECOG PS (0 or 1) and
baseline NLR of <3 or >3 (the median baseline NLR value
for patients receiving lenvatinib was 3.1, thus a cutoff NLR
value of 3 was utilized for this analysis). NLR was calculated
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based on peripheral blood cell counts. As corticosteroid
treatment can impact NLR values, a separate analysis was
conducted excluding 20 patients who were receiving con-
comitant corticosteroids at baseline to confirm the accuracy
of the NLR data.

Efficacy analyses were conducted with patients who re-
ceived lenvatinib and were grouped by either ECOG PS or
NLR. The effects of baseline ECOG PS and baseline NLR on
PFS, OS, and objective response rate (ORR) were evaluated
separately. In addition, the effects of baseline ECOG PS on
the change in the sums of the diameters of target lesions
and correlations between baseline NLR and the sums of
the diameters of target lesions were calculated. The number
of metastatic sites involved was assessed in patients with a
baseline ECOG PS 0 versus 1, as well as NLR <3 versus
NLR >3. ECOG PS was also measured in patients with a
baseline NLR <3 and NLR >3. Kaplan—Meier analyses for
OS and PFS were also conducted on data from patients who
had received placebo, grouped by either ECOG PS or NLR.
These results are reported in the Supplementary Material S1.

Statistical analyses were performed using SAS (SAS
Institute Inc.) version 9.4. PFS and OS were summarized by
using Kaplan—Meier estimates; 95% confidence intervals
(CIs) of the median were constructed with a generalized
Brookmeyer and Crowley method; hazard ratios (HRs) be-
tween subgroups were estimated from an unstratified Cox
proportional hazard model; and p-values were based on
an unstratified log-rank test. The CIs for ORR were
calculated by using asymptotic normal approximation;
the odds ratios (OR) between subgroups and p-values
were calculated by using the Chi-square test. Percentage
changes from baseline to postbaseline nadir in the sums
of diameters of target lesions and percentage changes
over time according to ECOG PS at baseline (0 or 1)
were plotted and assessed.

Multivariate analyses, which included ECOG PS, NLR,
sums of the diameters of target lesions at baseline, and age,
were conducted to determine whether any factors had a sig-
nificant association with OS or PFS. Patients randomly as-
signed to lenvatinib who had a baseline ECOG PS of 0 or 1
and a nonmissing baseline NLR were included in these ana-
lyses. Associations with PFS and OS were based on maximum
likelihood estimates for the covariates in the unstratified Cox
proportional hazard model. Extent of correlation (negligible,
low, etc.) is described as per Hinkle et al (24).

Given the post hoc nature of the analyses in this article, all
reported p-values (including those for multivariate analyses)
should be considered nominal.

Results
Patients

The baseline demographic and disease characteristics of
patients from SELECT who were randomly assigned to
receive lenvatinib were analyzed according to patients’
ECOG PS and are shown in Table 1. Of the 261 patients in the
lenvatinib arm, 144 (55.2%) had a baseline ECOG PS of
0 and 104 (39.8%) had a baseline ECOG PS of 1. Demo-
graphics and disease characteristics were generally similar
among the two ECOG PS groups (Table 1). In addition, more
patients with an ECOG PS of 1 had =4 metastatic sites
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TABLE 1. BASELINE DEMOGRAPHIC AND DISEASE
CHARACTERISTICS OF PATIENTS RANDOMLY ASSIGNED
TO RECEIVE LENVATINIB, ACCORDING TO EASTERN
COOPERATIVE ONCOLOGY GROUP PERFORMANCE STATUS

Baseline Baseline
ECOG PS 0 ECOG PS 1
Parameter (n=144) (n=104)
Age, median, years (range) 63.5 (30-80) 63 (27-89)
Age group, n (%)
<65 years 86 (59.7) 64 (61.5)
>65 years 58 (40.3) 40 (38.5)
Weight, n (%)
<60kg 33 (22.9) 22 (21.2)
>60kg 111 (77.1) 82 (78.8)
Sum of target lesion diameters 50.1 66.1
at baseline, median (mm)
No. of metastatic sites, n (%)

0 321 1 (1.0)

1 45 (31.3) 17 (16.3)

2 46 (31.9) 38 (36.5)

3 37 (25.7) 28 (26.9)

>4 13 (9.0) 20 (19.2)

NLR level, n (%)
<3 76 (52.8) 44 (42.3)
>3 68 (47.2) 60 (57.7)

Absolute neutrophil count, 4.0 (1.7) 4.5 (2.1)
10°/L, mean (SD)

Absolute lymphocyte count, 1.3 (0.5) 1.3 (0.6)

10%/L, mean (SD)

Hypertension, n (%)
Yes 81 (56.3) 57 (54.8)
No 63 (43.8) 47 (45.2)
Diabetes, n (%)
Yes 22 (15.3) 14 (13.5)
No 122 (84.7) 90 (86.5)
Proteinuria, n (%)
Positive 5 (@3.5) 4 (3.8)
Negative 139 (96.5) 100 (96.2)
Renal impairment,”* n (%)
Yes 17 (11.8) 10 (9.6)
No 127 (88.2) 94 (90.4)
Hepatic impairment,® n (%)

Yes 19 (13.2) 8 (71.7)
Mild 17 (11.8) 8 (7.7
Moderate 2(1.4) 0

No 125 (86.8) 96 (92.3)

These data include only patients with baseline ECOG PS values
of Oor 1.

“Defined as baseline serum creatine clearance <60 mL/min.

Defined as a condition with Common Terminology Criteria for
Adverse Events grade =1 for any of the following parameters:
aspartate aminotransferase, alanine aminotransferase, and bilirubin
at baseline; impairment is defined as mild if any parameter is grade 1;
impairment is defined as moderate if any parameter is grade 2.

ECOG PS, Eastern Cooperative Oncology Group performance
status; NLR, neutrophil-to-lymphocyte ratio; SD, standard deviation.

(19.2%) by RECIST vl.1 compared with patients with an
ECOG PS of 0 (9.0%).

Patients in the lenvatinib arm were also analyzed accord-
ing to NLR. A baseline NLR <3 was recorded for 121
(46.4%) patients, and 140 (53.6%) patients had a baseline
NLR >3; the median baseline NLR for patients randomly
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assigned to receive lenvatinib was 3.1 (range: 0.7-36.3).
Absolute neutrophil and lymphocyte counts by NLR are re-
ported in Supplementary Table S1. Among patients with an
NLR <3, 62.8% had an ECOG PS of 0 and 37.2% had an
ECOG PS =1; and among patients with an NLR >3, 48.6%
had an ECOG PS of 0 and 51.4% had an ECOG PS =1. There
was no significant association between baseline NLR and
baseline ECOG PS (p=0.2414). The baseline numbers of
metastatic sites analyzed according to NLR for patients
randomly assigned to receive lenvatinib are shown in Supple-
mentary Figure S1. There was a significant association between
higher baseline NLR and presence of >3 metastatic sites
(p=0.0011). In general, no significant correlations were ob-
served between age and NLR or age and ECOG PS.

Efficacy

Subgroup analysis by baseline ECOG PS (0 or 1) in pa-
tients in the lenvatinib arm. Among patients randomly
assigned to lenvatinib, PFS was prolonged for those with a
baseline ECOG PS of 0 compared with patients with a baseline
ECOG PS of 1 (HR 0.52 [CI 0.35-0.77]; p=0.001) (Fig. 1A).
Similar results for the ECOG PS 0 and 1 groups were also
observed for OS (HR 042 [CI 0.26-0.69]; p=0.0004)
(Fig. 1B). Tumor responses by baseline ECOG PS are sum-
marized in Table 2.

1.01
0.9
0.8 1
0.7 1
0.6 1

A

Probability of PFS
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The ORR in patients with an ECOG PS of 0 was 78.5% [CI
71.8-85.2] versus 51.0% [CI 41.4-60.6] in patients with an
ECOG PS of 1 (OR 3.51 [CI 2.02-6.10]; p <0.0001). Percent
changes in the sums of diameters of target lesions from
baseline to postbaseline nadir according to baseline
ECOG PS are shown in Figure 2. Mean maximum percent
decrease in tumor size was numerically greater in patients
with a baseline ECOG PS of 0 (—46.1%) compared with
patients with a baseline ECOG PS of 1 (-37.2%) (Supple-
mentary Fig. S2A). The shrinkage in the sums of diameters of
target lesions increased over time, irrespective of patients’
ECOG PS at baseline (Supplementary Fig. S2B).

Subgroup analysis by baseline NLR in patients in the
lenvatinib arm.  PFS was prolonged in patients with an NLR
<3 versus patients with an NLR >3 (HR 0.43 [CI 0.29-0.65];
p<0.0001) (Fig. 3A). Patients with an NLR <3 also had
improved OS compared with patients with an NLR >3
(HR 0.48 [CI 0.29-0.78]; p=0.0029) (Fig. 3B). When pati-
ents receiving concomitant corticosteroids at baseline
(n=20, 7.7%) were excluded from analysis, median PFS and
OS values by baseline NLR were similar to those of the
overall lenvatinib patient population (Supplementary Fig. S3).

ORR was 70.2% [CI 62.1-78.4] for patients with an NLR
<3 and 60.0% [CI 51.9-68.1] for patients with an NLR >3
(OR 1.57 [CT 0.94-2.64]; p=0.08). Further, among patients

0.51 Median, months (95% CI)
0.44 ECOG PS 0: NE (16.6—-NE
0.3 ECOG PS 1:12.6 (7.4-NE
0.2 Hazard Ratio (95% CI}:‘0,52 (0.35-0.77) FIG. 1. Kaplan-Meier plots of PFS
Log-Rank Test P-value: 0.001 . .
0.1 (A) and OS (B) in patients randomly
goirCensoed 0 assigned to receive lenvatinib, and
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 with a baseline ECOG PS of 0 or 1.
o s o i Time (months) OS and PFS medians were calculated
umber of Fatients at risk: 3 3
ECOGPS0 n=144 132 121 114 103 97 92 60 44 30 16 7 2 by Kaplarzl—.Melé,{ estlmatesl, a{1d téle
ECOGPS1 n=104 85 70 5 51 48 41 30 21 14 8 4 1 corresponding Cls were calculate
with a generalized Brookmeyer and
Crowley method. The HRs were esti-
mated from an unstratified Cox pro-
B 1.0 1 portional hazard model, and p-values
0.9 - were based on an unstratified
051 log-rank test. CI, 95% confidence in-
i’ : terval; ECOG PS, Eastern Cooperative
o 077 Oncology Group performance status;
S 0.6 HR, hazard ratio; NE, not estimable;
2 5- Median, months (95% Cl) OS, overall survival; PES, progression-
= 0 : A ‘
8 044{ ECOG PS 0: NE (22.0-NE free survival.
[ ECOG PS 1: 22.1 (18.0-NE)
o 031
0.2 Hazard Ratio (95% CI): 0.42 (0.26-0.69)
) Log-Rank Test P-value: 0.0004
0.1 1
i + Censored
"0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (months)
Number of Patients at risk:
ECOGPS0 n=144 142 138 134 133 131 126 103 68 48 36 15 8 2
ECOGPS1 n=104 95 91 8 77 74 72 61 42 27 16 6 2 1
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TABLE 2. TUMOR RESPONSES BY BASELINE EASTERN
COOPERATIVE ONCOLOGY GROUP PERFORMANCE STATUS
IN PATIENTS RANDOMLY ASSIGNED TO RECEIVE
LENVATINIB, AS ASSESSED BY INDEPENDENT IMAGING
REVIEW USING RESPONSE EVALUATION CRITERIA
IN SoLiD TuMORS VERSION 1.1

ECOG PS0 ECOG PS 1

Parameter (n=144) (n=104)
Best overall response, n (%)
Complete response 3(2.1) 1(1.0)
Partial response 110 (76.4) 52 (50.0)
Stable disease 21 (14.6) 32 (30.8)
Durable stable disease® 15 (10.4) 20 (19.2)
Progressive disease 7(4.9) 10 (9.6)
Unknown 3(2.1) 9 (8.7)
Objective response rate, n (%) 113 (78.5) 53 (51.0)
[CT] [71.8-85.2] [41.4-60.6]

Differencei) % [CI] 27.5 [15.8-39.2]
Odds ratio” [CI] 3.51 [2.02-6.10]
p <0.0001

Stable disease with a duration of >23 weeks.

®The odds ratio and p-value were calculated by using the
Chi-square test, and corresponding CIs were generated based on
asymptotic normal approximation.

CI, 95% confidence interval.
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without concomitant corticosteroid use at baseline, patients
with an NLR <3 (n=116) had an ORR of 71.6% [CI 63.3—
79.8], and patients with an NLR >3 (n=125) had an ORR of
63.2% [CI 54.8-71.7] (OR 1.46 [CI: 0.85-2.52]; p=0.17)
(Supplementary Table S2). Overall, the correlation (0.23)
between sums of diameters of target lesions at baseline and
NLR was negligible (Fig. 4).

Results of the multivariate analyses, which included
ECOG PS, sums of diameters of target lesions, NLR, and
age at baseline. According to multivariate analyses, base-
line ECOG PS (0 vs. 1) had a significant association with PFS
(p=0.0032) and OS (p=0.0012) (Table 3). The sums of
diameters of target lesions at baseline approached a signifi-
cant association with PFS (p=0.0587), but was not signifi-
cantly associated with OS (p=0.4145). Baseline NLR was
significantly associated with PFS (p=0.0009) and OS
(p=0.0128). Patient age at baseline was significantly asso-
ciated with PFS (p=0.0459), but not with OS (p=0.2125).

Subgroup analyses by baseline ECOG PS (0 or 1) and by
baseline NLR in the placebo arm. PFS and OS data
by baseline ECOG PS for patients who received placebo are
provided in Supplementary Figure S4. Similar data by
baseline NLR for patients who received placebo are provided
in Supplementary Figure S5.

ECOG PS 0 (n = 141)

ECOG PS 1 (n = 93)

f ]}
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Safety intensity of lenvatinib was 16.2 mg/day/patient (range: 5.8—

The median duration of treatment with lenvatinib was
14.3 months (range: 0.8-26.8) for patients with a baseline
ECOG PS of 0 and 10.6 months (range: 0.2-26.5) for pa-
tients with a baseline ECOG PS of 1. The median dose

24.0) for patients with an ECOG PS of 0 at baseline and
17.6 mg/day/patient (range: 6.5-24.0) for patients with an
ECOG PS of 1 at baseline.

An overview of TEAEs and the most common TEAEs by
baseline ECOG PS are summarized in Supplementary Table S3.
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TABLE 3. MULTIVARIATE ANALYSIS OF EFFICACY
ENDPOINTS WITH BASELINE CHARACTERISTICS
IN PATIENTS RANDOMLY ASSIGNED
TO RECEIVE LENVATINIB

Hazard

Baseline efficacy endpoints  p-value ratio [CI]
Progression-free survival

ECOG PS (0 vs. 1) 0.0032 0.55 [0.36-0.82]

Sums of target lesions 0.0587 1.00 [1.00-1.01]

NLR 0.0009 1.08 [1.03-1.12]

Age 0.0459 1.02 [1.00-1.04]
Overall survival

ECOG PS (0 vs. 1) 0.0012 0.43 [0.26-0.72]

Sums of target lesions 0.4145 1.00 [1.00-1.01]

NLR 0.0128 1.07 [1.02-1.14]

Age 0.2125 1.02 [0.99-1.04]

Any-grade TEAEs occurred in nearly all patients who received
lenvatinib, irrespective of ECOG PS at baseline (ECOG PS 0,
TEAEs in 100%; ECOG PS 1, TEAEs in 99%). TEAEs led to
lenvatinib discontinuation in 11.1% of patients with an
ECOG PS of 0 and in 19.2% of patients with an ECOG PS of 1;
73.6% of patients with an ECOG PS of 0 experienced a TEAE
resulting in lenvatinib dose reduction, and 59.6% of patients
with an ECOG PS of 1 had a TEAE resulting in dose reduction.
TEAES led to lenvatinib interruption in 81.9% of patients with
an ECOG PS of 0 and in 82.7% of patients with an ECOG PS of
1. The most common TEAEs (data presented as ECOG PS
0/ECOG PS 1) were diarrhea (76.4%/53.8%), hypertension
(72.2%/66.3%), decreased appetite (54.2%/51.9%), decreased
weight (54.2%/47.1%), and nausea (46.5%/45.2%). Patients
with an ECOG PS of 0 had fewer serious TEAEs (41.0%)
than did patients with an ECOG PS of 1 (60.6%). Most pa-
tients experienced a treatment-related AE, irrespective of
baseline ECOG PS (ECOG PS 0, 98.6%; ECOG PS 1,
95.2%). Percentages of patients who experienced treatment-
related AEs of grade >3 were also similar between the
ECOG PS groups (ECOG PS 0, 77.8%; ECOG PS 1, 72.1%).

Discussion

In SELECT, lenvatinib demonstrated a significant PFS
benefit in patients with RR-DTC (13). This exploratory post
hoc analysis of SELECT provides insights into markers of
efficacy among patients with RR-DTC treated with lenvatinib.
Specifically, patients with lower ECOG PS and lower NLR
(largely driven by lower absolute neutrophil counts; Table 1
and Supplementary Table S1) at baseline had improved PFS,
OS, and ORR.

The results of this post hoc analysis suggest that initiating
treatment before a worsening in ECOG PS may improve
clinical outcomes. Similarly, patients who are more fit and
indicated for systemic therapy may benefit more from earlier
treatment with lenvatinib. As expected, the sum of target
lesion diameters at baseline was less in patients treated with
lenvatinib with an ECOG PS of 0 compared with that mea-
sured in patients with an ECOG PS of 1 (Table 1). None-
theless, patients with an ECOG PS of 0 experienced a higher
ORR and greater percentage decrease in the sums of the di-
ameters of target lesions, which was maintained over time
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(Supplementary Fig. S2). Patients with lower ECOG PS and
NLR (regardless of treatment) also had improved survival
outcomes (Figs. 1 and 3 and Supplementary Figs. S4 and S5).
In a separate analysis of SELECT with updated data, dura-
tions of response with lenvatinib were shorter in patients with
increased tumor burden (25). In combination with our anal-
ysis, these cumulative data suggest that, regardless of the
disease-state marker, outcomes are improved when treatment
with lenvatinib is initiated earlier in more fit patients with
progressive RR-DTC. In addition, the higher ORR and
greater tumor shrinkage in patients with an ECOG PS of 0
suggest that the improvement in clinical benefit seen in these
patients is not solely because of a better performance status.

Evidence regarding the prognostic nature of NLR for thyroid
cancers is somewhat equivocal. A study assessing NLR in
patients with DTC versus benign thyroid nodules found a cor-
relation between NLR and tumor size, but no significant dif-
ference in NLR between cancer and control groups (26).
Similarly, a meta-analysis indicated that there was no significant
difference in NLR between patients with DTC and patients with
benign nodules (mean difference =0.19 [CI-0.09 to 0.46]) (27).
A large meta-analysis across solid tumors, however, did find an
association between high NLR and a shorter OS (HR 1.81 [CI
1.67-1.97]; p<0.001) (19). In an exploratory analysis of NLR
in a phase 2 trial of lenvatinib, a trend indicating that baseline
NLR could affect PFS was seen, although statistical significance
was not reached (28). Our exploratory analysis of data from the
phase 3 SELECT provides additional evidence of a relationship
between lower baseline NLR and longer PFS and OS in patients
with RR-DTC that was treated with lenvatinib.

This analysis was limited by the post hoc nature of the
assessment. In addition, concurrent corticosteroid treatment
can increase NLR (29), creating a potential confounding
factor for these data. However, only 20 patients (7.7%) in
the lenvatinib treatment arm were taking corticosteroids at
baseline, and corticosteroid treatment did not appear to in-
fluence outcomes by NLR status (Supplementary Table S2
and Supplementary Fig. S3). This study also had a potential
selection bias regarding tumor size, and an imbalance be-
tween number of metastatic sites at baseline between
ECOG PS groups. In addition, tumor size was measured by
the assessment of target lesions using RECIST v1.1, which is
a surrogate for, but not absolute measure of, total tumor
burden. There was also a difference in rates of lenvatinib dose
reduction and discontinuation between ECOG PS 0 and 1,
which could impact efficacy and create bias.

Lead-time bias may also have impacted the OS results
observed in this analysis. For example, it is possible that
patients with lower baseline ECOG PS and NLR were di-
agnosed earlier in the course of their disease; such early
detection could make OS appear improved compared with
patients diagnosed at a later disease stage, irrespective
of treatment. Notably, however, PFS and ORR (measures of
efficacy not impacted by lead time bias) were also improved
in patients with lower ECOG PS. A further limitation is that
this study was not powered to assess the predictive validity
of ECOG PS or NLR; therefore, additional studies are
needed to determine whether any of these indicators are
predictive for lenvatinib versus placebo. Finally, ECOG PS
may be assessed inconsistently by clinicians and may be un-
reliable as a prognostic marker, particularly in a real-world
setting (30).
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Despite these limitations, this analysis indicates that cor-
relates of efficacy, including ECOG PS and NLR, may pro-
vide prognostic value and treatment guidance in patients with
RR-DTC. For clinicians, deciding on the optimal time to
initiate tyrosine kinase inhibitor therapy can be challenging
because of the desire to avoid AEs (31), but this analysis
suggests that, in patients with RR-DTC, it may be advanta-
geous to start lenvatinib treatment before ECOG PS and NLR
worsen, and tumor size increases.
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