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Abstract

Purpose Hypothyroidism is a common side effect of Sunitinib (SUN) treatment in metastatic renal cell carcinoma (mRCC)
patients. We aimed to evaluate thyroid profile during the alternative 2/1 SUN treatment schedule and to assess the predictive
value of hypothyroidism in terms of survival.

Methods We performed a prospective observational study enrolling 42 consecutive mRCC patients starting first-line
alternative SUN dosing 2/1 schedule. Thyroid function was assessed at baseline and during the first three SUN cycles (1
cycle =6 weeks =2 ON/1 OFF 42 ON/1 OFF), and then after 6 and 12 months. Thyroid ultrasound was performed at
baseline and after 3, 6, and 12 months.

Results Subclinical hypothyroidism developed in 24% of patients during the first cycle; in other 24% in the second cycle and
in 14% in the third cycle. The highest TSH values were reached during the second cycle, ON phase (6.58 +5.74 ul U/l). We
observed a reduction in thyroid size, in echogenicity and in parenchymal perfusion in all patients. Progression-free survival
(PFS) tended to be longer in patients with TSH 25 pl U/ml during the second cycle (p =0.069). TSH level was an
independent risk factor for PFS in men (p = 0.009) but not in women (p = 0.285).

Conclusions This is the first study investigating functional and morphological effects on thyroid during the alternative 2/1
SUN schedule in mRCC patients. We detected an early onset of subclinical hypothyroidism, observing the association
between TSH 25 pl U/ml and: (i) longer PFS in men; (ii) progressive decrease of thyroid size in absence of significant
changes in autoimmune thyroid profile.
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Introduction

Sunitinib (SUN) is an oral, small-molecule tyrosine kinases
inhibitor (TKI) that is structurally similar to adenosine tri-
phosphate. SUN inhibits cellular signaling by targeting
multiple receptor tyrosine kinases, including all receptors
for the three isoforms of VEGF, PDGF, FMS-like tyrosine
kinase-3, and stem cell factor receptor. SUN also binds
RET, CD114, and CD135 receptors [1]. The simultaneous
inhibition of these targets reduces tumor vascularization and
triggers cancer cell apoptosis, thus resulting in tumor
shrinkage. It has been approved by the Food and Drug
Administration for imatinib-resistant gastrointestinal stro-
mal tumor, advanced pancreatic neuroendocrine tumor and
as a standard first-line treatment for patients with metastatic
renal cell carcinoma (mRCC) [2-4]. This recommendation
has particular weight if it is estimated that mRCC accounts
for 20-30% of all kidney cancer at the initial diagnosis and
that 20—40% of localized renal cell carcinoma will develop
distant metastases after radical surgery [5]. Preclinical and
clinical studies suggested that standard dosing of SUN is the
“4/2 schedule” with a dose of 50 mg/day taken orally
(4 weeks ON and 2 weeks OFF). This schedule has a
superior survival benefit [3, 6], but high exposure of SUN
was associated with severe adverse events (SAE), impacting
compliance and medication taken [7, 8]. To balance efficacy
and SAE better, alternative SUN schedules have been
evaluated to improve patients tolerance and survival out-
comes, showing noninferior clinical benefits of a 2/1 dosing
schedule [9-11]. Nevertheless, the most common adverse
events associated with SUN are hypothyroidism, fatigue,
diarrhea, nausea, anorexia, hypertension, a yellow skin
discolouration, hand—foot skin reaction, stomatitis, altered
taste, constipation and may reduce quality of life, requiring
monitoring and treatment [12]. Biochemical and clinical
hypothyroidism is commonly reported in patients with
mRCC receiving SUN [13, 14], with variable prevalence:
from 50-85% in retrospective trials [14, 15] to 36-46% in
prospective and observational studies [16-23]. This dis-
crepancy is probably due to differences in the study design,
sample size, definition of hypothyroidism and previous use
of cytokine therapy [23].
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The controversial association between hypothyroidism
and survival in patients with mRCC [16, 19-22, 24] and the
clinical usefulness of TSH as a potential tumor biomarker in
SUN-treated mRCC patients are not completely explored.
The aim of the present study is to prospectively observe
thyroid profile and autoimmunity during SUN administra-
tion in mRCC patients.

Subjects and methods
Participants

The local review board approved the protocol, and all
patients provided written informed consent. All the patients
with pathologically confirmed mRCC were enrolled from
patients starting first-line SUN treatment in the Medical
Oncology Department—*“Sapienza” University of Rome
between March 2013 and June 2015. Patients previously
treated with IL-2 and/or IFN-«, those with severe hyper-
tension under treatment with three or more drugs at the time
of enrolment, those under steroids therapy and those with
previous thyroid dysfunctions were excluded.

Setting and methods

SUN was given at a dose of 50 mg daily for 2 weeks ON
followed by 1 week OFF (1 cycle =6 weeks =2 ON/1
OFF + 2 ON/1 OFF). Enrolled subjects underwent thyroid
hormonal investigations and thyroid ultrasound. Blood
samples were assessed at baseline and at the end of 2nd
week (end of first phase ON—first SUN cycle), at the end
of 3rd week (end of first phase OFF—first SUN cycle), at
the end of 8th week (end of first phase ON—second SUN
cycle), at the end of 9th week (end of first phase OFF—
second SUN cycle) (Fig. 1). TSH (reference range:
0.35-4.9 pI UM), FT3 (1.7-3.7 pg/ml), FT4 (0.7-1.4 ng/dL),
TGAD (<115/ml), and TPOAD (<35 IU/mL) were measured
by chemiluminescent microparticle immunoassay technol-
ogy (Architect System, Abbott). Subclinical hypothyroid-
ism was defined as a serum TSH of more than 5 ul U/l and
<10l U/l and normal FT3 and FT4 levels [25, 26].
According to the literature Levothyroxine (LT4) therapy
(25-75 mcg) was started in all patients who developed
subclinical hypothyroidism or who showed a persistent
serum TSH =5 pl U/ at the end of the second cycle (OFF
period, at the end of 9th week) [27, 28]. Thyroid Ultra-
sounds (US) were performed using an IU22 unit (Philips,
Bothell, Wash), with compound spatial and pulse inversion
imaging and a 7-15-MHz wide-band linear probe, by the
same sonographer with more than 10 years of experience.
Images were transferred to our local picture archiving sys-
tem (eFilm; Merge, Milwaukee, Wis). US were performed
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Fig. 1 Schedule treatment of Sunitinib and schedule of thyroid investigations (hormonal and US)

before starting SUN treatment and after 3, 6, and
12 months, and included measurement of right and left
lobes diameters, evaluation of thyroid echotexture and
echogenicity, evaluation of blood flow on color Doppler
and description of any nodules [29, 30]. Objective response
to SUN treatment was evaluated by the Response Evalua-
tion Criteria in Solid Tumors version 1.1.

Statistical methods

Statistical analysis was performed using SPSS 20.0 [SPSS,
Chicago, IlI]. Normality of the continuous variables was
tested with the Shapiro—Wilk test. Normally continuous
variables were presented as mean + SD, while those not
normally distributed were presented as median (25th—75th
percentile). A one-way repeated measures ANOVA was
conducted to determine whether there was a statistically
significant difference in TSH concentration and thyroid lobe
diameters over the course of SUN treatment. Progression-
free survival (PFS) and overall survival (OS) was counted
from the start of treatment with SUN until disease pro-
gression or death from any cause, or was censored at the
end of the study. Both PFS and OS were estimated with
Kaplan—Meier method and compared with log-rank test.
Prognostic factors were tested using the standard ordinary
least squares regression. Statistical significance was con-
sidered at p <0.05.

Results

Forty-two consecutive patients (26 men, 16 women) were
included in the study. Mean age was 61 + 8 years for men
and 60+ 16 years for women. All patients presented an
advanced tumor stage with the following distribution of
distant metastases: 48% lung, 36% bone, 9% liver, 7%
brain, 5% adrenal, 5% contralateral kidney, 2% pancreas. At
the time of enrolment all patients were euthyroid and 20/42
(48%) had thyroid nodules. No patient had positive auto-
antibodies. The median duration of SUN treatment was
34 weeks (range 3—49 weeks).

Median basal and follow-up data of thyroid function of
all 42 patients are reported in Table 1. Subclinical

hypothyroidism was developed in 10/42 patients (24%) in
the first SUN cycle (ON phase, end of 2nd week); in other
ten patients after the second SUN cycle (ON phase, end of
8th week) (total =20/42 patients, 48%); During the third
SUN cycle (ON phase, end of 14th week) 6 of the 20
patients who developed subclinical hypothyroidism in the
first two cycles still showed TSH levels above 5 pul U/l
Overall, 20/42 patients developed subclinical hypothyr-
oidism during SUN treatment. Peak TSH was reached
during the second cycle (ON phase, end of 8th week) (Fig.
2). This was confirmed for the entire population as well as
when sex and age classes were considered separately. No
patient reached overt hypothyroidism. Figure 3 shows FT4
values during the study, which remained within the normal
range in each data point. Two patients showed a pattern of
subclinical hyperthyroidism during the first SUN cycle
(ON phase, end of 2nd week) followed by subclinical
hypothyroidism in the second SUN cycle (ON phase, end
of 8th week). A one-way repeated measures ANOVA was
conducted to determine whether there was a statistically
significant difference in TSH concentration over the course
of SUN cycles, before patients started hormone replace-
ment therapy. Epsilon (¢) was 0.608, as calculated
according to Greenhouse and Geisser [31], and was used to
correct the one-way repeated measures ANOVA. TSH
concentration was significantly different at the different
time points during the SUN administration, F(1.216,
18.243) =6.310, p=0.017, with TSH concentration
varying from 2.43 + 1.80 ul U/l preintervention to 3.81 +
2.89 uI U/l during the first SUN cycle (ON phase, end of
2nd week) and 6.58 +5.74 uI U/l during the second SUN
cycle (ON phase, end of 8th week). Thyroid hormone
replacement therapy was started in patients with TSH >
SulU/l and with clinical symptoms as follow: eight
patients after the first cycle; of these, five needed an
increase in LT4 dosing at the end of the second cycle; eight
different patients began LT4 replacement therapy after the
second cycle; one patient began L.T4 replacement therapy
after the third cycle; of the 16 patients who started therapy
during the first two cycles, three needed an increase in LT4
dosing at the end of the third cycle. Overall, 17/42 patients
started LT4 therapy during SUN treatment. The therapeutic
intervention changed significantly TSH values in the third
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Table 1 Thyroid function and thyroid antero-posterior diameters in all the patients during the study

Baseline Ist cycle 2nd cycle 3rd cycle 6 months 12 months
TSH (0.35-4.94 ul U/ml) 1.6 (0.8-2.3) 2.2 (0.9-5.3) 4.8 3.1-7.9) 3.1 (0.8-4.3) 2.6 (0.6-3.0) 33 (1.14.1)
FT4 (0.7-1.4 ng/dL) 1.1 (1.0-1.3) 1.2 (0.9-1.4) 1.1 (1.0-1.2) 1.2 (1.0-1.4) 1.2 (0.8-1.4) 1.1 (0.9-1.4)
TPOAD (<35 IU/ml) 10.0 (3.5-26.5) 9.0 (5.0-15.7) 8.3 (5.0-14.4) 9.0 (5.0-19.0) 5.0 (1.0-17.2) 9.6 (2.4-22.7)
TGADb (<115 IU/ml) 13.1 (5.0-26.5) 10.0 (5.0-19.0) 17.0 (8.741.9) 12.0 (5.0-20.0) 10.0 (0.1-21.1) 2.0 (0.5-15.0)
Right lobe diameter 1.6 (1.5-1.9) - 1.3 (1.2-1.5) - 1.5 (1.4-1.8) 1.4 (1.3-1.8)
Left lobe diameter 1.5 (1.4-1.7) - 1.3 (1.2-1.5) - 1.4 (1.2-1.5) 1.1 (1.0-1.4)

Data are medians, with interquartile range in parentheses
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Fig. 2 Mean and SEM of TSH values in the study population during
the three SUN cycles, after 6 and 12 months. *p <0.05 between the
TSH values
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Fig. 3 Mean and SEM of FT4 values in the study population during
the three SUN cycles, after 6 and 12 months. *p <0.05 between the
FT4 values

cycle (ON phase, end of 14th week) (4.8 5.1 ul U/, p =
0.016) that remained stable until the end of the study
(12 months). No patient developed a statistically sig-
nificant increase in antibody titre (TGAb, TPOAb) during
SUN treatment.
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PFS was 33 months (95% CI 21.5-43.9 months) for
women and 20 months (95% CI 12.4-27.1 months) for
men. OS was 18.6 months (95% CI 2.3-34.9 months)
for women and 18.9 months (95% CI 10.2-27.5 months) for
men (Fig. 4). The Kaplan-Meier method was used to
compare PFS and OS curves between euthyroid and patients
with subclinical hypothyroidism. Patients with TSH > 5 pul
U/l tended to have a longer PFS than those with TSH <5 ul
U/l (p =0.069). No difference in OS was seen between the
two groups (Fig. 5). Standard regression analysis demon-
strated that TSH level was an independent risk factor for
PES in men (p =0.009) but not in women (p = 0.285)
(Table 2).

At baseline, all patients showed thyroid size within
normal ranges and normal thyroid echogenicity; 20/42
(48%) had thyroid nodules (12 men and 8 women).

SUN administration elicited significant changes in
antero-posterior diameters of both lobes over time [F(3, 12) =
4.121, p <0.032, partial #* = 0.507 for the right lobe and F
(3, 12) =13.180, p<0.001, partial > =0.767 for the left
lobe], with right lobe diameters decreasing from 1.6+
0.18 cm pre intervention to 1.46 +0.25 cm at 3 months and
1.36 £0.23cm at 12 months (post intervention) and left
lobe diameters decreasing from 1.46+0.16cm pre inter-
vention to 1.34 +0.16 cm at 3 months, and 1.1 +0.17 cm at
12 months (post intervention).

Marked reductions in echogenicity and in parenchymal
perfusion were observed in all patients from the early
months of SUN therapy. No change was observed in the
size of existing nodules. Only in one patient after three
months of SUN treatment an US detection of a 0.5cm
thyroid nodule (TIRADS 2) [32] was found.

Discussion

The present study showed two innovative aspects related to
thyroid profile in mRCC treated with SUN: [1] the assess-
ment of thyroid function, morphology, and autoimmune
profile during the alternative SUN 2/1 schedule in mRCC
patients and [2] the trend of SUN-related hypothyroidism
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Table 2 Standard linear

regression of PFS on TSH (end PFS Coef. SE Coef. T p [95% Conf. Interval]
of 8th week) in men and women e Age —0.04 0.41 010 0919 ~0.94-0.85
TSH (1st cycle) 1.58 0.50 313 0.009 0.48-2.68
Constant 792 2515 032 0758  —46.88-62.73
Women  Age —0.28 0.25 ~L11 0294 ~0.87-0.29
TSH (Istcycle)  —0.41 0.36 114 0285 ~1.23-0.40
Constant 3933 16.68 236 0.043 1.59-77.08

that followed the ON and the OFF phases of SUN admin-
istration, associated with a progressive decrease in
thyroid size.

SUN-related hypothyroidism is usually subclinical (TSH
elevation alone with normal FT4 levels) or overt (TSH
elevation and low FT4) but rarely severe [18], arising from
12 to 50 weeks after treatment beginning [33]. Our sample

of patients showed a subclinical hypothyroidism that is
revealed at the 8th week. This study demonstrated for the
first time such early detection of SUN-related hypothyr-
oidism. This is an important aspect for oncological patients,
because an early identification of this side effect leads to an
early correction and monitoring, improving the symptoms
related to hypothyroidism and the quality of life of mRCC
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patients. Thyroid parameters were measured during the
alternative dosing schedule of SUN 50 mg once daily for 2
consecutive weeks followed by 1 week off (2/1 schedule).
The OFF period is recommended to allow patients to
recover from treatment-related adverse events, which fre-
quently appear after the first 2 weeks of treatment and tend
to worsen in the following days [34]. The early detection of
SUN-related hypothyroidism in this alternative schedule
dosing is of particular oncological relevance for the man-
agement of patients, given the data about the advantages of
this new modality of administration of the SUN. Indeed,
single-center studies demonstrated improved tolerability
and clinical outcomes with a 2/1 schedule [35, 36].
Recently, Bracarda et al. showed in the RAINBOW study
that the use of the 2/1 schedule in patients who did not
tolerate the standard schedule resulted in an improved safety
profile and a median PFS of 30.2 months [37]. Furthermore,
a randomized multicenter phase 2 study comparing the 2/1
and 4/2 schedules found less toxicity and higher failure-free
survival at 6 months with the 2/1 schedule, without com-
promising the efficacy in terms of overall response rate
(ORR) and time to progression. This study used the alter-
native 2/1 schedule and investigated various parameters to
confirm SUN-induced hypothyroidism. Hypothyroidism
developed in 24% of patients during the first SUN cycle, in
48% during the second and in 14% during the third cycle. In
line with what has been demonstrated in this study, peak
TSH was found at the end of the ON phase of the second
SUN cycle (at the end of 8th week) independently of gen-
der, age and LT-4 replacement therapy status on enrolment
[9]. Data from the literature have not yet clarified the
mechanism of SUN-associated hypothyroidism and the
course of the disease [21, 23]. Several underlying
mechanisms might be involved: reduced synthesis of thyr-
oid hormones through inhibition of thyroid peroxidase
(TPO) activity and progressive depletion of the thyroid
reserve [15]; inhibition of iodine thyroidal uptake [23];
glandular atrophy induced by TKIs through the inhibition of
vascularization (direct action on VEGFR and/or PDGFR)
[38]; possible autoimmune damage that causes lymphocytic
thyroiditis in patients receiving SUN [23].

Recent reviews on the effect of TKIs on thyroid function
concluded that thyroid autoimmunity cannot be considered as
a trigger of SUN-induced hypothyroidism [18]. Conversely,
Pani et al. [28, 39] found strong evidence that thyroid auto-
immunity contributed to SUN-induced thyroid dysfunction.

In our study, autoantibodies titer was measure but no
significant changes were detected in the autoimmune profile
of the enrolled patients. Of the forty-two, three patients (7%)
showed a small increase in AbTPO values during treatment
that did not impact the statistical analysis. On the other hand,
we demonstrated throught ultrasound assessment a pro-
gressive reduction in thyroid size, mainly after three months
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of SUN treatment, regardless of the ON/OFF phase, in
agreement with the majority of the literature [28, 40, 41].
This was combined with marked hypoechogenicity and
reduced parenchymal perfusion, probably as a result of
SUN’s antiangiogenic effect. These data suggest that a
vascular-mediated effect instead of autoimmune mechanism
could be more responsible of the induction of a thyroid
dysfunction. No significant changes were observed in the
size of existing nodules and the onset of a thyroid nodule
during SUN treatment was detected just in one patient.

SUN-induced hypothyroidism has also been proposed as
a possible predictive factor for the outcome of the cancer
treatment, although the conclusions are still unclear [16, 19—
22, 24]. A preliminary study of SUN treatment for mRCC
suggested that hypothyroid patients had a significantly
longer PFS than euthyroid patients [23]. Schmidinger pro-
spectively studied the correlation between the onset of
hypothyroidism and the rate of disease remission, dis-
covering a higher ORR in hypothyroid than in euthyroid
patients (ORR: 28.3% vs. 3.3%; p <0.001) [21]. In contrast,
in a prospective observational multicentre study Sabatier
found that thyroid dysfunction did not increase survival in
SUN-treated patients with mRCC; after 6 months of SUN,
53% of patients developed hypothyroidism, with a median
PFES of 18.9 months compared with 15.9 for the euthyroid
group [20]. Given the high variability of the TSH values in
women and the smaller caseload, we cannot exclude that in
a larger group TSH level might also be a predictive factor
for PFS in women. TSH was not predictive of OS in both
gender, but the early correction of subclinical hypothyr-
oidism with LT4 could mask this result.

Our study has some limitations. First, the small sample
size due to the inclusion criteria that provides mRCC patients
treated as a first line with the alternative 2/1 SUN schedule.
Second, the a priori TSH cut-off of 5 ul U/ that was selected
to early identify subclinical hypothyroid patients could be
considered as dependent on our specific cohort. However,
even if endocrinologists use the upper limit of their own TSH
assays reference range to identify subclinical hypothyroid-
ism, the cutoff of 5 ul U/l is widely acknowledged to identify
this condition irrespective of its origin [42, 43]. Third, the
early beginning of thyroid hormone replacement therapy
masked the potential development of overt hypothyroidism
and consequently prevented the PFS measure related to this
adverse event as described in literature [44].

Conclusion

This is the first study investigating the thyroid functional and
morphological effects of the alternative 2/1 SUN schedule in
patients with mRCC. We detect an early onset of subclinical
hypothyroidism associated with a progressive decrease of
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thyroid size in absence of significant changes in autoimmune
thyroid profile. Moreover, the onset of subclinical hypo-
thyroidism was associated with a longer PFS in men. In this
view, our results underlined a gender difference in the role
exerted by TSH level as an independent risk factor for PFS.

In line with a precision medicine point of view, we could
suggest that an early LT4-mediated improvement of TSH
levels could positively impact on symptoms of hypothyr-
oidism and improve quality of life in SUN-treated mRCC
patients.

Further analysis and larger series are needed to confirm
our finding in order to improve the management of mRCC
patients that may benefit of the alternative SUN dosing 2/
1 schedule.
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