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Abstract
Sorafenib and sunitinib cause hypothyroidism in a subset of patients. This retrospective study
examined the incidence of hypothyroidism and its relationship to progression-free survival in renal
cell carcinoma. We found that hypothyroidism occurs more frequently in patients treated with
sunitinib and correlates with a longer progression-free survival, which could be useful as a
biomarker for response to therapy.

Introduction—Sunitinib and sorafenib are tyrosine kinase inhibitors used in metastatic renal cell
carcinoma and are known to cause hypothyroidism in a subset of patients. The goal of this study
was to better characterize the development of hypothyroidism in patients and to examine its
relationship to progression-free survival.

Patients and Methods—A retrospective chart review was performed on patients treated with
sunitinib or sorafenib from January 1, 2005, to January 1, 2011. Data pertaining to the treatment
course and development of hypothyroidism were extracted. Patients with hypothyroidism at the
beginning of treatment were analyzed separately.

Results—A total of 73 treatment periods had sufficient data to analyze. Among patients with
normal baseline thyroid function, 15 (44%) of 34 patients treated with sunitinib and 6 (27%) of 22
patients treated with sorafenib developed hypothyroidism. The hazard ratio for the development of
hypothyroidism with sorafenib vs. sunitinib treatment was significant, at 0.38 (95% CI, 0.14–
0.97). There was a statistically significant difference in the progression-free survival between
patients who developed hypothyroidism while receiving treatment compared with those who did
not, 18.2 vs. 10.1 months (P = .01).
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Conclusions—This study demonstrated a significant difference in the incidence of
hypothyroidism during treatment with sunitinib and sorafenib, with a higher incidence of
hypothyroidism in patients treated with sunitinib. The development of hypothyroidism was
associated with a longer progression-free survival.

Keywords
Biologic markers; Enzyme inhibitors; Hypothyroidism; Kidney neoplasms; Protein kinase
inhibitors; Sorafenib; Sunitinib

Introduction
Sunitinib malate (Sutent [SU11248]; Pfizer, New York, NY) and sorafenib tosylate
(Nexavar [BAY 43-9006]; Bayer, West Haven, CT) are oral multitargeted tyrosine kinase
inhibitors (TKI). They have antiangiogenic properties through inhibition of several tyrosine
kinases, including vascular endothelial growth factor receptors 1 to 3, platelet-derived
growth factor receptor α/β, c-kit receptor, fms-like tyrosine kinase 3 receptor, and RET
kinase.1–3 Sorafenib also inhibits Raf kinase.1,3 Sunitinib and sorafenib were the first 2
drugs of their class to be approved for advanced renal cell carcinoma (RCC) on the basis of
phase III trials that demonstrated efficacy.4,5 In addition, sunitinib is also US Food and Drug
Administration approved for use in gastrointestinal stromal tumor and pancreatic
neuroendocrine tumors, whereas sorafenib is approved for use in hepatocellular
carcinoma.6,7

Common adverse effects observed with both drugs include fatigue, diarrhea, nausea,
mucositis and/or stomatitis, rash, and hand-foot syndrome.4,5 Hypothyroidism was not
reported in the initial phase III trials. However, the high incidence of fatigue prompted
clinicians to check thyroid-stimulating hormone (TSH) levels, and it was found that
hypothyroidism was associated with sunitinib.8–10 Since then, sunitinib-induced
hypothyroidism has been well documented in both prospective and retrospective studies,
with reported rates of thyroid function test abnormalities in 20% to 85% of treated
patients.8,9,11–18 Hypothyroidism has also been reported in patients treated with sorafenib,
although there are fewer studies that examined thyroid function in this population.16,17,19–23

In most case series, the incidence has been lower with sorafenib (ranging from 18–
38%)17,19,21 than that with sunitinib, but this finding has not been universally. One recent
study in a Japanese population reported sorafenib-associated hypothyroidism in 67.7% of
patients,20 and another study reported an incidence of hypothyroidism of 42.1% in patients
treated with sorafenib compared with 20.5% for those treated with sunitinib.16

Although many cases of sunitinib- and sorafenib-induced hypothyroidism are mild, multiple
case reports of patients with severe symptoms that required hospitalization for problems
such as pericardial effusion, symptomatic bradycardia, and myxedematous coma have been
published.11,24–26 Although sunitinib-induced hypothyroidism may present over time, it can
also develop suddenly during treatment.27,28

It is not clear if the development of hypothyroidism is a prognostic or a predictive marker.23

Recently, a few studies have been designed to look at the relationship between the
development of hypothyroidism and clinical outcome to answer this question. The results
have been mixed to date, with 1 study reporting a significant difference in overall survival in
patients who developed hypothyroidism but not in progression-free survival (PFS), whereas
another study found a significant difference in PFS, and a third study found no difference in
PFS.16–18
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Given the mixed results of these studies, more data are needed. The goal of our study was to
examine the incidence of hypothyroidism in patients with metastatic RCC who were treated
with sunitinib or sorafenib, and to examine a possible correlation between the development
of hypothyroidism and PFS. Another objective of this work was to expand on our
understanding of sorafenib-associated hypothyroidism and the effect of both drugs on the
thyroid function of patients who were hypothyroid at baseline, a topic on which there is little
published information.

Patients and Methods
Patients

A retrospective chart review was performed on all patients with histologically confirmed
metastatic RCC treated with sunitinib or sorafenib who were seen at the University of
Colorado Hospital urological oncology clinic. They were identified from a list of clinic
patients with RCC treated from January 1, 2005, to January 1, 2011. Patients were excluded
if there was missing or insufficient follow-up information, including a lack of a baseline
TSH value or TSH values during treatment. The study population consisted of 78 patients.
Some patients had separate therapeutic trials of sunitinib and sorafenib during the study
period; consequently, there were a total of 108 treatment periods examined. For patients on
2 separate drug trials, the washout periods were adequate, and there was no evidence of a
cross-over effect.

Treatment
Patients were treated with either sunitinib, 50 mg daily, on a 6-week cycle (4 weeks on
treatment, 2 weeks off) or sorafenib, 400 mg twice daily, continuously. Ten patients were
started at a reduced dose based on the treating physician’s judgment. Dose adjustments for
toxicity or intolerance were performed according to the manufacturers’ recommendations.
PFS was defined as the time from the start of treatment until therapy was discontinued due
to disease progression or drug intolerance. Computed tomography scans to assess for
response were generally performed every 2 to 3 cycles, although formal RECIST (Response
Evaluation Criteria in Solid Tumors) criteria for radiographic progression were not used to
define PFS in this retrospective study, with progression based on the treating physician’s
assessment of radiographic and clinical changes.

Outcomes
Patient charts were examined for demographic data; treatment details; time from the start of
treatment to disease progression; history of hypothyroidism; development of hypothyroidism
during treatment, including laboratory data and symptoms; whether or not thyroid
replacement was started and dose of replacement required; and when or if the
hypothyroidism resolved. The time from the start of treatment to development of
hypothyroidism also was examined. TSH values were not routinely obtained until late 2006,
when reports of hypothyroidism were beginning to be published. Patients were excluded if
they did not have a baseline TSH level and at least 1 TSH level while on treatment.
Hypothyroidism was defined as any TSH increase above the upper limit of normal (5.0 mIU/
L). Thyroid replacement was started at the treating physician’s discretion, generally if the
TSH level was >10 mIU/L or if the patient had clinically significant symptoms thought to be
due to hypothyroidism.

Patients with a history of hypothyroidism who were already receiving thyroid replacement at
the start of TKI treatment were analyzed separately from the larger study population. To
examine thyroid dysfunction in these patients, we followed the dose of thyroid replacement
required. A dose increase of ≥25 µg was considered a marker of worsening thyroid function.
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Statistical Analysis
Patient demographics were described and the differences between patients treated with
sunitinib and the treated with sorafenib were analyzed by using a χ2 test or Fisher exact test,
if needed, for categorical variables, and a 2-group t test for continuous variables. A Kaplan-
Meier plot was used to describe the probability of time to incidence of sunitinib-induced and
of sorafenib-induced hypothyroidism, and P values were determined by using a log-rank
test. A Kaplan-Meier plot was also used to display the PFS stratified by the thyroid
functional status. The Cox proportional hazard regression model was used to estimate the
hazard ratio for hypothyroidism between the 2 drugs. A P value ≤.05 was considered
statistically significant throughout this study.

Results
Of the 78 patients and 108 treatment periods identified, 61 patients, with a total of 73
treatment periods, had sufficient data to be analyzed, with most excluded due to a lack of
TSH values at baseline or during treatment. Patient characteristics are described in Table 1.
Patients with a history of hypothyroidism on thyroid replacement were separated from
patients with normal thyroid function at baseline. In the group with normal baseline thyroid
function, there were 56 treatment periods, 22 with sorafenib, 34 with sunitinib; their thyroid
function during treatment is described in Table 2. Free T4 values were not reported here
because this value was not checked consistently. Six (27%) of 22 patients treated with
sorafenib developed hypothyroidism during treatment, of which 3 (13.6%) were given
thyroid replacement; the median dose required was 50 µg. The median peak TSH level was
12.3 mIU/L (range, 5.5–28.13 mIU/L). Fifteen of 34 (44%) patients developed
hypothyroidism while being treated with sunitinib. Twelve (35%) of the 34 were treated
with thyroid replacement, with a median dose of 75 µg. The average peak TSH level was
34.8 mIU/L (range, 5.87–162.64 mIU/L). There was a significant difference in the
probability of time to incidence of hypothyroidism while on therapy with sorafenib vs.
sunitinib (P = .038, log-rank test). The median time to develop hypothyroidism was 11 and
20 months for patients on sunitinib and sorafenib, respectively, with this finding. Cox
proportional hazard regression models were used to examine the association between the
type of therapy (sorafenib vs. sunitinib) and the time to develop hypothyroidism when
adjusting for therapy time. Analysis of the results indicated that the hazard of
hypothyroidism for patients on sorafenib is 38% of the hazard for patients on sunitinib (95%
CI, 14%–97%) (P = .04). There also was a trend toward a significant difference between the
percentage of patients who required replacement, 13.6% of patients who received sorafenib
vs. 35.3% of patients who received sunitinib, P = .07.

A total of 17 patients had a history of hypothyroidism at the beginning of treatment and
were already on a stable dose of thyroid replacement, with TSH values in the normal range
at the start of treatment (Table 2). Eight (73%) of the 11 patients treated with sunitinib
developed worsening thyroid dysfunction as identified by the use of higher doses of thyroid
replacement. The median dose increase was 37.5 µg (range, 25–50 µg) and the average peak
TSH level during treatment was 28.9 mIU/L (range, 7.5–72.43 mIU/L). During treatment
with sorafenib, 2 (33%) of 6 patients developed worsening thyroid dysfunction, which
required dose increases of 50 and 37.5 µg, and their peak TSH values during treatment were
43.8 and 7.9 mIU/L. No patients had a low TSH level during treatment or required their
thyroid replacement dose to be decreased.

When combining both the normal thyroid and baseline hypothyroid groups, 8 (28.6%) of 28
patients developed hypothyroidism or worsening thyroid dysfunction during sorafenib
treatment and 23 (51.1%) of 45 with sunitinib. With this larger cohort, the survival analyses
indicate that the difference in the development of hypothyroidism on sorafenib vs. sunitinib
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is more statistically significant (P = .01, log-rank test). Cox proportional regression
modeling revealed that the hazard ratio of hypothyroidism for patients on sorafenib is only
38% of the hazard for patients on sunitinib, which is the same result reported earlier for the
group patients with normal thyroid function at baseline but with a more narrow 95% CI
(17%–86%). Moreover, the severity of thyroid dysfunction was greater in sunitinib
compared with sorafenib-treated subjects (Table 2), as evaluated by the difference in the
percentage of patients with a peak TSH level >10 mIU/L while on sorafenib vs. sunitinib,
14.3% vs. 42.2%, which is significant (P = .01). The average peak TSH level of all patients
(including those who did not develop hypothyroidism) is also significantly higher in patients
treated with sunitinib, 18.1 vs. 6.2 (P = .04), as shown in Figure 1.

There was a statistically significant difference in PFS between patients with normal thyroid
function at baseline who developed hypothyroidism and patients who remained euthyroid
(Table 3) (P = .02, log-rank test), as revealed in the Kaplan-Meier plot (Figure 2). The
median time to progression was 20 months (95% CI, 11–25 months) in hypothyroid vs. 6
months (95% CI, 4–10 months) in patients who were euthyroid. This trend was also seen in
patients who were hypothyroid at baseline and developed worsening thyroid dysfunction
during treatment (Figure 3), a median PFS of 29 months (95% CI, 4–48 months) vs. 7
months (95% CI, 3–17 months) (P = .05, log-rank test). Overall survival data were not
included because we could not obtain complete survival data in this retrospective study.

When patients on sunitinib were analyzed separately from the patients on sorafenib, there
was still a difference in PFS. Patients who developed hypothyroidism while on sunitinib had
a significantly longer PFS than those who did not, with a median PFS of 20 months (95%
CI, 10–25 months) vs. 6 months (95% CI, 3–7 months), although the survival function did
not reach significance (P = .2, log-rank test). Patients who developed hypothyroidism while
on sorafenib also had a longer PFS than those who did not, with a median PFS of 18 vs. 8
months (P = .07). The difference in PFS when sunitinib and sorafenib-treated patients are
analyzed separately is displayed in Figure 4.

Finally, after therapy was discontinued, hypothyroidism resolved in 11 patients (median
time, 1.5 months; range, 0–12 months), and they were tapered off their thyroid replacement.
It did not resolve in 7 patients with normal baseline thyroid function who remained on
thyroid replacement at the end of this study period, with the last visit for each of these
patients at a median of 20 months after the end of treatment (range, 6–36 months).

Discussion
There are 3 main findings in this study: the difference in the natural history of the
development of hypothyroidism during treatment with sunitinib and sorafenib, the
description of a subset of patients with baseline hypothyroidism treated with sunitinib or
sorafenib, and the relationship between the development of hypothyroidism and PFS. First,
there is a significant difference in the incidence of thyroid dysfunction between patients
treated with sunitinib and the treated with sorafenib. Few studies have directly compared
patients treated with sunitinib and those treated with sorafenib in the same institution for
treatment-associated thyroid dysfunction. The overall incidence of sorafenib-induced
hypothyroidism was lower than sunitinib-induced hypothyroidism, with a hazard ratio of
0.38 (95% CI, 0.17–0.86), which is consistent with the results in a recent study done by
Riesenbeck et al17 and what would be expected from clinical experience with both drugs,
which is contrary to another recent trial in which the incidence of hypothyroidism in patients
treated with sorafenib was 42.1%, twice that found in patients treated with sunitinib
(20.5%).16 Furthermore, our observed incidence of hypothyroidism during treatment with
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sorafenib (27%) is similar to that reported in a recent phase I trial of patients treated with
sorafenib and everolimus (20%) and by other groups.17,19,21

It also appears that sorafenib-induced hypothyroidism may be milder and slower to develop.
Fewer patients who developed hypothyroidism on sorafenib required thyroid replacement (P
= .07), the peak TSH level of all patients treated with sorafenib was lower (P = .04), the
percentage of patients with a peak TSH level >10 mIU/L on sorafenib was lower (P = .06),
and the median time to detection was longer (P = .01). These findings are in line with other
reported values; in a Japanese study of sorafenib, the incidence of hypothyroidism was
67.7%, but nearly all the patients had a peak TSH level <10.0 mIU/L, and only 5% of the
patients were given thyroid replacement.20 In another study, in which 18% of patients
treated with sorafenib developed hypothyroidism, the average peak TSH level was 6.32,
with a range of 2.4 to 9.21.19 Our study had the advantage of reporting on the outcomes of
thyroid dysfunction from patients treated with sorafenib and those treated with sunitinib
from a single institution and time period.

Second, we report on subsets of patients with existing thyroid dysfunction who have largely
been excluded in previous reports. There were 17 patients with a history of hypothyroidism
who were already on thyroid replacement, of whom, 10 required an increase of ≥25 µg
during treatment. These results support the findings of Schmidinger et al,16 who reported
that 7 of 14 patients in their study population who had a history of hypothyroidism at
baseline required an increase of their thyroid replacement dose. A second patient population
included in this present study consisted of the patients previously treated with sorafenib or
sunitinib who progressed and were then switched to the other drug. In the final analysis, we
had 12 patients who were treated with both sorafenib and sunitinib in this study period and
were included in both groups. Seven of these patients did not develop hypothyroidism
during either treatment, one became hypothyroid with both treatments, 2 did not have
hypothyroidism while on sorafenib but consequently developed hypothyroidism while on
sunitinib, and 2 had hypothyroidism on sunitinib that resolved, and they did not develop
hypothyroidism while on sorafenib. Overall, the development of hypothyroidism was not
clearly related to previous treatment, consistent with a recent study that found that thyroid
dysfunction did not occur more frequently in patients who had previous treatment compared
with those who did not (no significant difference between those patient populations, P = .
62).18

Third, we describe the relationship between the development of thyroid dysfunction and
prolonged PFS. The median PFS of patients who developed hypothyroidism during
treatment with sorafenib or sunitinib was 20 months (95% CI, 11–25 months) compared
with 6 months (95% CI, 4–10 months) in patients who remained euthyroid (P = .02). This is
similar to the results found in the study by Riesenbeck et al,17 who reported that the
development of hypothyroidism in patients treated with sorafenib and the treated with
sunitinib was associated with a prolonged PFS, 16.0 ± 0.8 months vs. 6.0 ± 0.8 months; P = .
032.

These results point to a relationship between the development of hypothyroidism or
worsening thyroid dysfunction and a prolonged PFS. The difference in PFS is independent
of the treatment drug and cannot be attributed to a PFS difference between the 2 drugs and a
higher prevalence of hypothyroidism with sunitinib. When analyzing patients treated with
sunitinib and patients treated with sorafenib separately, there was still a difference in PFS
that related to thyroid dysfunction.

However, what is not clear is if hypothyroidism could be used as a biomarker for treatment
efficacy or if it is just identified more frequently in patients with a longer treatment duration.
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At least 1 study reported that the risk of developing hypothyroidism increases with treatment
duration.8 To answer this question, it would be helpful to know when hypothyroidism
develops, and the data that has been reported is variable. Among the studies that describe the
median time to detection, 5 studies report a time of 1 to 3 months.12,13,17,19,20 However,
even in studies with a median time to detection of 1 month, the range extends to 7 months,
and there were 3 other studies that reported a time of 4 to 5 months, with a range up to the
36th month of treatment.8,14,18

The studies that looked at the relationship between hypothyroidism and PFS have used
different approaches to deal with the issue of timing and may explain why there have been
mixed results. Schmidinger et al16 found the overall survival, but not the PFS, to be
statistically significantly longer in patients with hypothyroidism, but thyroid function was
only assessed at 2 months. A second study, by Sabatier et al,18 used a landmark method to
assess a possible correlation and their landmark time was 6 months; therefore, patients who
developed hypothyroidism or progressed before this time period were not included. This
study did not find a difference in mean PFS, possibly due to excluding too many patients
who progressed and did not develop hypothyroidism: the landmark population had 2 patients
with progressive disease as the best response as opposed to 19 in the overall study
population.

One of the major limitations of this retrospective review is that thyroid function tests were
not checked at standard intervals, so the median time to detection reported here is likely to
be much less accurate than the time reported in prospective trials with proscribed testing
intervals. In addition to the other limitations inherent in a retrospective review, another
potential bias is that TSH values were not checked routinely before 2006 when the
hypothyroidism association was first reported in the literature. The median time to first TSH
level check from the start of treatment was 6 months in this series, which is slightly skewed
by the beginning of the study period when it was checked less frequently. The treating
physician only monitored thyroid function when there was a clinical suspicion of
hypothyroidism; consequently, the incidence reported here may underestimate the true rate
of hypothyroidism. However, there were only 7 patients included who were treated before
2006 and the overall incidence rates in both sunitinib and sorafenib treatment groups are
similar to the rates reported in other prospective studies.

The mechanism of sunitinib- and sorafenib-induced hypothyroidism is not fully understood.
There have been many studies that looked at this question, with conflicting results. It does
not appear to be immune related; most studies have documented negative thyroid
antibodies,8,11,12,22,24 and only two reported a positive thyroglobulin antibody.9,29 A
number of groups have described transient mild hyperthyroidism preceding development of
hypothyroidism in 17% to 44% of patients, which indicates that TKI-associated thyroid
dysfunction may develop secondary to a destructive thyroiditis after an initial thyrotoxic
phase.8,12,13,15,20,22 Supporting this hypothesis, thyroid atrophy has been documented on
ultrasound and computed tomography.8,13,22,30 A possible mechanism is vascular
endothelial growth factor receptor tyrosine kinase inhibition on thyroid cells leading to
capillary regression,31,32 although 1 group found no change in thyroid volume or
vasculature.11 Other investigators have suggested that altered thyroid hormone production
and metabolism may play a role by causing an increase in deiodinase 3 activity33 or by
inhibiting peroxidase activity.14 Finally, TKIs have been shown to inhibit growth of FRTL-5
thyroid cells,34 to regulate growth and function of normal and neoplastic thyroid cell
kinases,35 and to treat advanced thyroid cancer.36

Finally, 2 clinical issues regarding thyroid hormone replacement for patients who become
hypothyroid are when to initiate it and if it can be stopped after treatment. There are some
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data to suggest that hypothyroidism may actually be protective in cancer,37 which implies
that one should wait to start thyroid replacement until patients become overtly hypothyroid
with clear symptoms secondary to hypothyroidism and low free thyroxine levels. The effect
of thyroid hormone replacement on outcomes and the optimal time to begin replacement will
be an important question to address in more depth in future studies. There have been a few
algorithms suggested by previous groups.38 It was our practice to generally follow the
guidelines put forth by the American Thyroid Association and withhold thyroid hormone
replacement in patients who were asymptomatic with a TSH level <10 µM/L.39 However,
the majority of patients treated with TKI have fatigue, which complicates the assessment of
hypothyroid-associated symptoms. Finally, sunitinib- and sorafenib-induced hypothyroidism
can be transient, resolving 2 to 6 months after the end of therapy, in some patients even at
the end of the 2-week off period of each cycle.11,12,22 But there are data that suggest that, in
some patients, thyroid dysfunction may be irreversible and that patients will continue to
need hormone replacement therapy indefinitely.13,30,40 Our experience supports these
findings. In patients with adequate data to analyze, hypothyroidism resolved in 11 of 18
patients, with 7 patients remaining hypothyroid and requiring ongoing replacement. We
would suggest continuing to monitor TSH values and to taper the thyroid replacement dose
as indicated but to counsel patients that TKI hypothyroidism may be persistent, even
permanent.

Conclusion
This study demonstrated a significant difference in the incidence of TKI-associated
hypothyroidism during treatment with sunitinib vs. sorafenib, with a higher incidence of
thyroid dysfunction in patients treated with sunitinib. The development of hypothyroidism
with sunitinib and sorafenib was associated with a longer PFS, which was statistically
significant. Hypothyroidism is a potential predictive biomarker for treatment response with
sunitinib and sorafenib, but future studies need to confirm this relationship and address the
best manner to manage patients who do develop hypothyroidism on TKI therapy.
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Clinical Practice Points

• Hypothyroidism is a known adverse effect of sunitinib and sorafenib treatment.
In this single-institution study, hypothyroidism occurs more frequently with
sunitinib than with sorafenib and appears to be more clinically significant with
sunitinib.

• In a subset of patients with hypothyroidism at baseline, treatment with sunitinib
and with sorafenib caused worsening thyroid dysfunction as measured by
increased thyroid supplementation requirements.

• The development of hypothyroidism is correlated with prolonged PFS, which
suggests that it could be used as a biomarker for treatment efficacy.

Clemons et al. Page 11

Clin Genitourin Cancer. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 1.
Baseline Thyroid-Stimulating Hormone (TSH) and Peak TSH. Average Baseline and Peak
TSH for All Patients Treated With Sorafenib as Compared to Sunitinib
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Figure 2.
Kaplan Meier Curve, Progression-Free Survival for Patients With Baseline Euthyroidism
Who Developed Hypothyroidism While on Sunitinib or Sorafenib Treatment Versus Those
Who Remained Euthyroid (P = 0.02).
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Figure 3.
Kaplan Meier Curve of Progression-Free Survival for Development of Worsening
Hypothyroidism in Those Patient With Baseline Thyroid Dysfunction While on Sunitinib or
Sorafenib Treatment (P = 0.05)
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Figure 4.
Box Plot, Difference in Progression-Free Survival Between Euthyroid and Hypothyroid
Patients When Separated by Treatment Drug
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Table 1

Patient Characteristics

Characteristics Sunitinib Sorafenib P Value

Total no. Patient 58 50

No. Patients With Sufficient Data to Analyze 45 28 .3

Mean (SD) Age, y 59 ± 9.7 60 ± 8.1 .73

Men, no. (%) 40 (69) 41 (82) .12

Prior Sunitinib Therapy, The Number of Patients — 5

Prior Sorafenib Therapy, The Number of Patients 6 —

No. (%) Patients With a History of Hypothyroidism at Baseline 11 (19) 6 (12) .77
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Table 2

Thyroid Function During Treatment

Sorafenib Sunitinib P Value

Patients Without a History of Hypothyroidism

    No. (%) patients developing hypothyroidism 6/22 (27) 15/34 (44) .16

    Hazard ratio for hypothyroidism 0.38 (sorafenib/sunitinib) (95% CI, 0.14–0.97 .04

    Patients with hypothyroidism, median peak TSH level (range),
mIU/L

12.3 (5.5–28.13) 34.8 (5.87–162.64) .10

    No. (%) patients required thyroid replacement 3/22 (13.6) 12/34 (35.3) .07

    Median thyroid replacement dose (range), µg 50 (25–150) 75 (50–175) .56

    Survival function with estimated median time to development
of hypothyroidism, mo

20 11 .038a

Patients With a History of Hypothyroidism

    No. (%) patients with a history of hypothyroidism develop
thyroid dysfunction

2/6 (33) 8/11 (73) .16

    Patients with hypothyroidism, median peak TSH (range), mIU/
L

25.8 (7.9–43.8) 28.9 (7.5–72.43) .99

    Survival function with estimated median time to development,
mo

8 6 .3a

    Median thyroid replacement dose increase required (range), µg 43.8 (50–37.5) 37.5 (25–50) .69

All Patients

    Average baseline TSH level 2.10 2.12 .97

    Average peak TSH level 6.23 18.12 .04

    No. (%) patients with peak TSH between 5 and 10 mIU/L 4 (14.3) 4 (8.9) .52

    No. (%) patients with peak TSH level >10 mIU/L 4 (14.3) 19 (42.2) .06

    No. (%) patients with hypothyroidism or worsening thyroid
dysfunction

8/28 (28.6) 23/45 (51.1) .058

    Survival function with estimated median time to development,
mo

20 10 .01a

    Hazard ratio for hypothyroidism 0.38 (sorafenib as compared to sunitinib) (95% CI, 0.17–
0.86)

.03

Abbreviation: TSH = thyroid-stimulating hormone.

a
Log-rank test for the difference in survival function between the 2 drugs.
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Table 3

Difference in Progression-free Survival in Patients Who Develop Hypothyroidism

Group of Patients No.
Patients

Median
Progression-Free

Survival
(95% CI), mo

P Value

Develop hypothyroidism while on treatment with sunitinib or sorafenib 21 20 (11–25) .02

Remain euthyroid while on treatment with sunitinib or sorafenib 35 6 (4–10)

History of hypothyroidism, develop worsening thyroid dysfunction 10 29 (4–48) .05

History of hypothyroidism, no change in thyroid function 7 7 (3–17)
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