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Abstract
Purpose To investigate prognostic markers in patients
with metastatic renal cell carcinoma (mRCC) undergoing
treatment with the tyrosine kinase inhibitors (TKIs) sorafe-
nib (So) or sunitinib (Su).
Patients and methods Eighty-three patients with mRCC,
who were treated at our institution between 2006 and 2009,
were evaluated prospectively. Clinical and laboratory
parameters were investigated, as well as, treatment-related
adverse events. Subclinical hypothyroidism was character-
ized by serum TSH above the upper limit of normal and
both total triiodothyronine (T3) and thyroxine (T4) within
normal limits. Clinical hypothyroidism was deWned as low
serum T3 and T4 together with elevated TSH.
Results Thirty-one (37.3%) patients received So, and 52
(62.7%) were treated with Su. In univariate analysis, the
ECOG status (P < 0.0001) as well as MSKCC criteria
(P = 0.003) and response to therapy (P < 0.0001) were
associated with progression-free survival (PFS). Twenty-
one of 66 (31.8%) evaluable patients developed hypothy-
roidism during treatment. Of those patients, 8/21 (38.1%)
were treated with So and 13/21 (61.9%) with Su. Response
rate in this subgroup was 49.2%. Hypothyroidism was
associated with a longer PFS (16.0 § 0.8 months vs.
6.0 §0.8 months, P = 0.032). Most patients [16/21
(76.2%)] developed abnormal TSH values during the Wrst
4 weeks of treatment. Hormone replacement with l-thyrox-
ine did not have an inXuence on survival. In multivariate
analyses, only the ECOG status (ECOG 0/1 vs. ECOG 2,

P = 0.018) and hypothyroidism (P = 0.01) were indepen-
dent prognostic parameters.
Conclusions The development of hypothyroidism during
treatment might be useful as a predictor of PFS for mRCC
patients undergoing treatment with targeted agents.
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Introduction

Renal cell carcinoma (RCC) accounts for 2–3% of all
malignant tumors in adults. In Europe, the estimated inci-
dence was 88,400 cases and 39,300 cancer-related deaths in
2008 [1].

The treatment of metastatic renal cell carcinoma
(mRCC) has changed enormously during the recent past.
After more than a decade of only cytokine therapy, a new
era of targeted agents began in 2006 with the approval of
the tyrosine kinase inhibitors (TKIs) sorafenib (So) and
sunitinib (Su) [2, 3].

The Memorial Sloan-Kettering Cancer Center (MSKCC)
score system is widely used to stratify risk groups and iden-
tify patients who will likely beneWt from treatment with So
and Su or other targeted agents. This prognostic model
identiWes certain variables to be of predictive value in terms
of survival, to include the Karnofsky performance status,
time from diagnosis to treatment <1 year and also labora-
tory abnormalities such as low hemoglobin, elevated LDH,
and high corrected serum calcium. Although generally used
in daily clinical practice, this model was only validated for
the treatment with cytokines [4] but not with targeted
agents. However, due to data lacking on other prognostic
and predictive factors for this latter treatment type, the
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MSKCC criteria were reluctantly accepted and included in
several therapeutic guidelines [5, 6].

Due to little evidence associated with the use of MSKCC
criteria in this context, many renal cancer experts empha-
size the necessity of determining and validating other
molecular and clinical markers that may predict survival
with more accuracy. Therefore, our goal in this study was
to prospectively evaluate several clinical and laboratory
variables that could be of predictive value, in terms of pro-
gression-free survival (PFS), in patients with mRCC under-
going treatment with So or Su.

Patients and methods

Patients

Between June 2006 and July 2009, 95 patients with mRCC
were treated with either So or Su as Wrst- or second-line
therapy (after cytokine failure). All patients included in this
study were at least 18 years of age and had histologically
conWrmed mRCC. Additional requirements were an ECOG
performance status of 0–2 and adequate bone marrow,
hematologic, liver, pancreatic, renal, and cardiac function
prior to the treatment. Patients with severe missing labora-
tory data and/or inaccurate follow-up information were
excluded from further evaluation. The Wnal study popula-
tion comprised 83 patients (Table 1).

Treatment

Patients received continuous treatment with oral So at a
dose of 400 mg, twice daily, in 6-week cycles. Su was
administered at 50 mg, once daily, in repeated 6-week
cycles of daily therapy for 4 weeks, followed by 2 weeks
oV treatment. Toxicity was evaluated using National Can-
cer Institute Common Toxicity Criteria version 3.0. Physi-
cal examination, performance status, and laboratory tests
were generally assessed on days 0, 15, 45, 75, and 105.
Response to therapy was evaluated using RECIST criteria
every two cycles by either computed tomography scans or
magnetic resonance imaging, while bone scans were usu-
ally performed when clinically indicated.

Study endpoints

The identiWcation of prognostic factors predicting response
to therapy, and PFS were the primary endpoints of the
study.

We evaluated clinical parameters such as gender, age,
kind of treatment (So versus Su), ECOG performance sta-
tus, MSKCC risk groups, prior nephrectomy, histologic
subtype, number of metastatic sites, time between diagnosis

and treatment <1 year, presence of bone metastases, and
brain metastases. Furthermore, we assessed response to
therapy to be a surrogate parameter for PFS.

Table 1 Baseline characteristics before treatment and best treatment
response

Clinical variables Total %

Gender

Male 56 67.5

Female 27 32.5

Age (years)

Median 63

Range 30–84

Treatment

Sorafenib 31 37.3

Sunitinib 52 62.7

Setting

First line 34 41.0

Second line 49 59.0

Performance status

0 50 60.2

1 27 32.6

2 6 7.2

MSKCC risk groups

Low 15 18.1

Intermediate 52 62.7

High 5 5.9

Missing 11 13.3

Nephrectomy

Yes 70 84.3

No 13 15.7

Histologic subtype

Clear cell 72 86.7

Non-clear cell 11 13.3

Number of metastatic sites

1 10 12.0

2 29 34.9

>2 44 53.1

Bone metastases

Yes 28 33.7

No 55 66.3

Brain metastases

Yes 4 4.8

No 79 95.2

Best response

Complete response 1 1.2

Partial response 22 26.5

Stable disease 36 43.4

Progressive disease 21 25.3

Missing 3 3.6
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We investigated laboratory data at baseline, but also
changes during treatment (hemoglobin, calcium, LDH,
leukocytes, neutrophile granulocytes, thrombocytes, creati-
nine, uric acid, and alkaline phosphatase). Beginning in
February 2007, we also evaluated TSH (if elevated, also T3
and T4).

Finally, common treatment-related adverse events were
evaluated, including severe reduction in weight, arterial
hypertension, and hand–foot syndrome.

DeWnition of hypothyroidism

The biochemical diagnosis of subclinical hypothyroidism
was determined in accordance with guidelines of the Amer-
ican Thyroid Association (ATA) and the American Associ-
ation of Clinical Endocrinologists (AACE) as follows:
subclinical hypothyroidism was considered as serum TSH
above the upper limit of normal, with total triiodothyronine
(T3) and thyroxine (T4) within normal limits. Clinical
hypothyroidism was deWned as low serum T3 and T4
together with elevated TSH. Patients with overt hypothy-
roidism and those with symptoms compatible with hypo-
thyroidism (e.g., fatigue, cold intolerance, constipation, or
weight gain) received thyroid hormone replacement ther-
apy with l-thyroxine.

Data analysis

For statistical analysis, the Statistical Package for the
Social Sciences for Windows, version 18.0 (SPSS Inc, Chi-
cago, II, USA) was used. The Kaplan–Meier method was
used to derive the PFS, and the log-rank test was employed
to compare curves for two or more groups. Univariable Cox
regression analyses were performed to identify diVerences
with regard to predictors of response to therapy. For multi-
variate analysis of prognostic factors, a Cox regression
analysis was performed. All proportional hazard assump-
tions were correlated using the Grambsch–Therneau test.
The p values were two-sided, and a P value <0.05 was
considered to indicate signiWcant diVerences between
groups.

Results

Of the 83 patients analyzed, 56 (67.5%) were men and 27
(32.5%) were women. Median age was 63 § 10.3 years
(range 30–84 years) (Table 1).

Thyroid function during treatment

In total, 66 out of 83 (79.5%) patients were eligible for
evaluation. Twenty-one of 66 (31.8%) patients developed

subclinical or clinical hypothyroidism, meeting the criteria
mentioned earlier. Of those patients, 8/21 (38.1%) were
treated with So and 13/21 (61.9%) with Su. Most patients
[16/21 (76.2%)] developed abnormal TSH values during
the Wrst 4 weeks of treatment. No complete response (CR)
was observed. A total of 9/21 (42.9%) patients responded
with a partial response (PR) as best treatment response,
while stable disease (SD) was present in 7/21 (33.3%)
patients. Progressive disease (PD) occurred in 5/21 (23.8%)
patients. Best treatment response was independent from
type of treatment (So vs. Su) in this subgroup.

Response to therapy

The ECOG status correlated with response to therapy
([ECOG 0; CR: 1 (2.1%), PR: 20 (41.7%), SD: 24 (50.0%),
and PD: 3 (6.2%)], [ECOG 1; CR: 0 (0%), PR: 1 (3.8%),
SD: 11 (42.3%), and PD: 14 (53.9%)], [ECOG 2; CR: 0
(0%), PR: 1 (16.7%), SD: 1 (16.7%), and PD: 4 (66.6%)]
P < 0.0001).

Furthermore, MSKCC criteria ([low risk; CR: 0 (0%),
PR: 5 (35.7%), SD: 9 (64.3%), and PD: 0 (0%)], [interme-
diate risk; CR: 1 (1.9%), PR: 14 (27.5%), SD: 22 (43.1%),
and PD: 14 (27.5%)], [high risk; CR: 0 (0%), PR: 0 (0%),
SD: 0 (0%), and PD: 5 (100%)] P = 0.002) as well as an
elevated LDH (£1.5) before treatment (normal; CR: 0
(0%), PR: 19 (34.0%), SD: 25 (44.6%), and PD: 12
(21.4%)], [>normal; CR: 1 (7.7%), PR: 1 (7.7%), SD: 5
(38.5%), and PD: 6 (46.1%)] (P = 0.032) were predictors of
response.

Progression-free survival

Univariate analyses

We did not see a signiWcant diVerence in PFS with regard to
gender, age, kind of treatment, number of metastatic sites,
time between diagnosis and treatment <1 year, or presence
of bone metastases and brain metastases. Aberrant labora-
tory values, before or during treatment, for calcium, LDH,
leukocytes, neutrophile granulocytes, thrombocytes, creati-
nine, uric acid, and alkaline phosphatase also failed to show
a prognostic impact on PFS. Furthermore, treatment-related
adverse events such as severe reduction in weight, arterial
hypertension, and hand–foot syndrome were not prognostic
factors.

A bad ECOG status was associated with poor survival
(ECOG 0: 11.0 § 2.2 months, ECOG 1: 4.0 § 0.3 months,
and ECOG 2: 3.0 § 1.6 months) (P < 0.0001) (Fig. 1a).
Similarly, MSKCC criteria correlated with PFS (low risk:
12.0 § 1.7 months, intermediate risk: 6.0 § 1.0 months,
and high risk: 3.0 § 0.8 months) (P = 0.003) (Fig. 1b). Best
response to therapy was a surrogate parameter for PFS, as
123



810 World J Urol (2011) 29:807–813
well (CR: 21.0 § 0.0 months, PR: 10.0 § 1.0 months, SD:
13.0 § 3.3 months, and PD: 4.0 § 0.1 months (P < 0.0001)
(Fig. 1c). On the other hand, development of hypothyroid-
ism was associated with a positive prognosis (16.0 §
0.8 months vs. 6.0 § 0.8 months, P = 0.032) (Fig. 1d). No
signiWcant diVerence was found between So and Su in this
subgroup. Hormone replacement with l-thyroxine did not
have an inXuence on survival in these patients.

Although not statistically signiWcant, several parameters
tended to have an inXuence on PFS. Patients with prior
nephrectomy tended to have a longer PFS compared with
those who were not treated with a resection of the primary
tumor (9.0 § 1.3 months vs. 4.0 § 1.0 months, P = 0.056).
The histologic subtype (clear cell vs. others) was also asso-
ciated with PFS (10.0 § 2.0 months vs. 6.0 § 1.0 months,
P = 0.052), albeit statistically not signiWcant. Furthermore,

Fig. 1 PFS correlated with a ECOG status, b MSKCC criteria, c Best treatment response, d Hypothyroidism
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baseline anemia tended to correlate with a worse PFS
(8.0 § 0.8 months vs. 19.0 § 6.2 months, P = 0.079).

Multivariate analysis

In multivariate analysis, only the ECOG status (ECOG 0/1
vs. ECOG 2, P = 0.018) and the development of hypothy-
roidism during treatment (P = 0.01) were independent
prognostic parameters (Table 2).

Discussion

Recent advances in our understanding of the biology of
mRCC and the role of angiogenesis of this tumor entity led
to the development and approval of TKIs such as So and Su
in 2006 [2, 3]. Data regarding clinical or biologic surrogate
parameters predicting survival are rare, but urgently needed
to select patient groups and oVer alternative treatments
when oncological beneWt seems unlikely. Until the identiW-
cation of such markers, selection of patients will rely upon
baseline clinical and pathological characteristics like the
MSKCC criteria. Although used in all TKI phase III trials
[2, 3, 7], there are several limitations associated with the
use of MSKCC criteria for prognostic purposes. SpeciW-
cally, all phase III studies predominantly include patients
with low or intermediate risk, i.e., populations with a diVer-
ent composition than that of the population used to develop
the MSKCC model [8]. Furthermore, the MSKCC system

has been validated as a predictor of overall survival, while
PFS has been the major end point in nearly all TKI trials.

In our study, we assessed clinical and laboratory base-
line parameters and hypothetical surrogate parameters dur-
ing treatment with the question of predicting PFS. At the
beginning of the study, we did not deWne hypothyroidism to
be assessed as a possible predictor. However, when evi-
dence arose that the development of hypothyroidism was a
likely side eVect of treatment with TKIs, the assessments of
TSH, T3, and T4 were also included in our analysis, begin-
ning in February 2007. In multivariate analysis, only the
ECOG status and the development of hypothyroidism were
identiWed as independent predictors of PFS.

To date, there are several hypotheses to explain TKI-
induced hypothyroidism, including reduced synthesis of
thyroid hormones due to inhibition of thyroid peroxidase
activity and progressive depletion of functional reserves
[9], inhibition of thyroid uptake of iodine [10], and drug-
induced atrophy of the thyroid through inhibition of gland
vascularity or thyroiditis [11]. However, the mechanism
responsible for the development of hypothyroidism in
patients treated with Su or So is still unclear and deserves
further prospective evaluation [12, 13].

In 2008, Wolter et al. prospectively evaluated thyroid
function in 40 patients with mRCC treated with Su.
Thirteen (32.5%) patients developed hypothyroidism
requiring hormone substitution [14]. The authors identiWed
a statistically signiWcant PFS and overall survival advan-
tage for the group of patients with sunitinib-induced thyroid
dysfunction. In a subsequent study, the same authors evalu-
ated 59 patients with either mRCC or gastrointestinal stro-
mal tumor treated with Su and identiWed 16 (27.1%)
patients with hypothyroidism requiring hormone replace-
ment [15]. Similar to our study, the development of hypo-
thyroidism was associated with early TSH elevation in
most cases, generally within 4 weeks of treatment.
Hormone replacement usually resulted in normalization of
laboratory values and improvement of clinical symptoms.
These results suggest that all patients undergoing TKI treat-
ment should receive thyroid function tests before treatment
starts and regularly after, e.g., every 4 weeks, for at least 4
cycles or when clinically indicated.

Recently, Schmidinger et al. were the Wrst to show a cor-
relation between the appearance of subclinical hypothy-
roidism and the median duration of survival [16]. All
hypothyroid patients were diagnosed with increased TSH
within the Wrst 8 weeks of treatment. Similar to our study,
hormone replacement did not have an inXuence on survival
in these patients.

In recent years, much eVort has been made to establish
clinical or biologic markers as surrogate parameters
for favorable survival [17–20]. Interestingly, in 2008,
Rini et al. presented a correlation between diastolic blood

Table 2 Multivariate analysis of prognostic factors

Rs Reference standard

All patients (n = 83) Progression-free survival (PFS)

Hazard ratio 95% CI P value

ECOG performance status

ECOG 0 Rs

ECOG 1 1.145 0.482–2.719 0.760

ECOG 2 32.117 2.934–351.595 0.004

MSKCC risk groups

Good Rs

Intermediate 0.914 0.366–2.279 0.846

Poor 5.276 0.828–33.626 0.078

Best treatment response

PR + CR Rs

SD 0.922 0.578–1.471 0.922

PD 6.855 0.616–76.334 0.117

Hypothyroidism 0.348 0.133–0.913 0.01

Prior Nephrectomy 0.532 0.204–1.385 0.196

Histologic subtype 
(non-clear cell)

1.186 0.773–1.189 0.434

Anemia 4.094 0.708–23.655 0.115
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pressure (dbp) ¸90 mmHg and survival during treatment
with the TKI axitinib (Ax) [21]. Although not validated yet,
this phenomenon is under intense investigation, and future
nomograms creating risk groups will possibly implement
dbp in the treatment with Ax. The implementation of thy-
roid function laboratory values into routine blood samples
seems to be another possibility to identify patients who will
likely beneWt from treatment with So or Su. As most of our
patients developed hypothyroidism within the Wrst 4 weeks
of treatment, the appearance of hypothyroidism-associated
clinical symptoms might strangely lead to enhanced patient
motivation to continue therapy despite adverse events,
when this information is imparted to the patient. Further-
more, within our patient group, clinical beneWt seemed to
last even after normalization of peripheral hormone levels
due to hormone replacement. The application of l-thyroxine
did therefore not undermine the antitumor eYcacy of So
and Su.

In summary, subclinical or clinical hypothyroidism
aVects 1/3 of patients being treated with So or Su within
4–8 weeks after start of treatment and might play a role as a
prognostic factor. Due to the low number of patients inves-
tigated in our single-center study, we recommend further
testing, preferably within prospective clinical multicenter
trials also including other targeted agents, e.g., pazopanib.
Once validated, hypothyroidism might be useful as a clini-
cal predictor during targeted therapy.

ConXicts of interest The authors declare that they have no conXict
of interest.
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