Thyroid dysfunction related to
treatment with tyrosine kinase
inhibitors
Belgian Thyroid Club, 28-11-2009, Brussels

Tyrosine kinases as targets for cancer therapy :
•

•
•

Protein tyrosine kinases (TKs): enzymes that
catalyze the transfer of phosphate from ATP to
tyrosine residues in polypeptides
about 90 TK and 43 TK-like genes in the human
genome
regulate cellular proliferation, survival,
differentiation, function, and motility
– Example: chronic myelogenous leukemia is
initiated by a reciprocal t(9;22)
chromosomal
translocation that fuses the ABL proto-oncogene
to the
BCR gene → this fusion
gene encodes a oncogenic ABL fusion protein
with enhanced tyrosine kinase activity
– Imatinib mesylate, inhibitor of BCR-ABL TK in
chronic CML was the “proof-of-principle”

Krause DS et al NEJM 2005;353:172-187

Tyrosine kinases as targets for cancer therapy

Tyrosine kinases as targets for cancer therapy
• TKs are divided into two main classes:
– Receptor TKs: transmembrane proteins with a ligand-binding extracellular domain
and a catalytic intracellular kinase domain
– Non-receptor TKs: lack the transmembrane domains and are found in the cytosol,
the nucleus, the inner surface of the plasma membrane

• Enzymatic activities are under tight control, so that non-proliferating
cells have very low levels of tyrosyl phosporylated proteins
• In the absence of the ligand, the receptor TK are unphosphorylated
and monomeric, and the conformation of their kinase domains is
inactive
• Receptor TK become activated when ligand binds to the
extracellular domain, resulting in oligomerization, disruption of the
autoinhibitory juxtamembrane interaction and autophosphorylation of
a regulatory tyrosine with the activation loop of the kinase
Krause DS et al NEJM 2005;353:172-187

Krause DS et al NEJM 2005;353:172-187

Mechanisms of targeting dysregulated TK in cancer

Krause DS et al NEJM 2005;353:172-187

Angiogenesisinhibitors – small molecules

Heath VL et al Nat Rev Clin Oncol 2009;6:395-404

Overview on EMEA approved tyrosine kinase inhibitors* and their indications:
Imatinib (Glivec®)

adult and paediatric patients with newly diagnosed Philadelphia chromosome (bcr-abl) positive (Ph+) chronic myeloid leukaemia (CML)
for whom bone marrow transplantation is not considered as the first line of treatment.
- adult and paediatric patients with Ph+ CML in chronic phase after failure of interferon-alpha therapy, or in accelerated phase or blast
crisis.
- adult patients with newly diagnosed Philadelphia chromosome positive acute lymphoblastic leukaemia (Ph+ ALL) integrated with
chemotherapy.
- adult patients with relapsed or refractory Ph+ ALL as monotherapy.
- adult patients with myelodysplastic/ myeloproliferative diseases (MDS/MPD) associated with platelet-derived growth factor receptor
(PDGFR) gene re-arrangements.
- adult patients with advanced hypereosinophilic syndrome (HES) and/or chronic eosinophilic leukaemia (CEL) with FIP1L1-PDGFRα
rearrangement.
- adult patients with Kit (CD 117) positive unresectable and/or metastatic malignant gastrointestinal stromal tumours (GIST).
- adult patients with unresectable dermatofibrosarcoma protuberans (DFSP) and adult patients with recurrent and/or metastatic DFSP
who are not eligible for surgery.

Sorafenib (Nexavar®)

Nexavar is indicated for the treatment of hepatocellular carcinoma (see section 5.1).
Nexavar is indicated for the treatment of patients with advanced renal cell carcinoma who have failed prior interferon-alpha or
interleukin-2 based therapy or are considered unsuitable for such therapy.

Dasatinib (Sprycel®)

SPRYCEL is indicated for the treatment of adults with chronic, accelerated or blast phase chronic myeloid leukaemia (CML) with
resistance or intolerance to prior therapy including imatinib mesilate.
SPRYCEL is also indicated for the treatment of adults with Philadelphia chromosome positive (Ph+) acute lymphoblastic leukaemia
(ALL) and lymphoid blast CML with resistance or intolerance to prior therapy.

Sunitinib (Sutent®)

Sutent is indicated for the treatment of unresectable and/or metastatic malignant gastrointestinal stromal tumour (GIST) after failure of
imatinib mesylate treatment due to resistance or intolerance.
Sutent is indicated for the treatment of advanced and/or metastatic renal cell carcinoma (MRCC).

Erlotinib (Tarceva®)

Tarceva is indicated for the treatment of patients with locally advanced or metastatic non-small cell lung cancer after failure of at least
one prior chemotherapy regimen
Tarceva in combination with gemcitabine is indicated for the treatment of patients with metastatic pancreatic cancer.

Nilotinib (Tasigna®)

Tasigna is indicated for the treatment of adults with chronic phase and accelerated phase Philadelphia chromosome positive chronic
myelogenous leukaemia (CML) with resistance or intolerance to prior therapy including imatinib. Efficacy data in patients with CML in
blast crisis are not available

Lapatinib (Tyverb®)

Lapatinib is indicated for the treatment of patients with metastatic breast cancer whose tumours overexpress HER2 in combination with
Capecitabine. Prior chemotherapy must have included at least an anthracycline and a taxane and Herceptine. Lapatinib should only be
used in patients whose tumours have either HER2 overexpression or HER2 gene amplification as determined by an accurate and
validated assay.

* List of agents assessed by the Committee for Medicinal Products for Human Use (CHMP) and for which European Public Assessment Reports (EPAR) are available,
see: http://www.emea.europa.eu/htms/human/epar/eparintro.htm.

Targeted agents in developpment:Anti-IGF Aurora kinase Anti-CTL4
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Sunitinib malate (SU011248, Sutent®) – history:
• 1991: Sugen (S. San Francisco, CA,
USA) founded by Joseph
Schlessinger (the „S‟ in Sugen), now
professor at Yale School of Medecine,
and Axel Ullrich (the „U‟ in Sugen), a
director of the Max Planck Institute of
Joseph Schlessinger
Axel Ulrich
Biochemistry Munich.
• Sugen becomes pioneer in the field of kinase therapeutics, first
drug was SU5416, successful early results, but the drug failed
later in clinical trials
• 1999: Sugen bought by Pharmacia-Upjohn for $650 million
• 2000: Pharmacia merged with Mosanto Co.
• 04/2003: Pharmacia bought by Pfizer, closure of Sugen‟s offices
and labs, initiation of clinical trials with SU011248
Barett A Business Week 11/2005
Garber K Nature Biotechnology 2003;21(7):722-723

Sunitinib (SU011248, Sutent®):
Chemical name

Butanedioic acid, hydroxy-,(2S)-,compound with N-[2diethylamino-ethyl]-5-[(Z)-5-fluoro-1,2-dihydro-2-oxo-3Hindol-3-ylidine)methyl]-2,4-dimethyl-1H-pyrrole-3carboxamide(1:1)

Emperical formula

C22H27FN4O2•C4H6O5

Molecular weight

532,6 Daltons

Ionisation constant 8,95 pKa
Appearance

Yellow to orange powder

Formulation

Hard shell capsules containing sunitinib malate equivalent
to 12,5 mg, 25 mg or 50 mg sunitinib.

Chemical structure

http://www.emea.europa.eu/humandocs/PDFs/EPAR/sutent/068706en6.pdf

Sunitinib malate (SU011248, Sutent®):
• Sunitinib is a potent inhibitor of multiple receptor tyrosine
kinases (RTK), through which its antitumour and
antiangiogenic activities are mediated.
• Target RTKs include PDGFR-α and –β, VEGF receptors
(VEGFR-1, -2 and -3), KIT, Fms-like tyrosine kinase-3 (FLT3)
and RET.
In vitro inhibitory profile of sunitinib
(IC50 value (µM)
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Stein MN et al. Clin Cancer Res 2007;13:3765-3770
Chow LQM et al. JCO 2007;25(7):884-896
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Wilhelm SM, et al. Cancer Res 2004;64:7099–109
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Sunitinib – phase I clinical studies:
• A total of 117 patients with various solid tumours have been
enrolled in phase I trials.
• Sunitinib 25-150 mg orally once daily was given
• Intermittent dosing was initially investigated due to evidence of
accumulation with continuous daily dosing and increased toxicity
•

Different dosing regiments or cycles:
• 2 weeks on/1 week off (2/1)
• 2 weeks on/2 weeks off (2/2)
• 4 weeks on/2 weeks off (4/2)

• Results:
– Sunitinib 50 mg/d achieved active target plasma concentrations of > 50 ng/ml
– Sunitinib 50 mg/d was well tolerated, main adverse effects were sore mouth, edema,
and thrombocytopenia, also hair discoloration and yellow coloration of the skin.
– moderate interpatient variability and a long half-life compatible with a single daily
dosing.
– 6 objective responses in three renal cell carcinomas, one neuroendocrine tumor, one
gastriintestinal stromal tumor, and one unknown primary adenocarcinoma patient.
Faivre S et al. JCO 2006;24:25-35
Fiedler W et al Blood 2005;105:986-993
O‟Farrel AM et al Clin Cancer Res 2003;9:5465-76
Sutent® product monograph 2007 Pfizer

CT scans showing objective responses in patients treated with sunitinib(A, B) Baseline and
post-treatment scans of patients with lung metastasis from renal cell carcinoma; (C, D)
peritoneal recurrence of rectal neuroendocrine tumor; and (E, F) lung metastasis of
carcinoma of unknown primary showing objective responses.

Faivre S et al. JCO 2006;24:25-35

Toxcities of sunitinib – phase I clinical studies:

Sunitinib skin toxicity consisted of (A) painful periungual erythema, (B) bullous lesions
on the fingers, (C) plantar areas with erythema that consisted of hyperacanthosis,
intraepidermal cleavage, and (D) microscopic examination

Faivre S et al. JCO 2006;24:25-35

Toxcities of sunitinib – phase I clinical studies:

Sunitinib-induced hair depigmentation

Faivre S et al. JCO 2006;24:25-35

Sunitinib in RCC – biologic rationale:

Brugarolas J. N Engl J Med 2007;356:185-187

Sunitinib in RCC – overview phase II clinical studies:
Ref.

Nr.
of pts

Study type

study endpoint

Clinical
setting

Responses

Progression
free survival
(PFS) / Overall
survival (OS)

Duration of
response

Motzer R
et al
JCO
2005

63

Phase 2
Multicenter
Open label
single arm

Primary: Overall
objective response
rate
Secondary: Time
to progression
safety

Cytokine
refractory
RCC

PR: 40%
SD: 27%

PFS: 8,7
months
OS: 16,4
months

Median duration of
response: 12,5
months

Motzer R
et al
JAMA
2006

106

Phase 2
Multicenter
Open label
single arm

Primary: Overall
objective response
rate
Secondary
Duration of
reponse, PFS, OS

Cytokine
refractory
RCC

PR: 34%
SD: 30%
PD: 39%

PFS: 8,1
months
OS: not
reached

Median duration of
response: 10
months

Robert Motzer

Belgian cancer registry: 1329 new cases of RCC in Belgium (2005)
50-60% will develop metastasis, median survival < 12 months

Sunitinib – results phase II clinical studies:

Maximal percentage of tumor reduction for target lesions by Response Evaluation Criteria
in Solid Tumors (RECIST)
Motzer, R. J. et al. J Clin Oncol; 24:16-24 2006

Sunitinib – overview phase III clinical studies in RCC and GIST:
Ref.

Nr. of
pts.

Study type

study endpoint

Clinical
setting

Responses
Sutent vs INF

Median
PFS/OS

Reasons for
discontinuing

Safety

Motzer R
et al
NEJM
2007

750
(Sutent:
375)

Phase 3,
Randomized,
multicenter

Primary: PFS
Secondary:
ORR, OS,
safety

First line
comparison to
INF-α in
advanced
RCC

Sutent vs INF
CR: 0 vs 0
PR: 31 vs 6 %
SD: 48 vs 49%
PD: 21 vs 45%

PFS: 11
months
(PFS with
INF: 5
months)
OS: not
yet
reached

PD: 25%
Stop due to
adverse events:
8%
Dose
interruption:
because of
adverse events:
38%
Dose reduction
32%

All grades
Fatigue: 51- 7 - 0%
Diarrhea: 53-5-0%
Nausea: 44-3-0% Hypertension:
24-8-0%
Hand foot syndrome: 20-5-0%
Neutropenia: 72-11-1%
Thrombocytopenia: 65-8-0%
LV decline: 10%, grade 3: 2%
Hypophosphatemia: 36-4-1%

PFS: 24
weeks,
OS: not
yet
reached

Stop due to
adverse events:
9%
Dose
interruption:
because of
adverse events:
28%
Dose reduction
11%

All grades
Fatigue: 29-5-0%
Diarrhea: 26-3-0%
Nausea: 23-1-0% Hypertension:
8-3-0%
Hand foot syndrome: 9-4-0%
Neutropenia: 43-8-2%
Thrombocytopenia: 36-4-1%
LV decline: 10%, grade 3: 2%
Hypophosphatemia: n.a.

Objective
response rate:

31 vs 6%
Demetri G
et al.
Lancet
2006

312
(Sutent:
207,
placebo:
105)

Phase 3,
randomized,
multicenter,
double blind

Primary: time
to tumour
progression
Secondary:
PFS,OS, ORR

GIST,
refractory /
resistant to
Gleevec or
intolerant to
Gleevec
Sutent vs
placebo

Median time to
tumour
progression:
27,3 vs 6,4
weeks
CR: 0 vs 0
PR: 7 vs 0%
SD: 58 vs 48%
PD: 19 vs 37%

Sunitinib – overview phase III clinical studies in RCC and GIST:

Kaplan-Meier Estimates of Progression-free Survival
(Independent Central Review)
Motzer R et al. N Engl J Med 2007;356:115-124

Kaplan-Meier Estimates of overall survival, results represent
central radiology assessment of ITT population and include
open-label reatment subsequent to crossover after progression.
Demetri G et al. Lancet 2006;368:1329-1338.

Sunitinib received regular FDA-approval in 01-2006 as monotherapy
for treatment op patients with GIST after progression on or
intolerance to Imatinib and in 01-2006 accelerated approval as
monotherapy for treatment of advanced RCC. Reimbursement in
Belgium since 04-2007.

Sunitinib – overview phase III clinical studies in RCC:

Kaplan-Meier estimates of overall survival for patients in the phase III
trial of sunitinib vs IFN-α in patients with advanced RCC who did not
receive any post-study treatment.
Kaplan-Meier estimates of overall survival for patients in the
phase III trial of sunitinib vs IFN-α in patients with advanced
RCC uncensored and censored for cross-over .
Motzer R et al. JCO 2008 ASCO Annual Meeting Proceedings. Vol 23, No. 16S, Part I of II (June 1 Suppl., 2008: 3040)

Sunitinib – toxicity profile:
Results from the Sunitinib expanded
access program (n=2341):
treatment related AEs

Négrier S EJC supplements 2007;5(7):12-19

Preferred term

Incidence (%)
Grade 1-2

Grade 3-4

Fatigue

28,5

7,1

Hypertension

14,7

5,4

Asthenia

13,9

5,0

Hand-foot-syndrome

12,9

4,5

Diarrhoea

35,8

3,6

Mucosal inflammation

24,5

2,5

Anorexia

20,0

2,2

Stomatitis

23,4

2,1

Vomiting

20,6

2,1

Nausea

31,7

1,9

Rash

12,5

0,5

Congestive heart
failure

0,0

0,3

Cardiac failure

0,0

Constipation

11,8

0,2

Dyspepsia

15,4

0,2

Hypothyroidism

2,7

?

?

0,2

0,1

Sunitinib – hypothyroidism:

Laboratory tests:
TSH 119.02 mIU/L (0.27 - 4.20)
T4 totaal 2 .9 µg/dL (5.1 - 14.1)
T3 totaal 49 ng/dL (80 – 200)

TSH (mIU/L)

01-2005: 71-year-old patient with imatinib-resistant GIST admitted to
the emergency room because of fatigue, somnolence and
constipation, after 46 weeks of Sunitinib
Clinical examination: temp. 36.8°C, BP: 160/80 mmHg, HR: 80/min
normal cardiopulmonary auscultation, somnolent, but responsive
to verbal or painful stimuli, pupils
Sunitinib-induced hypothyroidism
equal and reactive to light,
140
reflexes normal, no other focal
120
100
neurological deficit
80
60
40
20
0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61
treatment weeks sunitinib

ASCO 2005, abstr. 3040, Desai J et al: “Hypothyroidism may accompany
SU11248 therapy in a subset of patients (pts) with metastatic (met)
gastrointestinal stromal tumors (GIST) and is manageable with replacement
therapy”, abnormal TFT in 25/64 pts (39%, treated: 29%)
Desai J et al. JCO 2005 ASCO Annual Meeting Proceedings. Vol 23, No. 16S, Part I of II (June 1 Suppl., 2005: 3040

Retrospective analysis of 16 GIST patients treated with Sunitinib
16 GIST patients treated with Sunitinib
Number of evaluable patients

8 (50%)

Male

4 (50%)

Female

4 (50%)

Median age at start (yrs)

61 (51-74)

Median treatment time (wks)

83 (34-112)

Median time to abnormal TSH (weeks)

43 (34-66)

Dose reduction for other reasons

3 (38%)

Total Thyroidectomie before

0 (0%)

Substitution before

0 (0%)

No biochemical thyroid abnormalities

0 (0%)

Minimum one elevated TSH without needing treatment

2 (25%)

Subclinical or clinical hypothyroidism needing treatment

6 (75%)

Minimum one low TSH without needing treatment

0 (0%)

Subclinical or clinical hyperthyroidism needing treatment

0 (0%)

Elevated TSH and low T4

3 (38%)

TPO-Ab

Evaluable in 7 (88%)
TPO-Ab not present

TPO-Ab present

7 (100%)

0 (0%)

Schöffski P et al. JCO 2006 ASCO Annual Meeting Proceedings. Vol 24, No. 18S, Part I (June 20 Suppl., 2006: 3092)

Sunitinib – hypothyroidism:
• single-center prospective observational study,
• Sunitinib 50 mg p.o.daily, 4 wk on / 2 wk off.
• 74 pts. treated between 11-2005 and 06-2007 in two
expanded access programs for GIST and RCC, thyroid
parameters (serum TSH, total T4 and T-uptake, free thyroxin
index, total T3 and thyroid antibodies: TPOAb, TgAb and
TRAb) were performed at baseline and on days 1 and 28 of
each consecutive treatment cycle, 59 pts. were evaluable.

Wolter P et al. Br J Cancer 2008 99(3):448-454

Prospective analysis of 59 pts (GIST + RCC) treated with Sunitinib
RCC
(n = 42)

GIST
(n = 17)

RCC + GIST
(n = 59)

11 (26)

9 (53)

20 (34)

Median time to abnormal TSH,
wks (range)

4 (2–22)

9 (4–46)

4 (2–46)

At least one TSH (no treatment
required), n (%)

14 (33)

6 (35)

20 (34)

(Sub)clinical hypothyroidism
(treatment required), n (%)

14 (33)

2 (12)

16 (27)

3 (7)

0

3 (5)

(Sub)clinical hyperthyroidism
(treatment required), n (%)

0

0

0

TPOAb – positive patients

2a

0b

2

Cohort
No biochemical thyroid
abnormalities, n (%)

At least one TSH (no treatment
required), n (%)

a
b

TPOAb measurements available in 38 of 42 patients with RCC.
TPOAb measurements available in 11 of 17 patients with GIST.

Wolter P et al. Br J Cancer 2008 99(3):448-454

Representative courses of TSH (mIU/l) in three patients receiving sunitinib
and median TSH during first cycles of sunitinib treatment based on severity
of thyroid dysfunction:
patient 2

patient 1

40

30

35
TSH (mIU/l)

TSH (mIU/l)

25
20
15
10

30
25
20
15
10

5

5

0

0
0

2

4

6 10 12 16 18 20 24 28 30 34 36 42 46 48 52 60 64 66 70 72
weeks

16

TSH (mIU/l)

14
12
10
8
6
4
2
0
2

4

6

10

12

18

22

24

4

6

8

10
weeks

patient 3

0

0

28

30

34

weeks

Wolter P et al. Br J Cancer 2008 99(3):448-454
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Studies evaluating sunitinib-induced hypothyroidism
Type of
study

Tumour

n

Prior treatment

Baseline
TSH
(mIU/l),
n (%)

No thyroid
abnormalit
y
n (% of
patients)

(Sub)clinical
hypothyroidism
n (% of patients)

(Sub)clinical
hyperthyroidis
m
(% of patients)

Thyroid-Ab

Median
time to
abnormal
TSH (wks)

Desai J
2006

P+ R
Single
centre

GIST

42

imatinib

42
(100%)

16 (38%)

total: 26 (62%)
symptoms:

6 (14%)
(temporarily)

TPOAb:
normal in
2/42 pts
tested

50

Rini B
2007

P+ R
Single
centre

RCC

66

Naïve: n = 30
Cytokine: n = 30
Bevacizumab: n
=6

37
(56%)

10 (15%)

total: 56 (85%)
symptoms: 47
(71%)
treated: 17 (25%)

0

TgAb:
abnormal in
13/44
TPOAb: no
data

6

Wong E
2007

R
Single
centre

Solid
tumours,
GIST,
RCC

40

n.s.

8 (20%)

14 (35%)

total: 21 (53%)
symptoms: 8
(20%)

3 (8%)

n.s.

20

Martorella
AJ 2006

P+ R
Single
centre

RCC

39

IL-2: n = 39

n.s.

-

8 (20%

-

Abnormal in
2/7 pts

52

Shaheen
PE 2007

R
Single
centre

RCC

55

n.s.

n.s.

15 (27%)

total: 40 (73%)
symptoms: 33
(60%)
treated: 12 (22%)

-

n.s.

n.s.

Mannavol
a D 2007

P
Two
centres

GIST

24

n.s.

24 (100)

7 (29%)

10 (46%)
TSH: 6 (34%)

-

TPOAb
normal in all
but one pts

16

Current
study

P
Single
centre

GIST
RCC

59

GIST: imatinib
(all)
RCC:
IFN/IL-2 n = 39

59
(100%)

20 (34%)

total: 36 (61%)
treated: 16 (27%)
at least one
TSH: 20 (34%)

-

TPOAb in 49
pts, normal
in 47 pts

4

Study
reference

P = prospective; R = retrospective; n.s. = not specified

Wolter P et al. Br J Cancer 2008 99(3):448-454

Proposed algorithm to diagnose and treat thyroid dysfunction
during sunitinib treatment
Measure TSH and T4 before starting sunitinib

If thyroid dysfunction: treat appropriately. Be aware that patients
under hormone replacement therapy may require higher doses of
hormone replacement therapy to maintain a normal TSH.

Measure TSH on day 1 and day 28 in the first 4 cycles of sunitinib treatment

If TSH > ULN on day 1 and/or day 28

If TSH > 10 mIU/L on day 1
+ normal T4 but with symptoms of
hypothyroidism
or + low T4
start hormone replacement therapy aiming
at normalisation of TSH

Continue to measure TSH after sunitinib
retrieval: partial recovery of thyroid
function possible

If TSH > ULN but <10 mIU/L suggesting
high probability of thyroid dysfunction,
continue to measure TSH on day 1 and
day 28 of subsequent cycles

TSH normal in the first 4 cycles

Measure TSH on day 28 of every 3 cycles

If TSH > ULN on day 28 of 3-monthly
screening, suggesting thyroid dysfunction,
restart to measure TSH on day 1 and day 28
of each cycle

Wolter P et al. Br J Cancer 2008 99(3):448-454

Shrinkage of thyroid volume in sunitinib treated patients
with renal cell carcinoma - a potential marker of
irreversible thyroid dysfunction?

Rogiers A and Wolter P et al. Thyroid accepted

Rogiers A and Wolter P et al. Thyroid accepted

Sunitinib induced hypothyroidism and progression free survival (PFS):

The median progression-free survival time equals 3.6 months (95%CI:2.3 months -6.0
months) when there is no biochemical thyroid abnormality and 10.3 months
(95%CI:5.0-18.4) in presence of a biochemical abnormality.

Sunitinib induced hypothyroidism and overall survival (OS):

The median survival time equals 6.6 months (95% confidence interval (CI):3.3
months -7.9 months) when there is no biochemical thyroid abnormality and 18.2
months (95%CI:7.5-22.3) in presence of a biochemical thyroid abnormality.

Relationsship between PR or complete response to sunitinib vs
sunitinib AUCss for patients with RCC

Houk BE et al. J Clin Oncol; 25(suppl. 118, 5027 (2007)

TTP and OS for patients with RCC and sunitinib plasma levels above
and below the median value for all patients studied

Houk BE et al. J Clin Oncol; 25(suppl. 118, 5027 (2007)

Conclusions from PK analysis from Houk et al.:
• In mRCC, sunitinib displays greater efficacy in
patients with the highest exposures
– higher probability of PR with increasing exposure
– longer TTP and OS with higher exposure
– greater changes in tumor size with higher exposure

• DBP increases and ANC decreases minimally with
increasing doses/exposure Hypothyroidism may
have contributed to high incidence of fatigue
reported in clinical trials with sunitinb.
• Sunitinib 37.5 mg/day CD appears equally effective
as 50 mg/day 4/2 schedule

Houk BE et al. J Clin Oncol; 25(suppl. 118, 5027 (2007)

Mean change in
ANC at baseline
of 5000
cells/mm3
Dose (mg)
(% change)
25

1000 (-20)

37.5

1200 (-25)

50

1500 (-30)

75

2100 (-42)

Mean maximum
change in DBP
Dose (mg)
(mmHg)
25

5

37.5

6

50

8

75

10

Does thyroid hormone induce tumor growth and angiogenesis?
•

•

•

Thyroid hormone has been shown in preclinical models to
induce tumor growth and angiogenesis via a plasma
membrane hormone receptor on integrin ανβ3, present both on
tumor and endothelial cells.
Induction of hypothyroidism can slow growth of prostate and
NSCLC xenografts, in addition to rodent hepatoma, sarcoma,
and mammary carcinoma allografts.
Preliminary clinical data are consistent with this possibility:
– a retrospective study of head and neck cancer patients
showed better survival for those experiencing radiotherapyinduced hypothyroidism (TSH> 5.5 uU/mL) as compared
with euthyroid patients.
– a prospective study recently reported improved PFS and
OS in patients with progressive glioma in those developing
early hypothyroidism induced by propylthiouracil.
– a retrospective analysis of 1136 women, primary
hypothyroidism was associated with a reduced risk for
breast cancer and a more indolent, invasive disease.
– in historical series of RCC patients treated with interleukin2, the development of hypothyroidism correlated
significantly with a favorable response to treatment
Garfield DH et al. J Clin Oncol 2008 in press
Davis PJ et al Front Neuroendocrinol 2008;29:211-218

Schematic representation of nongenomic cellular
actions of thyroid hormone analogues T4, T3 and
rT3. T4 can act via a plasma membrane receptor on
integrin αVβ3 to activate the mitogen-activated
protein kinase (MAPK; ERK1/2) signal transduction
cascade via phospholipase C (PLC) and protein
kinase Cα (PKCα). Via the integrin receptor and
MAPK, T4 also is pro-angiogenic and causes
proliferation of certain tumor cells.

Reduction of perfusion on MRI of thyroid under Sunitinib:
Cpeak genormaliseerd naar AIF
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→ clinical hypothyroidism requiring treatment; median TSH 4.97 mIU/L (0.06-96.02)

→ no thyroid abnormalities; median TSH 2 mIU/L (0.39-4.71)

Sunitinib and thyroid dysfunction – conclusions:
• Sunitinib is associated with biochemical thyroid dysfunction in
up to 75% of pts, this leads to subclinical or clinical treatment
requiring treatment in 14-20% of patients.
• Hypothyroidism may have contributed to high incidence of
fatigue reported in clinical trials with sunitinb, endocrine
abnormalities are underreported in all recent publications on
Sunitinib.
• All patients treated with Sunitinib should be systematically
assessed for thyroid dysfunction during treatment.
• RCC patients developing thyroid dysfunction seem to have
better PFS, role of thyroid hormone in angiogenesis?
• The mechanisms by which Sunitinib induces thyroid
dysfunction are yet unclear.

Wolter P et al. Br J Cancer 2008 99(3):448-454

Sorafenib tosylate (BAY-43-9006 Nexavar®):
Chemical name

4-{4-[3-(4-Chloro-3-trifluoromethyl-phenyl)ureido]phenoxy}pyridine-2-carboxylic acid methylamide 4methylbenzenesulfonate

Emperical formula

C21H16ClF3N4O3•C7H8SO3

Molecular weight

637.03 Daltons

Appearance

Yellow to orange/brownish powder

Formulation

Hard shell capsules containing sorafenib tosylate

Chemical structure

http://www.emea.europa.eu/humandocs/Humans/EPAR/nexavar/nexavar.htm

Sorafenib tosylate (BAY-43-9006 Nexavar®):
•
•
•

Sorafenib is a bis-aryl urea drug
initially developed as an inhibitor of the non-receptor serine/threonine kinase Raf-1
also receptor tyrosine kinases such as vascular endothelial growth receptor 2
(VEGFR-2), platelet-derived growth factor receptor- (PDGFR- ), FMS-related
tyrosine kinase-3 receptor (FLT-3) and stem cell factor receptor (KIT) are also
targeted.
In vitro inhibitory profile of sunitinib
(IC50 value (µM)
VEGFR2

0.030-0.090

PDGFR-β

0.057-0.080

Flt-3

0.020-0.058

c-kit

0.068

FGFR1

0.58

c-Raf-1

0.006

RET

0.047

EGFR

> 100

IGFR

> 100
Stein MN et al. Clin Cancer Res 2007;13:3765-3770

Sorafenib – overview phase III clinical studies in RCC and HCC:
Ref.

Nr. of pts.

Study type

study
endpoint

Clinical setting

Responses
Sorafenib vs
INF

Median
PFS/OS

Reasons for
discontinuing

Safety sorafenib

Escudier
B et al
NEJM
2007

903
(Sorafenib:
451)

Phase 3,
Randomized,
multicenter,
double blind
(TARGET)

Primary: OS
Secondary:
ORR, PFS,
safety

advanced RCC,
second line
(mostly after
INF-immunotherapy)

Sorafenib vs
placebo
CR: <1 vs 0
PR: 10 vs 2 %
SD: 74 vs 53%
PD: 12 vs 37%

PFS:
sorafenib:
5.5 months
(PFS with
placebo:
2.8 m)

Disease control
rate:

median
OS: 19.3 vs
15.9 m

Stop due to
adverse events:
10 vs 8%
Dose
interruption:
because of
adverse events:
21 vs 6%
Dose reduction
13 vs 3%

All grades (gr II and gr III/IV)
Fatigue: 37% (12- 5%)
Diarrhea: 43% (12-2%)
Nausea: 23% (6-<1% )
Hypertension: 17% (10-4%)
Hand foot syndr.: 30% (12-6%
Cardiac infarction: 3%
Lymphopenia: gr III-IV 13%%
Hypophosphatemia: gr III-IV:
13%

Stop due to
adverse events:
38 vs 37 %
Dose
interruption:
because of
adverse events:
44 vs 30%
Dose reduction
26 vs 7%

Grades II, III, IV
Fatigue: 22-3-1%
Diarrhea: 39-8-0%
Nausea: 11-<1-0%
Hypertension: 5-2-0%
Hand foot syndrome: 21-8-0%
Neutropenia: 43-8-2%
Thrombocytop.: grade III-IV 3%
Cardiac infarction: 3%
Hypophosphatemia: gr. III 11%

62 vs 37%
Llovet
JM et al.
NEJM
2006

602
(Sorafenib:
299,
placebo:
303)

Phase 3,
randomized,
multicenter,
double blind
(SHARP)

Primary: OS,
time to
tumour
progression
Secondary:
disease
control rate,
safety

Advanced stage
hepatocellular
carcinoma, first
line, Child A

Sorafenib vs
placebo
CR: 0 vs 0
PR: 2 vs 1%
SD: 71 vs 67%
Disease control
rate:
43 vs 32%

TTP: 5.5 vs
2.8 months,

OS: 10.7 vs
7.9 months

→ Sorafenib was designated “orphan medicine” for RCC and HCC by EMEA in 04-2006
and 07-2004, marketing authorisation 04-2006. Reimbursement in Belgium since 042007 (RCC) and 07-2008 (HCC).

Sorafenib – hypothyroidism:
• single-center prospective observational study
• Sorafenib 800 mg p.o.daily, continuously
• 46 pts. treated between 03-2006 and 11-2007 (in the framework of
expanded access program for metastatic RCC)
• Patients who had received cytokines and/or sunitinib for RCC
treatment, and/or were on thyroid hormone replacement, and/or had
undergone radiotherapy to the cervical region were included.
• Patients on sorafenib for less then 4 weeks were excluded from the
analysis.
• Prospective analysis: in 38 pts. thyroid parameters (serum TSH, total
T4 and T-uptake, free thyroxin index, total T3 and thyroid antibodies:
TPOAb, TgAb and TRAb) were performed at baseline and on day 1
each consecutive treatment cycle.
Wolter P et al. in preparation

Characteristics of patients without effect on thyroid function during sorafenib treatment
Thyroid
function
during
sorafenib
treatment

Thyroid
therapy during
sorafenib
treatment

Thyroid function
prior sorafenib

Normal

-

Normal

RCC therapy prior sorafenib
IL-2/IFN-

Sunitinib

Other
interventions

Nr.
pts

3

-

-

15

4

4

-

4

No change

-

Subclinical
hyperthyroidism

2

-

-

3

Stable dose of
hormone
substitution

No adjustment

Normalized

1

-

Hemithyroidectomy and
hormone
replacement

1

1

1

Hormone
replacement

1

11/24

5/24

Normal: 19
Subclinical
hyperthyroidism: 3
Normalized under
substitution: 2

Wolter P et al. in preparation
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Characteristics of patients developing thyroid dysfunction during sorafenib treatment
Thyroid function
during sorafenib
treatment
At least one
At least one

Thyroid therapy
during sorafenib
treatment

Thyroid function prior
sorafenib

-

Normal

TSH
TSH

Overt hyperthyroidism

RCC therapy prior
sorafenib

IL-2/IFN-

Other
interventions

Nr.
pts

Sunitinib

3

-

-

7

1

1

-

1

-

Normal

1

-

-

1

Initiated

Normal

0

-

Radiotherapy
(cervical)

1

Subclinical hyperthyroidism

1

-

Radiotherapy
(cervical)

1

Overt hypothyroidism

Initiated

Subclinical hypothyroidism

1

-

Radiotherapy
(cervical)
-

2

Improved, not
normalized

Continued

Clinical hypothyroidism

1

1

Hormone
replacement

1

At least one TSH: 8
At least one TSH: 1
Overt
hyperthyroidism : 2
Overt hypothyroidism:
2
Improved, but not
normalized: 1

No treatment
initiated: 9
Treatment initiated:
4
Previous treatment
continued: 1

Normal: 10
Subclinical hypothyroidism: 2
Subclinical hyperthyroidism:
1
Clinical hypothyroidism: 1

8/14

2/14

Radiotherapy
(cervical): 3
Hormone
replacement: 1

14

Wolter P et al. in preparation

Representative courses of TSH (mIU/l) in RCC pts. receiving sorafenib
90
Start levothyroxine
50 µg/d

Start levothyroxine
50µg/d

80

22

70
TSH (mlU/L)

20
18
TSH (mIU/L)

16
14
12

60
50
40
30

10

75µg/d

20

8
6
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ULN

4

0
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LLN

0
0
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Sorafenib treatment (wks)
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sorafenib
Treatm ent (w ks)

Course of TSH levels during sorafenib treatment in a
Course of TSH levels in a patient experiencing
patient with pre-existing sunitinib-induced clinical
persisting sorafenib-induced hypothyroidism. Left:
hypothyroidism. This patient received sunitinib prior
this patient enrolled in our study with subclinical
to our study, and during this treatment experienced
hypothyroidism (TSH 4.8 mIU/L). By week 12 of
severe hypothyroidism with TSH rising to 76.8 mIU/l,
treatment and after a short period of subclinical
which required initiation of levothyroxine at 50 g
hyperthyroidism the TSH level rose to 13.5 mIU/l and
Due tohypothyroidism
disease progression
sunitinib had to be
kept rising by week 16Course
to 19.7ofmIU/L.
At this
TSH level
in point
a patient with daily.
subclinical
at
withdrawn. requiring
When sorafenib
was started the patient
substitution thyroid therapy
wasand
initiated
at 50 clinical
g
baseline
developing
hypothyroidism
hormone
still experienced hypothyroidism, with TSH level of
daily. The preceding period
of subclinical
replacement
treatment under sorafenib
25.5 mIU/L, and after a slight increase inothyroxine
hyperthyroidism may not be seen in all patients
to 75 g, the TSH level further decreased to 7.8
developing hypothyroidism under sorafenib
mIU/l.
treatment.

Representative courses of TSH (mIU/l) in RCC pts. receiving sorafenib

Course of TSH levels in two patients during sunitinib treatment following sorafenib administration. 3A) Under
sorafenib this patient experienced only occasionally elevated TSH, not requiring substitution therapy, but under
sunitinib the hormone level raised to 21.3 mIU/l, and levothyroxine was initiated; 3B) This patient developed
clinical hypothyroidism under sorafenib, with TSH level raised up to 31.2 mIU/l at week 8 of treatment. Although at
Course
of TSH
level
a patient
with subclinical
the start of sunitinib, after
a short
period
of in
IFN, the thyroid
function hypothyroidism
was normalized,atthe patient experienced
developing
clinical
hypothyroidism
requiring hormone
even a higher increasebaseline
in TSH,and
up to
77.6 mIU/l,
and the
hormone replacement
dose had to be increased.
replacement treatment under sorafenib
Wolter P et al. in preparation

Evolution of thyroid function in patients treated with Sorafenib after
Sunitinib and vice versa
Nr. of
pat.
Sorafenib → Sunitinib

Sunitinib → Sorafenib

Wolter P et al. in preparation

6

7

Evolution under sorafenib
pat. 1

Elevated TSH under sorafenib → clinical hypothyroidism under
Sunitinib

pat. 2

Higher substitution required under Sunitinib

pat. 3

Normal under sorafenib, subclinical hyperthyroidism under Sunitinib

pat. 4

Subclincal hyperthyroidism due to goiter → subclinical
hypothyroidism, decreased volume of goiter under Sunitinib

pat.5

No information on thyroid tests

pat. 6

No evolution

pat. 7

Under Sunitinib at least one elevated TSH, not requiring treatment, no
TFT abnormalities under sorafenib

pat. 8

Under Sunitinib at least one elevated TSH, not requiring treatment, no
TFT abnormalities under sorafenib

pat. 9

At least one elevated TSH, not requiring treatment under sunitinib and
sorafenib

pat. 10

clinical hypothyroidism under Sunitinib → lower doses substitution
under sorafenib

pat. 11-13

No evolution

Studies evaluating sorafenib-induced hypothyroidism
Type of
study

Tumour

n

Prior treatment

Baseline
TSH
(mIU/l),
n (%)

No thyroid
abnormality
n (% of
patients)

(Sub)clinical
hypothyroidism
n (% of patients)

(Sub)clinical
hyperthyroidism
(% of patients)

Median
time to
abnormal
TSH

Tamaskar
2008

R
Single centre

RCC

39

n.s.

n.s.

23 (59%)

total: 7 (18%)
symptoms:

1 (3%)
(temporarily)

1.8 months

Miyake
2009

P
Multi centre

RCC

69

Interferon: n = 36
(52.2%)
Interferon + Il-2: n
= 33 (47.8%)

69
(100%)

23 (33.3%)

total: 46 (67.7%)
treated: 4 (5.8%)

11 (23.9)

1.7 months

Wolter 2009

P
Single centre

RCC

38

IFN/IL-2 n = 19
(50%)
Sunitinib n = 7
(18%)

38(100%)

14 (63%)

total: 3 (7.9%)
treated: 2 (5.2%)

2 (5.2)

4

Study
reference

Sorafenib and thyroid dysfunction – conclusions:
•

•

•

•
•
•

•
•

Sorafenib is associated with biochemical thyroid dysfunction in 37% of pts, most
patients develop only transient TFT abnormalities, without requiring intervention
BUT: in patients with pre-existing thyroid dysfunction clinical hypothyroidism and
drug-induced thyroiditis with hyperthyroidism may develop, in 13% instauration of
sorafenib lead to thyroid dysfunction requiring treatment.
TFT abnormalities are related to baseline thyroid function, previous radiotherapy in
the cervical region seems to be a risk factor for developing TFT abnormalities under
sorafenib, prior sunitinib therapy and/or cytokine therapy did not influence of thyroid
function under sorafenib
Risk of developing thyroid dysfunction is higher under sunitinib in comparison to
sorafenib, the risk might be even higher with other TKI (AZD2171?)?).
Endocrine abnormalities were not reported in recent publications on Sorafenib.
All patients treated with Sorafenib should be systematically assessed for thyroid
dysfunction before starting sorafenib and during treatment regularly in those with
pre-existing thyroid dysfunction.
Thyroid dysfunction is not only a side-effect of Sunitinib, but probably is a class
effect of treatment with tyrosine kinase inhibitors to variable degree.
The mechanisms by which Sorafenib induces thyroid dysfunction are yet unclear.

TKI-induced hypothyroidism – possible mechanisms:
Sunitinib might have a specific effect on the thyroid, e.g. by blocking VEGFR and/or
PDGFR in the thyroid gland:

“capillary regression hypothesis”
Kamba et al.: AG-013736 can induce significant capillary regression in the
thyroid, capillaries in the thyroid grew back within 2 weeks after cessation
of treatment for one week. Serum-TSH in mice treated with AG-013736
were 19 times the value for the corresponding group.
Baffert et al.: VEGF inhibition at least in the mouse model can induce
capillary regression and might therefore also cause damage to thyroid
endothelium resulting in thyroid dysfunction already very early in the
course of treatment, note that TSH was increased in mice treated with
VEGF inhibition.
But: other angiogenesis inhibitors such as bevacizumab or VEGF-trap
apparently do not induce thyroid dysfunction
Kamba T et al., Am J Physiol Heart Circ Physiol 290: 560-576, 2006
Baffert F et al., Am J Physiol Heart Circ Physiol 290: 560-576, 2006

Differences in abundance of VEGF-dependent capillaries among organs of adult mice and
comparison of sensitivity of normal capillaries and tumor vessels to VEGF inhibition

Kamba, T. et al. Am J Physiol Heart Circ Physiol 290: H560-H576 2006

Regression of thyroid capillaries during VEGF inhibition followed by regrowth after withdrawal of
therapy

Regression of thyroid capillaries during VEGF inhibition followed by regrowth after withdrawal of therapy. A–C :
fluorescence micrographs of thyroid capillaries stained for CD31 immunoreactivity showing dense vascularity under
baseline conditions (A), loss of one-half of the capillaries during AG-013736 treatment for 7 days (B), and complete
recovery of dense vascularity during 14 days after cessation of treatment (C). D: measurements of area density of
CD31-positive vasculature of thyroid under the same conditions shown by fluorescence photomicrographs.
Kamba, T. et al. Am J Physiol Heart Circ Physiol 290: H560-H576 2006

Pericyte coverage of capillaries under baseline conditions and after VEGF inhibition

Pericyte coverage of capillaries of the thyroid under baseline conditions and after VEGF inhibition: confocal
microscopic images of immunoreactivities for CD31 and PDGFR-β in the thyroid (C and D). Capillaries in
normal tissues had uniform pericyte coverage (C), but after Ad-sVEGFR-1 treatment for 14 days, some
endothelial cells regressed, leaving pericytes (arrowheads) at sites of regression (D). Scale bars, 25 µm
Kamba, T. et al. Am J Physiol Heart Circ Physiol 290: H560-H576 2006

Reduction of endothelial cell fenestrations after VEGF inhibition

Reduction of endothelial cell fenestrations after VEGF inhibition. A–D: SEM images of external surface of thyroid
perifollicular capillaries (filled arrows) showing clusters of fenestrations (open arrowheads) and pericytes (open
arrows) under baseline conditions (A and C) and after treatment with AG-013736 for 7 days (B and D). Grooves
(filled arrowheads in B) mark sites where capillaries formerly existed. Pericytes processes are still present. SEM
images obtained at higher magnification show multiple clusters of endothelial fenestrations (arrowheads) on the
surface of normal perifollicular capillary (C) and almost no fenestrations after treatment (D).
Kamba, T. et al. Am J Physiol Heart Circ Physiol 290: H560-H576 2006

Reduction of endothelial cell fenestrations after VEGF inhibition

E–H: TEM images of islet capillaries showing thin endothelium with abundant fenestrations with diaphragms
under baseline conditions (E and G, arrowheads) compared with few fenestrations and thicker endothelium with
abundant caveolae after AG-013736 treatment for 21 days (F and H, arrows). J: diagram showing hypothetical
movement of diaphragms between fenestrations and caveolae, with VEGF driving the process to the left and
VEGF inhibition driving it to the right.

Kamba, T. et al. Am J Physiol Heart Circ Physiol 290: H560-H576 2006

TKI-induced hypothyroidism – other possible mechanisms:
Does Sunitinib induces thyroiditis and destruction of the thyroid?
“thyroiditis hypothesis”
Grossmann M et al.: sunitinib-induced hypothyroidism is a consequence
of preceding thyroiditis with associated transient thyrotoxicosis, FNAC
revealed lymphocytic thyroiditis
Faris et al.: case report of destructive thyroiditis
Alexandrescu et al.: sunitinib-associated lymphocytic thyroiditis

Grossmann M et al. 2008, Clin Endocrinol Epub
Faris JE et al. Thyroid 2007;17(10):1-3
Alexandrescu et al. Thyroid 200;18(7):809-812

TKI-induced hypothyroidism – other possible mechanisms:
Does Sunitinib not only have a direct effect on the thyroid, but might also might
interfere with metabolism of T4/T3?

“metabolic hypothesis”
De Groot et al.: GIST patient, who was treated simultaneously with
Sunitinib and Levothyroxine because of a previous thyroidectomy and ¹³¹Iablation for follicular thyroid carcinoma developed an elevated TSH and
increased need for Levothyroxine despite absence of thyroid tissue .
→ T3 (3,5,3‟-triiodothyronine) is mainly formed extrathyroidally, particularly
in the liver, by enzymatic 5‟-deiodination of T4. A reduction in the
conversion of T4 to T3 results in a decrease in the T3 concentration and
finally to increasing TSH.
→ Similar effect of imatinib on levothyroxine therapy has been reported

De Groot JW et al. Ann Oncol 2006; 17(11):1719-1720
De Groot JW et al. Clin Pharmacol Ther 2005; 78(4):433-438

TKI-induced hypothyroidism – other possible mechanisms:
“RET kinase hypothesis”:

RET has a crucial role in transducing growth and differentiation in tissues
derived from the neural crest such as the adrenal medulla and the thyroid.
Physiolgic function of RET include survival, cell growth and differentiation
May inhibition of RET kinase activity contribute to hypothyroidism? Rini et al JNCI
2007

“TSH receptor hypothesis”:
Function of adult thyroid is regulated by TSH, which acts through a G proteincoupled receptor. Might the TSH receptor-dependent activation of the GS
/adenylyl cyclase-mediated pathway be inhibited by TKI?
“Iodine uptake hypothesis”
Mannavola et al. observed significant variations of I123 uptake in patients
under Sunitinib. Is iodine uptake impaired? Mannavola et al JCEM 2007
“Inhibition of Thyroid peroxidase activity hypothesis”
In vitro, sunitinib has antiperoxidase activity that was about one-fourth the
potency of propylthiouracil. Wong et al. Thyroid 2007

Survival assay (SRB) – N.thy_ori cell line
treated in vitro with TKIs
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Proliferation assay (BrdU) – N.thy_ori
cell line treated in vitro with TKIs
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