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Abstract. Targeted therapy with tyrosine kinase inhibitors, 
including vascular endothelial growth factor receptors, has 
been demonstrated to induce hypothyroidism and thyroid 
dysfunction. Cancer patients with thyroid dysfunction may 
be underdiagnosed and undertreated. Thyroid function in 
colorectal cancer patients receiving fluoropyrimidine‑based 
chemotherapy with or without bevacizumab was evalu-
ated at baseline and monthly. In the present study, 3  of 
27  (11.1%) patients who received fluoropyrimidine‑based 
chemotherapy developed a thyroid-stimulating hormone 
(TSH) level >10 µU/ml, and 13 (48.1%) developed an eleva-
tion above the upper limit of the normal range. No difference 
in TSH elevation was noted between the bevacizumab and 
chemotherapy-alone group (50 vs. 45%; P=1.00, respectively). 
Three (11.1%) patients developed a TSH level >10 µU/ml and 
2 with hypothyroidism were treated with thyroid hormone 
replacement therapy. We demonstrated that bevacizumab 
does not affect thyroid function but fluoropyrimidines may 
induce thyroid dysfunction in patients with colorectal cancer. 
Further investigation is required to clarify the mechanism of 
fluoropyrimidine-induced thyroid dysfunction.

Introduction

Hypothyroidism has been considered an uncommon adverse 
effect of cytotoxic anticancer treatment. Recently, however, 
some small-molecule tyrosine kinase inhibitors (TKIs) have 
been demonstrated to induce hypothyroidism and thyroid 
function test abnormalities (1,2). The oral multitarget inhibitor 
sunitinib, for example, has been associated with hypothy-
roidism in 36-85% of patients, ranging from transient increases 

in thyroid-stimulating hormone (TSH) to persistent hypothy-
roidism requiring thyroxine replacement therapy (2‑5). Sunitinib 
also induces thyrotoxicosis due to destructive thyroiditis (6). 
Sorafenib is reported to be responsible for hypothyroidism 
in 18% of patients with metastatic renal-cell carcinoma (7,8), 
while imatinib worsens preexisting hypothyroidism or causes 
de novo hypothyroidism (9,10). A cohort study conducted in 
Germany reported incidence rates of sunitinib- and sorafenib-
induced hypothyroidism of 24.2 and 12.1 per 100 person-years, 
respectively (1). However, the effects of other molecular target 
agents on thyroid function are unknown.

Common symptoms of thyroid hormone deficiency include 
fatigue, cold intolerance, weight gain, constipation, myalgia 
and menstrual irregularities. Because these typical clinical 
manifestations lack specificity, however, the diagnosis of 
hypothyroidism generally relies on laboratory tests. The 
United States National Health and Nutrition Examination 
Survey reports that the prevalence of hypothyroidism is 
4.6%, of which 0.3% is clinical and 4.3% is subclinical (11). 
Cancer-related fatigue is common in patients receiving cyto-
toxic chemotherapy for cancer, and prevalence exceeds 75% 
in patients with metastatic disease, suggesting that thyroid 
dysfunction may be underdiagnosed and undertreated in 
cancer patients. The management of thyroid dysfunction and 
possible related symptoms, such as fatigue, represents a chal-
lenge to oncologists (12).

Several mechanisms of the pathogenesis of TKI-induced 
hypothyroidism have been considered. The most plausible are 
destructive thyroiditis, an immune-mediated thyroiditis in 
which the synthesis of thyroid hormones related to inhibition 
of thyroid peroxidase activity is decreased; and drug-induced 
regression of the gland vascular bed with significant capillary 
alteration and reduction in density via the inhibition of vascular 
endothelial growth factor (VEGF) signaling  (2,5,7,13‑15). 
Regarding thyroid autoantibodies, the presence of thyroglob-
ulin antibodies was not associated with either the incidence 
or severity of thyroid dysfunction (4). Although it has been 
suggested that VEGFR inhibitors decrease thyroid function 
by interfering with VEGF function or impairing thyroid blood 
flow, the role of VEGF in thyroid signaling is unknown (16).

Bevacizumab, a monoclonal antibody for VEGF-A which 
thus differs from anti-angiogenic TKIs, is now approved for the 
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treatment of colorectal cancer, non-squamous non-small cell 
lung cancer, and breast cancer, in combination with chemo-
therapy  (17‑19). Although bevacizumab's anti-angiogenic 
effect might also induce thyroid dysfunction, the effect of beva-
cizumab on thyroid function has not been investigated (20). 
Here, we evaluated thyroid function in patients receiving 
bevacizumab in combination with fluoropyrimidine‑based 
chemotherapy and the effect of a VEGF monoclonal antibody 
on thyroid function.

Materials and methods

Patients and evaluation of thyroid function. The study was 
conducted under an observational design in patients with 
colorectal cancer who received fluoropyrimidine-based chemo-
therapy at Kobe University Hospital. Eligibility criteria were 
age ≥18 years, histologically confirmed adenocarcinoma of 
the colorectum, Eastern Cooperative Oncology Group perfor-
mance status of 0 to 2, and no previous systemic chemotherapy 
except adjuvant therapy. A history of fluoropyrimidine-based 
adjuvant chemotherapy was allowed if disease recurrence 
occurred within 6 months after completion. Patients with 
a history of hypothyroidism, hyperthyroidism, or thyroid 
hormone replacement therapy were excluded. Administration 
of bevacizumab was at the discretion of the attending physi-
cian. The study was approved by the institutional review board 
of Kobe University Hospital.

All patients were evaluated for serum TSH and free 
thyroxine (fT4) levels at baseline and monthly thereafter. 
Fatigue, lethargy, intolerance to cold or heat, body weight 
change, disturbed sweating and menstrual irregularities 
possibly associated with thyroid dysfunction were recorded 
by the attending physician. The decision to initiate thyroid 
replacement therapy was made by the attending physician in 
accordance with clinical presentation.

Treatment schedule. Patients received fluoropyrimidine-based 
chemotherapy at the discretion of the attending physician, 
namely with mFOLFOX6, FOLFIRI, XELOX, or capecitabine 
monotherapy. mFOLFOX6 consisted of concurrent folic acid 
(200 mg/m2) and oxaliplatin (85 mg/m2) followed by a bolus 
injection of 5-fluorouracil (5FU) (400 mg/m2) on day 1 and 
subsequent continuous infusion of 5FU (2400 mg/m2) over 
46 h, repeated every 2 weeks. XELOX consisted of oxali-
platin (130 mg/m2) on day 1 followed by oral capecitabine 
(1,000 mg/m2) twice daily on days 1 to 14, repeated every 
3 weeks. To prevent serious peripheral sensory neuropathy, 
oxaliplatin was administrated using the stop‑and‑go strategy 
in patients with metastatic colorectal cancer and omitted in 
any patient with neuropathy of grade 2 or more. FOLFIRI 
consisted of concurrent folic acid (200 mg/m2) and irino-
tecan (150  mg/m2) followed by a bolus injection of 5FU 
(400 mg/m2) on day 1 and subsequent continuous infusion 
of 5FU (2,400 mg/m2) over 46 h, repeated every 2 weeks. 
Irinotecan dose in FOLFIRI was 150 mg/m2, the approved 
dose in Japan. Capecitabine monotherapy consisted of oral 
capecitabine (1,250  mg/m2) twice daily on days  1 to  14, 
repeated every 3 weeks.

Treatment was continued until disease progression, death, 
completion of adjuvant chemotherapy for 24 weeks, unaccept-

able toxicity, or patient refusal, whichever came first. Clinical 
and laboratory toxicity were graded according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events v3.0. Grade 3 or 4 toxic effects were managed by dose 
modification and appropriate supportive care. Tumor response 
was assessed with the Response Evaluation Criteria in Solid 
Tumor (RECIST) v1.0 every 8 to 12 weeks, or sooner if disease 
progression was suspected (21).

Definition of hypothyroidism. The biochemical diagnosis 
of subclinical and clinical hypothyroidism was determined 
in accordance with the guidelines of the American Thyroid 
Association (ATA), the American Association of Clinical 
Endocrinologists (AACE) and the Endocrine Society. 
Subclinical hypothyroidism was considered as a serum TSH 
level above the upper limit of normal, with fT4 within normal 
limits. Clinical hypothyroidism was defined as low serum fT4 
together with elevated TSH. Patients with at least two consecu-
tive TSH measurements >10 µU/ml and those with TSH above 
the upper limit of normal and symptoms compatible with 
hypothyroidism (e.g., fatigue, cold intolerance, constipation or 
weight gain) received thyroid hormone replacement therapy 
with L-thyroxine (22). Normal ranges in our laboratory are 
0.45‑3.81 µU/ml for TSH and 0.82-1.22 ng/ml for fT4.

Statistical analysis. TSH and fT4 levels of patients who received 
fluoropyrimidine-based chemotherapy with or without bevaci-
zumab were compared using the Mann-Whitney U test, and 
differences in clinicopathological variables were examined 
using Fisher's exact test. All analyses were performed using 
the SPSS statistical package (SPSS v19.0 for Windows; SPSS, 
Inc., Chicago, IL, USA).

Results

Patient demographics. A total of 27 patients with colorectal 
cancer were enrolled between October 2007 and January 2010. 
Median follow-up time was 51 weeks (12‑192). Patient demo-
graphics and baseline characteristics are shown in Table I. 
Of the total patients, 21  received mFOLFOX6, 3  received 
FOLFIRI, 2 received XELOX and 1 received capecitabine 
monotherapy. Sixteen patients (59.3%) received bevacizumab 
in combination with chemotherapy. Combination therapy with 
bevacizumab was not carried out due to adjuvant chemo-
therapy in 4 patients, presence of hemorrhagic lesions in 3, 
use of anticoagulants in 2 and advanced age and Parkinson's 
disease as a complication in 1 each. The median number of 
chemotherapy cycles in all patients was 12 (range, 2-35), with 
12 (2-35) cycles in the bevacizumab group and 10 (5-27) in 
the chemotherapy-alone group. Treatment was discontinued 
due to disease progression in 12 (44.4%) patients and adverse 
events in 8 (29.6%), while the remaining 7 patients completed 
adjuvant therapy.

Thyroid function. Thyroid hormone parameters are provided 
in Table II. No patients had fatigue or other symptoms asso-
ciated with thyroid dysfunction at baseline. At baseline, the 
mean TSH level was 1.72 µU/ml in the bevacizumab group and 
2.00 µU/ml in the chemotherapy-alone group. Three (11.1%) 
patients who received fluoropyrimidine-based chemotherapy 
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developed a TSH level >10 µU/ml and 13 (48.1%) developed 
an elevation above the upper limit of the normal range. In the 
limited observational period, a considerable number of patients 
developed clinical and subclinical hypothyroidism irrespective 
of bevacizumab use. Eight of 16 patients (50%) in the beva-
cizumab group and 5 of 11 (45%) in the chemotherapy‑alone 
group experienced elevation of TSH above the upper normal 
limit (P=1.00), while 2 (12.5%) in the bevacizumab group and 
1 (20%) in the chemotherapy‑alone group developed levels 
>10 µU/ml (P=1.00). There were no differences in TSH and 

fT4 level between the bevacizumab and chemotherapy‑alone 
groups. One of 3 patients in the bevacizumab group who devel-
oped a TSH level >10 µU/ml showed only a transient increase 
in TSH (13.62 µU/ml) and decrease in free T4 (0.76 ng/ml), 
and these levels were improved the next month without any 
treatment. The remaining 2 patients received thyroid hormone 
replacement therapy with L-thyroxine, as detailed below. In 
12 patients with TSH levels above the upper limit of normal, 
median time to exceeding this level was 18  (4‑64) weeks. 
Median time to highest TSH level was 25 (4‑53) weeks.

Case presentation 1 (Fig. 1A). A 71‑year‑old male was diag-
nosed with sigmoid colon cancer (T3N1) with solitary liver 
metastasis. He underwent surgical resection for the primary 
tumor and liver metastasis, and then received adjuvant 
chemotherapy with mFOLFOX plus bevacizumab for a total 
of 12 courses. After 11 courses, he experienced an increase 
in TSH (11.48 µU/ml) and decrease in fT4 (0.81 ng/ml), with 
the increase in TSH maintained the next month (10.1 µU/ml). 
He reported grade 1 fatigue, which resolved following thyroid 
hormone replacement therapy. Two years after completing 
adjuvant chemotherapy, he is alive without recurrence and is 
still receiving hormone replacement therapy.

Case presentation 2 (Fig. 1B). A 71‑year‑old male was diag-
nosed with colorectal cancer with multiple liver and lymph 
node metastases. Colonoscopy revealed an easily bleeding 
ulcerative lesion on the ascending colon. After seven courses 
of mFOLFOX therapy, the TSH level was 10.06 µU/ml but 
fT4 level was normal (1.15 ng/ml). After 10 courses, he had 
grade 2 fatigue and grade 2 peripheral sensory neuropathy. 
Because TSH was increased to 14.2 µU/ml, he received thyroid 
hormone replacement therapy and continued chemotherapy 
but with oxaliplatin omitted. CT at 7 months of treatment 
showed progression of liver metastases, for which he received 
second-line chemotherapy with irinotecan, but he died of 
primary disease at 11 months of treatment.

Table I. Patient demographics and baseline characteristics.

	 Chemotherapy + 
	 bevacizumab	 Chemotherapy	 P‑value
	 n=16	 n=11

Age, years
  Median (range)	 63 (42‑77)	 71 (37‑79)	 0.24
Gender
  Male/female	 11/5	 8/3	 0.82
ECOG PS
  0/1/2	 8/7/1	 5/3/3	 0.78
Primary site
  Colon/rectum	 8/8	 5/6	 0.82
Treatment cycles
  Median (range)	 12 (2‑35)	 10 (5‑27)	 0.74
Reason for
discontinuation
  Progression	 7	 5
  Completion of adjuvant	 4	 3
  chemotherapy
  Adverse events	 5	 3

ECOG, Eastern Clinical Oncology Group; PS, performance status.

Table II. Thyroid hormone parameters.

	 Chemotherapy + 
	 bevacizumab	 Chemotherapy	 P‑value	 All patients	 P‑value
	 n=16	 n=11		  n=27

TSH (0.45‑3.81 µU/ml)
  At baseline	 1.72±0.97	 2.00±0.86	 0.31	 1.83±0.92
  Two months after treatment	 2.47±1.55	 2.64±1.91	 0.92	 2.54±1.68	 0.06ª
  Ratio of TSH at baseline and	 1.51±0.64	 1.31±0.52	 0.32
  2 months after treatment
  Maximum TSH	 4.54±3.56	 6.31±8.42	 0.81	 5.26±5.95	 0.005ª
fT4 (0.82‑1.22 ng/ml)
  At baseline	 1.15±0.20	 1.15±0.25	 0.94	 1.15±0.22
  Two months after treatment	 1.13±0.15	 1.16±0.22	 0.61	 1.14±0.18	 0.89ª
Patients with TSH above ULN, n (%)	 8 (50)	 5 (45)	 1.00	 13 (48.1)
Patients with TSH >10 µU/ml, n (%)	 2 (12.5)	 1   (9)	 1.00	   3 (11.1)

ªCompared with the baseline level. Data are expressed as the mean ± SD or no. of patients (%). TSH, thyroid‑stimulating hormone; fT4, free thyroxin; 
ULN, upper limit of normal.
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Discussion

In this observational study in patients with colorectal cancer, 
we found that bevacizumab seemed to have no effect on 
thyroid function, whereas fluoropyrimidines did induce 
thyroid dysfunction. All cases of fluoropyrimidine-induced 
hypothyroidism appeared to be controllable by thyroid 
hormone replacement therapy. Further investigation is needed 
to clarify the mechanism of fluoropyrimidine-induced thyroid 
dysfunction.

In this analysis, 3  (11.1%) patients who received fluo-
ropyrimidine-based chemotherapy developed TSH levels 
>10 µU/ml and 13 (49.3%) showed elevation above the upper 
limit of the normal range. Considering the median follow‑up 
time of 51 weeks (range, 12‑192), this high incidence of thyroid 
dysfunction is unusual. To our knowledge, an association 
between colorectal cancer and thyroid dysfunction has not been 
previously reported. One study reported a significant increase 
in T4 and T3 levels in 15 patients with advanced breast cancer 
during weekly treatment with 5FU, but no change in fT4 or 
TSH and no clinical signs of hyperthyroidism (23). However, 
administration of fluoropyrimidines differed in this previous 
and our present study.

The mechanism of this putative fluoropyrimidine‑induced 
thyroid dysfunction is currently unclear, as is that of 
TKI‑induced thyroid dysfunction. Although our study 
did not measure fT3 and rT3, we hypothesize that thyroid 

dysfunction associated with fluoropyrimidines may be due 
to altered thyroid hormone metabolism, which also occurs 
with sorafenib (7). This effect might be related to the struc-
tural similarity between 5FU and propylthiouracil (Fig. 2). 
Capecitabine is also a prodrug that is enzymatically converted 
to 5FU in tumors. Propylthiouracil, a thioamide drug used to 
treat hyperthyroidism, inhibits the thyroperoxidase that liber-
ates iodine for addition onto tyrosine residues on thyroglobulin 
for the production of T4 or T3, as well as thyroid hormones, 
and also inhibits the enzyme 5'‑deiodinase, which converts T4 
to the active form T3. Further basic and clinical investigation 
is required to clarify the mechanism of fluoropyrimidine-
induced thyroid dysfunction.

Bevacizumab is classified as a monoclonal antibody and 
anti-angiogenesis drug which binds to and neutralizes VEGF. 
In contrast, sunitinib and sorafenib are small-molecule 
compounds which inhibit cellular signaling by targeting 
multiple receptor tyrosine kinases, including VEGF receptors. 
It is suggested that sunitinib and sorafenib decrease thyroid 
function by interfering with VEGF function or impairing 
thyroid blood flow (2,24). In several reports, however, including 
the present analysis, bevacizumab did not appear to be associ-
ated with altered thyroid homeostasis (25,26). Based on this 
finding, the neutralization of VEGF would therefore have no 
significant effect on thyroid function.

In the present study, 2 patients who experienced hypothy-
roidism were effectively treated with hormone replacement 
therapy, as judged from measured TSH levels. Administration 
of thyroid hormone replacement therapy reversed the fluoropy-
rimidine‑induced severe fatigue in these patients.

In conclusion, bevacizumab did not affect thyroid function 
in these patients with colorectal cancer, whereas fluoropy-
rimidines did induce thyroid dysfunction. Thyroid hormone 
replacement therapy may relieve the symptoms of fluoropy-
rimidine‑induced hypothyroidism. Further investigation is 
required to clarify the mechanism of fluoropyrimidine‑induced 
thyroid dysfunction.

Figure 1. Clinical course of 2 patients [(A) case 1 and (B) case 2] with hypothyroidism. BV, bevacizumab; fT4, free thyroxine; mFOLFOX6, oxaliplatin 
85 mg/m2 intravenously on day 1, leucovorin 400 mg/m2 intravenously on day 1 and fluorouracil 400 mg/m2 intravenously on day 1, followed by continuous 
infusion of 2,400 mg/m2 over the next 46 h every 2 weeks; sLV5FU2, leucovorin 400 mg/m2 intravenously on day 1 and fluorouracil 400 mg/m2 intravenously 
on day 1, followed by continuous infusion of 2,400 mg/m2 over the next 46 h every 2 weeks; TSH, thyroid‑stimulating hormone.

Figure 2. Chemical structural formula of (A) 5‑fluorouracil and (B) propyl-
thiouracil.
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