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ABSTRACT

Background. Many systemic therapies for advanced hepato-
cellular carcinoma (HCC) may cause hypothyroidism; how-
ever, in these patients, hypothyroidism prevalence before
therapy and its prognostic impact remain unclear.
Materials and Methods. We previously established a pro-
spective cohort of patients who received sorafenib as
first-line therapy for advanced HCC. No patients had
been clinically diagnosed with hypothyroidism before or
during sorafenib treatment. We retrospectively deter-
mined the levels of thyrotropin and free thyroxine before
initiation of systemic therapy. Hypothyroidism was
defined as thyrotropin level higher than the upper limit
of the normal range. Among patients with hypothyroid-
ism, free thyroxine level less than the lower normal
range was defined as overt hypothyroidism, and free
thyroxine level within the normal range was defined as
subclinical hypothyroidism.

Results. In total, 79 patients were enrolled; of them,
16 (20%) had hypothyroidism (overt hypothyroidism, 10;
subclinical hypothyroidism, 6). Patients with hypothyroid-
ism, compared with those without hypothyroidism, were
more likely to be older than 65 years (56% vs. 29%,
p = .037), have a serum α-fetoprotein level of >400 ng/mL
(81% vs. 52%, p = .037), and have a significantly poorer
overall survival (OS; median, 5.5 vs. 11.6 months,
p = .043). After adjusting for other potential prognostic
factors, hypothyroidism remained an independent predic-
tor for poorer OS (hazard ratio, 2.53, p = .018). Patients
with overt hypothyroidism and subclinical hypothyroidism
exhibited similarly poor OS (p = .768).
Conclusion. Underdiagnosis of hypothyroidism in patients
with advanced HCC was common. Hypothyroidism, whether
overt or subclinical, is associated with poor prognosis of
advanced HCC. The Oncologist 2021;26:422–426

Implications for Practice: The results of this study showed the underdiagnosis of hypothyroidism in patients with advanced
hepatocellular carcinoma (HCC) and its influence on prognosis. These findings implied the importance of thyroid function
check before initiation of systemic therapy for patients with advanced HCC.

INTRODUCTION

Targeted therapy and immunotherapy are the main treat-
ment options for advanced hepatocellular carcinoma (HCC).
Many approved targeted therapies for advanced HCC, espe-
cially small molecule multikinase inhibitors such as
lenvatinib [1, 2], cabozantinib [3], and regorafenib [4], can
cause hypothyroidism. The condition can also be a manifes-
tation of immune-related adverse events in patients

receiving immunotherapy with checkpoint inhibitors [5, 6].
In total, 5%–10% of patients who receive PD1 blockade
therapy could experience hypothyroidism [5].

In a recent randomized study on pembrolizumab as
second-line treatment for advanced HCC, hypothyroidism
occurred in approximately 5% of patients, whether they
received pembrolizumab or a placebo [7]. Hyperthyroidism
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developed in 3% of patients who received pembrolizumab,
but no patients who received a placebo experienced hyper-
thyroidism. Thus, hypothyroidism may still occur even in
patients with advanced HCC who are not currently under
active therapy.

Many factors could contribute to the increase in hypo-
thyroidism incidence in patients with advanced HCC. Inter-
feron therapy, previously used regularly in patients with
chronic hepatitis C, can cause hypothyroidism [8–13]. Trans-
arterial chemoembolization (TACE), a standard treatment
for intermediate-stage HCC, can also cause thyroid function
disorders, although temporarily in most patients [14].
Despite these findings, studies have reported that 10%–
20% of patients with chronic hepatitis C before receiving
interferon therapy or patients with liver cirrhosis exhibit
thyroid disorders [15–18].

There is a possibility of increased occurrence of hypo-
thyroidism and identifying it as an adverse event in patients
with advanced HCC. In the current study, we examined the
prevalence and prognostic impact of hypothyroidism in

patients with advanced HCC before they received any sys-
temic therapy.

MATERIALS AND METHODS

Study Population
The study cohort comprised patients with advanced HCC
receiving sorafenib as first-line therapy at the National Taiwan
University Hospital (NTUH), Taipei, Taiwan. The participants
provided consent to undergo pretreatment peripheral blood
collection. All clinicopathological variables were prospectively
collected from patient chart records. This biomarker study was
approved by the Research Ethical Committee of NTUH.

Sample Preparation and Definition Of
Hypothyroidism
Blood samples were carefully layered onto Histopaque-1077
(Sigma, St. Louis, MO, USA) and then centrifuged at 400 × g
(relative centrifugal force) for 30 minutes at 4�C. The plasma

Table 1. Patient characteristics and comparisons between patients with and without hypothyroidism

Characteristics All

Hypothyroidism

Yes No p

Total, n (%) 79 (100) 16 (100) 63 (100)

Mean age (SD), years 60.7 (10.6) 67.5 (9.2) 58.9 (10.3) .003

Age >65 y 27 (34) 9 (56) 18 (29) .037

Gender, n (%) .490

Female 15 (19) 4 (25) 11 (17)

Male 64 (81) 12 (75) 52 (83)

Hepatitis virus, n (%)

HBsAg positive 51 (65) 8 (50) 43 (68) .173

Anti-HCV positive 19 (24) 5 (31) 14 (22) .516

Extrahepatic metastasis, n (%) 49 (62) 9 (56) 40 (63) .594

Macrovascular invasion, n (%) 52 (66) 12 (75) 40 (63) .386

AFP >400 ng/mL, n (%) 46 (58) 13 (81) 33 (52) .037

Child-Pugh status, n (%) 1.000

A 74 (94) 15 (94) 59 (94)

B 5 (6) 1 (6) 4 (6)

BCLC stage, n (%) 1.000

B 6 (8) 1 (6) 5 (8)

C 73 (92) 15 (94) 58 (92)

ECOG PS, n (%) .637

0 36 (46) 7 (44) 29 (46)

1 40 (51) 9 (56) 31 (49)

2 3 (4) 0 (0) 3 (5)

Prior HCC treatment, n (%) 63 (80) 13 (81) 50 (79) 1.000

Prior TACE, n (%) 50 (63) 10 (63) 40 (63) .941

Mean thyrotropin (SD) 4.8 (10.9) 16.3 (20.9) 1.9 (1.1)

Mean free thyroxine (SD) 0.90 (0.21) 0.68 (0.23) 0.95 (0.16)

All data were presented as n (%) unless otherwise indicated.
Abbreviations: AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; ECOG PS, Eastern Cooperative
Oncology Group performance status; HBsAg, hepatitis B virus surface antigen; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; TACE, trans-
arterial chemoembolization.
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was separated and stored at −80�C. Thyrotropin and free thy-
roxine levels were determined using the quantitative chemilu-
minescent immunoassay at the central laboratory of NTUH.
The normal range of thyrotropin and free thyroxine levels
followed the NTUH standards (0.35–4.94 μIU/mL and 0.7–1.48
ng/dL, respectively). Hypothyroidism was defined when the
thyrotropin level was higher than the upper limit of the nor-
mal range (ULN) or when the free thyroxine level was lower
than the lower limit of the normal range (LLN). The patients
with thyrotropin levels higher than ULN were considered to
have overt and subclinical hypothyroidism when their free thy-
roxine levels were lower than the LLN and were within the
normal range, respectively. The patients with thyroxine levels
lower than LLN but normal or decreased thyrotropin levels
were considered to have central hypothyroidism.

Statistical Methods
To examine the association between hypothyroidism and
patient characteristics, we used the χ2 or Fishers exact test,
when appropriate, for nominal variables and the independent
t test for continuous variables. The Kaplan-Meier method was
used to estimate survival. To compare survival between the
groups, the log-rank test was used in univariate analysis and a
Cox proportional hazards model was used in multivariate anal-
ysis. All statistical analyses were performed using SAS (version
9.4; SAS Institute, Cary, NC). A two-sided p value of ≤.05 was
considered statistically significant.

RESULTS

Patient Characteristics
In total, 79 patients (women, 15 [19%]; men, 64 [81%])
were included in the study. No patient had been clinically
diagnosed as having thyroid dysfunction before the sample
collection or during sorafenib treatment. Basic patient char-
acteristics are listed in Table 1. The mean patient age was
60.7 years, and 27 (34%) patients were older than 65 years.
Regarding hepatitis etiology, 65% and 24% of patients had
chronic hepatis B and chronic hepatitis C, respectively. One

patient with chronic hepatitis C had received interferon-α
treatment approximately 10 years before. No other patients
had received either interferon-α or ribavirin treatment pre-
viously. Most patients had Barcelona Clinic Liver Cancer C
disease (92%), Child-Pugh A liver reserve (94%), and Eastern
Cooperative Oncology Group performance status of 0 or
1 (96%). Most (80%) patients had received prior HCC ther-
apy, and 63% had received TACE.

Hypothyroidism and Its Association with
Demographics
No patient had received prior systemic therapy, including
targeted therapy or immunotherapy, for advanced HCC during
peripheral blood sample collection. Of the 79 patients, 16 (20%)
were identified as having hypothyroidism (overt hypothyroid-
ism, 10; subclinical hypothyroidism, 6; central hypothyroidism,
0). Patients with hypothyroidism, compared with those with-
out hypothyroidism, were more likely to be older than
65 years (56% vs. 29%, p = .037) and have a serum
α-fetoprotein (AFP) level of >400 ng/mL (81% vs. 52%,
p = .037) (Table 1). One-third of patients aged >65 years had
hypothyroidism. Chronic hepatitis B and C, performance sta-
tus, prior HCC treatment, or prior TACE was not found to be
associated with hypothyroidism. The patient who had received
prior interferon treatment for chronic hepatitis C was identi-
fied as not having hypothyroidism.

Hypothyroidism and Prognosis
For the entire study cohort, the median overall survival
(OS) was 9.8 (95% confidence interval, 5.7–13.8) months.
Patients with hypothyroidism, compared with patients without
hypothyroidism, exhibited significantly poorer OS (median, 5.5
vs. 11.6 months, p = .043; Fig. 1A). After adjusting for age, sex,
hepatitis etiology, liver reserve, tumor extent, performance
status, AFP level, and prior HCC treatment, hypothyroidism
remained an independent predictor for poorer OS (hazard
ratio, 2.53; 95% confidence interval 1.177–5.439; p = .018;
Table 2). Patients with overt hypothyroidism and subclinical

Figure 1. Kaplan-Meier curves for the overall survival of (A)
patients with and without hypothyroidism and (B) patients
with overt and subclinical hypothyroidism. The p values were
conducted using the log-rank test.

Table 2. Multivariate analysis using a Cox proportional
hazards model for overall survival predictors

Variables P value Hazard ratio (95% CI)

Hypothyroidism .018 2.53 (1.177–5.439)

Sex .583 0.814 (0.391–1.696)

Age >65 years .204 0.641 (0.323–1.272)

HBsAg positive .353 1.424 (0.676–3.002)

Anti-HCV positive .577 0.79 (0.345–1.808)

Macrovascular invasion .035 2.066 (1.053–4.052)

AFP >400 ng/mL .138 1.61 (0.858–3.022)

Extrahepatic spread .040 1.977 (1.033–3.784)

Child-Pugh B (vs. A) .262 1.991 (0.598–6.625)

ECOG PS 0 (vs. 1 or 2) .245 0.696 (0.378–1.281)

Prior HCC treatment .006 0.388 (0.197–0.764)

Abbreviations: AFP, α-fetoprotein; ECOG PS, Eastern Cooperative
Oncology Group performance status; HBsAg, hepatitis B virus sur-
face antigen; HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
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hypothyroidism exhibited similarly poor OS (median, 5.5
vs. 4.6 months, p = .768; Fig. 1B).

DISCUSSION

In this study, 20% of the patients with advanced HCC who
had not received prior systemic therapy were identified as
having hypothyroidism. The high prevalence was not attrib-
utable to either interferon therapy or previous TACE. Hypo-
thyroidism, whether overt or subclinical, was associated
with poor prognosis even after adjusting for other potential
prognostic factors. This finding is in line with a previous
study on patients with unresectable HCC, which demon-
strated that increased thyrotropin levels were associated
with more advanced disease and decreased OS [19].

Considering the high prevalence of hypothyroidism among
patients with advanced HCC and that many approved thera-
pies for advanced HCC can cause hypothyroidism [1–6], rou-
tine examination of thyroid function in patients with advanced
HCC before initiation of systemic therapy should be consid-
ered. In clinical practice, hypothyroidism can lead to symp-
toms, such as severe fatigue and edema, that prevent patients
from receiving adequate cancer treatment. Recognizing hypo-
thyroidism as a treatment-related adverse event might lead to
incorrect discontinuation of systemic therapy.

The mechanism underlying the association between hypo-
thyroidism and poor prognosis of advanced HCC could be mul-
tifactorial. Overexpression of thyroid hormone receptors
decreased HCC cell migration [20], and thyroid receptor
expression was decreased in HCC cells [21–23]. Thyroid hor-
mone was shown to inhibit HCC progression in animal model
through various pathways [24]. Although we did not find any
associations between hypothyroidism and known clinical prog-
nostic markers, hypothyroidism could represent an unknown
marker of poor HCC disease status. Above all, such specula-
tions require further study for confirmation.

Our finding that hypothyroidism was associated with
poor prognosis in patients with advanced HCC is not a uni-
versal phenomenon among patients with cancer. Hypothy-
roidism was reported to correlate with favorable prognosis
in patients with metastatic brain cancer [25]. Combining
the above potential mechanisms of how thyroid hormone
may inhibit HCC progression, hypothyroidism may have a
specific influence of patients with HCC. Whether lev-
othyroxine supplementation can reverse the poor prognosis
should be explored in future study.

Although levothyroxine supplementation is easy and con-
venient for patients with overt hypothyroidism, guidelines do

not recommend routine levothyroxine supplementation in
asymptomatic patients with subclinical hypothyroidism [26,
27]. A recent study on patients with subclinical hypothyroid-
ism and acute myocardial infarction failed to demonstrate the
benefit of levothyroxine supplement in improving the left ven-
tricular ejection function [28]. Thus, levothyroxine should not
be routinely given to patients with advanced HCC and subclini-
cal hypothyroidism unless future studies prove otherwise.

Our study might have overestimated hypothyroidism
prevalence. The finding of hypothyroidism may be tempo-
rary, and we did not have the chance to examine the thyro-
tropin level on another occasion. Nevertheless, as long as
the thyrotropin level was high, patients exhibited poor sur-
vival regardless of the free thyroxine level. Studies have
also reported a hypothyroidism prevalence of 10%–20% in
patients with chronic hepatitis C or liver cirrhosis [15–18].

CONCLUSION

The underdiagnosis of hypothyroidism was noted in patients
with advanced HCC. Hypothyroidism, whether overt or sub-
clinical hypothyroidism, is associated with poor prognosis of
advanced HCC.
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