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ABSTRACT

Purpose The aim of the present study is to investigate
the risk factors for hepatic dysfunction before radioiodine
therapy in patients with differentiated thyroid cancer (DTC).
Methods 996 patients (314 men, 682 women; age of
45.07+12.98 years) with postoperative DTC were recruited
and divided into two groups including patients with and
without hepatic dysfunction. The changes in baseline data
and traced liver function levels, together with other metabolic
profiles, were compared between the two groups.

Result Overall, 31.6% of patients had hepatic dysfunction.
Higher aspartate aminotransferase and/or alanine
aminotransferase was the most common abnormality

(the prevalence rate was 47.5%). The percentages of

mild and moderate hepatic dysfunction were 80.0% and
20.0%, respectively. Univariate analyses demonstrated that
the most prominent risk factors for hepatic dysfunction
(OR=0.324-3.171, p<0.01) were male sex with levothyroxine
discontinuation and free triiodothyronine <2.01 pmol/L, free
thyroxine (FT,) <4.78 pmol/L, thyroid-stimulating hormone
>78.195 plU/mL, total cholesterol >5.17 mmol/L, triglycerides
(TG) >1.71 mmol/L and more than 21 days of thyroid hormone
withdrawal. Multivariate analyses demonstrated that for

men, FT, <3.80pmol/L and TG >1.28 mmol/L were the most
prominent risk factors.

Conclusions Patients with minor hepatic dysfunction and
ortholiposis are more likely to recover to normal liver function.
Patients with moderate hepatic dysfunction should be treated
with hepatoprotective drugs. For men, FT, and TG levels tended
to be associated with hepatic dysfunction, and the prognosis of
hepatic dysfunction was closely related to the TG level.

INTRODUCTION

Radioiodine (RAI) therapy is a very important
procedure to ablate normal thyroid remnant
tissues and microscopic deposits of differenti-
ated thyroid carcinoma (DTC) after thyroid-
ectomy." As reported, RAI therapy was able to
reduce the number of locoregional recurrences
and to increase overall survival of the American
Thyroid Association (ATA) intermediate-risk
and high-risk patients with DTC.*® In order to
stimulate "*'T uptake into the normal thyroid
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Strengths and limitations of this study

» The results of this study may help nuclear physicians
to make clinical treatment strategies of patients with
differentiated thyroid cancer.

» We selected cases with complete data to perform
our retrospective analysis; however, the exclusion
of a few patients who were lost to follow-up might
result in potential bias.

» We could not collect the result of low-density lipo-
protein cholesterol measurements.

» Obesity is an important metabolic risk factor of liver
and thyroid dysfunction, and it would be helpful if we
could perform analysis of its influence in our study.

» For these reasons, further rigorous prospective stud-
ies are needed to confirm these preliminary findings.

remnants and metastatic tissues of thyroid
carcinoma for patients with DTC who have
undergone RAI therapy, an elevated thyroid-
stimulating hormone (thyrotropin, TSH) level
is essential.* The classic method of preparation
for RAI therapy is thyroid hormone withdrawal
(THW). However, the application of THW
usually results in some physical or psychological
side effects associated with hypothyroidism,’
such as general oedema, constipation and
depression. Evidence indicates that hypothy-
roidism may affect liver function or structure
directly.’ Therefore, the identification of factors
that may cause hepatic dysfunction is rather
crucial. In the present study, we collected clinical
data from 996 patients with DTC to investigate
the risk factors for patients with hepatic dysfunc-
tion undergoing a retrospective approach.

MATERIALS AND METHODS

Participants or criteria selection

The study included 996 patients (314 men,
682 women; age of 45.07+12.98 years) who had
undergone RAI therapy at our department from
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January 2012 to March 2018. The patients had undergone
complete or partial thyroidectomy performed by various
surgeons. The patients agreed to receive RAI therapy and
were informed about the traditional preparation method,
THW. We used hepatitis virus markers, abdominal ultraso-
nography, echocardiography, and autoantibody and immu-
noglobulin subtype determination for patients with hepatic
dysfunction to exclude other apparent causes of liver damage.
Other possible causes included viral hepatitis, liver cirrhosis
or biliary tract disease, chronic cardiac dysfunction and auto-
immune liver disease, liver steatosis, hyperlipoidemia, etc.’

Patient and public involvement

This was an uncontrolled retrospective study; patients of
this study had undergone RAI therapy at our department,
and we recorded and analysed the data in order to investi-
gate the risk factors for patients with hepatic dysfunction.

Data collection and grouping

All RAT therapy regimens were conducted by the same
nuclear medicine department following a standard
protocol (2015 ATA Management Guidelines). Relevant
data were recorded during the RAI therapy, including
patient age (named X)), sex (X,), the time between
surgery and 131y therapy (X,), the time of THW (X)), the
presence or absence of metastases (lymph node metas-
tasis or lung metastasis) (X;), the presence or absence of
Hashimoto’s thyroiditis (X,), serum free triiodothyronine
(FT,) (X,), free thyroxine (FT,) (X,), TSH (X)), thyro-
globulin (Tg) (X,,), antithyroglobulin antibody (TgAb)
(X,,), total cholesterol (TC) (X ,) and triglycerides (TG)
(X,;). Meanwhile, liver function test results including
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), total-value bilirubin (TBIL)
and direct bilirubin (DBIL) were also collected. Hepatic
dysfunction was diagnosed in accordance with the
following criteria: the upper limit of normal (ULN) <ALT,
AST or GGT <3 times ULN, the ULN <ALP <2 times the
ULN and/or TBIL and the ULN <DBIL <2.5 times the
ULN were defined as mild hepatic dysfunction; 3 times
the ULN <ALTor AST <20 times the ULN, 3 times the
ULN <GGT <10 times the ULN, 2 times the ULN <ALP
<5 times the ULN and/or 2.5 times the ULN <TBIL,
and DBIL <5times the ULN were defined as moderate
hepatic dysfunction; and ALT or AST >20 times the ULN,
GGT >10 times the ULN, ALP >5 times the ULN and/or
TBIL and DBIL >5 times the ULN were defined as severe
hepatic dysfunction.7

Parameter assessments

Thyroid function tests were measured by chemilumines-
cence immunoassays (ADVIA Centaur XP, Siemens). Tg
and TgAb were detected by the Immulite system (Immu-
lite 2000, Siemens). Liver function indices were measured
by colorimetry (Hitachi C7600, Japan). TC and TG
levels were checked using an auto-analyser enzymatically

(Hitachi Model 7170 analyser; Hitachi, Tokyo, Japan).
The dosage range of '*'I therapy was 3.7-7.4 GBq.

Patient follow-up

We measured the serum levels of thyroid parameters,
serum lipids, and liver function indices of the 996 patients
at 1, 2, 3, and 4 months after 1By therapy to evaluate their
liver function.

Statistical analysis

A X? test was used to analyse the differences between
ratios. To identify risk factors for hepatic dysfunction,
we used a bivariate logistic regression model (univariate
analysis) and stepwise logistic regression (multivariate
analysis) with a variable p<0.05, and values <0.05 were
considered statistically significant. The OR was used to
evaluate the risk factor. Statistical analysis was performed
using SPSS for Windows, V.20.

RESULTS

Clinical features of hepatic dysfunction

Overall, 31.6% (315 of 996) of patients with DTC
had hepatic dysfunction. Most patients with hepatic
dysfunction had no obvious clinical symptoms except
for abnormal liver function indices. The most common
abnormality was elevated ALT and/or AST, with a preva-
lence of 47.5%. The prevalence rates of mild, moderate,
and severe hepatic dysfunction were 80.0% (252 of 315),
20.0% (63 of 315), and 0% (0 of 315), respectively.

Risk factors for hepatic dysfunction in patients with DTC

In this paper, a binary logistic regression model was estab-
lished for relevant factors of hepatic dysfunction. Single-
factor analysis and binary multivariate logistic regression
analysis were performed as well. Patient characteristics
were compared using bivariate logistic univariate regres-
sion analysis between the two groups (table 1). In the
metastases group, the numbers of patients with hepatic
dysfunction and lymph node metastasis or lung metastasis
were 508 and 21, respectively; and the numbers of patients
without hepatic dysfunction were 245 (with lymph node
metastasis) and 12 (with lung metastasis), respectively.
The results showed that for male patients, the THW time,
FT, <2.01 pmol/L, FT, <4.78 pmol/L, TSH >78.195 pIU/
mL, TC>5.17mmol/Land TG >1.71 mmol/L were closely
associated with hepatic dysfunction (OR: 0.324-3.171, all
p<0.01).

Furthermore, the multivariate logistic regression anal-
ysis was applied to screen the relevant risk factors. In our
study, we suggested the following assignments for inde-
pendent variables: X =1 for age <45 years and X =2 for age
>45 years; X,=1 for male sex and X,=2 for female sex; X, =1
if the time between total thyroidectomy and '*'I therapy
was less than 3 months and X,=2 if the time between total
thyroidectomy and 131y therapy was more than 3 months;
X,=1, 2, and 3 if the THW time was shorter than 3 weeks,
3-4 weeks, and longer than 4 weeks, respectively; X5:1
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Table 1

Bivariate logistic univariate regression of the factors for patients with DTC with hepatic dysfunction

With hepatic Without hepatic

Relevant factors dysfunction (n (%)) dysfunction (n (%)) B OR value 95% Cl P value

Age <45 350 (68.50) 161 (31.50) -1.011 1 0.744 to 1.321 0.934
>45 331 (68.25) 154 (31.75) 1.011

Sex Male 158 (50.97) 152 (49.03) -1.127 1 0.244 t0 0.430 0.000
Female 523 (76.24) 163 (23.76) 0.324

Time between thyroidectomy <3 months 560 (68.20) 261 (31.80) 0.043 1 0.734 to 1.486 0.810

and "'l therapy >3 months 121 (69.14) 54 (30.86) 1.044

Thyroid hormone withdrawal <21 days 372 (72.51) 141 (27.49) 0.396 1 0.517 to 0.892 0.005

time >21days 309 (63.98) 174 (36.02) 1.486

Metastases Negative 152 (72.38) 58 (27.62) —-0.242 1 0.561 to 1.100 0.160
Positive 529 (67.30) 257 (32.70) 0.785

Hashimoto’s thyroiditis Negative 595 (67.85) 282 (32.15) -0.211 1 0.529 to 1.239 0.331
Positive 86 (72.27) 33 (27.73) 0.810

FT, <2.01* 316 (63.71) 180 (36.29) 0.432 1 1.177 t0 2.016 0.002
>2.01 365 (73.00) 135 (27.00) 1.540

FT, <4.78* 280 (56.34) 217 (43.66) 1.154 1 2.389 to 4.209 0.000
>4.78 401 (80.36) 98 (19.64) 3.171

TSH <78.195* 365 (73.29) 133 (26.71) —-0.458 1 0.483 to 0.828 0.001
>78.195 316 (63.45) 182 (36.55) 0.633

Tg <2.635" 346 (69.48) 152 (30.52) -0.185 1 0.609 to 1.134 0.244
>2.635 335 (67.27) 163 (32.73) 0.831

TgAb <40t 527 (66.96) 260 (33.04) 0.381 1 0.979 to 1.930 0.067
>40 154 (73.68) 55 (26.32) 1.374

TC <517t 129 (75.44) 42 (24.56) 0.758 1 1.615t0 2.822 0.000
>5.17 552 (66.90) 273 (33.10) 2.135

TG <1.71% 336 (77.42) 98 (22.58) -0.418 1 0.451 to 0.960 0.03
>1.71 344 (61.54) 215 (38.46) 0.658

*Median.

TUpper limit of the normal value.

DTC, differentiated thyroid cancer; FT,, free triiodothyronine; FT,, free thyroxine; TC, total cholesterol; Tg, thyroglobulin; TG, triglycerides; TgAb, antithyroglobulin

antibody; TSH, thyroid-stimulating hormone.

for the presence of metastases and X_=2 for the absence
of metastases; X =1 for the presence of Hashimoto’s
thyroiditis and X =2 for the absence of Hashimoto’s
thyroiditis; X =1, 2, 3, and 4 for FT, levels lower than
1.60 pmol/L, 1.60-2.01 pmol/L, 2.01-2.37 pmol/L, and
higher than 2.37 pmol/L, respectively; X=1, 2, 3, and 4
for FT, levels lower than 3.80 pmol/L, 3.80-4.78 pmol/L,
4.78-5.79 pmol/L, and higher than 5.79 pmol/L, respec-
tively; X,=1, 2, 3, and 4 for TSH levels lower than 57.01
pIU/mL, 57.01-78.20 pIU/mL, 78.20-101.84 pnIU/mL,
and higher than 101.84 pIU/mL, respectively; X, =1,
2, 3, and 4 for Tg levels lower than 0.50 ng/mL, 0.50—
2.64ng/mL, 2.64-9.18 ng/mL, and higher than 9.18 ng/
mL, respectively; X, =1 for TgAb levels lower than 40 IU/
mL and X, =2 for TgAb levels higher than 40 IU/mL;
X,,=1, 2, 3, and 4 for TC levels lower than 5.46 mmol/L,
5.46-6.27mmol/L, 6.27-7.22mmol/L, and higher than
6.27 mmol/L, respectively; and X,;=1, 2, 3, and 4 for TG
levels lower than 1.28 mmol/L, 1.28-1.85mmol/L, 1.85—
2.76 mmol/L, and higher than 2.76 mmol/L, respectively.
Resultant variable: Y=1 for patients with hepatic dysfunc-
tion, and Y=0 for patients without hepatic dysfunction.
Forward stepwise regression analysis rejecting trends ulti-
mately revealed that male sex, FT, <3.80 pmol/L and TG

>1.28 mmol/L were independent risk factors to predict
hepatic dysfunction in patients with DTC (table 2).

Outcomes of hepatic dysfunction after ''I therapy

The outcomes of hepatic dysfunction of varying degrees
after "*'I therapy are displayed in table 3. The remission rate
of patients at 1 month after "' therapy was 86.34% (272 of
315). Liver function test results revealed that 90.07% (227
of 252) of patients with mild hepatic dysfunction returned
to normal 1month after °'I therapy. Moreover, the remis-
sion rate among patients with moderate and severe hepatic
dysfunction was 71.43% (45 of 63). Additionally, the remis-
sion rate of mild hepatic dysfunction was higher than that of
moderate dysfunction (p<0.001).

The remission of hepatic dysfunction at 1 month after
I therapy is shown in table 4. The liver function tests of
252 patients with mild hepatic dysfunction were evaluated
at 1 month after "*'I therapy. Results showed that the liver
function of 94.34% (50 of 53) of patients who were given
hepatoprotective treatment (oral bicyclol tablets, bicy-
clol 25 mg/tablet, Beijing Union Pharmaceutical Factory,
Beijing, China, at a total daily dose of 75 mg (25 mg three
times per day), the treated group) returned to normal
after 1month of "'I therapy. Moreover, the remission
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Table 2 Bivariate logistic multivariate regression analysis of the factors for patients with DTC with hepatic dysfunction

Causal variable B SE Wald df P value Exp (B) 95% Cl

X, -0.933 0.156 35.703 1 0.000 0.393 0.290 to 0.534
X, (FT,) 62.291 3 0.000

X, (2) -0.347 0.193 3.249 1 0.071 0.707 0.485 to 1.031
X, (3) -0.853 0.200 18.146 1 0.000 0.426 0.288 to 0.631
X, (4) -1.789 0.239 55.817 1 0.000 0.167 0.105 to 0.267
Xia 15.195 3 0.002

X5 (@) 0.325 0.225 2.072 1 0.150 1.383 0.889 to 2.152
X5 (3) 0.643 0.223 8.313 1 0.004 1.901 1.228 10 2.943
X5 (4) 0.787 0.219 12.784 1 0.000 2.197 1.429 to 3.376
Constant -0.188 0.270 0.484 1 0.487 0.829

DTC, differentiated thyroid carcinoma; FT,, free thyroxine.

rate among patients in the untreated group was found to
be 88.94% (177 of 199). However, no remarkable differ-
ence in the remission rate was observed between the two
groups (p=0.184).

Other 63 patients with moderate hepatic dysfunction
were treated with hepatoprotective therapy (oral bicyclol
tablets, at a total daily dose of 150mg (50 mg three times
per day)), and the remission rates among patients at
1 month, 2 months, and 3 months after 181 therapy were
55.56% (35 of 63), 36.5% (23 of 63), and 7.94% (5 of
63), respectively. The average time for liver function to
return to normal level in patients with moderate hepatic
dysfunction was 1.8 months.

The correlation between serum TG and the remission rate of
hepatic dysfunction in patients with DTC

The numbers of patients with hyperlipidaemia, hyper-
lipidaemia with hepatic dysfunction, and dyslipidaemia
(hypercholesterolaemia+hypertriglyceridaemia) were
564, 278 and 244, respectively. A total of 559 patients (218
men, 341 women) had elevated serum TG before *'1
therapy, including 189 patients with hepatic dysfunction
(76 men, 113 women). All patients were divided into two
subgroups based on their serum TG levels 1 month after
Y11 therapy: subgroup 1 includes subjects with a normal
TG level (141 patients) and subgroup 2 includes subjects
with elevated TG (48 patients, 21 women, 27 men). In
subgroup 2, 15 men and 10 women were treated with
statins or fenofibrate for lipid-lowering therapy. The

percentage of patients with liver function who returned
to normal was 92.90% (131 of 141) in subgroup 1. More-
over, the remission rate of the patients in subgroup 2 was
75.00% (36 of 48) (%°=5.382, p=0.02). In subgroup 2, the
remission rates of the patients with lipid-lowering therapy

were 84.00% (21 of 25) and 65.21% (15 of 23).

DISCUSSION

A complex relationship between the thyroid gland and
the liver exists in both healthy and disease states. Malik’s®
research showed that thyroid dysfunction may affect
liver function.” It is suggested that a relationship may
exist between non-alcoholic fatty liver disease (NAFLD)
and thyroid dysfunction.'’ Several studies conducted in
some countries worldwide showed that the relationship
between levels of thyroid hormones and the incidence of
NAFLD was inverse.'' In clinical practice, we have found
that hepatic dysfunction in patients with DTC is common,
and most of these patients have no obvious symptoms.
The mechanism may be related to the following factors'*:
(1) hypothyroidism may have features similar to those
of liver diseases (pseudo-liver disease, such as myalgias,
fatigue and muscle cramps in the presence of elevated
AST from myopathy, coma); (2) hypothyroidism may
interact with liver structure or function directly, for
example, bilirubin excretion is reduced in experimental
hypothyroidism with the decrease of the activity of bili-
rubin UDP-glucuronyltransferase; (3) hypothyroidism is

Table 3 Outcomes of hepatic dysfunction of varying
degrees after 1 month of '*'| therapy

Table 4 Remission of hepatic dysfunction among patients
given different treatments at 1 month after 'l therapy

Outcomes (n (%))

Outcomes (n (%))

Degree n Remission Non-remission Group n Remission Non-remission
Mild 252 227 (90.07) 25 (9.93) Treatment 53 50 (94.34) 3 (5.66)
Moderate 63 45 (71.43) 18 (28.57) No treatment 199 177 (88.94) 22 (11.06)
v 14.873 x 1.765
P value 0.000 P value 0.184
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related to cholestatic jaundice due to decreased bilirubin
and bile excretion'’; and (4) severe hypothyroidism is
known to cause increased permeability of the vascular
endothelium'.

Our study demonstrated that 31.6% of patients with
DTC suffered from different degrees of hepatic dysfunc-
tion. All of these patients had mild or moderate liver
injury. Additionally, an increase in ALT or AST was the
most common abnormal indicator, and the prevalence
was 47.5%. The findings are different from previous
research data from Gokmen’s group whose research
showed that hypertriglyceridaemia and a higher FT,/FT,
ratio are independent risk factors for NAFLD; however,
hypothyroidism is not related to the condition directly.”
However, their research subjects were patients with hypo-
thyroidism, where hypothyroidism was defined only by a
TSH level 24.1mIU/L, and FT, and FT, levels were not
included. The FT, and FT, levels of some patients were
normal.

To explore the risk factors of hepatic dysfunction for
patients with DTC, we analysed 13 related factors, and
found that male sex, a THW time greater than 21 days, FT,
<2.01 pmol/L, FT, <4.78 pmol/L, TSH >78.195 pIU/mL,
TC >5.17mmol/L and TG >1.71 mmol/L were respon-
sible risk factors for hepatic dysfunction in the univariate
analysis (all p<0.01). Additionally, we found that male
sex, FT, <3.80 pmol/L and TG >1.28 mmol/L were closely
associated with hepatic dysfunction in patients with DTC
in the multivariate logistic regression analysis (p<0.01).
No other studies related to our study on the risk factors
of hepatic dysfunction for patients with DTC were found.

In this study, we found that the remission rate of patients
with mild hepatic dysfunction was significantly higher
than that of patients with moderate hepatic dysfunction
at 1month after "*'I therapy. Additionally, no significant
differences can be found on the remission rate among
patients with mild hepatic dysfunction between the treated
and untreated groups. It was also found that the FT, level
is highly associated with hepatic dysfunction, with more
severe hypothyroidism corresponding to a greater impact
on liver function. Patients with mild hepatic dysfunction
may not be treated with hepatoprotective drugs because
the remission rate of hepatic dysfunction at 1 month after
B therapy was not significantly different between the
treated and untreated groups. Recent studies revealed
that with no liver damage, hepatic dysfunction associated
with hypothyroidism can be reversed over several weeks
with thyroxine replacement.'®

Additionally, liveris the vital organ for cholesterol metab-
olism and thyroid hormones, which plays an important
role in hepatic lipid metabolism.'” Thyroid hormones can
increase the activity of lipid-lowering liver enzymes which
can cause a reduction in low-density lipoprotein levels."®
As reported, serum lipids also play an important role in
liver function,19 which coincided with the results of our
study. In our study, hepatic function indices returned
to normal at 1 month after *'I therapy in 86.34% of the
patients, the remission rate in patients with normal TG

levels was significantly higher than that in the elevated
TG group. In addition, the time until liver dysfunction
returned to normal level in the patients suffering from
hyperlipidaemia and hepatic dysfunction was longer than
that of the patients suffering from only hepatic dysfunc-
tion. In other words, lipid-lowering therapy (statins or
fenofibrate) was very important for patients with hepatic
dysfunction.

Obesity is an important metabolic risk factor of liver
and thyroid dysfunction, and it would be helpful if we
could provide analysis of its influence in our study.
However, due to the limitations, this part of analysis was
notincluded in the current paper. For this reason, further
rigorous prospective studies are needed to confirm these
preliminary findings.

CONCLUSIONS

Hepatic dysfunction is more likely to occur in male
patients and patients with a THW time greater than 21
days, FT, <2.01 pmol/L, FT, <4.78 pmol/L, TSH >78.195
pIU/mL, TC >5.17mmol/L and TG >1.71 mmol/L. Addi-
tionally, lipid-lowering therapy is particularly important
for patients with DTC with hepatic dysfunction before '*'I
therapy. For patients with DTC with hepatic dysfunction
combined with dyslipidaemia, lipid-lowering therapy is
recommended, which is expected to shorten the remis-
sion time of hepatic dysfunction.

Contribution to the field statement

An elevated TSH level is essential to stimulate '*'T uptake
when a patient with DTC undergoes RAI therapy. A
number of patients suffer from general oedema, constipa-
tion and so on, before RAI therapy with THW. Evidence
reveals that hypothyroidism may have a direct effect on
liver structure or function. We retrospectively collected
clinical data from 996 patients with DTC to investigate
the relevant risk factors of hepatic dysfunction in these
patients. Patients with mild hepatic dysfunction and
ortholiposis were found to have a higher likelihood of
recovering to normal liver function. For men, FT, and TG
levels were more closely related to hepatic dysfunction,
and the prognosis of hepatic dysfunction was closely asso-
ciated with the TG level.
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