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Abstract

Liver dysfunction is a common complication of Graves'disease (GD) that may be caused by excessive thyroid hor-

mone (TH) or anti-thyroid drugs (ATDs). Radioactive iodine (RAI) therapy is one of the first-line treatments for GD, but
it is unclear whether it is safe and effective in patients with liver dysfunction. 510 consecutive patients with GD receiv-
ing first RAl were enrolled in the study, and followed up at 3-, 6- and 12-month. Liver dysfunction was recorded in 222

rate (RAIU), Thyroid ultrasound

(43.5%) patients. GD patients with liver dysfunction had higher serum levels of free triiodothyronine (FT3) (median
27.6 vs.20.6 pmol/L, p<0.001) and free thyroxine (FT4) (median 65.4 vs. 53.5 pmol/L, p<0.001) levels than those

with normal liver function. Binary logistic regression analysis showed that duration of disease (OR=0.951, 95% Cl:
0.992-0.980, p=0.001) and male gender (OR=1.106, 95% Cl: 1.116-2.384; p=0.011) were significant differential fac-
tors for liver dysfunction. Serum TSH levels were higher in patients with liver dysfunction at all 3 follow-up time points
(p=0.014,0.008, and 0.025 respectively). FT3 level was lower in patients with liver dysfunction at 3-month follow-up
(p=0.047), but the difference disappeared at 6 and 12 months (p=0.351 and 0.264 respectively). The rate of euthy-
roidism or hypothyroidism was higher in patients with liver dysfunction than in those with normal liver function at

3 months (74.5% vs 62.5%; p =0.005) and 6 months (82.1% vs 69.1%; p=0.002) after RAIl treatment, but the difference
did not persist at 12-month follow-up (89.6% vs 83.2%, p =0.081).There were no statistically significant differences

in treatment efficacy (94.48% vs 90.31%, p=0.142), incidence of early-onset hypothyroidism (87.73% vs 83.67%,
p=0.277),and recurrence rate (4.91% vs 7.14%, p =0.379) between the 2 groups at 12-month follow-up. In conclu-
sion, the efficacy of RAl was comparable in GD patients with liver dysfunction and those with normal liver function.
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Introduction

Graves’ disease (GD) is the most common cause of hyper-
thyroidism, accounting for 50%—-80% of cases [1]. The
recommended treatments for patients with overt Graves’
hyperthyroidism include anti-thyroid drugs (ATDs),
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radioactive iodine (RAI) therapy, and thyroidectomy [2, 3].
RAI therapy remains the most frequently used treatment
approach for patients with GD in the United States, while
ATDs are preferred in Europe, Latin America, and Asia [4].
RAI therapy is particularly suitable for GD patients with
a poor response to ATDs, patients with relapsed Graves’
hyperthyroidism, or those who have ATD-related adverse
events such as hepatic dysfunction [2, 5].

Liver dysfunction is a common complication of GD that
may be caused by excessive thyroid hormone, ATDs, or
other types of liver disease. Although most patients with
abnormal liver function show no obvious symptoms, some
progress to severe cholestasis, liver injury, or even liver
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failure [6-8]. It is clear that there is a complex but intimate
bidirectional relationship between thyroid and liver in
health and disease [9]. Liver is critical in thyroid hormone
activation and inactivation, transport, and metabolism;
and liver dysfunction has been consistently reported to
affect serum levels of thyroid hormones and their related
hormones and autoantibodies [9]. Meanwhile, several
studies showed that serum free thyroxine (FT4), thyroid-
stimulating hormone (TSH), thyroid-stimulating hormone
receptor antibody (TRAD) levels were independent predic-
tors of risk of RAI failure [10-13]. To date, whether liver
dysfunction would affect the efficacy of RAI therapy in GD
patients has not been well studied. Therefore, to determine
the association between liver dysfunction and RAI efficacy,
we retrospectively enrolled patients with GD who received
RAI therapy, and compared baseline and treatment out-
comes at 3-, 6-, and 12-month follow-up between patients
with and those without liver dysfunction.

Materials and methods

Study patients

The study population consisted of patients with GD who
received RAI therapy at the Department of Nuclear Med-
icine of Nanjing Drum Tower Hospital from January 2013
until December 2016. All patients were diagnosed with
GD based on the following criteria [8, 14]: 1) an elevated
serum FT4 with undetectable or suppressed serum TSH
level; and 2) an elevated serum level of TRAb. Exclusion
criteria were as follows: 1) received RAI therapy more
than once; 2) lack of follow-up data; 3) had history of
thyroid surgery; and 4) had other conditions that could
cause liver dysfunction, such as viral hepatitis, alcoholic
hepatitis, and autoimmune hepatitis. Liver dysfunction
was defined as at least one aminotransferase or bilirubin
above normal [15]. The laboratory reference ranges were
5—-40 U/L for alanine aminotransferase (ALT), 8—40 U/L
for aspartate aminotransferase (AST), 1.7-6.8 umol/L for
direct bilirubin, and 5-20.5 pmol/L for total bilirubin.

Demographic data, laboratory assays for thyroid function
and autoantibodies

Demographic information such as age and sex, and physi-
ologic and clinical data such as weight, disease duration,
and heart rate were collected. Serum TSH, free triiodo-
thyronine (FT3), FT4, thyroid autoantibodies (thyroid
peroxidase antibody [TPOADb] and thyroglobulin antibody
[TgAb]) concentrations were detected by electrochemical
luminescence assays with Cobas Eless 601 (Roche). TRAb
was measured using a third-generation TBII assay with
the automated Cobas electrochemiluminescence immu-
noassay (Roche). The reference ranges of TSH, TPOADb,
TgAb, and TRADb were 0.27-4.2 mIU/L, 0-34 IU/mL,
0-115IU/mL, and 0-1.75 IU/L respectively [16].
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Thyroid volume, RAl uptake and 1131 dose

Thyroid volume (ml) was calculated based on measure-
ments from ultrasound images as length (cm) x width
(cm) x height (cm) x 0.479 [17], and thyroid mass was
calculated considering a density of 1 g/ml. RAI uptake
(2- and 6-h RAIU) was measured. We treated each
patient with a dose of 10-15 mCi, a suggested dose for
GD [18, 19]. The final treatment dose within the range of
10-15 mCi was decided based on evaluation of clinical
symptoms, thyroid mass and radioactive iodine uptake,
at the treating physicians’ discretion.

Follow-ups and outcome measures

We evaluated the response following RAI according
to clinical manifestations and laboratory findings. All
patients were scheduled to visit the physician and per-
form clinical and laboratory examinations 3-, 6-, and
12-month after the RAI treatments. Treatment out-
comes of RAI were classified according to the recom-
mendations of the 2016 American Thyroid Association
(ATA) guidelines for hyperthyroidism and other causes
of thyrotoxicosis [4]. RAI therapy was considered effec-
tive if there was complete remission, partial remission, or
hypothyroidism at 12-month follow-up [20]. Complete
remission was defined if patients maintained normal thy-
roid function without ATDs or levothyroxine and had no
symptoms or signs of hyperthyroidism; partial remission
was defined if patients showed reduction of serum FT4
and improvement of hyperthyroidism-associated symp-
toms and signs, both of which however, did not achieve
complete normalization [20]. Other outcomes included
euthyroidism or hypothyroidism, early-onset hypothy-
roidism, and recurrence.

Statistical analysis

Statistical analysis was performed using SPSS v26.0
software (SPSS Inc, Chicago, IL, USA). Data were eval-
uated with the Kolmogorov—Smirnov test. Variables
that conformed to a normal distribution are expressed
as means * standard deviation and were analyzed with
the independent samples t test. Variables with a skewed
distribution are expressed as median (range) and were
analyzed with the rank-sum test. Categorical vari-
ables were presented as frequencies (percentages) and
compared with the chi-squared test. Binary logistic
regression was used to determine risk factors for liver
dysfunction and treatment effect. The nonparametric
Friedman test was used to evaluate overall changes in
indicators at each follow-up time point compared with
previous time point. Differences between patients with
liver dysfunction and those without were compared at
different time-lines. A p value<0.05 was considered
statistically significant.
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Results

Baseline characteristics

A total of 723 patients with GD who received RAI were
eligible for selection. 213 were excluded and a final 510
cases were included for analysis (Fig. 1). 59 patients
(11.6%) received RAI as first-line treatment because
of baseline liver dysfunction, leukopenia or patients’

723 patients with Grave's disease received RAI
from 2013.01 t0 2016.12

Graves’ disease previously treated

with RAI (n=60) or surgery (n=2)

661 patients with Grave’s disease receiving first RAI

With other conditions causing liver dysfunction,
including viral hepatitis, alcoholic hepatilis,
or autoimmune hepatitis (n=14)

—_—

647 patients with Grave's disease

—> With insufficient data at follow-up (n=137)

510 patients with known liver function and follow-up data

Fig. 1 Patient selection process
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preferences. The other 451 patients (88.4%) received
ATD as first-line treatment, but switched to RAI due to
drug-induced liver damage, leukopenia, drug allergy,
poor medication compliance or unmet efficacy.

Baseline clinical information for the study popula-
tion is shown in Table 1. Most patients were female
(69.4%), and mean age was 41.5 years, mean duration
of GD was 4.96 years. Liver dysfunction was recorded
in 222 (43.5%) patients, in which 72 patients had mod-
erate to severe liver dysfunction (ALT or AST >80U/L).
Patients with liver dysfunction and normal liver func-
tion were similar in terms of age, body weight, heart
rate, thyroid volume, 2- and 6-h RAIU, dose of iodine,
and serum concentrations of TgAb and TPOAb. Patients
with liver dysfunction tended to be male (36.5% vs. 26%,
p=0.011), showed a shorter disease duration (3.9+6.0
vs. 5.8+6.6 years, p=0.001), but a higher serum FT3
(median 27.6 vs. 20.6 pmol/L, p <0.001) and FT4 (median
65.4 vs. 53.5 pmol/L, p<0.001) levels, as compared with
those with normal liver function (Table 1).Binary logis-
tic regression analysis revealed that duration of disease
(OR=0.951, 95% CI: 0.992-0.980, p=0.001) and male

Table 1 Baseline characteristics of patient with Graves'disease with normal liver function and liver dysfunction

Characteristics Total Normal liver function Liver dysfunction (n=222) p value
(n=288)
Male (%) 30.59 26.04 36.49 0.011
Age (years) 4151£13.85 418+£14.322 41.134+13.224 0.587
Duration of disease (years) 496+6.46 58+6.65 39+6.0 0.001
Weight (kg) 57.67+£9.74 57.05£9.01 5847+£10.59 0.112
Heart rate (bpm) 9298+16.7 92.84+16.66 93.16 £ 16.81 0.830
Thyroid volume (ml) 21.33(14.75,29.91) 22.32(14.34,32.19) 20.92 (15.32,29.19) 0.590
2-h RAIU (%) 59.43+£21.44 5861+£2143 6048 £21.46 0.328
6-h RAIU (%) 787311746 7824+£17.71 7936+£17.15 0473
Dose of iodine (mCi) 12.5043.07 12.59+£2.878 12.38£3.304 0433
TSH (mIU/1) 0.005 (0.005, 0.01) 0.005 (0.005, 0.010) 0.005 (0.005, 0.010) 0.110
FT3 (pmol/l) 22.35(15.41,33.20) 20.60(12.47,32.78) 27.57(17.38,39.45) <0.001
FT4 (pmol/l) 60.75 (38.1,93.79) 53.50(35.07,83.35) 65.40 (44.81, 100.00) <0.001
TRADb (IU/ml) 14.94 (7.22,3548) 12.36 (5.86,26.95) 14.98 (7.38,32.77) 0.067
TPOADb (IU/ml) 25872 (57.32,565.5) 262.2 (47.3,596.7) 251.2(82.5,501.8) 0.820
TgAb (IU/ml) 2014 (32.8,541.1) 190.9 (28.3,508.3) 206.3 (39.8,554.0) 0453
ALT (U/1) 36.2 (24.3,54.75) 24.00 (17.73,31.00) 56.55 (45.25, 80.05) <0.001
AST (U/1) 28.5(21.95,39.7) 22.35 (1840, 26.68) 4045 (32.68,51.33) <0.001
ATDs 0.005
None 59 22 37
PTU 100 60 40
MMI 351 209 142

Data are expressed as mean =+ standard deviation or median (lower quartile, upper quartile)

ALT Alanine aminotransferase, AST Aspartate aminotransferase, ATD Anti-thyroid drugs, FT3 Free triiodothyronine, FT4 Free thyroxine, MMI Methimazole, PTU

Propylthiouracil, RAIU Radioactive iodine uptake rate, TgAb antithyroglobulin antibody, TPOAb Thyroid peroxidase antibody, TRAb Thyrotropin receptor antibody, TSH

Thyroid-stimulating hormone

" Statistically significant (p < 0.05)
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Table 2 Binary logistic regression analysis of factors affecting
liver function

Indicator OR 95%CI p value
Lower limit  Upper limit

Duration of disease ~ 0.951 0.922 0.980 0.001

Male sex 1.631 1.116 2.384 0.011

Cl Confidence interval, OR Odds ratio
" Statistically significant (p < 0.05)

sex (OR=1.631, 95% CI: 1.116-2.384; p=0.011) were
differential factors for liver dysfunction in patients with
GD (Table 2).

Thyroid hormone, autoantibodies and heart rate changes
during follow-up after RAI treatment
During follow-up, levothyroxine was being taken by 284
out of the 510 patients at 3 months, by 285 at 6 months,
and by 164 patients at 12-month follow-up. Serum
FT3, FT4 concentrations decreased whereas TSH level
increased significantly at 3 months (all p<0.001). FT3
and FT4 increased between 3 to 6 months (p <0.001) and
remained stable thereafter. TSH level did not change sig-
nificantly after 3 months. Serum levels of TRAb increased
in the first 3 months after RAI (p =0.008), remained sta-
ble at 3 to 6 months (»p=0.629), and decreased signifi-
cantly after 6 months (p <0.001) (Table 3). Serum TPOAb
and TgAb levels showed very similar trend as TRAb
during follow-up. Heart rate decreased significantly
3 months post RAI, and remained stable thereafter.
Follow-up data of GD patients stratified by baseline
liver function are shown in Table 4. Serum TSH lev-
els were higher in patients with liver dysfunction at all
3 follow-up time points (p=0.014, 0.008, and 0.025
respectively). FT3 level was lower in patients with liver
dysfunction compared to those with normal liver func-
tion at 3-month follow-up (p=0.047), but the differ-
ence disappeared at 6 and 12 months (p=0.351 and
0.264 respectively). There was no difference in serum
levels of FT4, TRAb, TPOAb, and TgAb between
the 2 groups at any follow-up time lines (all p>0.05)
(Figure Sla—d). Heart rate was lower in patients with
liver dysfunction at 3 and 6 months (p=0.017 and
0.026 respectively) but the difference disappeared at
12 months (p =0.177) (Figure S2).

Effect of liver dysfunction on RAI treatment outcome

The efficiency, as defined as complete, partial remis-
sion or hypothyroidism following RAI, was comparable
between patients with and without liver dysfunction
(94.5% vs 90.3%, p =0.142) (Table 5). Also, the incidence
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differences of early-onset hypothyroidism (87.7% vs
83.4%, p=0.277) and recurrence (4.91% vs 7.14%,
p=0.379) were also not statically significant between 2
groups at 12-month follow-up. The rate of normal thy-
roid function or hypothyroidism was higher in patients
with liver dysfunction than in those with normal liver
function at 3 months (74.5% vs 62.5%, p=0.005) and
6 months (82.1% vs 69.1%, p=0.002) after RAI treat-
ment, but the difference did not persist at 12-month
follow-up (89.6% vs 83.2%, p=0.081) (Table 5). Simi-
lar results were found when restricting to patients with
moderate to severe liver dysfunction (Table S2). Logis-
tic regression analysis also did not reveal a significant
association between liver status and euthyroidism or
hypothyroidism at 12-month follow-up (hazard ratio
0.98; 95% CI 0.31 to 3.14, p=0.98) after adjusting for
age, FT4, TRAD, thyroid mass, ATD preceding RAI and
iodine dose.

Discussion

To our knowledge, our study remains the first to dem-
onstrate the relationship between baseline liver function
with thyroid hormone and RAI outcomes. We found that
liver dysfunction was associated with a favorable change
in thyroid hormones and TSH following RAI, particularly
at short-term follow-up. However, the incidence of effi-
cacy and recurrence were similar between patients with
and without liver dysfunction.

The bidirectional interplay between thyroid and liver
is intimate and complex in both health and disease
status [9]. Liver is the first player in the transport, and
metabolism of thyroid hormones. It synthesizes the
major thyroid hormone-transport proteins and is criti-
cal in regulating circulating thyroid hormone concen-
trations. Meanwhile, thyroid hormones contribute to
hepatocyte metabolic and bilirubin production, partly
through modulation of lipid metabolism [9]. Liver dys-
function in GD patients has several potential causes.
Excess TH levels can increase cardiac output by 50%—
300% in patients with hyperthyroidism compared to
healthy individuals, which can lead to chronic conges-
tive heart failure [21]. Liver congestion caused by heart
failure can affect liver function. Also, increased splanch-
nic oxygen consumption and metabolic demands could
result in anoxia as well as ischemia in the centro-lobular
zones of the liver [22-24]. Additionally, hepatotoxicity
occurs in 0.1%-0.2% of patients taking oral medications
such as propylthiouracil and methimazole, making it a
major side effect of ATDs [25, 26].

RAI therapy is both efficacious and cost-effective in
treating GD [27, 28] and is recommended as the first-
line treatment by ATA, American Association of Clinical
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Table 5 Treatment outcome in patients with Graves' disease with normal liver function and liver dysfunction at 12-month follow-up

Treatment outcome Normal liver function Liver dysfunction Total (n=359) p value
(n=196) (n=163)

Efficiency (n [%]) 177 (90.31%) 154 (94.48%) 331(92.20%) 0.142

Recurrence rate (n [%]) 14 (7.14%) 8 (4.91%) 22 (6.13%) 0379

Euthyroidism or hypothyroidism 163 (83.2%) 146 (89.6%) 309 (86.1%) 0.081

Early-onset hypothyroidism rate (n [%]) 164 (83.67%) 143 (87.73%) 307 (85.82%) 0277

" Statistically significant (p <0.05)

Endocrinologists, and European Thyroid Association
guidelines [5, 14]. In patients with GD who develop liver
dysfunction after ATD treatment, RAI is a safe alterna-
tive that has been shown to improve liver biochemical
indices [29, 30].

We found that ALT and AST levels in patients with GD
were directly proportional to serum FT3 and FT4 levels,
implying that hepatic dysfunction reflects more severe
hyperthyroidism. This is supported by the finding that
FT4 level was a risk factor for impaired liver function in
hyperthyroidism patients [31]. There was no difference in
2- or 6-h RAIU between GD patients with normal liver
function and those with liver dysfunction in our study,
which is consistent with a previous report that there was
no correlation between thyroid iodine uptake rate and
liver function in patients with GD [31-33].

Serum levels of FT3 and FT4 declined whereas that
of TSH increased after RAI treatment. However, these
changes showed a fluctuation at around 6 months post
treatment, possibly because RAI therapy was admin-
istered with hypothyroidism as the goal, and therefore
the *'T doses that were used were intended to reduce
TH level to near the normal lower limit or even below
the reference value as rapidly as possible [4]. TH was
gradually restored to a normal and stable level by
adjusting the dose of levothyroxine tablets during the
follow-up. At 6-12 months post treatment, TSH, FT3,
and FT4 levels returned to the normal reference ranges
in ~ 85% of the patients. We also observed that levels of
thyroid autoantibodies (including TgAb, TPOAb, and
TRAD) were elevated after RAI treatment. There are 2
main reasons for this increase—the release of thyroid
autoantigen and stimulation of lymphocytes after irra-
diation. RAI therapy is based on the principle of thy-
roid follicular cell destruction by beta rays released
during 'l decay, resulting in reduced TH synthesis
and release. However, in this process the damaged thy-
roid follicular cells release a large amount of thyroid
autoantigen that stimulates autoantibody production.
Irradiated normal lymphocytes also induce thyroid
autoantibody synthesis [34, 35]. In our study, we found

that the TRAD levels increased 3 months after RIT, and
slightly decreased (but not statistically significant) at
6 months, and significantly decreased at 12 months fol-
low-up. The time course changes in TRAD in our study
was largely consistent with that of Fang, which showed
an increase of TRAD after 6 months and a decline after
12 months’ RAI [36].

GD patients with abnormal liver function had higher
serum TSH levels during the follow-up period com-
pared to those with normal liver function despite there
being no differences between the 2 groups at baseline.
Moreover, patients with liver dysfunction showed a
more rapid decrease in TH level and heart rate in the
3 months after treatment, although TH levels were
similar between the 2 groups at 12 months. This dif-
ference in FT3 change might be related to a worse thy-
roid function in hepatic dysfunction group at baseline.
We also compared treatment outcomes at 1 year post
treatment and found no significant difference in treat-
ment efficacy, recurrence rate, or incidence of early-
onset hypothyroidism between groups. Therefore,
liver dysfunction seemed to have favorable changes in
thyroid hormones and TSH following RAI however,
these favorable changes in patients with liver dysfunc-
tion did not translate to better hard outcomes, i.e. less
recurrence.

Our study is limited by its retrospective design. Addi-
tionally, we evaluated 2- and 6-h RAIU instead because
the 24-h measurements were not available in most
patients. Prospective studies with a larger sample size
are needed to confirm the present findings.

Conclusion

Liver dysfunction was associated with a favorable
change in thyroid hormones and TSH following RAI,
particularly at short-term follow-up. However, the inci-
dence of efficacy and recurrence were similar between
patients with and without liver dysfunction. Therefore,
RAI therapy is safe and effective in treating patients
with GD accompanied by liver dysfunction.
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