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Background: The purpose of this study was to identify usefulness of 1-year of thyroid stimulating
hormone (T'SH) suppression, on additional levothyroxine in patients who underwent hemithyroidectomy
with papillary thyroid microcarcinoma (PTMC).

Methods: Two-hundred consecutive patients who had received hemithyroidectomy February 2011 to March
2013, were enrolled, retrospectively. Group 1, only, was taking levothyroxine for a year, postoperatively. We
evaluated postoperative hypothyroidism through serum TSH level, measured periodically.

Results: Postoperative TSH >10 was significantly different, at 13% and 25%, between two groups
(P=0.036). Twenty patients in group 1, and 32 patients in group 2, received additional levothyroxine.
Multivariate analysis showed that 1-year suppression, clinical thyroiditis, and preoperative TSH >2, were
significantly associated with additional levothyroxine (OR 2.17, P=0.025 and OR 2.00, P=0.046 and OR
2.64, P=0.006). Too, 1-year TSH suppression, preoperative TSH >2, were also significantly associated with
postoperative TSH >10 (OR 2.55, P=0.022 and OR 2.22, P=0.048).

Conclusions: We suggest 1-year TSH suppression after hemithyroidectomy, for PTMC in patients with
preoperative TSH >2 mU/L and clinical thyroiditis, to reduce additional levothyroxine.
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Introduction

Papillary thyroid microcarcinoma (PTMC), is defined
as a PTC tumor less than lem. We supposed that the
proportion of PTMC has been increasing gradually, because
of a complex reason such as ultrasonography development,
and easy accessibility to examination. Fortunately, PTMC
was almost regarded as low risk of recurrence (2.4%), and
less than 1% risk of distant metastasis. According to the 8"
edition of American Joint Committee on Cancer (AJCC),
and 2015 American Thyroid Association (ATA) guidelines,
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minor extrathyroidal extension (ETE) was categorized
to T1 stage, and they recommend hemithyroidectomy
for a tumor less than 4 cm. Although central lymph node
metastasis was incidentally identified by prophylactic
central neck dissection (pCND), they generally recommend
hemithyroidectomy, followed by mild T'SH suppression
therapy (T'SH target 0.1-0.5 mU/L), then complete
thyroidectomy (1,2). On this trend, hemithyroidectomy as
standard treatment for PTMC, will be in a strong position,
regardless of central lymph node metastasis.
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Prognosis is favorable in hemithyroidectomy patients
with low risk PTMC, and TSH suppression is not usually
recommended in low risk patients. But we could consider
using additional levothyroxine after hemithyroidectomy in
selected patients, because current guidelines recommend
TSH 0.5-2 mU/L range for low risk PTMC. On different
perspectives, it was easy to maintain thyroid function after
hemithyroidectomy because of the remnant lobe. However,
unlike the theory, we have observed that incidence of
subclinical hypothyroidism after hemithyroidectomy was
surprisingly high, and even permanent thyroid hormone
replacement, was required in some cases. Although
hemithyroidectomy, postoperative hypothyroidism and
symptoms could occur, and sometimes require life-long
thyroid hormone replacement. Many previous studies have
had an interest in risk factors for hypothyroidism, but such
factors remain unknown. Additionally, these studies reported
that postoperative hypothyroidism is mostly subclinical, and
that patients recover spontaneously, in many cases. Relatively
well-known risk factors for postoperative hypothyroidism
have been mentioned, such as preoperative TSH level,
thyroiditis, and anti-thyroid peroxidase (TPO) antibody (3-7).

However, we focused that usefulness of 1-year
TSH suppression on additional levothyroxine after
hemithyroidectomy, through incidence of meaningful
hypothyroidism (TSH >10), and symptoms that required
permanent thyroid hormone replacement. To our
knowledge, there has been no study, on T'SH suppression’s
direct effect on incidence of hypothyroidism. The purpose
of this study is to identify the usefulness of one year of
TSH suppression on hypothyroidism, and recurrence
which required additional levothyroxine, in patients who
underwent hemithyroidectomy with PTMC.

Methods
Patient

Two-hundred consecutive patients who received
hemithyroidectomy for PTMC, by two endocrine surgeons
at Yeungnam University Medical Center February 2011 to
March 2013, were enrolled retrospectively. This study was
approved by the Institutional Ethics Review Board (2019-
05-021). All patients were followed at least for 5 years
and examined via laboratory test yearly. Inclusion criteria
were as follow: (I) PTC with tumor less than lcm, proven
by histology, (II) not pre-existing hypothyroidism, (III)
laboratory test annually for at least 5 years, (IV) follow-up
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more than 5 years. Two-hundred patients were divided into
two groups, according to 1-year TSH suppression. Group
1 equally took levothyroxine (Synthyroxine® 100 mcg,
levothyroxine sodium, Northwind Pharmaceuticals, LLC)
during 1 year postoperatively, to suppress TSH level within
0.5-2.0 mU/L (suppression group). Group 2 did not take
levothyroxine during follow-up (no suppression Group).
Serum TSH level was measured periodically in order with
preoperative, postoperatively 6 months, and then annually up
to 5 years. Laboratory tests such as T3, F'T4, thyroglobulin
(Tg), and Tg antibody, were examined as the same method.
Anti TPO antibody, was checked preoperatively once. Chest
X-ray and ultrasonography were examined once a year. Also,
we evaluated other clinicohistological factors for developing
hypothyroidism (TSH >10) as well as symptoms and
identified correlation of additional levothyroxine.

Hypotbyroidism

Postoperative hypothyroidism was defined as serum TSH
level >3.8 mU/L, and subclinical hypothyroidism was
defined as high TSH level, without symptoms. First, we
checked incidence, of subclinical hypothyroidism and
recurrence. Second, meaningful hypothyroidism (TSH >10)
as well as symptoms, were identified in each group. Third,
we also wanted to identify predictive factors to additional
levothyroxine, through incidence of hypothyroidism
(T'SH >10) as well as symptoms. The receiver operating
characteristics curve (ROC) was used, to identify cut off
value of preoperative TSH level, as predictive modality.

Statistical analysis

Continuous variables were expressed, as mean = standard
deviation (SD) by Student’s #-test. Chi-square test and
Fisher’s exact test were used, to compare categorical
variables, and then expressed by number and percentage.
Multivariate analyses were performed, by logistic regression
analysis. All statistical analyses were performed, using SPSS
version 21.0 (SPSS, Inc., Chicago, IL, USA). And P values
<0.05 were statistically significant.

Results

Two-hundred patients consisted of 173 females and 27
males. Mean age was 42.79+9.60 and 45.43+8.90 (P=0.045),
follow-up was 83.75+15.29, and 83.22£15.54 in each group.
Preoperative subclinical hypothyroidism was 3% and 7%
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Table 1 Patient characteristics between two groups

Kang et al. One year of TSH suppression on additional levothyroxine after hemithyroidectomy with PTMC

Characteristic Group 1 (n=100) Group 2 (n=100) P value
Age (years) 42.79+9.60 45.43+8.90 0.045
Gender

Male 13 [13] 14 [14]

Female 87 [87] 86 [86]
BMI (kg/m?) 23.39+3.32 23.53+3.06 0.765
Tumor size (cm) 0.53+0.23 0.51+0.21 0.603
T3 stage 47 [47] 36 [36] 0.114
Contralateral volume (cm®xri/6) 4.23+2.18 4.16x1.78 0.821
Multifocality 9[9] 13[13] 0.366
Perithyroidal soft tissue extension 47 [47] 36 [36] 0.116
Positive margin 6 [6] 6 [6]
CND 89 [89] 84 [84] 0.415
Clinical LN metastasis 0 0
Pathological LN metastasis 4 4
MACIS 4.29+0.84 4.28+0.73 0.970
AGES 2.16+1.26 2.36+1.14 0.247
AMES (high) 47 [47] 37 [37] 0.152
LVI 2[2] 0
Clinical thyroiditis' 33 [33] 34 [34] 0.881
Lymphocytic thyroiditis 22 [22] 17 [17] 0.372
Preoperative hypothyroidism 3[3] 717 0.194
Preoperative TSH >2 56 [56] 44 [44] 0.090
Postoperative hypothyroidism 64 [64] 75 [75] 0.091
Postoperative TSH >10 13 [13] 25 [25] 0.036
Additional levothyroxine 20 [20] 32 [32] 0.053
Follow-up 83.75+15.29 83.22+15.54 0.808
Recurrence 2[2] 5 [5] 0.445

Values are presented as mean + standard deviation or number [%].

positivity. BMI, body mass index; CND, central neck dissection; LN,

T, diffuse thyroiditis or anti-TPO antibody positivity or Tg antibody
lymph node; MACIS, metastasis, age, completeness of resection,

invasion and size; AGES, age, tumor grade, extent and size; AMES, age, metastasis, extent and size; LVI, lymphovascular invasion; TSH,

thyroid stimulating hormone; TPO, thyroperoxidase; Tg, thyroglobulin.

(P=0.194), respectively. By contrast, postoperative subclinical
hypothyroidism was quite high (64% vs. 75%, P=0.091),
and recurrence was 2% and 5% (P=0.445), respectively.
Clinical thyroiditis (anti-TPO antibody, Tg antibody and
diffuse thyroiditis) was 33% and 34% (P=0.881), additional
levothyroxine was 20% and 32% (P=0.053) and preoperative
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TSH >2 was 56% and 44% (P=0.090), respectively. There
was no significant difference, in most of values between
the two groups. However, postoperative TSH >10 was
significantly different as 13% and 25% between two
groups (P=0.036), respectively. Not only that, but other
clinicohistological factors are summarized in 7able 1.
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Table 2 Additional levothyroxine cases in each group

Cause G(2:872p4)1 ?5(2)73?5)2

Exclusion
Fatigue (normal TSH) 1
Recurrence (normal TSH) 1 3
Pregnancy 2

TSH 5-10 (U/mL) 7
General weakness 2
Fatigue 2 2
Indeterminate LN (positive margin) 1
Recurrence 1 1
Stage Il (N1a) with headache 1
Stage lIl (T3 or N1a) 4

TSH >10 (U/mL) 13 25
Recurrence 1

TSH, thyroid stimulating hormone; LN, lymph node. T3, minimal
extrathyroidal extension by AJCC 7th; N1a, metastasis level VI
or VII.

Twenty-four patients in group 1 received additional
levothyroxine, but four patients (one fatigue alone with
normal TSH level, one recurrence with normal TSH level,
two pregnancies), were excluded among of them. Finally, 20
patients, were composed of 13 TSH >10 and 7 TSH 5-10,
respectively. And seven patients with TSH 5-10 consisted of
two fatigue, one recurrence and four stage III (T3 or Nla).
In group 2, 35 patients received additional levothyroxine,
but three patients (three recurrence with normal TSH level)
were excluded. Thirty-two patients consisted of 25 TSH
>10 (one recurrence) and seven TSH 5-10, respectively.
Each of the seven patients with TSH 5-10, expressed two
general weakness, one stage III (N1a) with headache, two
fatigue, one indeterminate LN (positive margin), and one
recurrence (Table 2).

Figure 1 shows mean TSH levels in each group during
5 years. Preoperative T'SH was of similar value, between the
two groups. However, postoperative 6 months and 1-year
TSH levels were inevitably different, because of taking
a dose of levothyroxine for 1 year. And then, TSH value
tended to be similar, between each group. Finally, 5-year
mean TSH level was 3.31 and 3.44 mU/L, respectively.
There was no difference between the two groups, except for
the 1-year TSH suppression period.
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Figure 1 Mean TSH levels in each group during follow-up. TSH,
thyroid stimulating hormone.

Using the ROC curve, cut off value of TSH was 2.0 mU/L,
as measured by AUC (69% sensitivity, 56% specificity,
respectively). Univariate analysis shows preoperative TSH
>2 positivity and clinical thyroiditis, are associated with
additional levothyroxine (OR =2.63, P=0.004 and OR =2.34,
P=0.010, respectively). Multivariate analysis shows that
1 year suppression, clinical thyroiditis, and preoperative
TSH >2, are significantly associated with additional
levothyroxine (OR =2.17, P=0.025 and OR =2.00, P=0.046
and OR =2.64, P=0.006) (Table 3).

Table 4 shows univariate and multivariate analysis, for
postoperative TSH >10. In 38 patients who developed
postoperative TSH >10, 1 year TSH suppression and
clinical thyroiditis were related with postoperative TSH
>10 (OR =2.28; 95% CI, 1.04-5.00, P=0.036 and OR =
2.14; 95% CI, 1.00-4.57, P=0.046), by univariate analysis.
Multivariate analysis showed 1-year TSH suppression,
preoperative TSH >2, were significantly associated with
postoperative TSH >10 (OR =2.55, P=0.022 and OR =2.22,
P=0.048), respectively.

Figure 2 compares frequency of newly developed
postoperative TSH >10, during postoperative five years
between the two groups. Postoperative TSH >10 was found
in 13 and 25 patients (13% vs. 25%, P=0.036) respectively,
and peak incidence of postoperative hypothyroidism was
13 at 6 months in group 1, and 9 at 2 years in group 2. The
shape of two graphs was similar, but incidence and peak
time were significantly different, as previously mentioned.
In conclusion, this graph was so characteristic, of 1-year
T'SH suppression effect on postoperative T'SH >10.

Recurrence were found as 2% and 5%, respectively, in
each group (P=0.445). Margin positivity (OR =5.40; 95%
CI, 0.93-1.07, P<0.001), lymphocytic thyroiditis (OR =3.31;
95% CI, 0.99-1.01, P=0.001), and multifocality (OR =2.82;
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Table 3 Univariate and multivariate analysis for additional levothyroxine

Kang et al. One year of TSH suppression on additional levothyroxine after hemithyroidectomy with PTMC

Univariate Multivariate
Variable
OR 95% ClI P value OR 95% ClI P value

1-year TSH suppression 1.88 0.99-3.59 0.053 217 1.10-4.28 0.025
Age (>45 years) 1.23 0.65-2.32 0.527 NA
Gender (female) 0.61 0.22-1.70 0.341 NA
BMI (kg/m?) 0.676 NA
Contralateral volume (cm*xr/6) 0.993 NA
Clinical thyroiditis 2.34 1.22-4.48 0.010 2.00 1.01-3.94 0.046
Lymphocytic thyroiditis 1.15 0.53-2.51 0.726 NA
Preoperative TSH >2.0 (U/mL) 2.63 1.35-5.11 0.004 2.64 1.31-5.29 0.006

T, anti-TPO antibody positivity, Tg antibody positivity, diffuse thyroiditis. OR, odds ratio; Cl, confidence interval; TSH, thyroid stimulating

hormone; NA, not applicable; BMI, body mass index; TPO, thyroperoxidase; Tg, thyroglobulin.

Table 4 Univariate and multivariate analysis for postoperative TSH >10

Univariate Multivariate
Variable
OR 95% ClI P value OR 95% CI P value

1 year TSH suppression 2.28 1.04-5.00 0.036 2.55 1.14-5.69 0.022
Age (>45 years) 1.52 0.71-3.26 0.279 NA
Gender (female) 0.37 0.082-1.63 0.171 NA
BMI (kg/m?) 0.799 NA
Contralateral volume (cm®xri/6) 0.850 NA
Clinical thyroiditis 2.14 1.00-4.57 0.046 NA
Lymphocytic thyroiditis 1.14 0.45-2.85 0.786 NA
Preoperative TSH>2.0 (U/mL) 1.95 0.90-4.22 0.086 2.22 1.01-4.90 0.048

', clinical thyroiditis, anti-TPO antibody positivity, Tg antibody positivity, diffuse thyroiditis. TSH, thyroid stimulating hormone; OR, odds
ratio; Cl, confidence interval; NA, not applicable; BMI, body mass index; TPO, thyroperoxidase; Tg, thyroglobulin.
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Figure 2 Frequency of newly developed postoperative TSH >10

annually in each group. TSH, thyroid stimulating hormone.
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95% CI, 0.936-1.068, P=0.005) were statistically significant
for recurrence (Table 5).

Discussion

In this study, 200 patients were enrolled retrospectively,
February 2011 to March 2013. Minimal extrathyroidal
extension (ETE) was categorized to T3 according to AJCC
7" and our institution uses 0.23-3.8 mU/L, as normal TSH
range. The major exclusion of this study was pre-existing

hypothyroidism, because several previous studies commonly
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Table 5 Multivariate analysis for recurrence

Recurrence OR 95% ClI P value
Margin positivity 5.40 0.93-1.07 <0.001
Lymphocytic thyroiditis 3.31 0.99-1.01 0.001
Multifocality 2.82 0.94-1.07 0.005

OR, odds ratio; Cl, confidence interval.

reported preoperative hypothyroidism, as predictive
factors for postoperative hypothyroidism. In this study,
postoperative hypothyroidism means TSH >3.8 mU/L,
without symptoms. According to the 2015 ATA guidelines,
they recommend no TSH suppression (TSH target
0.5-2 mU/L), with low risk PTC. However, in cases of
no TSH suppression, post hemithyroidectomy was more
frequent, above the 0.5-2.0 mU/L range. In our study, T3
(minimal extrathyroidal extension) was 47 and 36, six margin
positivity and four central lymph node metastases in each
group. In group 2, maintaining target TSH 0.5-2 mU/L was
observed as 6% at postoperative 6 months, 10% at 1 year,
13% at 2 years. We used levothyroxine (Synthyroxine
100 mcg) to reduce risk of recurrence and maintain adequate
TSH level.

Hemithyroidectomy has been standard treatment, for
low risk PTMC. According to AJCC 8th and 2015 ATA
guidelines, minimal ETE was newly revised, to T1 and low
risk was defined as follow: (I) absence of local or distant
metastasis, (II) macroscopic tumor resection completely, (IIT)
no tumor invasion of loco-regional tissues or structures,
(IV) No aggressive histology, (V) no vascular invasion, (VI)
clinical NO or <5 pathologic N1 micrometastases (<0.2 cm
in largest dimension) (1). Recently, clinicians prefer follow
up with or without mild TSH suppression, than completion
of thyroidectomy in case of a small volume of central lymph
node metastasis. As mentioned above, for various reasons,
standard treatment for PTMC regardless of N1a, weights
on hemithyroidectomy.

It is generally thought that PTMC leads to excellent
prognosis, without T'SH suppression. Some studies have
reported risk of locoregional recurrence is 2.4%, although
frequently, lymph node metastasis with PTMC and risk
of disease-specific mortality and distant metastasis, were
0% and less than 1% (8). Other studies have reported
mortality rate of low risk PT'C was 1%, but recurrence rate
was relatively high at 8% (9). Too, recurrence rate in the
remnant thyroid gland was 2.6% at 10 years, and regional
lymph node recurrence was 5.4% at 10 years (10). As
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mentioned above, most studies considered risk factors such
as ETE, lymphovascular invasion, multifocality, and margin
positivity. Hemithyroidectomy with PTMC, mild TSH
suppression, can be inevitable in existence of risk factors for
recurrence. Our study also shows two and five recurrence in
each group, and margin positivity, lymphocytic thyroiditis,
and multifocality were significant for recurrence.
Suppression therapy is basic on theory, that thyroid
cancer cells typically express thyroid stimulating hormone
receptor and binding TSH receptor, with levothyroxine
lead to inhibitory effect on cancer growth. Some systemic
reviews and meta-analyses show that higher TSH level,
is associated with higher OR of thyroid cancer (11).
Patients who underwent lobectomy for PTMC, and are
maintaining target T'SH level (0.5-2 mU/L), may not need
levothyroxine (12). There is scant evidence to guide TSH
target or use of thyroid hormone, in ATA low risk patients
who have undergone lobectomy. By contrast, there is lack of
evidence, about T'SH suppression effect, on normal thyroid
glands. Our study shows lower incidence and delayed
peak time, of postoperative TSH >10 in the 1-year TSH
suppression group. This implies that TSH suppression, has
specific influence on normal thyroid tissue. Theoretically,
remnant lobe has adequate thyrocytes, to maintain normal
thyroid function after lobectomy (13,14). However, our
study shows loss of supplementation cause to elevated TSH
for 1 year, and then TSH level gradually recovered. It was
probably caused by remnant thyroid lobe recovery, as well
as adaptation to poor circumferences. Suppressed thyroid
lobe has minimalized function during 1 year. It is like
cryopreservation of thyrocytes. That leads to immediate
evasion of surgical stress during the postoperative period,
and restarts the function to maintain normal thyroid, after
full recovery the body. We can explain the effect of 1-year
TSH suppression, from this evasion phenomenon. Of
course, although suppressed thyroid began to work, the
function could be somewhat short of the remnant lobe. If
this hypothesis is correct, preoperative thyroid function is
a very important factor in the occurrence of postoperative
hypothyroidism, and it can also be a useful predictive factor.
There is a considerable number of postoperative
hypothyroidism after hemithyroidectomy, including
subclinical hypothyroidism. In our study, subclinical
hypothyroidism was found at 64% and 75%, respectively
in each group, although many spontaneously recover. Too,
postoperative TSH >10 which required levothyroxine
replacement, was found at 13% and 25%, respectively.
In group 2, incidence was relatively high, in comparison
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to previous studies. One study reported prevalence of
hypothyroidism reached 64% in patients who underwent
hemithyroidectomy, and 68% patients among of them
spontaneously recovery. Also, higher serum TSH level
(>1.7 mU/L) was an independent risk factor, for
hypothyroidism (15). Several studies also show that
approximately one third of euthyroid patients who
underwent hemithyroidectomy developed hypothyroidism,
and the significant factor, was commonly preoperative
TSH. Postoperative hypothyroidism was known, as most
occurred in less than 1 year (16-19). One study shows that
more than 90% of cases developed hypothyroidism within
the first 6 months, and 0.8% of hypothyroidism developed
after more than 1 year (20). Paradoxically, to evade TSH
stimulation during 1 year postoperatively, may be critical to
low incidence of hypothyroidism.

Limitations of our study were retrospective analysis
with a small cohort, and short follow-up. First, selection
bias could have existed, because we excluded preexisting
hypothyroidism, and same number of patients in each
group. Second, although we set a target TSH 0.5-2 mU/L,
taking a synthyroxine 100 mcg equally in group 1, led to
lower TSH than target range in some patients. Third,
duration and timing of TSH suppression lacked evidence,
and minimal ETE was categorized to T3 according to
AJCC 7th unlike now.

Additionally, it is quite difficult to predict cases of
additional levothyroxine, because of several reasons.
Fortunately, postoperative hypothyroidism, accounts for a
large portion. Despite the above limitations, our study has a
special meaning in terms of 1-year TSH suppression’s direct
effect, on postoperative hypothyroidism.

Conclusions

Unlike pre-existing studies, our study shows high
incidence of postoperative subclinical hypothyroidism
(64% vs. 75%), and postoperative TSH >10 (13% wvs. 25%,
P=0.036). Univariate and multivariate analysis show that
l-year suppression, preoperative TSH >2 and clinical
thyroiditis, were significantly associated with additional
levothyroxine (OR =2.17, P=0.025, OR =2.64, P=0.006;
OR =2.00, P=0.046). Also, 1-year TSH suppression and
preoperative TSH >2 were significantly associated with
postoperative T'SH >10 (OR =2.55, P=0.022 and OR =2.22,
P=0.048). Recurrence was associated with margin positivity,
lymphocytic thyroiditis, and multifocality. But not 1-year
TSH suppression alone (OR =5.40; 95% CI, 0.93-1.07,
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P<0.001 and OR =3.31; 95% CI, 0.99-1.01, P=0.001 and
OR =2.82; 95% CI, 0.94-1.07, P=0.005). In conclusion, we
suggest 1-year TSH suppression after hemithyroidectomy
for PTMC in patients, with preoperative TSH >2 mU/L
and clinical thyroiditis, to reduce additional levothyroxine.
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