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Evidence for limiting the extent of surgery in patients with low-risk thyroid cancer is

lacking.

A systematic search was performed according to the PRISMA and MOOSE guidelines to
assess the effect of total thyroidectomy (TT) with or without radioactive iodine (RAI) treatment versus
hemithyroidectomy (HT) on recurrence and overall mortality in patients with differentiated (papillary or
follicular) T1-2NO thyroid cancer. PubMed, Embase and Cochrane databases were searched, and two
authors independently assessed the articles.

A total of ten eligible articles were identified. All were observational cohort series, representing

a total of 23 134 patients, of which 17 699 were available for meta-analysis. Six studies included patients

who had TT followed by RAI treatment. The pooled recurrence rate after TT £ RAI and HT was 2-3

and 2-8 per cent respectively (odds ratio (OR) 1-12, 95 per cent c.i. 0-82 to 1-53; P = 0-48). The pooled

20-year overall survival rate after TT + RAI was 96-8 per cent, compared with 97-4 per cent for HT (OR
1-30, 0-71 to 2:37; P = 0-40). Overall, higher complication rates were found in the TT + RAI group.

Recurrence rates after HT for treatment of well differentiated T'1-2 NO thyroid cancer were

similar to those after TT + RAI, with a lower incidence of treatment-related complications.
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The incidence of thyroid cancer has been increasing over
the past three decades, affecting both sexes and all ages'~.
The standard of care for well differentiated thyroid can-
cer is total thyroidectomy (T'T) and adjuvant radioactive
iodine (RAI) treatment, resulting in reported 10-year over-
all survival rates of 96—98 per cent’. Apart from a lifelong
need for thyroid hormone supplementation, complications
such as recurrent laryngeal nerve damage, bleeding and
hypoparathyroidism contribute to treatment-related mor-
bidity and decreased quality of life*°.

Large

database cohort

studies®?, however, show neither survival benefit nor

non-comparative national
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difference in recurrence rates between TT followed by
RAI and hemithyroidectomy (HT) for well differentiated,
low-risk thyroid cancer. These low recurrence rates and
good long-term survival explain an increased interest in
de-escalation of treatment for these patients!?. Recently,
the American Thyroid Association!! recommended con-
sideration of HT for selected patients with low-risk, well
differentiated thyroid cancer.

In selected patients, less extensive surgery for subcen-
timetre papillary thyroid microcarcinoma (PTMC) is sup-
ported by data from large databases'®!?, but it is unclear
whether HT will result in similar treatment outcomes
in patients with low-risk differentiated thyroid cancers
larger than 1 cm. This systematic review and meta-analysis
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Fig. 1 PRISMA diagram for the review
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investigated HT as the definitive treatment for patients
with low-risk, well differentiated (papillary or follicular),
node-negative thyroid cancer of 4cm or less (T'1-2 NO),
with a particular focus on recurrence and overall survival.

The study was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) (registra-
tion number CRD42018115971). A literature search was
performed based on the PRISMA!* and MOOSE" guide-
lines. To identify all relevant publications on HT for dif-
ferentiated T1-2NO thyroid cancer, systematic searches
in the bibliographic databases PubMed, EMBASE.com
and the Cochrane Library (via Wiley) (Tables S1-S3, sup-
porting information) were performed from inception to
11 November 2019. Search terms included controlled
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terms (Medical Subject Headings (MeSH) in PubMed
and Emtree in Embase), as well as free text terms in the
Cochrane Library. Searches focused on differentiated thy-
roid cancer (papillary and follicular), tumour size 0—4 cm,
and HT compared with TT + RAL

After removal of duplicates, articles were initially
screened by title and abstract to exclude irrelevant reports.
Of the remaining articles, full texts were screened for eli-
gibility by two authors. Reference lists of relevant articles
were searched. Any discrepancy regarding article selection
was resolved by consensus.

Inclusion and exclusion criteria

Any English-language original reports comparing HT with
TT£RAI for the treatment of 0—4-cm, well differen-
tiated, low-risk thyroid cancer were included. Low risk

www.bjsopen.com B7S Open 2020; 4: 987-994
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Table 1 Characteristics of included studies
Duration of

Inclusion follow-up No. of
Reference period Country (years)* patients
Cross et al.'® 1940-1998 USA 15.3 962
Hassanain and 1982-2002 Canada 10 (4-25)1 180

Wexler'®
Lee et al.?° 1986-2006 Korea 11.8 (5-26)F 2014
Kim et al.?! 2004-2008 Korea 7.0 1150
Kim et al.?? 1997-2015 South 5.4 (0-5-19-2)F 8676
Korea

Kwon et al.?® 1998-2007 Korea 8.5 2031
Choi et al.?* 1978-2011 Korea 4-8(4-8) 5266
Jeon et al.?5 1999-2012 Korea 7-9 (2-17-4)F 255
Ji et al.?® 2001-2014 Korea 5.5 255
Song et al.?’ 1998-2007 Korea 9.8 2345

AMES criteria
(low versus No. in TT=RAI Matched-pair
high risk) No. in HT group group analysis
746 low risk 237 716 n.a.
207 high risk (179 for analysis) (567 for analysis)
161 low risk 126 54 n.a.
17 high risk
n.a. 999 1015 506 HT
506 TT
n.a. 147 1003 147 HT
298 TT
n.a. 3289 5387 n.a.
n.a. 755 1276 688 HT
688 TT
47 low risk 974 (27 for 4292 (20 for n.a.
5219 high risk analysis) analysis)
255 low risk 127 128 n.a.
n.a. 82 173 66 HT
66 TT
n.a. 383 1962 381 HT
381 TT

All studies had a retrospective design. *Values are mean(s.d.) unless indicated otherwise; fvalues are median (range). AMES, Age, Metastases, Extent and

Size (risk classification); HT, hemithyroidectomy; TT; total thyroidectomy; RAI radioactive iodine; n.a., not available.

was defined as node-negative (N0), T1 and T2 cancers!.

Studies describing recurrent disease only, those including
patients under 18years of age, letters, reviews, editorials,
case series with fewer than ten patients, and conference
abstracts were excluded.

Data extraction

The following characteristics were extracted from the
included studies: patient demographics (number of
patients, age and sex), pathology, treatment characteristics,
tumour size and definition of recurrence. The primary
endpoint was recurrence rate and time to recurrence.
Secondary endpoints were overall survival and periop-
erative morbidity, including laryngeal nerve damage,
hypoparathyroidism and hypocalcaemia.

Statistical analysis

For the meta-analysis, outcome data for recurrence and
overall survival were pooled using Review Manager ver-
sion 5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark) and presented as
forest plots. Heterogeneity was assessed by calculating the
I? index. For low heterogeneity (I> below 25 per cent), a
fixed-effect model was used for meta-analysis. For inter-
mediate heterogeneity (I’ ranging from 25 to 75 per
cent), a random-effects model was used for meta-analysis.

© 2020 The Authors.
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I? above 75 per cent was considered substantial, and no
meta-analysis was performed. Where available, data from
matched-pair analysis of low-risk patients were used for the
meta-analysis.

Quality assessment and risk of bias

The Risk Of Bias In Non-randomized Studies of Interven-
tions (ROBINS-I) tool'7 was used to score the overall risk
of bias. Funnel plots were made to assess publication bias.

The initial search resulted in a total of 7203 records. After
removal of 2080 duplicates and screening of all titles and
abstracts, a total of 68 papers were assessed in full text for
inclusion, after which 58 were excluded, resulting in a total
of ten studies!®?7 for analysis (Fig. I).

All ten articles described observational cohorts, repre-
senting a total of 23 134 patients, predominantly women:
19069 women (82-4 per cent) and 4065 men (17-6 per
cent). Some 17699 patients with low-risk, well differen-
tiated thyroid cancer were included in the meta-analysis.
No prospective randomized studies were available (7able 1).
The reported duration of follow-up ranged from 57-3 to
141-6 months. To assess outcome, five studies??:21:23:26:27
performed a matched-pair analysis based on patient char-
acteristics.

www.bjsopen.com B7S Open 2020; 4: 987-994
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Table 2 Characteristics of patients in included studies
No. of
patients
in meta- Sex ratio
Reference analysis (F:M) Age (years)* Pathology
Cross 746 260:702 43} PTC, FTC
etal.’®
Hassanain 180 131:49 n.a. PTC (150),
and FTC (24),
Wexler'® other (6)
Lee et al.?° 2014 1827:187 HT: 43.9% PTMC
TT: 47.7+
Kim et al.?" 1150 1073:77 44(11) n.a.
Kim et al.?2 8676 7057:1619 47-2(10-5) PTMC
Kwon 2031 1790:241 After matching: PTMC
etal® 47 (41-54)
Choi 47 4462 :804 45-41(12-10) PTC (31),
et al.?* minimally
invasive
FTC (16)
Jeon 255 226:29 49 (25-76) PTMC
et al.®®
Jiet al.?® 255 201:54 After matching: PTC
HT: 44-6(11-2)
TT: 45-2(11-0)
Song 2345 2042:303 After matching: n.a.
etal.?’ HT: 44.0
(37-3-52.5)F
TT: 46-9
(38-0-53-9)1

Tumour
size*

n.a.

n.a.

<0-5cmin 894
and>0-5cmin
1120 - 5-7mm
in HT group
versus 6-9mm in
TT group
1-6(0-6) cm
0-6(0-2) cm
After matching:
0-6cm
HT: 1-60(0-56) cm
TT: 1.93(0-81)cm

6-49 (1-10) mm¥

After matching:
HT: 7-2(3-1) mm
TT: 7-3(3-1) mm
HT: 1-4(0-6)cm
TT: 1.8(0-7)cm

% of patients
in TT group
treated
with RAI

n.a.

n.a.

n.a.

74
7.7
87

92.7

Postop. RAI
was exclusion
criterion (0)
92-4

939

Recurrence
(HT group
versus
TT +RAI
group) (%)

n.a.

3 versus 11
(low-risk group)

1.9,4.3,65
versus 2-3, 4-1,
5.9
(LRR at 5,10 and
20years
respectively)

6-1 versus 5-7
1-5 versus 1-7
3-8 versus 1-6

7-4 versus 10
(low-risk group,
n =47)

3-15 versus 0-78

979 versus 96-5

6-3 versus 4-7

20-year overall
survival in
low-risk group
(HT versus
TT = RAl) (%)

985 versus 97-0

n.a.

5 deaths (2-8%),
4 within first

year of

diagnosis, all
high risk; no
analysis done

97-1 versus 96-6

n.a.
n.a.
n.a.

100 versus 100

*Values are mean(s.d.) unless indicated otherwise; fvalues are median (range). T'T, total thyroidectomy; RAI, radioactive iodine; HT, hemithyroidectomy;
PTC, papillary thyroid carcinoma; FT'C, follicular thyroid carcinoma; n.a., not available; PTMC, papillary thyroid microcarcinoma; LRR, locoregional

recurrence.

Patient characteristics are summarized in Table 2. The
median age ranged from 43 to 49years. From seven
studies!?2%22-26 that explicitly reported histopathological
characteristics, 13 412 patients with papillary thyroid can-
cer (PTC) and 40 with follicular thyroid cancer (FTC)
were included. One study'® reported on patients with
PTC and FTC, but did not provide separate data on
histopathological characteristics for those in the low-risk
treatment group, and two studies’’?’ failed to report
histopathological characteristics. Tumour size ranged from
less than 0-5 to 1-93 cm. RAI treatment following TT
surgery was reported in six studies’! ~242627 and varied from
71-7 to 93-9 per cent of the cohorts.

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

Recurrence

Nine studies'”~?’, including 13 864 patients, reported
recurrence rates. The pooled recurrence rates after
TT=RAI and HT were 2-3 and 2-8 per cent respec-
tively (odds ratio (OR) 1-12, 95 per cent c.i. 0-82 to 1-53;
P = 0-48) (Fig. 2). Median time to recurrence was reported

in four studies

19,23-25

and ranged from 3-58 to 5-62 years.

The majority of studies defined recurrence as proven by
cytology and/or pathology (Zable S4, supporting infor-
mation). A total of four studies’®???3?% involving 12 321

patients, reported on recurrence in patients with PTMC.
The pooled recurrence rate after TT = RAI was 2-0 per

www.bjsopen.com
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Fig. 2 Forest plot comparing recurrence after hemithyroidectomy or total thyroidectomy with or without radioactive iodine treatment

Heterogeneity: t2=0-06; y*=11-55, 8 d.f., P=0-17; P=31%
Test for overall effect: Z=0-71, P=0-48

Reference HT TT+=RAI Weight (%) Odds ratio Odds ratio
Hassanain and Wexler'® 4 of 120 4 of 37 42 0-28 (0-07, 1-20)

Lee et al.20 43 of 999 42 0f 1015 232 1-04 (0-67, 1-61)

Kim et al.?! 9 of 147 17 of 298 10-5 1-08 (0-47, 2-48) —

Kim et al.?2 50 of 3289 89 of 5387 27-6 0-92 (065, 1-30) 4

Kwon et al.2 26 of 688 11 of 688 13-2 2:42 (1-18, 4-93) —
Song et al.?’ 24 of 381 18 of 381 156 1-36 (072, 2:54) —te—
Choi et al.2* 2of 27 20f20 2:2 0-72 (009, 5:60) S
Jeon et al.® 4 of 127 10f 128 19 4-13 (0-46, 37-47) —
Jietal2 1066 2 of 66 16 0-49 (0-04, 5:56) I
Total 163 of 5844 186 of 8020 100-0

112 (0-82, 1-53) T
| | | |

0-01 0-1 1 10 100
Favours HT Favours TT +RAI

A Mantel-Haenszel random-effects model was used for meta-analysis. Odds ratios are shown with 95 per cent confidence intervals. HT, hemithyroidec-

tomy; T'T] total thyroidectomy; RAI, radioactive iodine.

Fig. 3 Forest plot comparing recurrence after hemithyroidectomy or total thyroidectomy with or without radioactive iodine treatment
for the subgroup analysis of papillary thyroid microcarcinoma (0—1cm)

Reference HT TT+=RAI Weight (%) Odds ratio Odds ratio

Lee et al.20 43 of 999 42 of 1015 345 1-04 (067, 1-61)

Kwon et al.?® 26 of 688 11 of 688 229 2:42 (118, 4-93) —a—

Kim et al.?? 50 of 3289 89 of 5387 385 0-92 (0-65, 1-30)

Jeon et al.® 4 of 127 10f 128 41 413 (0-46, 37-47)

Total 123 of 5103 143 of 7218 100-0 1-27 (0-80, 2-03)

Heterogeneity: 1?=0-12; y?=7-16, 3 d.f., P=0-07; ’=58% | | | |
Test for overall effect: Z=1-02, P=0-31 0-01 0-1 1 10 100

Favours HT Favours TT +RAI

A Mantel-Haenszel random-effects model was used for meta-analysis. Odds ratios are shown with 95 per cent confidence intervals. HT, hemithyroidec-

tomy; 1T, total thyroidectomy; RAI, radioactive iodine.

cent, compared with a pooled recurrence rate of 2-4 per
cent for HT (OR 1-27, 0-80 to 2:03; P =0-31) (Fig. 3).
In addition, three studies’’**?’, involving 1254 patients,
reported recurrence rates after surgery for well differen-
tiated thyroid cancers of 1-4 cm. The pooled recurrence
rate after T'T'+ RAI was 5-3 per cent versus 6-3 per cent
for HT (OR 1:21, 075 to 1-97; P =0-44) (Fig. 4).

Overall survival

Only two studies'®?, including 1758 patients, reported

overall survival. The pooled 20-year overall survival rate
after T'T = RAI was 96-8 per cent, compared with 97-4
per cent for HT (OR 1-30, 95 per cent c.i. 0-71 to 2-37;
P = 0-40) (Fig. S1, supporting information).

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

Complications

Complications were reported in four studies’!?3?%26

(1able 3). Overall, higher complication rates were found
in the TT=+RAI group. Bleeding was reported in two
studies?®*°. In the HT group, bleeding rates were 0
per cent’?® and 0-7 per cent?®, compared with rates of
0 per cent’?® (P=1-0) and 1-0 per cent’® (P =0-6) in
the TT £RAI group. Regarding laryngeal nerve injury,
TT +RAI had a higher rate than HT, with an incidence
from 0 per cent’’?® to 1-6 per cent? for HT and from
0-6 per cent’® to 9-4 per cent®® for TT + RAI Permanent
hypoparathyroidism was reported in three studies?!’»>*%S.
Although no patients with hypoparathyroidism were
reported following HT, in the TT = RAI groups the rate

www.bjsopen.com B7S Open 2020; 4: 987-994
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Fig. 4 Forest plot comparing recurrence after hemithyroidectomy or total thyroidectomy with or without radioactive iodine treatment
for the subgroup analysis of papillary thyroid carcinoma (1-4cm)

Reference HT TTx=RAI Weight (%) Odds ratio Odds ratio

Kim et al.? 9 of 147 17 of 298 357 1-08 (0-47, 2:48)

Song et al.?’ 24 of 381 18 of 381 57-1 1-36 (0-72, 2-54)

Choi et al.?* 2 of 27 2 of 20 72 0-72 (0-09, 5-60)

Total 35 of 555 37 of 699 100-0 1-21 (0-75, 1-97)

Heterogeneity: y2=0-45, 2 d.f., P=0-80; ’=0% 1 1 ] ]
Test for overall effect: Z=0-77, P=0-44 0-01 01 1 10 100

Favours HT  Favours TT+RAI

A Mantel-Haenszel fixed-effect model was used for meta-analysis. Odds ratios are shown with 95 per cent confidence intervals. HT, hemithyroidectomy;

TT, total thyroidectomy; RAI, radioactive iodine.

Table 3 Complications reported by studies included in the analysis
Kim et al.?! Kwon et al.?®* Jeon et al.5 Ji et al.26*
HT TT+RAI HT TT+RAI Py HT TT HT TT+RAI P

Bleeding = = 5(0-7) 7 (1:0) 06 = = 0(0) 0 (0) 1.0
RLN damage

Permanent 0 (0) 44 (4-4) 2 (0-3) 4(0-6) <07 2 (1-6) 12 (9-4) 0 (0) 0 (0) 1.0

Transient - - - n - - - 1(2) 2 (@) 1.0
Hypoparathyroidism

Permanent 0(0) 77(77) 0(0) 12 (1-7) <0-001 - - 0(0) 2@3 0-496

Transient = = 0(0) 103 (15-0) = 0(0) 11 (8-6) 5 (8) 32 (48) <0-001
Seroma - - - - - - - 19 (29) 25 (38) 0-268

Values in parentheses are percentages. *Values from matched-pair analysis with statistical comparison. HT, hemithyroidectomy; T'T, total thyroidectomy;
RAI, radioactive iodine; RLN, recurrent laryngeal nerve. x> test. $Continuous variables compared with Student’s ¢ test, and categorical variables with

Pearson’s y° or Fisher’ exact test.

ranged from 1-7 per cent?® (P<0-001) to 7-7 per cent’!.
Finally, one study’® reported on seroma, with 19 (29
per cent) and 25 (38 per cent) patients in the HT and
T'T £+ RAI groups respectively (P = 0-268).

Quality assessment and risk of bias

Quality of included studies according to the ROBINS-I
tool is presented in Table S5 (supporting information). The
overall quality of the included studies was considered
moderate to critical, based mainly on the observational
nature of included studies. Funnel plots showed an even
distribution of studies over possible outcomes, suggesting
that publication bias was minimal (Figs S2-S5, supporting
information).

This systematic review with meta-analysis has shown
that, for padents with low-risk, well differentiated

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

thyroid cancer, low recurrence rates and high survival
can be achieved with both HT and TT + RAI treatment.
Reported recurrence and 20-year survival rates were sim-
ilar. These data correspond to survival rates from large
national databases'>!}. The updated American Thyroid
Association guideline!' recommending HT for selected
patients with 1-4-cm well differentiated PT'C is supported
by the results of the present meta-analysis.

As the present results indicated that HT was
a non-inferior alternative to TT=xRAI for well
differentiated T1-2NO thyroid cancer, possible
complications of both treatments, such as recurrent
nerve damage, hypoparathyroidism and hypothyroidism,
need to be taken into account. Hypoparathyroidism, with
rates ranging from 1.7 to 7-7 per cent, was seen exclusively
in the TT £ RAI group. These rates are comparable with
those reported for temporary and permanent postoperative
hypoparathyroidism after T°T, which have been described
with a prevalence of 1-6-53-6 and 0-2-9-3 per cent
respectively?®2?. Hypoparathyroidism after thyroidectomy

www.bjsopen.com B7S Open 2020; 4: 987-994
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has been shown to correlate with a decrease in overall
survival, even in patients who had surgery for benign
thyroid disease’’. In addition, with HT a considerable
proportion of patients could be prevented from having to
take lifelong oral thyroid hormone substitution. Although
after T'T there is a 100 per cent risk of hypothyroidism,
and supplementation is always needed, a small number of
patients do need thyroxine supplements after HT?!.

The follow-up strategy is also important. Clearly, active
follow-up is warranted after HT so that, if recurrence
or metastasis is identified, completion thyroidectomy can
performed followed by RAI treatment if necessary. There
are no guidelines outlining the duration and method of
such follow-up.

There are limitations when interpreting the results of
this meta-analysis. The absence of any randomized com-
parison is important, and the selection biases inherent in
cohort studies are acknowledged. Importantly, it has to
be noted that a large proportion of included patients in
both HT and TT + RAI groups had PTMC, limiting the
evidence on treatment with HT for tumours sized 1-4 cm.
Rates of recurrence and overall survival were, neverthe-
less, comparable for HT and TT +RAI in the patients
with 1-4-cm tumours. Two of the included studies!'®**
involved patients from a considerable time ago, which may
have resulted in an underestimation of the clinical N and
M status as modern ultrasound and CT scans were not
available at that time. Despite expecting that this might
negatively affect the oncological outcome of patients
who had HT, there was still no difference in oncological
outcome in the pooled results of the meta-analysis. Some
of the studies included both patients with PTC and those
with FTC!1924 and the prognosis for FTC depends
mainly on the degree of invasiveness rather than primary
tumour size. Unfortunately, data from studies reporting
on both PTC and FTC were not presented separately.
Additional limitations include the different definitions of
both recurrence and complications used in the studies, and
only two studies reported survival data.

The authors declare no conflict of interest.

1 Cabanillas ME, McFadden DG, Durante C. Thyroid cancer.
Lancet 2016; 388: 2783-2795.

2 La Vecchia C, Malvezzi M, Bosetti C, Garavello W,
Bertuccio P, Levi F ez al. Thyroid cancer mortality and
incidence: a global overview. Int 7 Cancer 2015; 136:
2187-2195.

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

3 Ito Y, Miyauchi A, Kihara M, Fukushima M, Higashiyama T,
Miya A. Overall survival of papillary thyroid carcinoma in
patients: a single-institution long-term follow-up of 5897
patients. World ¥ Surg 2018; 42: 615-622.

4 Sawant R, Hulse K, Sohrabi S, Yeo JCL, Pal K, Gibb FW
et al. The impact of completion thyroidectomy. Eur J Surg
Oncol 2019; 45: 1171-1174.

5 Mclntyre C, Jacques T, Palazzo F, Farnell K, Tolley N.
Quality of life in differentiated thyroid cancer. Int 7 Surg
2018; 50: 133-136.

6 Adam MA, Pura J, Gu L, Dinan MA, Tyler DS, Reed SD
et al. Extent of surgery for papillary thyroid cancer is not
associated with survival. Ann Surg 2014; 60: 601-605.

7 Barney BM, Hitchcock Y], Sharma P, Shrieve DC, Tward
JD. Overall and cause-specific survival for patients
undergoing lobectomy, near-total, or total thyroidectomy for
differentiated thyroid cancer. Head Neck 2011; 33: 645-649.

8 Mendelsohn AH, Elashoff DA, Abemayor E, St John MA.
Surgery for papillary thyroid carcinoma. Arch Otolaryngol
Neck Surg 2010; 136: 1055-1061.

9 Haigh PI, Urbach DR, Rotstein LE. Extent of thyroidectomy
is not a major determinant of survival in low- or high-risk
papillary thyroid cancer. Ann Surg Oncol 2005; 12: 81-89.

10 Wreesmann VB. The risk/benefit ratio of differentiated
thyroid cancer treatment: exploring treatment de-escalation.
E7S0 2018; 44: 275.

11 Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel
SJ, Nikiforov YE er al. 2015 American Thyroid Association
management guidelines for adult patients with thyroid
nodules and differentiated thyroid cancer: the American
Thyroid Association guidelines task force on thyroid nodules
and differentiated thyroid cancer. Thyroid 2015; 26: 1-133.

12 Wang TS, Goffredo P, Sosa JA, Roman SA. Papillary thyroid
microcarcinoma: an overtreated malignancy? World J Surg
2014; 38: 2297-2303.

13 Adam MA, Pura J, Goffredo P, Dinan MA, Hyslop T, Reed
SD et 4l. Impact of extent of surgery on survival for papillary
thyroid cancer patients younger than 45 years. 7 Clin
Endocrinol Metab 2015; 100: 115-121.

14 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred
reporting items for systematic reviews and meta-analysis;
the PRISMA statement. Ann Intern Med 2009; 151:
264-269.

15 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D ez al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) group.
FAMA 2000; 283: 2008—-2012.

16 Amin MB, Edge S, Greene F, Byrd DR, Brookland RK,
Washington MK et al. A7CC Cancer Staging Manual (8th
edn). Springer: New York, 2017.

17 Sterne JA, Hernin MA, Reeves BC, Savocic J, Berkman ND,
Viswanathan M er /. ROBINS-I: a tool for assessing risk of
bias in non-randomized studies of interventions. BM7 2016;

355:14919.

www.bjsopen.com B7S Open 2020; 4: 987-994



994 P. M. Rodriguez Schaap, M. Botti, R. H. J. Otten, K. M. A. Dreijerink, E. J. M. Nieveen van Dijkum, H. J. Bonjer et al.

18 Cross S, Wei JP, Kim S, Brams DM. Selective surgery and
adjuvant therapy based on risk classifications of
well-differentiated thyroid cancer. ¥ Surg Oncol 2006; 94:
678-682.

19 Hassanain M, Wexler M. Conservative management of
well-differentiated thyroid cancer. Can ¥ Surg 2010; 53:
109-118.

20 Lee], Park JH, Lee CR, Chung WY, Park CS. Long-term

outcomes of total thyroidectomy versus thyroid lobectomy for
papillary thyroid microcarcinoma: comparative analysis after

propensity score matching. Thyroid 2013; 23: 1408—1415.

21 Kim M]J, Lee MC, Lee GH, Choi HS, Cho SW, Kim S]J.
Extent of surgery did not affect recurrence during 7-years
follow-up in papillary thyroid cancer sized 1-4 cm:
preliminary results. Clin Endocrinol 2017; 87: 80—-86.

22 Kim SK, Park I, Woo JW, Lee JH, Choe JH, Kim JH et al.
Total thyroidectomy versus lobectomy in conventional
papillary thyroid microcarcinoma: analysis of 8676 patients
at a single institution. Surgery 2017; 161: 485-492.

23 Kwon H, Jeon MJ, Kim WG, Park S, Kim M, Song DE ez 4.

A comparison of lobectomy and total thyroidectomy in
patients with papillary thyroid microcarcinoma: a
retrospective individual risk-factor-matched cohort study.
Eur f Endocrinol 2017; 176: 371-378.

24 Choi JB, Lee SG, Kim M]J, Kim TH, Ban EJ, Lee CR et 4i.
Oncologic outcomes in patients with 1-cm to 4-cm
differentiated thyroid carcinoma according to extent of

thyroidectomy. Head Neck 2019; 41: 56-63.

25 Jeon YW, Gwak HG, Lim ST, Schneider J, Suh YJ.

Long-term prognosis of unilateral and multifocal papillary
thyroid microcarcinoma after unilateral lobectomy

versus total thyroidectomy. Ann Surg Oncol 2019; 26:
2952-2958.

26 JiYB, Song CM, Kim D, Sung ES, Lee DW, Chung MS

27

28

29

30

31

et al. Efficacy of hemithyroidectomy in papillary thyroid
carcinoma with minimal extrathyroidal extension. Eur Arch
Otorbinolaryngol 2019; 276: 3435-3442.

Song E, Han M, Oh HS, Kim WW, Jeon MJ, Lee YM et 4i.
Lobectomy is feasible for 1-4 cm papillary thyroid
carcinomas: a 10-year propensity score matched-pair analysis
on recurrence. Thyroid 2019; 29: 64-70.

Sitges-Serra A, Ruiz S, Girvent M, Manjén H, Duefias JP,
Sancho JJ. Outcome of protracted hypoparathyroidism after
total thyroidectomy. Br 7 Surg 2010; 97: 1687-1695.
Bergenfelz A, Jansson S, Kristoffersson A, Martensson H,
Reihnér E, Wallin G ez 4/. Complications to thyroid surgery:
results as reported in a database from a multicenter audit
comprising 3660 patients. Langenbecks Arch Surg 2008; 393:
667-673.

Almquist M, Ivarsson K, Nordenstrom E, Bergenfelz A.
Mortality in patients with permanent hypoparathyroidism
after total thyroidectomy. Br ¥ Surg 2018; 105: 1313-1318.
Ahn D, Sohn JH, Jeon JH. Hypothyroidism following
hemithyroidectomy: incidence, risk factors, and clinical
characteristics. 7 Clin Endocrinol Metab 2016; 101:
1429-1436.

article.

Additional supporting information can be found online in the Supporting Information section at the end of the

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

www.bjsopen.com

BFS Open 2020; 4: 987-994






