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Abstract

We have recently witnessed a rapid increase in the incidence of differentiated thyroid carcinoma (DTC), particularly
low and very low-risk papillary thyroid carcinoma. Simultaneously, the number of cancer-related deaths has remained
stable for more than 30 years. Such an indolent nature and long-term survival prompted researchers and experts to
an ongoing discussion on the adequacy of DTC management to avoid, on the one hand, the overtreatment of low-
risk cases and, on the other hand, the undertreatment of highly aggressive ones.

The most recent guidelines of the American Thyroid Association (ATA GL) moved primary thyroid surgery in DTC
towards a less aggressive approach by making lobectomy an option for patients with intrathyroidal low-risk DTC
tumors up to 4 cm in diameter without evidence of extrathyroidal extension or lymph node metastases. It was one of
the key changes in DTC management proposed by the ATA in 2015.

Following the introduction of the 2015 ATA GL, the role of thyroid lobectomy in DTC management has slowly become
increasingly important. The data coming from analyses of the large databases and retrospective studies prove that a
less extensive surgical approach, even if in some reports it was related to a slight increase of the risk of recurrence, did
not show a negative impact on disease-specific and overall survival in TIT2NOMO low-risk DTC. There is no doubt that
making thyroid lobectomy an option for low-risk papillary and follicular carcinomas was an essential step toward the
de-escalation of treatment in thyroid carcinoma.

This review summarizes the current recommendations and evidence-based data supporting the necessity of de-
escalation of primary thyroid surgery in low-risk DTC. It also discusses the controversies raised by introducing new ATA
guidelines and tries to resolve some open questions.

Keywords Differentiated thyroid cancer, Papillary thyroid cancer, Low-risk thyroid cancer, Total thyroidectomy,
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Background

We have recently witnessed a rapid increase in the
incidence of differentiated thyroid carcinoma (DTC),
particularly low and very low-risk papillary thyroid car-
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undertreatment of highly aggressive ones. This idea
has been clearly reflected in the current recommen-
dations of the American Thyroid Association (ATA)
[4]. According to Prof. Tuttle’s group, the key changes
proposed by the 2015 ATA Guidelines (ATA GL) con-
cerned the management of thyroid nodules, the pri-
mary surgery in DTC, and the surveillance following
primary DTC treatment [5].

The most recent ATA GL moved primary thyroid
surgery in DTC towards a less aggressive approach by
making lobectomy an option for patients with intrathy-
roidal DTC up to 4 c¢cm in diameter without evidence
of extrathyroidal extension or lymph node metastases.
On the contrary, in 2009, ATA recommended total or
near-total thyroidectomy in nearly all patients preoper-
atively diagnosed with DTC. The only exception was an
intrathyroidal unifocal tumor<1 cm with no extrathy-
roidal extension, clinically NO. In such a case, lobec-
tomy was a sufficient procedure [6]. One should note
that the surgeons distinguish between thyroid lobec-
tomy and loboisthmectomy. Lobectomy is the removal
of one thyroid lobe, whereas the term “loboisthmec-
tomy” concerns the surgical excision of a thyroid lobe
together with the isthmus (Fig. 1). In this article, these
two terms are treated as equivalent.

The rationale justifying such significant changes in
primary thyroid surgery in DTC resulted from care-
ful and critical evaluation of published data compar-
ing clinical outcomes of thyroid lobectomy (TL) and
total thyroidectomy (TT), decreasing indications for
postoperative RAI treatment and RAI scanning, and
finally, the belief that in most cases with persistent or
recurrent DTC salvage therapy was quite effective [7].
Although ATA recommendations on surgical man-
agement are strong and based on moderate-quality
evidence [4], they raised many controversies among
surgeons, also in Europe [8].

RIGHT LOBECTOMY
Fig. 1 The difference between lobectomy and loboisthmectomy

RIGHT LOBOISTHMECTOMY
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This paper aims not only to present the role of TL in
low-risk DTC management in light of current guide-
lines but also to summarize the evidence-based data
and doubts regarding the limited extent of surgery in
DTC. The place of lobectomy in the treatment of pap-
illary thyroid microcarcinoma (PTMC), and ATA
changes regarding central lymph node dissection, is not
a subject of this review.

Primary thyroid surgery in DTC in the light of the current
guidelines

The current ATA GL (Recommendation # 35) recom-
mends total or near-total thyroidectomy in cases with a
primary tumor larger than 4 cm, or with gross extrathy-
roidal extension, or if clinically apparent lymph node or
distant metastases are present. For patients with primary
tumor diameter between 1 and 4 cm without extrathyroi-
dal extension, clinically NO and MO, both bilateral (total
or near-total thyroidectomy) and unilateral (lobectomy)
procedures are the initial treatment options. Although
the guidelines emphasize that “lobectomy may be suffi-
cient for low-risk papillary and follicular carcinomas, the
treatment team may choose total thyroidectomy to ena-
ble postoperative radioiodine (RAI) therapy, to enhance
follow-up based on upon disease features, and/or patient
preference” [4].

According to more recent clinical practice guidelines
published by the European Society for Medical Oncol-
ogy (ESMO), TT is still the standard primary surgical
approach for DTC other than unifocal PTMC. However,
in unifocal T1b-T2 DTC, with no family history of thy-
roid cancer, no prior head and neck irradiation, no
extrathyroidal extension, with the primary tumor not
adjacent to the trachea, esophagus, or recurrent laryn-
geal nerve TL alone is an alternative option [9]. Similar
recommendations are proposed by the National Compre-
hensive Cancer Network (NCCN) [10].

The rationale supporting lobectomy in low-risk DTC
Surgery plays the most crucial role in DTC manage-
ment. On the one hand, the completeness of surgery has
an undoubtful impact on patient survival and long-term
outcomes. On the other hand, any potential postop-
erative complications, particularly the permanent ones,
related to the extent of the surgical procedure may nega-
tively impact the patient’s quality of life.

Previous ATA guidelines [6], published in 2009,
endorsed TT in DTC>1 cm based on data proving its
favorable influence on survival and the risk of relapse
[11-16]. The broader use of postoperative RAI ablation
at that time also impacted the 2009 ATA position. How-
ever, more recent [17-22] data led to crucial changes in
ATA recommendations.
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In 2007 Bilimoria et al. published the results of an
analysis of 52,173 PTC patients from the National Can-
cer Data Base diagnosed between 1995 and 1998. Forty-
three thousand, two hundred seventy-seven underwent
TT, whereas 8946 patients had a unilateral procedure.
The ten-year recurrence rate for tumors>1 cm was
slightly higher in a group subjected to TL compared with
a group who underwent TT, 9.8% vs. 7.7%, respectively
(p<0.05). Similarly, 10-year relative overall survival (OS)
was slightly lower in patients after TL (97.1%) than in
patients after total thyroid resection (98.4%). Also, this
difference was statistically significant. The patients were
further stratified by tumor size. Considering primary
tumors between 1 and 2 c¢m, patients who had TL dem-
onstrated a 24% higher risk of relapse and 49% higher
risk of death than those subjected to TT [23]. However,
the authors of this paper did not analyze any other fac-
tors than tumor size showing a potential impact on the
risk of relapse and cancer-related death. We are not able
to find how many patients in this group were diagnosed
with low, intermediate, or high-risk PTC. So, we can not
exclude that concurrent high-risk features influenced
a worse prognosis in the TL group.. These doubts were
also raised by Shah in the excellent editorial published
in 2008 [24]. The differences reported by Bilimoria et al.
disappeared when multivariable adjustment for addi-
tional variables related to PTC advancement was made.
An updated analysis of 61,775 PTC patients (with pri-
mary tumor diameter 1-4 cm) [21] operated on between
1998 and 2006 failed to demonstrate any advantages in
survival associated with the extent of surgery. OS did not
differ significantly between TT and TL groups (HR 0.96
[0.84-1.09]; p=0.54). Similar results were obtained when
the group was stratified by the tumor size: 1-2 cm (HR
1.05 [0.88-1.26]; p=0.61) and 2-4 cm (HR 0.89 [0.73-
1.07]; p=0.21). Older age, male gender, black race, tumor
size, nodal and distant metastases, and a lower income
but not the extent of surgery independently influenced
survival in this study [21].

The extent of thyroidectomy was not a major determi-
nant of survival in PTC patients from the Surveillance,
Epidemiology, and End Results (SEER) database. This
analysis included 4402 patients classified as low-risk
based on the Age, Metastases, Extent, and Size (AMES)
score. Ten-year survival in patients following TT was
comparable to a group treated with partial thyroidec-
tomy, 89% vs. 91%, respectively. Older age, male gender,
larger tumor size, N1 feature, and lack of postoperative
RAI therapy were among the risk factors associated with
higher mortality. Surprisingly, even in 1030 AMES high-
risk PTC patients, also evaluated under this study, the
differences in survival between partial thyroidectomy
and TT were insignificant (78% vs. 72%, respectively)
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[20]. Two additional studies that analyzed patients from
the SEER registry did not demonstrate any advantages
of a more extensive surgery either [17, 22]. The first one
[17], involved 22,724 PTC patients operated on between
1998 and 2001, among them 5964 patients subjected to
TL. In a group of patients with primary tumors>1 cm,
the differences in OS and disease-specific survival (DSS)
depending on the extent of surgery were not significant
[17]. The second one [22], included 23,605 DTC patients
who underwent thyroid surgery between 1983 and 2002
(12,598 patients — TT and 3266 patients — TL). The
10-year survival rates for TT and TL were 90.4% and
90.8%, respectively [22].

Two other single-center studies [18, 19], considered
by ATA, were published shortly before the introduc-
tion of the guidelines. The Japanese retrospective analy-
sis summarized 1088 PTC cases after TL with curative
intent. The cause-specific survival rate after a median
follow-up of 17 years was 98%. Based on these data, the
authors concluded that TL could be an alternative to TT
in patients younger than 45 years, with a primary tumor
4 cm or less without extrathyroidal extension and lymph
node involvement [18]. Nixon et al. reported a group of
889 patients with T1-T2 intrathyroidal DTC. Fifty-nine
percent of them (528 patients) had TT, and 41% (361
patients) had TL. According to the multivariate analysis,
age over 45 years and male gender were independent pre-
dictors of poorer survival, but not the type of surgery and
tumor size. There wasn't any difference in the risk of local
and regional recurrence depending on the extent of thy-
roid surgery [19].

More recent studies also support the idea of “less is
more” in thyroid surgery in DTC. In 2017 Kuba et al.
retrospectively summarized Japanese experiences. This
study involved 173 PTC patients, clinically NO and MO.
The size of the primary tumor ranged between 1 and
5 cm. Fifty-three patients underwent TT, whereas the
remaining 120 patients had TL. After adjustment for
clinicopathological factors, no significant differences in
recurrent-free survival (RFS) and OS were reported. Ten-
year RES in patients treated with TL and T'T were 93.0%
and 90.6%, while OS was 96.9% and 96.2%, respectively
[25]. A Korean group reported similar results. This analy-
sis enrolled 2345 PTC cases, with thyroid tumors 1-4 cm,
without nodal and distant spread. In the matched pair
analysis, disease-free survival (DFS) rates were compa-
rable in TL and TT groups, also when stratification by
tumor size (1-2 cm and 2—-4 cm) was applied [26]. On
the contrary, the other study from Korea, which involved
a group of 5266 patients with primary tumor diameter
1-4 cm (mean size 1.84 cm +0.74), 97.5% with PTC, and
2.5% with follicular thyroid cancer (FTC), showed that
TT reduced the rate of recurrences compared to TL.
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The extrathyroidal extension was diagnosed in 69.3% of
patients, 35.1% had multifocal tumors, 26.4% had bilat-
eral disease, 53% had central lymph node metastases,
and 19.9% had lateral lymph node metastases. TT was
performed in 4292 patients, and TL in 974 patients. The
recurrence rate in the TT group was 5.7%, whereas in
the TL group — 9.4%. The differences in DFS between
the groups reached statistical significance. Ten-year and
20-year DFS in TT and TL groups were 93.8% and 92.4%,
and 89% and 83.6%, respectively. One should notice that
this cohort includes risk features that are not currently
indications for lobectomy, such as an extrathyroidal
extension or lateral lymph node metastases. However, the
TL group demonstrated a slightly better DSS than the TT
group — 25-year DSS were 100% in TL and 99.6% in TT.
This difference was also significant [27]. These data dem-
onstrate that even if a higher recurrence rate is related to
the less extensive surgical approach, it does not signifi-
cantly impact the risk of cancer-related death.

A systematic meta-analysis of 16 studies (some of them
described above [21, 23, 25]) with 175,430 DTC patients
with a primary tumor up to 4 cm limited to the thyroid
was published in 2020. The type of thyroid surgery did
not lead to significant differences in OS, DFS, and DSS.
The median recurrence rate was the same in TL and TT
groups — 7%. Similarly, OS in both groups was 93% [28].

The two most recent papers were published in 2021.
The first one was a retrospective cohort study of a group
of 295 patients treated with thyroid lobectomy, followed
by a mean of 19.1 years. The majority of patients were
diagnosed with PTC (89.2%). The remaining ones had
FTC. The mean tumor size was 22.9 mm=+16.9 mm.
According to the ATA risk stratification, 91.9% of patients
were classified as low-risk, whereas 8.1% as intermedi-
ate-risk. Fifty-four patients (18.3%) required reopera-
tion. Recurrence was confirmed in 40 (13.6%) cases. In
55% of them, DTC recurrence was diagnosed more than
10 years after primary surgery. At the final assessment,
282 patients (95.6%) were disease-free. DTC relapse
was more frequent in patients with aggressive histol-
ogy (19.2% vs. 4.1%) and intermediate-risk ones (28.6%
vs. 7.1%). Tumors>4 cm found in 11.5% of cases were
associated with a significantly higher risk of relapse and
lower remission rate than the smaller ones [29]. The sec-
ond paper presents a single-institution study using pro-
pensity score (PS) matching analysis to compare TL and
TT carried out in a group of 3756 DTC patients staged
T1T2NO/Nx. They were stratified as low or intermediate
risk. The main inclusion criteria involved intrathyroidal
tumor <4 cm, no nodules in the contralateral lobe, no
suspicious central lymph nodes in preoperative assess-
ment, and/or intraoperative palpation. TL was performed
in 943 patients, whereas the remaining 2813 patients
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underwent TT. Age, sex, histology, RAI therapy, ATA
risk class, and TNM stage were selected as PS matching
criteria to reduce potential bias and control possible con-
founders. After PS matching, no significant differences
between TL and TT for OS, DSS, and RES were found
[30]. Both papers confirm that TL may be a therapeutic
option for low-risk T1T2 patients.

One may also find some papers not enhancing a less
extensive surgical approach in low-risk DTC, particularly
in T2 tumors (2—4 cm).

Rajjoub et al. evaluated 33,816 PTC patients registered
in the National Cancer Data Base, operated on between
the years 2004 and 2008. The majority of the patients
(22,899) were diagnosed with classic PTC. In the remain-
ing 10,918 cases follicular PTC variant was confirmed.
The study enrolled NO and MO patients with tumor sizes
ranging between 1-3.9 cm. Multifocality, extrathyroi-
dal extension, and radiation history were among the
exclusion criteria. TL was performed in 2,835 patients,
whereas 30,981 patients underwent TT. Adjusted analysis
for patients and clinical factors showed that in cases with
classic PTC variant and tumor diameter 2-3.9 ¢cm, TT
was associated with significantly improved OS compared
to TL. Regarding a group diagnosed with follicular PTC
variant, no significant differences in OS between TT and
TL were noticed [31].

A systematic review and metaanalysis compared the
survival or recurrence concerning surgical management:
TL vs. TT. It included 13 studies carried out in PTC,
published between 2005 and 2018. Seven out of these 13
studies evaluated the impact of the extent of the surgery
on OS. No differences were found between TL and TT
groups if the tumor size was 1-2 cm. However, in larger
tumors, between 2 and 4 c¢cm, TT was associated with
significantly better OS than TL (HR 0.88 [0.79-0.99];
p=0.03). Metaanalysis for RFS, based on nine studies,
demonstrated that patients treated with TT had signifi-
cantly better RES than those treated with TL (HR 0.56
[0.41-0.77] p<0.0001). The difference between TT and
TL groups was also significant when tumors>1 cm were
analyzed separately [32].

The data presented in this chapter are summarized in
Table 1.

How did 2015 ATA GL affect daily clinical practice ?

Some data answering this question have been pub-
lished since the introduction of 2015 ATA GL. A group
of 118 DTC patients operated on between 2013 and
2014 and 51 DTC patients who underwent thyroid sur-
gery in 2016 were subjected to a retrospective study.
Patients with primary tumors larger than 4 cm, multifo-
cal tumors, or lymph node involvement were excluded
from the analysis. The mean primary tumor size did not
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Table 1 Summary of the data on thyroid lobectomy in low-risk differentiated thyroid carcinoma

Number of Source

patients

Study

Main outcomes

Studies that ATA took into account preparing 2015 ATA GL

No difference in survival between TT and TL
All treated with TL. No comparison between TT and TL

25-year DSS 95.2%

No difference in local and regional recurrence between TT and TL

No differences in OS and DSS

Mendelsohn [17] 22,724 SEER
Matsuzu [18] 1088 Single center
Nixon [19] 889 Single center
Haigh [20] 5432 SEER
Bilimoria [23] 52,173 NCDB

Adam [21] 61,775 NCDB
Barney [22] 23,605 SEER

Studies published after the introduction of 2015 ATA GL
Kuba [25] 173 Single center
Song [26] 2345 Single center
Choi [27] 5266 Single center
Bosset [29] 295 Single center
Matsuura [30] 6259 Single center
Rajjoub [31] 33816 NCDB

No differences in survival between TT and TL

Significantly higher risk of recurrence and death in tumors>1 cm after TL than TT
No difference in OS between TT and TL

No differences in OS and DSS between TT and TL

No differences in RFS and OS between TT and TL

No difference in DFS between TT and TL

Significantly lower DFS after TL than TT. No difference in DSS between TT and TL
All treated with TL. No comparison between TT and TL. Recurrence rate 13.6%
No differences in OS, DSS, and RFS between TT and TL

TT compared with TL associated with significantly improved survival in tumors

2-3.9 cm, no difference in tumors 1-1.9 cm

ATA GL The guidelines of the American Thyroid Association, TT Total thyroidectomy, TL Thyroid lobectomy, SEER Surveillance, Epidemiology and End Results, NCDB
National Cancer Database, OS overall survival, DSS disease-specific survival, RFS regional-free survival, DFS disease-free survival

differ significantly between the groups. It was 1.8 cm
and 2.1 cm, respectively. Total thyroidectomy was done
in 72 (61%) patients treated before and in 16 (31.4%)
patients operated on after the introduction of 2015 ATA
GL. What is more important, the rate of completion thy-
roidectomy, although a bit higher than recommended
by ATA, significantly decreased in 2016 compared with
the earlier period 2013-2014, 73,9% vs. 20%, respectively
[33].

The results of another retrospective analysis come from
a tertiary center in Australia. The study group involved
339 patients preoperatively diagnosed with Bethesda V
or VI category in the thyroid nodule 1-4 cm in diame-
ter without clinically apparent nodal or distant metasta-
ses. One hundred eighty-six patients (54.9%) underwent
thyroid surgery between 2010 and 2015, whereas the
remaining 153 patients (45.1%) between the years 2016—
2019. Following the 2015 ATA GL, the rate of hemithy-
roidectomy significantly increased from 5.4% to 19.6%.
Simultaneously, the ratio of completion thyroidectomy
dropped from 50% up to 27.6%. However, the difference
between pre-ATA2015 and post-ATA 2015 did not reach
statistical significance. Smaller tumor size, younger age,
and Bethesda V category were independently associated
with an increased likelihood of thyroid lobectomy [34].

Relevant data on surgical treatment in low-risk PTC
resulted from the Collaborative Endocrine Surgery Qual-
ity Improvement Program (CESQIP), which captures

approximately 2.4% of all thyroid operations in the
United States. A group of 740 PTC tumors<4 cm oper-
ated between 2014 and 2019 and subjected to retrospec-
tive analysis was selected among 18,881 cases from the
CESQIP database. Thyroid lobectomy was carried out in
117 (15.8%) patients, whereas the remaining 623 patients
underwent total thyroidectomy. The number of lobecto-
mies decreased with the tumor size. Lobectomy was per-
formed in 15.8% of patients with PTC tumors between 1
and 2 cm and only in 6,1% with tumor diameter between
2—4 cm. Interestingly, high variations between sites were
observed. High-volume centers showed a slightly higher
rate of lobectomies than low-volume sites. Prior to the
release of 2015 ATA GL, only 3.7% of patients with PTC
tumors <4 cm had thyroid lobectomy. Following the 2015
ATA GL, the percentage of patients qualified for the uni-
lateral procedure was 21.9%. Although these results dem-
onstrated a statistically significant trend towards more
thyroid lobectomies during the study period, total thy-
roidectomy remained the most frequent primary surgical
procedure in the US, even in PTMC — 75.8% of patients
[35]. Nevertheless, this study clearly reflects the impact
of 2015 ATA GL on clinical practice in the US, particu-
larly when we compare it with a study summarizing the
data obtained from the SEER registry between the years
2000 and 2014. During this period, 44,537 PTC patients
underwent thyroid surgery. The percentage of total thy-
roidectomies in 2000 was 78,1%. This ratio increased in
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2014 to 85.7%. Simultaneously, the proportion of lobec-
tomy dropped from 16.6% in 2000 to 11.4% in 2014
despite increasing worldwide incidence of low-risk PTC
[36].

Contrary to the above-mentioned studies, the data
reported by a medium—high volume Italian thyroid sur-
gery center in an endemic region did not demonstrate
any impact of 2015 ATA GL on daily clinical practice.
Only three out of 197 patients subjected to thyroid sur-
gery underwent TL. The main reason favoring T'T were
tumor multifocality and tumor size [37]. A similar opin-
ion was presented by another Italian group. The indica-
tion for lobectomy might be limited in endemic areas by
the coexistence of other thyroid conditions [38].

Controversies related to “less is more” in primary thyroid
surgery in low-risk DTC

The 2015 ATA GL raised many controversies regard-
ing primary thyroid surgical management. According
to European experts, 43% of lobectomized patients may
require completion thyroidectomy because of risk fac-
tors present only in the histopathological examination,
lobectomy precludes postoperative RAI therapy, the need
for postoperative thyroxine use in Europe is much higher
than expected by the guidelines, and finally, the evidence
supporting lobectomy is based on large databases, which
may have accuracy issues [39], whereas “a key study [21]
favoring lobectomy may have been subject to bias or
inaccuracy” [8].

In another paper on personalized management of DTC
in real practice, a multidisciplinary panel of European
experts emphasized that “more evidence is necessary
before generalizing the current trend towards the use of
lobectomy for low-risk primary tumors <4 cm” In their
opinion, it may be safer to limit the primary tumor diam-
eter to <2 cm in low-risk patients referred to TL [40].

a) Postoperative RAI therapy.

Since the indication for routine use of postoperative
thyroid RAI therapy, especially in low-risk DTC, was
substantially limited [4, 9, 10], the major reason support-
ing total thyroidectomy in these patients seems to be no
longer crucial.

b) Completion thyroidectomy — in whom it is neces-
sary ?

An important argument raised by opponents of thyroid
lobectomy is the potential necessity of completion thy-
roidectomy (CT) in patients in whom a histopathologi-
cal examination reveals additional risk factors. According
to the authors of 2015 ATA GL, with the proper patient
selection, CT rates<10% following TL may be achieved
[4]. The European experts estimated a much higher per-
centage of CT — 43% [8]. Their assumption was con-
firmed by the data published by Sawant et al. in 2019.
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The study evaluated a group of 361 DTC patients diag-
nosed between 2009 and 2015. Forty-five percent of
them (161 patients) required CT [41]. The main reason
for CT was the presence of indications for postopera-
tive RAI therapy, recommended by the British Thyroid
Association Guidelines in the majority of DTC patients
at this time. The authors concluded that in light of cur-
rent recommendations limiting the postoperative use of
RATI therapy, more patients would be eligible for a more
conservative approach. Similar data were reported by the
Australian group. According to preoperative evaluation,
275 thyroid tumors were classified as low-risk and ful-
filled the ATA criteria for TL. However, based on post-
operative histopathological evaluation, 42.5% of tumors
represented requirements for CT. The most common
reasons were angioinvasion alone, local invasion alone,
greater than five involved central lymph nodes, and the
presence of multiple factors (40.2% of patients referred to
CT) [42].

On the other hand, one should notice that the CT rate
reported by two centers, which shared their experiences
with new ATA GL, was substantially lower than esti-
mated by the European experts, 20% and 27.6% [33, 34].
In contrast, the rate of CT reported by Memorial Sloan
Kettering Cancer Center ranged only between 5 and 10%
[43].

An important issue that was used to influence the
decision-making on qualification for CT was tumor mul-
tifocality, which is quite common in PTC. The data on
its role as a risk factor for disease recurrence are incon-
sistent [44—47]. The analysis of 3296 conventional PTC
patients with tumor size 1-4 cm, treated with total thy-
roidectomy, revealed that per 10-year age increment,
the presence of BRAF mutation, multifocality, and
N1b feature were independent factors for bilaterality
[48]. Based on the metaanalysis of 8 studies (4347 PTC
patients), the prevalence of occult PTC in the contralat-
eral lobe was 26.6%. A tumor size>1 cm, ipsilateral mul-
tifocality, contralateral benign lesions, and lymph node
metastases in the central neck compartment showed a
significant association with contralateral occult PTC [49].
Some studies were carried out to answer whether mul-
tifocality should be an indication for CT. One hundred
and fifty PTC patients, among them 41 low-risk cases,
entered into a prospective tumor registry between the
years 1985 and 2005. They underwent TL before having
a definite diagnosis of thyroid cancer. Initial resection
of a thyroid lobe was followed by CT and RAI therapy.
Forty-one percent of patients had a contralateral disease.
No differences in survival and recurrence rate between
patients with and without contralateral disease were
observed [50]. One should remember that the diagnosis
of thyroid cancer itself was a sufficient reason for CT at
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the time when these patients were diagnosed. Similarly,
postoperative RAI ablation used to be also an everyday
routine and simultaneously an additional justification for
CT. The most important finding resulting from this study
is the lack of substantial impact of contralateral disease
on long-term PTC prognosis. A more recent analysis by
Harries et al. was reported in 2020. It was a retrospec-
tive study of 849 DTC patients initially managed with a
lobectomy. Six hundred nineteen patients had a unifocal
disease and 230 multifocal DTC. PTC in the contralat-
eral lobe was diagnosed during the study period in 5
patients with multifocal tumors and 9 patients with uni-
focal tumors. The authors calculated 5- and 10-year con-
tralateral lobe PTC-free probability, which was 97.8% and
97.8% in patients with multifocal tumors and 99.1% and
98,6% in cases with the unifocal disease. This difference
was insignificant. No significant differences in regional
recurrence-free probability between multifocal and uni-
focal diseases were observed. The ten-year rates were
99.4% and 99.5%, respectively. There were no disease-
specific deaths in both groups, whereas 10-year OS was
93.1% in patients with multifocal tumors and 91.6% with
unifocal tumors [51]. The results of both papers speak
against routine CT in patients with multifocal disease.
Another question is whether minimal extrathyroi-
dal extension (mETE) constitutes an absolute indica-
tion for total thyroid resection or CT. According to the
2015 ATA GL, mETE classifies DTC as intermediate-
risk, more routinely qualified for complementary RAI
therapy. However, the 8th edition of the AJCC / UICC
TNM classification [52] does not consider the presence
of mETE as a factor affecting primary DTC staging and
prognosis. The rationale for this change is illustrated by
a meta-analysis, which included 23,816 patients from 13
retrospective studies. When studies that included NO and
N1 patients were analyzed, the risk of recurrence in the
group with mETE was 7%, whereas in the group without
mETE — 6.2%. This difference was statistically significant.
In DTC patients without lymph node metastasis, mETE
was associated with a statistically significant increase
in the risk of DTC recurrence (3.5%) compared with
patients in whom mETE was not observed (2.2%). How-
ever, the absolute increase in risk was slight, being<5%
for patients without node involvement, so within the
low-risk group’s accepted range. There was no associa-
tion between mETE and the risk of death from DTC [53].
Similarly, a Korean retrospective analysis of 734 PTC
patients demonstrated a positive correlation between
mETE and RES [54]. Interestingly, other studies demon-
strated no effect of mETE on the risk of DTC recurrence
[55, 56], regardless of whether the primary tumor diam-
eter was smaller or larger than 4 cm [57]. The 10-year
recurrence-free survival in NO,MO patients whose
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primary tumor diameter was <4 cm was 90%, 82%, and
83% in patients without ETE, with mETE limited to
perithyroid soft tissues, and with gross ETE, respec-
tively. However, age > 55 years, male sex, and lymph node
metastases rather than ETE were the predictive factors
significantly associated with worse DFS in multivariate
analysis. OS and DSS did not significantly differ between
groups [58].

¢) The need for thyroxine supplementation following
lobectomy.

No need for postoperative thyroxine supplementation
may be one of the advantages of a less extensive surgical
approach. Although frequently shared by the supporters
of TL, such an opinion has been called into question by
European thyroidologists [8]. Numerous data demon-
strated these doubts are reasonable [59-62]. TSH level
above 2mIU/L was observed in 85% of patients 6 weeks
after TL due to low-risk PTC. This percentage increased
up to 88% by 3—-6 months [61]. Thyroid hormone sup-
plementation after TL is more frequently required in
patients diagnosed with thyroid cancer than with benign
goiter, 73% and 38%, respectively [60]. The cut-off value
of preoperative TSH level of 1.7 mIU/L allowed predict-
ing postoperative TSH increase>2mlIU/L. Multivari-
ate analysis demonstrated that a preoperative TSH level
was the only independent risk factor related to a post-
operative TSH increase >2mIU/L [61]. According to the
Korean group, not only a high preoperative TSH was a
risk factor for postoperative hypothyroidism. Also, a low
free serum thyroxine level was significantly associated
with the need for postoperative thyroid hormone supple-
mentation [62]. The above-mentioned findings were con-
firmed in a prospective study, which demonstrated that
the risk of hypothyroidism post TL depends on preopera-
tive TSH level and the lower ratio of the weight of thyroid
remnant to the patient’s weight [63]. These data prove
that most DTC patients will require thyroxine adminis-
tration after TL even if their TSH level is below the upper
limit of 4 mIU/L. One should notice that the upper TSH
limit for low-risk DTC patients recommended by the
ATA GL is 2mlIU/L [4]. According to Zatelli et al., the
development of hypothyroidism following TL was signifi-
cantly associated with a preoperative TSH level higher
than 2.43 mIU/L. The proposed cut-off value showed a
specificity, sensitivity, positive, and negative predictive
value of 93.9%, 31.7%, 91.4%, and 40%, respectively [64].
Thirty-six percent of patients recovered to the euthyroid
state within the first year after surgery. A preoperative
serum TSH level was significantly associated with the
recovery [65]. On the contrary, 66% of patients required
thyroxine supplementation. The incidence of hypothy-
roidism increased until 3 years and remained stable in
the 4th and 5th years after surgery [66].
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d) Postoperative complications and the extent of
surgery.

The extent of surgery is related to the risk of postop-
erative complications. Also, the reason for surgery dem-
onstrated an impact on the risk of complications. The
frequency of recurrent laryngeal nerve injury in patients
operated on due to thyroid cancer was higher than in
those operated on because of benign goiter. Similarly,
the risk of postoperative hypocalcemia was significantly
higher after the operation for thyroid cancer than benign
conditions [67, 68]. On the contrary, the other report
showed that TT due to Graves disease had the high-
est percentage of complications (17.5%), even higher
than due to thyroid carcinoma (13.2%) [69]. It may be
explained by the fact that high-volume surgeons more
often operated on thyroid cancers than benign conditions
[70]. TT was not only related to a significantly higher risk
of hypocalcemia and recurrent nerve injury but also to a
meaningfully increased risk of bleeding, hematoma, res-
piratory complications, and tracheostomy than TL [71].
The rate of postoperative surgical complication is also
relatively high after complete thyroidectomy, even up to
14%, as reported by Sawant et al. from a high-volume
group [41]. The authors conclude that due to such a high
frequency of CT-related complications, it should be con-
sidered only in those patients “who were most likely to
benefit from further surgery to facilitate adjuvant RAI”
[41].

Obviously, the risk of postoperative complications also
depends on the surgeons’ experience, and the difference
between high-volume and low-volume surgeons could
be even statistically significant [68, 71]. The high-volume
surgeons had a significantly shorter length of hospitaliza-
tion, a lower incidence of recurrent laryngeal nerve injury
and hypocalcemia, and in-hospital deaths than the low-
volume ones [67, 68, 70, 71]. Nevertheless, even in the
hands of a high-volume surgeon, TT is associated with an
increased risk of complications than a less extensive pro-
cedure. The total risk of complications following TT and
TL for high-volume and low-volume surgeons was 14.5
and 7.6%, and 24.1% and 11.8%, respectively [71].

Although a rare complication, recurrent nerve injury
may lead to numerous consequences, including lower
respiratory tract infection, emergency readmission to
hospital, presence of dysphagia, and tracheostomy or
gastrostomy placement [72]. Male sex, age, TT, and
postoperative bleeding or iatrogenic complications were
risk factors for late vocal palsy. On the contrary, annual
surgeon volume > 30 thyroid surgeries was an independ-
ent protective factor [72]. An analysis of 11,370 patients
from the American College of Surgeons National Surgical
Quality Improvement Program thyroidectomy-specific
database demonstrated that the frequency of recurrent
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nerve injury depended on the primary indication for sur-
gery and its extent. It was diagnosed in 4,3% of patients
operated on due to a single thyroid nodule and in 9%
of patients who underwent surgery due to thyroid can-
cer. It occurred significantly more often in patients after
TT than TL, 6.9% vs. 4.3%, respectively, and in surgeries
without intraoperative nerve monitoring — 6.5% vs. 5.6%,
respectively [73].

Hypoparathyroidism is the most common complica-
tion related to thyroid surgery, more frequently associ-
ated with TT than TL. According to US data, based on
the analysis of 62,722 procedures, the risk of postopera-
tive hypocalcemia was 16.7% following TT, whereas after
TL — 7.1%. This difference was significant [71]. The rate of
postoperative hypocalcemia varied depending on the sur-
geon’s experience, between 4.7% in high-volume surgeons
and 12.1% in low-volume ones [69]. In most patients, it
recovers within the first year following thyroidectomy.
Undetectable serum PTH on postoperative day one was
an independent risk factor for permanent hypoparathy-
roidism [74]. Permanent hypoparathyroidism, defined
as a persistent need for vitamin D and/or calcium sup-
plementation at one year postoperatively, is related to
increased long-term morbidity and mortality [75, 76].
The frequency of permanent hypoparathyroidism ranges
between 1,9%—12.5% [77-81]. Among independent risk
factors for permanent postoperative hypoparathyroidism,
incidental parathyroidectomy, the extent of thyroid sur-
gery, surgeon experience, age above 60, and female gen-
der were reported [77, 79, 82]. It has been shown recently
that patients with permanent hypoparathyroidism fol-
lowing thyroidectomy were characterized by a reduced
median mental score ratio and a lower voice quality. Their
quality of life, evaluated based on the validated SF-36
questionnaire, was significantly reduced compared to the
controls [83]. Global health, physical functioning, role
functioning, emotional functioning, and insomnia were
domains affected in patients with prolonged calcium or
vitamin D intake when compared to those without intake
[84]. According to the analysis of 4828 patients from the
Scandinavian Quality Register for Thyroid, Parathyroid,
and Adrenal surgery, permanent hypoparathyroidism
after thyroid surgery for benign conditions significantly
increased the risk of renal insufficiency (hazard ratio
4.88 [2.00-11.95]) and any malignancy (hazard ratio
2.15 [1.08-3.47]). Patients with permanent hypoparathy-
roidism and with known cardiovascular disease prior to
surgery had an increased risk of cardiovascular events
[75]. What is even more important, it was demonstrated
that patients with permanent hypothyroidism after total
thyroidectomy due to benign disease had an increased
risk of death (hazard ratio 2.09 [1.04—4.2]) [76].



Krajewska et al. Thyroid Research (2023) 16:4

e) Serum thyroglobulin in the follow-up of DTC
patients after lobectomy.

Difficulties in the use of serum thyroglobulin (Tg) eval-
uation in DTC follow-up after TL is an issue raised by the
supporters of total thyroidectomy, as lobectomy may cre-
ate some challenges in using and interpreting Tg and Tg
antibodies (antiTg). The 2015 ATA GL proposed new cri-
teria for classifying treatment outcomes based on, among
others, serum Tg level and antiTg. These criteria referred
only to the patients who underwent total thyroidectomy
and postoperative RAI therapy [4]. Shortly thereafter, a
paper by Momesso et al. worked up the requirements for
excellent, incomplete biochemical, incomplete structural,
and indeterminate response showing how to interpret
serum Tg and Tg antibodies level as well as imaging stud-
ies in patients after TT alone and TL [85]. The absolute
values of both stimulated and nonstimulated Tg levels
were higher than expected for patients who underwent
total thyroid resection and RAI ablation. Tg dynam-
ics was rather more important. One may note that the
current ESMO Guidelines endorse some of the cutoffs
proposed by Momesso and others. However, some pub-
lished data demonstrated a limited value of serum Tg and
antiTg monitoring in predicting or detecting DTC recur-
rence in patients after TL [86, 87]. Neck ultrasound also
plays an important role in follow-up. It is even more cru-
cial than Tg assessment.

f) Surgical volume and the extent of the surgery.

The questions of what influences surgeons’ choice and
whether their experience in thyroidectomy plays a role
in treatment decision-making seem to be justified. The
published data confirmed that high-volume surgeons
were more likely to perform total thyroidectomy [67, 70,
71, 88, 89]. Nevertheless, in the US, thyroidectomies are
more often performed by low-volume surgeons than by
high-volume ones [71].

The French study based on the analysis of a Nationwide
Cohort of 375,810 patients demonstrated that, among
others, the number of procedures per year was an inde-
pendent factor influencing the extent of thyroidectomy.
A total thyroidectomy was more frequently performed
in centers with a caseload >40/year [88]. What is more
important, the number of thyroid procedures carried out
by high-volume surgeons significantly increased through
the years from 12%-15.7% in the nineties up to 25%-30.9%
in the first decade of the twenty-first century [67, 70].
Following the publication of the 2015 ATA GL, the num-
ber of thyroid lobectomies showed an increased trend
in high-volume centers [35, 90]. Valuable data resulted
from a National Survey carried out in the United States
among the 320 surgeons registered with the American
Medical Association. The majority (64.4%) of participants
were low-volume surgeons (<26 thyroidectomies/year).
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Surprisingly, it was the high-volume surgeons who more
frequently recommended lobectomy for low-risk PTC
measuring 1.1-3 c¢cm. However, the proportion of sur-
geons opting for TL in low-risk PTC 1.1 to 4 c¢m in size
ranged from 43.1% — 2.6%. According to one-third of the
responders, TL is underused, while 10% of them believe
that it is overused. Regarding low-volume surgeons, they
were less likely to use clinical practice guidelines or to be
aware guidelines support TL [90]. Similar data were pub-
lished by Wrenn et al. The proportion of TLs has gradu-
ally increased since the introduction of the 2015 ATA GL,
mainly in high-volume centers. However, TT remained
the most common surgical procedure for thyroid carci-
noma [35].

Finally, surgeon experience and the associated risk of
complications due to the length of hospital stay and the
treatment required have real economic implications for
the health system [89, 91].

f) How to preoperatively diagnose low-risk DTC ?

The most crucial issue in the decision-making process
on the extent of surgery is a cautious preoperative evalu-
ation of all risk factors. This assessment is based mainly
on neck ultrasound and cytopathological evaluation.
However, a recent analysis published by an Italian group
demonstrated that preoperative thyroid ultrasound failed
to reliably exclude tumor multifocality and ETE. The
positive predictive value 57.14% and 41.67% regarding
multifocality and ETE, respectively, whereas negative
predictive values were 63.2% and 72.7% [92]. Thus, in
some cases, additional imaging studies may be required.
A potential role of molecular markers may be considered.
Unfortunately, no reliable molecular markers have been
established to support preoperative risk stratification.
According to Dhir et al,, it was difficult to predict, based
on the 2015 ATA GL, the correct extent of thyroidectomy
in patients diagnosed with thyroid cancer by a fine needle
aspiration biopsy. Among 307 patients suitable for TL by
2015 ATA GL, the postoperative histopathology identi-
fied intermediate-risk DTC in 175 (59%) patients. Based
on the preoperative assessment, intermediate-risk PTC,
in comparison with low-risk PTC, was associated with
age > 45 years, female gender, larger tumor size, and the
presence of BRAF mutation or RET/PTC rearrangements
[93]. Fifty-nine percent of patients from this study had an
extrathyroidal extension. Due to recent data proving the
lack of its negative impact on survival, it is not involved
as a prognostic factor in the current TNM classification.
It seems likely that it will cease to be an indication for CT
and RAI ablation in the future. Other data demonstrated
that intermediate or high-risk features could be postop-
eratively detected even in up to 42.8% of patients eligi-
ble for TL as the initial procedure. They mainly involved
the presence of aggressive histology, vascular invasion,
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extrathyroidal extension, positive margins, or posi-
tive lymph nodes [94—96]. Some of the risk factors may
be detected by surgeons intraoperatively even in 21% of
patients qualified for TL and change the extent of thyroid
surgery for TT during the initial procedure [97].

g) Patient perspective.

Finally, a very important issue is how the extent of sur-
gery looks from the patient perspective. Interesting data
have been provided by an analysis of the PROFILES Reg-
istry data. Based on the EORTC-QIQ-C30 questionnaire,
there were no significant differences in global health,
physical functioning, role functioning, emotional func-
tioning, cognitive functioning, and social functioning
between patients who underwent TL and TT. Compared
with the TL group, patients treated with total thyroid-
ectomy demonstrated significantly firmer belief in the
necessity of their medication and greater concerns about
taking their medication. Patients from the T'T group sig-
nificantly more frequently “agree” or “strongly agree’,
among others, with the following statements: “my life
will be impossible without medications”, “my health, at
present, depends on my medicines’, or “without medi-
cine, I become very ill” [98]. According to the other data,
patients who underwent TT were 1.5 times more likely
to experience health-related quality of life issues than
patients treated with TL [99].

Participants of online surgery were ready to accept a
4.1% risk of relapse if the risk of second surgery would be
reduced from 40 to 10%. They also would take a 1.6% risk
of cancer recurrence if the risk of postoperative calcium
disturbances could be reduced from 3 to 0% [100]. Thirty-
nine percent of 1,546 patients participating in another
online survey admitted that they would have chosen
TL instead of TT if there had been no change in over-
all DTC outcome. More importantly, 64% of responders
preferred more time with their clinicians when the extent
of surgery was considered [101]. This paper confirms that
so-called shared decision-making, already used in other
malignancies, is also a way for patients diagnosed with
thyroid carcinoma, especially since the physicians’ pref-
erence is strongly associated with their recommendation
and influences the patient’s decision [102].

Summary and conclusions

Following the introduction of the 2015 ATA GL, the role
of thyroid lobectomy in DTC management has slowly
become increasingly important. The data coming from
analyses of the large databases and retrospective stud-
ies prove that a less extensive surgical approach, even if
in some reports it was related to a slight increase in the
risk of recurrence, did not show a negative impact on dis-
ease-specific and overall survival in TIT2NOMO low-risk
DTC. There is no doubt that making thyroid lobectomy
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an option for low-risk papillary and follicular carcinomas
was an important step toward the de-escalation of treat-
ment in thyroid carcinoma.
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