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Risk characteristics of papillary thyroid cancer > 1-4 cm is associated
with increased tumour size
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Abstract

Recent guidelines recommend total thyroidectomy for papillary thyroid cancers (PTC) larger than 4 cm. For papillary mac-
rocarcinoma with a diameter >1—4 cm, less intensive surgery can be managed, but this is still a matter for debate. The aim
of our study was to assess the prevalence of risk factors such as vascular invasion, positive margin, extrathyroidal extension,
aggressive histology, lymph nodes and distant metastases associated with a primary PTC tumour with a diameter >1-4 cm,
and the association between tumour size and the risk of having one or more of these factors. A retrospective analysis of
the medical records of 857 patients who underwent total thyroidectomy between 2000 and 2020, with a final post-operative
diagnosis of a PTC >1-4 cm. Overall, less than a half (47.0%) of tumours were associated with at least one risk factor. The
prevalence of analysed risk factors, except aggressive histology and a positive margin status, was significantly associated
with larger tumour size (>2—4 cm). The optimal cut-off value for a cumulative risk of having one or more risk factors was
estimated as 2.0 cm. Patients with a primary tumour < 2.0 cm had almost double less risk (p-value < 0.0001; OR 1.95; 95%
CI 1.47-2.58) of having one or more risk factors than patients with PTC > 2.0 cm. In an era of de-escalation, the cut-off
value of 2 cm can be helpful in identifying patients with PTC >1—4 cm and lower risk of having aggressive disease provid-
ing less extensive treatment approach.
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Introduction

The incidence of thyroid cancer (TC) has risen markedly
worldwide. Indeed, this trend has been reported in many
cancer registers, including the WHO International Agency
for Research on Cancer as well as the Polish National Can-
cer Registry [1-3]. As the number of patients with TC
has increased steadily in the last decade, recommendations
regarding the most optimal management strategies have
evolved [4].Given the fact that papillary thyroid cancer
(PTC) is the most common type of TC, accounting for up
to 80-90% of all cases, the main focus is on appropriate
treatment for PTC [4, 5].In general, PTC has a favour-
able prognosis, despite having a well-known risk of recur-
rence [6]. Thus, in 2015, the American Thyroid Associa-
tion (ATA) categorised factors that increase the risk of
PTC recurrence as intermediate-high (I-H), with the aim
of clarifying the extent of initial surgery required [5]. For
very low risk unifocal PTC with a diameter up to 1 cm
and with no clinical evidence of aggressive disease (i.e.,
papillary microcarcinoma; MPTC), less intensive surgery,
such as unilateral thyroid lobectomy (TL) or an active sur-
veillance are recommended [4, 5, 7]. Likewise, in the past,
total thyroidectomy (TT) was preferred for PTCs measur-
ing>1 cm [8, 9]. However, recent revised clinical guide-
lines issued by the ATA, as well as the National Compre-
hensive Cancer Network (NCCN) and the British Thyroid
Association (BTA), recommend less invasive surgery (TL)
as the initial option for PTC primary tumours between 1
and 4 cm and lacking I-H risk factors [5, 10, 11].The main
reason for this is to avoid overtreatment and to reduce the
risks associated with over-extensive surgery with a recent
trend toward de-escalation of the treatment. Patients who
undergo TT are at higher risk of surgical complications
than those who undergo less intensive surgery such as TL.
Risks include laryngeal nerve injury, chronic hypoparathy-
roidism, wound complications (i.e., hematoma), and a life-
long need for thyroid hormone replacement and a reduced
quality of life. However, the majority of I-H risk factors
(i.e., aggressive histology, vascular invasion, a positive
margin, extrathyroidal extension [ETE] and clinically
inapparent lymph node [LN] metastases) are diagnosed
after surgery [12—14]. In addition, distant metastases (DM)
are often identified only on whole body scans (WBS) taken
during radioiodine (RAI) therapy, which is only adminis-
tered after TT.

Most studies of the risk characteristics of PTC meas-
uring <4 cm in size usually include primary tumours of
1 cm in the group of tumours measuring 1-4 cm, despite
the fact that a diameter of 1 cm defines MPTC, for which
a less invasive surgical approach is needed [5, 11-13, 15].
By contrast, other studies aimed to assess a prevalence
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of I-H risk factors that are undetectable before surgery
to estimate the risk of reoperation after initial eligibility
for TL [12, 13, 15, 16]. However, it is not clear whether
the risk of having a particular I-H characteristics, or the
cumulative risk of having more than one risk feature, is
dependent on a tumour size in PTC of <4 cm (excluding
MPTC measuring < 1 cm). It is thought that a tumour size
of approximately 2 cm can be considered as a cut-off for
low and higher risk PTC; however, hypothetically, TL can
be usually a more cost-effective surgical option for PTC
of >2.5 cm [15-18].

Therefore, the aim of the present study was to evaluate the
relationship between tumour size and the risk of having I-H
risk factors in patients who underwent TT for a confirmed
PTC measuring > 1-4 cm.

Material and methods
Study group

Between January 1, 2000, and December 31, 2020, a data-
base of 2918 consecutive patients with differentiated TC
treated at a single oncological centre was compiled. Patients
with a TC type other than PTC [249 patients, (pts); — 2669
PTC], PTC measuring <1 cm (1666 pts; — 1003 pts)
or>4 cm (91 pts; — 912 pts) after TL (3 pts; — 909 pts),
or pre-operatively identified apparent aggressive disease
(52 pts; — 857 pts) were excluded. Therefore, 857 patients
who underwent TT and had a pathologically confirmed
PTC > 1-4 cm were included (Fig. 1). Thus, patients with
no pre-operative evidence of nodal or DM, or no evidence
of ETE, could be recommended for less extensive surgery,
e.g., TL. Next, a retrospective analysis of medical records
was performed, focusing on the risk factors for PTC listed
in surgical reports, as well as post-operative data regarding
the presence of DM. In accordance with 2015 ATA guide-
lines, post-surgical pathology assessed the prevalence of
the following I-H risk factors for PTC > 1-4 cm: aggressive
histology (tall cells/columnar cells, and diffuse sclerosing,
solid, and hobnail subtypes); any involved resection margin;
ETE (microscopic or gross); vascular invasion; or positive
LNs.3 Finally, to determine post-operative DM status, WBS
after RAI-therapy was analysed to detect RAI-avid DM. All
included patients underwent TT and central LN dissection
(CND). Cases with pre-operatively apparent LN metastases
were excluded; therefore, CND was performed prophylac-
tically in patients with clinically uninvolved central neck
lymph nodes (cNO). All encapsulated follicular variants of
PTC were reviewed, and non-invasive follicular thyroid neo-
plasms were excluded before completion of the PTC data-
base [19].
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Fig. 1 Flow chart of patients
selection resulting in the final
study group of 857 PTC with

Consecutive DTC

tumour size > 1-4 cm and no (2 2020)
evidence of aggressive disease (n=2918)
preoperatively. DTC differ-
entiated thyroid cancer; PTC | ‘
papillary thyroid cancer; 7T
total thyroidectomy; TL thyroid PTC DTC other
lobectomy than PTC
(n=2669) (n=249)
PTC >1cm PTC<1cm
(n=1003) (n=1666)
|
PTC >1-4cm PTC >4cm
(n=912) (n=91)
PTC after TT PTC after TL

(n=909)

(n=3)

PTC >1-4cm with no
evidence of aggressive
disease preoperatively

(n=857)

Final cohort study

The prevalence of each I-H risk factor, and at least
one or more risk factors for PTC > 1-4 cm, was analysed
in all the 857 patients. The patients were then divided
into two subgroups based on the size of the primary
tumour: > 1-2 cm and >2-4 cm. These subgroups were
compared by analysing differences in the prevalence of
each individual I-H factor, and in the prevalence of at
least one or more risk factors. The effect of an increase
in tumour diameter on the risk of having more than one
risk factor was also assessed. Finally, the entire group,
and both subgroups, were assessed regarding the risk of
having a particular I-H risk factor, as well as the cumu-
lative risk of having one or more risk factors. This was
done to establish an optimal cut-off diameter for single
and cumulative risk.

All data collection and analysis were performed
according to the institutional guidelines and ethical stand-
ards of the Helsinki Declaration, and all the study proce-
dures were approved by the Institutional Review Board
of Jan Kochanowski University in Kielce (No. 42/2023).

PTC >1-4cm with
aggressive disease
preoperatively
(n=52)

Statistical analysis

Categorical data are described by absolute numbers and
percentages. Continuous variables are presented as the
mean and standard deviation or as the median (quartiles
and minimum and maximum quartile ranges). Group com-
parisons were performed using the Chi-square or Fisher’s
exact test for categorical variables, a t-test for quantitative,
normally distributed variables, or the Mann—Whitney test
for quantitative, non-normally distributed variables. Nor-
mality of distribution was checked by the Shapiro—Wilk
test. A series of univariable logistic regression models
was created to examine the association between tumour
size and risk factors of interest (vascular invasion, posi-
tive margin, ETE, aggressive histology, positive LN, and
DM). Odds ratios (OR) accompanied by 95% confidence
intervals (95% CI) were calculated to assess the strength
and significance of these associations. For a more compre-
hensive view of the analysed relationship, the explanatory
variable (tumour size) in the mentioned logistic regression
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models was treated in three ways: as a continuous variable, Results
as a dichotomous variable with a cut-off =2 c¢cm, or as a

dichotomous variable with a cut-off determined by maxim-
ising the Youden’s index. A two-tailed p-value < 0.05 was
considered statistically significant. All statistical analyses
were performed using R software package version 4.0.3.

Table 1 Clinicopathological
characteristics of the 857 PTC
cases with a tumour > 1-4 cm,
and comparison of the
prevalence of post-operatively
determined risk features in each
subgroup (cut-off value=2 cm)

@ Springer

The study cohort comprised 738 females (86.1%) and 119
males (13.9%). The detailed analysis of final pathology
revealed that the most common I-H risk factor was ETE

(26.7%), followed by positive LN (21.0%) and positive mar-
gin status (15.4%). Of 229 ETE-positive PTCs, the major-
ity (85.2%) had microscopic feature; 34 cases (14.8%) were

Feature Total (N=857) >1-2cm (N=603) >24cm (N=254) P-value
Age at diagnosis (years) 0.2321
Mean (SD) 49.6 (15.1) 49.1 (14.8) 50.5 (15.8)
Median (Q1, Q3) 51.0 (39.0,61.0) 51.0(39.0, 62.0) 52.0 (39.0, 62.0)
Range 13.0-85.0 15.0-85.0 13.0-85.0
Gender 0.0001
Female (%) 738 (86.1) 537 (89.1) 201 (79.1)
Male (%) 119 (13.9) 66 (10.9) 53 (20.9)
Primary tumour size (mm)
Mean (SD) 18.7 (7.6) 14.5(2.9) 28.6 (5.9)
Median (Q1,Q3) 16.0 (12.0,22.0) 14.0 (12.0, 17.0) 27.0 (24.0, 35.0)
Range 10.4-40.0 10.4-20.0 21.0-40.0
PTC aggressive subtype (%) 12 (1.4) 9 (1.5) 3(1.2) 0.0966
Columnar cell variant 1(0.1) 1(0.2) 0 (0.0)
Tall cell variant 3(0.4) 2(0.3) 1(0.4)
Diffuse sclerosing 5(0.6) 3(0.5) 2 (0.8)
Solid 3(0.4) 3(0.5) 0(0.0)
Non-aggressive subtype
CPTC 617 (72.0) 422 (70.0) 195 (76.8)
FVPTC 171 (20.0) 132 (21.9) 39 (15.4)
Other non-aggressive 57 (6.6) 40 (6.6) 17 (6.7)
Vascular invasion (%) 83 (9.7) 47 (7.8) 36 (14.2) 0.0039
Margin status (%) 132 (15.4) 87 (14.2) 45 (17.7) 0.5376
Microscopic (R1) 127 (14.8) 84 (13.9) 43 (16.9)
Macroscopic (R2) 5(0.6) 3(0.5) 2(0.8)
ETE (%) 229 (26.7) 144 (23.9) 85 (33.5) 0.0038
Microscopic 195 (22.8) 133 (22.1) 62 (24.4)
Gross 34 (4.0) 11(1.8) 23 (9.1)
Lymph nodes (%) 180 (21.0) 104 (17.2) 76 (29.9) <0.0001
Negative 677 (79.0) 499 (82.8) 178 (70.1)
pNO 535 (62.4) 403 (66.8) 132 (52.0)
pNx (cNO) 142 (16.6) 96 (15.9) 46 (18.1)
Distant metastases (%) 16 (1.9) 4(0.7) 12 (4.7) 0.0002
At least one risk factor (%) 403 (47.0) 261 (43.3) 142 (55.9) 0.0007
At least two risk factors (%) 180 (21.0) 102 (16.9) 78 (30.7) <0.0001
At least three risk factors (%) 55 (6.4) 27 4.5) 28 (11.0) 0.0004
At least four risk factors (%) 14 (1.6) 5(0.8) 9 (3.5) 0.0072

Bold values indicate variables included in statistical comparisons with corresponding P-values

PTC papillary thyroid cancer; CPTC conventional papillary thyroid cancer; FVPTC follicular variant of
papillary thyroid cancer; ETE extrathyroidal extension; pNx no LN on pathology; ¢NO clinically LN-nega-

tive status
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identified as having gross ETE. Since we excluded patients
with apparent LN metastases pre-operatively, all 180 LN-
positive cases were identified by pathological examina-
tion post-surgery. All M1 cases were identified by post-
RAI WBS, and defined as RAI-avid DM (16/857; 1.9%)
(Table 1).

When patients were subdivided into groups according
to tumour size [>1-2 cm (n=603; 70.4%) and >2-4 cm
(n=254; 29.6%)], the three most common I-H risk factors
were the same for each subgroup: ETE (23.95% and 33.5%,
respectively), positive LN (17.2% and 29.9%, respectively)
and incomplete resection (14.3% and 16.9%, respectively);
however, the percentage of patients with these features was
higher in the >2—-4 cm subgroup than in the entire cohort.
When comparing both subgroups, we found that vascular
invasion, presence of ETE, positive LN, and DM type were
significantly more prevalent in the >2-4 cm group with
p-values 0.0039, 0.0038, <0.0001, and 0.0002, respectively.
Tumours > 2—-4 cm were also significantly more common in
males (p-value: 0.0001), although age at diagnosis did not
differ significantly between PTC of > 1-2 cm and >2—4 cm
(Table 1). In addition, we compared cases with gross ETE
with all remaining cases with microscopic or no ETE. The
result showed that gross ETE was also significantly more
common in tumours >2-4 cm (p <0.0001).

In general, of the 857 patients with PTC > 1-4 cm with no
pre-operative evidence of aggressive disease, less than a half
(403/857; 47.0%) cases had at least one risk factor identified
post-operatively. The prevalence of at least one, or more,
I-H risk factors was also significantly higher in those with
larger tumours > 2—4 c¢cm than in > 1-2 cm (55.9% vs.43.3%;
p-value: 0.0007) (Table 1).

Analysis of the relationship between increased tumour
size and the risk of having one or more risk factors
revealed a “risk continuum”. An increase in tumour diam-
eter by 1 mm in those with PTC > 1-4 cm was associated
with a significant increase in the risk of having of all I-H

Table2 An increase in tumour size of 1 mm in those with
PTC > 1-4 cm increases the risk of having more than one risk factor

Feature Univariable 95% CI P-value
OR*

Vascular invasion 1.07 1.04-1.09 <0.0001
Aggressive histology 0.96 0.88-1.05 0.4285
Extrathyroidal extension 1.03 1.01-1.05 0.0008
Positive margin 1.03 1-1.05 0.023
Metastatic lymph node 1.04 1.02-1.06 0.0001
Distant metastases 1.1 1.04-1.16 0.0004
Cumulative risk of at least 1 1.03 1.02-1.05 0.0002

of the above

*Association between an increase of tumour diameter by 1 mm and
the risk of having any of the analysed risk factors

risk features, except an aggressive histology. Regarding
cumulative risk, an increase of 1 mm increased the risk
of having more than one factor by 3% (p-value: 0.0002).
The highest association was observed for DM; an increase
in 1 mm resulted in a risk of having of DM measuring as
10% (Table 2).

Univariate analysis of the two subgroups revealed
that the risk of having any of the analysed risk factors,
except aggressive histology and positive margin, was sig-
nificantly higher for patients with PTC > 2—4 cm. In these
patients, the risk of vascular invasion, LN and DM was
almost twice, twice, and seven times higher, respectively,
that in patients with smaller tumours. Thus, patients with
PTC >2-4 cm had more than one and half times the cumu-
lative risk of having one or more aggressive risk factors
than patients with PTC > 1-2 cm (Table 3). Finally, we
found that for a risk of having an incomplete resection,
vascular invasion, ETE, positive LN, and DM, the optimal
cut-off value for tumour size was 1.4, 1.7, 1.8, 2.0, and
2.1 cm, respectively. With respect to the cumulative risk of
having one or more risk factors, the optimal cut-off value
was 2.0 cm. Patients with a primary tumour >2.0 cm in
diameter had almost double the risk of having more than
one aggressive risk factor than those with PTC <2.0 cm
(Table 4).

Table 3 Relationship between tumour size and the risk of having a
single risk factor, and the cumulative risk of having > 1 risk factor, in
the two subgroups (cut-off =2 cm)

Feature Univariable OR  95% CI P-value
Vascular invasion

>1-2cm Ref. level

>2-4 cm 1.95 1.23-3.1 0.0045
Aggressive histology

>1-2cm Ref. level

>2-4 cm 0.79 0.21-2.94 0.7237
Extrathyroidal extension

>1-2cm Ref. level

>2-4 cm 1.6 1.16-2.21 0.0039
Positive margin

>1-2cm Ref. level

>2-4 cm 1.28 0.86-1.89 0.224
Metastatic lymph node

>1-2cm Ref. level

>2-4 cm 2.05 1.46-2.88 <0.0001
Distant metastases

>1-2cm Ref. level

>2-4 cm 7.43 2.37-23.25 0.0006
Cumulative risk of at

least 1 of the above

>1-2 cm Ref. level

>2-4 cm 1.66 1.24-2.23 0.0008
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Table 4 Optimal cut-off value for tumour size associated with having
a single factor, and the cumulative risk of having more than one risk
factor, in those with PTC > 1-4 cm

Feature Univariable OR  95% CI P-value
Vascular invasion

<1.7cm Ref. level

>1.7cm 2.98 1.82-4.89 <0.0001
Aggressive histology

<1.6cm Ref. level

>1.6cm 1.29 0.41-4.11 0.6613
Extrathyroidal extension

<1.8cm Ref. level

>1.8cm 1.79 1.32-2.43 0.0002
Positive margin

<l4cm Ref. level

>1.4cm 1.61 1.04-2.49 0.0322
Metastatic lymph node

<2.0cm Ref. level

>2.0cm 2.0 1.44-2.8 <0.0001
Distant metastases

<2.1cm Ref. level

>2.1cm 7.43 2.37-23.25 0.0006
Cumulative risk of at

least 1 of the above

<2cm Ref. level

>2cm 1.95 1.47-2.58 <0.0001
Discussion

Total thyroidectomy with or without CND was the recom-
mended/preferred treatment for PTC> 1 cm [8, 9]. However,
in 2014, Adam et al. asked a question: should tumour size
be an absolute indication for TT? This question arose from
an analysis of 61,775 PTC with tumours 1-4 cm in diameter
with no clinically high risk features (i.e., ETE, metastases,
or aggressive histology), which suggested that the overall
survival between patients who underwent TT was no dif-
ferent from that of those who underwent TL [20]. Thus, the
ATA (2015) and European Society for Medical Oncology
(ESMO; 2019) revised their guidelines with respect to initial
management of patients; the recent guideline state that TL
is equivalent to TT with respect to PTC > 1-4 cm with no
apparent clinically aggressive factors on pre-operative evalu-
ation [5, 21]. Management should also take into account
patient preference [4].

It must be acknowledged that the entire risk landscape
of PTC is determined after surgery and is based on the
final pathology report. Post-operative findings are crucial
for patients who would have been eligible for initial TL.
Thus, the prevalence of high risk features in those with
PTC > 1-4 cm has become an important area of interest;
however, several studies included PTC of 1 cm (MPTC) or
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follicular TC within the analysed groups [12—-17]. These
studies indicated that 30% to nearly 50% of patients have
unrecognised pre-operative high risk factors, even though
the PTC was identified as low risk initially [12-14, 16].
Additionally, the majority of studies showed that the
prevalence of I-H risk factors was higher in those with
tumours >2-4 cm [12, 13, 16, 17]. Our findings are in line
with these results. Here, we found that risk factors such as
vascular invasion, ETE, and LN and DM were significantly
more common in those with larger tumours than in those
with PTC > 1-2 cm. It is worth noting that we analysed
patients with no apparent pre-operative LN metastases who
underwent TT with CND. This selection of patients might
have impacted our results, which are close to the upper
reported frequency of at least one risk factor (i.e., 47%);
however, they are concordant with the knowledge that CND
identifies more positive LN, and the prevalence of occult
central LN metastases rises with increased tumour size [22].
Our study also showed that patients with PTC of >2-4 cm
had almost double the risk of vascular invasion, a well-
known risk factor for further metastases, and double and
seven times the risk of having LN and DM, than those with
smaller tumours of > 1-2 cm.

With respect to tumours of > 1-4 cm, a diameter of 2 cm
is thought to be the most useful cut-off value for distinguish-
ing between less and more advanced PTC; this is reflected
in the maintenance of a 2 cm cut-off between pT1 and pT2
tumours during pT staging using the recent tumour-node-
metastases (TNM) classification [23]. However, according
to the ATA or ESMO guidelines, low risk PTC larger than
1 cm but no larger than 4 cm are recommended for TL, as
the outcome is not worse than that of TT [5, 21]. Neverthe-
less, the above studies show that higher risk features are
more common in those with PTC 2—4 cm; our results are
consistent with these findings. This leads to an interesting
question: is a cut-off value of 2.0 cm really associated with a
lower/higher risk of having one or more risk factor in those
with PTC > 1-4 cm. The answer to this question could be
essential when making the decision between the two surgical
approaches, and should facilitate the choice between more
appropriate treatment based on the risk of having aggressive
disease that will require a second surgery after TL.

As expected, the cut-off value of 2 cm for pre-operatively
low risk PTC is most likely the optimal value for identifying
PTC patients in the> 1-4 cm group as having post-opera-
tively ‘lower’ or ‘higher’ risk. Our data suggest that patients
with PTC > 2 cm in diameter had almost double the cumula-
tive risk of having one or more aggressive risk factors such
as vascular invasion, ETE, involved margin status, LN-pos-
itivity and DM compared with those with a smaller tumour
of <2.0 cm. The highest optimal cut-off value of 2.1 cm
was established for the risk of DM. Our data may (in part)
explain why patients with tumours>?2 cm showed higher
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mortality after TL in the recent meta-analysis by Zhang
et al. [24]. On the other hand, Choi et al. reported that TL is
sufficient and does not affect the long-term or oncological
outcome of patients with low risk PTC of 1-4 cm, a finding
supported by the recent study by Bosset et al. [25, 26].

This study has some limitations. First, although it used
consecutive data from a single-centre, it was retrospective in
nature, and analysis of medical records was limited only to
available data from the past. Second, although prophylactic
CND was performed in all studied patients, nearly 17% had
an undetermined pathological LN-status (pNx), and the size
of LN metastases was not reported in most final pathology
reports covering LN-positive specimens. Thus, we included
overall LN-positivity as a risk factor without excluding
LN micro-metastases. Third, the relatively small number
of patients with an aggressive subtype on final pathology
potentially underpowers their importance in our analyses
of the relationship between tumour size and the risk of hav-
ing an aggressive histology. Finally, we examined the risk
characteristics of those with PTC > 1-4 cm, as well as the
relationship between tumour size and the risk of having a
single, or the cumulative risk of having one or more risk
factors, with the aim of establishing an optimal cut-off value
for the tumour diameter associated with either of these. We
did not assess the impact on long-term outcome, including
overall survival or disease recurrence. The present study
was intended to provide information that will be clinically
useful and enable clinicians to make a risk—benefit analysis
regarding selection of patients with PTC of 2 cm or less
in> 1-4 cm tumours who are eligible for less intensive surgi-
cal management at the time of diagnosis with a current trend
toward de-escalation of treatment.

Author contributions Conceptualization, A.W., S.G. and A.K.(Aldona
Kowalska); methodology, A.W., J.LK., M.C., and A.K.(Aldona Kow-
alska); validation, J.K. and M.C.; formal analysis, A.W., M.C. and
A .K.(Aldona Kowalska); software, A.W. and M.C.; investigation, A.W.
and J.K.; data curation, A.W., S.G. and A.K.(Aldona Kowalska); writ-
ing—original draft preparation, A.W., and A.K.(Aldona Kowalska);
writing—review and editing, A.W., D.G.-P., .P.(Ilwona Patyga), J.K.,
A.K.(Artur Kuchareczko), E.N., A.S., .P. (Izabela Ptachta), S.G., and
A.K.(Aldona Kowalska); supervision, A.W., S.G. and A.K.(Aldona
Kowalska); project administration, A.W. and A.K.(Aldona Kowalska);
funding acquisition, S.G. and A.K (Aldona Kowalska); resources,
AW., D.G.-P,, L.P. (Iwona Patyga), J.K., A.K. (Artur Kuchareczko),
E.N., L.P. (Izabela Ptachta), A.S., M.C., S.G., and A.K.(Aldona Kow-
alska). All authors have read and agreed to the published version of
the manuscript.

Funding Project financed under the program the Minister of Educa-
tion and Science called "Regional Initiative of Excellence" in the years
2019-2023, project no. 024/RID/2018/19, amount of financing 11 999
000,00 PLN.

Availability of data and materials Data is provided within the
manuscript.

Code availability No custom code or software was used in the prepara-
tion of this article.

Declarations
Conflict of interest The authors declare no competing interests.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
All the study procedures were approved by the Institutional Review
Board of Jan Kochanowski University in Kielce (No. 42/2023). For
this type of study formal consent is not required.

Consent to participate This study has obtained IRB approval from
of Jan Kochanowski University in Kielce and the need for informed
consent was waived.

Consent for publication For this type of study consent for publication
is not required.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material.
You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc-nd/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. 2021;71:209-49.
https://doi.org/10.3322/caac.21660.

2. Pizzato M, Li M, Vignat J, et al. The epidemiological landscape
of thyroid cancer worldwide: GLOBOCAN estimates for inci-
dence and mortality rates in 2020. Lancet Diabetes Endocrinol.
2022;10:264-72. https://doi.org/10.1016/S2213-8587(22)
00035-3.

3. Didkowska J, Wojciechowska U, Olasek P, et al. Cancer In Poland
In 2019. Polish National Cancer Registry Warszawa. 2021. https://
doi.org/10.1038/541598-022-14779-6.

4. Chen DW, Lang BHH, McLeod DSA, et al. Thyroid cancer. Lan-
cet. 2023;401:1531-44. https://doi.org/10.1016/S0140-6736(23)
00020-X.

5. Haugen BR, Alexander EK, Bible KC, et al. 2015 American thy-
roid 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. 2016;26:1-133. https://doi.
org/10.1089/thy.2015.0020.

6. Lang BH, Wong CK, Yu HW, et al. Postoperative nomogram
for predicting disease-specific death and recurrence in papillary

@ Springer


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S2213-8587(22)00035-3
https://doi.org/10.1016/S2213-8587(22)00035-3
https://doi.org/10.1038/s41598-022-14779-6
https://doi.org/10.1038/s41598-022-14779-6
https://doi.org/10.1016/S0140-6736(23)00020-X
https://doi.org/10.1016/S0140-6736(23)00020-X
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2015.0020

155

Page 8 of 8

Clinical and Experimental Medicine (2025) 25:155

10.

11.

12.

13.

14.

15.

16.

17.

thyroid carcinoma. Head Neck. 2016;38(S1):E1256—-63. https://
doi.org/10.1002/hed.24201.

Ochoa J, Pitt SC. Less-intensive management options for low-risk
thyroid cancer. Endocrinol Metab Clin North Am. 2022;51:351—
66. https://doi.org/10.1016/j.ec1.2021.11.018.

Bilimoria KY, Bentrem DJ, Ko CY, et al. Extent of surgery affects
survival for papillary thyroid cancer. Ann Surg. 2007;246:375-81.
https://doi.org/10.1097/SLA.0b013e31814697d9.

Cooper DS, Doherty GM, Haugen BR, et al. Revised Ameri-
can Thyroid Association management guidelines for patients
with thyroid nodules and differentiated thyroid cancer. Thyroid.
2009;19:1167-214. https://doi.org/10.1089/thy.2009.0110.
National Cancer Comprehensive Network (NCCN). Thyroid car-
cinoma guidelines. Version 2. 2015. http://www.nccn.org/profe
ssionals/physician_gls/f_guidelines.asp. Accessed 16 Jan 2016.
Perros P, Boelaert K, Colley S, et al. Guidelines for the manage-
ment of thyroid cancer. Clin Endocrinol (Oxf). 2014;81(suppl
1):1-122. https://doi.org/10.1111/cen.12515.

Kluijthout WP, Pasternak JD, Lim J, et al. Frequency of high-risk
characteristics requiring total thyroidectomy for 1- to 4-cm well
differentiated thyroid cancer. Thyroid. 2016;26:820—4. https://doi.
org/10.1089/thy.2015.0495.

Lang BH, Shek TW, Wan KY. The significance of unrecognized
histologic high-risk features on response-to-therapy in papillary
thyroid carcinoma measuring 1-4 cm: implications for comple-
tion thyroidectomy following lobectomy. Clin Endocrinol (Oxf).
2017;86:236—42. https://doi.org/10.1111/cen.13165.

Rosario PW, Mourao GF, Calsolari MR. Apparently intrathyroid
papillary thyroid carcinoma > 1 cm and < 4cm: is the need for
completion thyroidectomy common among patients submitted to
lobectomy? Clin Endocrinol (Oxf). 2016;85:150-1. https://doi.
org/10.1111/cen.13034.

Lang BH, Wong CKH. Lobectomy is a more cost-effective option
than total thyroidectomy for 1 to 4 cm papillary thyroid carci-
noma that do not possess clinically recognizable high-risk fea-
tures. Ann Surg Oncol. 2016;23:3641-52. https://doi.org/10.1245/
$10434-016-5280-6.

Bakkar S, Al-Omar K, Donatini G, et al. Postoperatively deter-
mined high-risk histopathologic features in papillary thyroid
carcinoma initially eligible for thyroid lobectomy: a game
changer. Endocrine. 2021;74:611-5. https://doi.org/10.1007/
$12020-021-02788-w.

Choi JH, Lee JK, Kim W, et al. Prevalence of postoperatively
detected high-risk features in 2- to 4-cm papillary thyroid cancers.

@ Springer

18.

20.

21.

22.

23.

24.

25.

26.

J Clin Endocrinol Metab. 2022;107(10):e4124-31. https://doi.org/
10.1210/clinem/dgac457.

Leboulleux S, Bournaud C, Chougnet CN, et al. Thyroidectomy
without radioiodine in patients with low-risk thyroid cancer. N
Engl J Med. 2022;386:923-32. https://doi.org/10.1056/NEJMo
a2111953.

. Kuchareczko A, Kopczynski J, Kowalik A, et al. Are molecular

tests necessary to diagnose NIFTP? Genes Cancer. 2021;12:39—
50. https://doi.org/10.18632/genesandcancer.213.

Adam MA, John Pura J, Lin GuL, et al. Extent of surgery for pap-
illary thyroid cancer is not associated with survival: an analysis
of 61,775 patients. Ann Surg. 2014;260:601-5. https://doi.org/10.
1097/SLA.0000000000000925.

Filetti S, Durante C, Hartl D, et al. Thyroid cancer: ESMO clini-
cal practice guidelines for diagnosis, treatment and follow-up.
Ann Oncol. 2019;30:1856-83. https://doi.org/10.1093/annonc/
mdz400.

Tang L, Qu RW, Park J, et al. Prevalence of occult central lymph
node metastasis by tumor size in papillary thyroid carcinoma: a
systematic review and meta-analysis. Curr Oncol. 2023;30:7335—
50. https://doi.org/10.3390/curroncol30080532.

Tuttle M, Morris LF, Haugen B, et al. Thyroid-differentiated and
anaplastic carcinoma (Chapter 73). In: Amin MB, Edge SB, Green
F, et al., editors. AJCC Cancer Staging Manual. 8th ed. New York:
Springer; 2017. p. 881-98.

Zhang C, Li Y, Li J, et al. Total thyroidectomy versus lobectomy
for papillary thyroid cancer: a systematic review and meta-anal-
ysis. Medicine (Baltimore). 2020;99: €19073. https://doi.org/10.
1097/MD.0000000000019073.

Choi JB, Lee SG, Kim M]J, et al. Oncologic outcomes in patients
with 1-cm to 4-cm differentiated thyroid carcinoma according to
extent of thyroidectomy. Head Neck. 2019;41:56-63. https://doi.
org/10.1002/hed.25356.

Bosset M, Bonjour M, Castellnou S, et al. Long-term outcome of
lobectomy for thyroid cancer. Eur Thyroid J. 2021;10:486-94.
https://doi.org/10.1159/000510620.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/hed.24201
https://doi.org/10.1002/hed.24201
https://doi.org/10.1016/j.ecl.2021.11.018
https://doi.org/10.1097/SLA.0b013e31814697d9
https://doi.org/10.1089/thy.2009.0110
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
https://doi.org/10.1111/cen.12515
https://doi.org/10.1089/thy.2015.0495
https://doi.org/10.1089/thy.2015.0495
https://doi.org/10.1111/cen.13165
https://doi.org/10.1111/cen.13034
https://doi.org/10.1111/cen.13034
https://doi.org/10.1245/s10434-016-5280-6
https://doi.org/10.1245/s10434-016-5280-6
https://doi.org/10.1007/s12020-021-02788-w
https://doi.org/10.1007/s12020-021-02788-w
https://doi.org/10.1210/clinem/dgac457
https://doi.org/10.1210/clinem/dgac457
https://doi.org/10.1056/NEJMoa2111953
https://doi.org/10.1056/NEJMoa2111953
https://doi.org/10.18632/genesandcancer.213
https://doi.org/10.1097/SLA.0000000000000925
https://doi.org/10.1097/SLA.0000000000000925
https://doi.org/10.1093/annonc/mdz400
https://doi.org/10.1093/annonc/mdz400
https://doi.org/10.3390/curroncol30080532
https://doi.org/10.1097/MD.0000000000019073
https://doi.org/10.1097/MD.0000000000019073
https://doi.org/10.1002/hed.25356
https://doi.org/10.1002/hed.25356
https://doi.org/10.1159/000510620

	Risk characteristics of papillary thyroid cancer > 1–4 cm is associated with increased tumour size
	Abstract
	Introduction
	Material and methods
	Study group
	Statistical analysis

	Results
	Discussion
	References


