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Background: Microscopically positive surgical margins are a prognostic factor of recurrence in advanced
thyroid carcinoma. However, information on early and completely resected thyroid tumors is scarce.
Some studies do not identify any association between positive margin and local recurrence. The objective
of this study was to perform a meta-analysis to measure the association of microscopically positive
surgical margins and local recurrence in patients who underwent total thyroidectomy.
Methods: Clinical trials assessing the association between microscopically positive surgical margin and
local recurrence in patients with early-stage, well-differentiated thyroid carcinoma who underwent total
thyroidectomy were evaluated. The outcome measured was local recurrence in the thyroid bed. A sys-
tematic review and meta-analysis was done using a random-effects model.
Results: Six studies with 7696 patients were identified. Methodological quality was good, and we did not
identify statistical heterogeneity or publication bias. The risk difference for microscopically positive
surgical margin and local recurrence was 0% (95% CI 0 to 1).
Conclusion: Meta-analysis did not find a statistically significant association between microscopically
positive surgical margin and local recurrence in this population. A finding of microscopically positive
surgical margin in the absence of other adverse factors is not an indication for adjuvant treatment.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

A positive surgical margin (PSM) is the most relevant predictor
of local recurrence in malignant tumors [1e3]. Achieving clear
margins at resection can decrease the rate of recurrence. However,
the effect of margin status on prognosis varies with both histology
and organ. Thyroid cancer is the most common endocrine tumor,
and several specialties, including surgery, nuclear medicine,
endocrinology, radiotherapy, medical oncology and histopathology,
participate in its multidisciplinary management and indication of
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adjuvant treatment [4,5].
The most important risk factors for local recurrence in thyroid

cancer are gross extrathyroidal extension (ETE), evidence of resid-
ual gross disease at completion of surgery and a histologically
confirmed positive margin on pathology. However, there are dif-
ferences between macroscopic and microscopic margins, and the
importance of microscopically positive surgical margin (MPSM) has
not been comprehensively evaluated in well-differentiated thyroid
carcinoma (WDTC). As there are various clinical presentations and
biological behaviors of thyroid malignancies, the finding of a MPSM
may not have the same impact in all cases. Most intrathyroid tu-
mors remain stable for years [6], while others invade adjacent
structures early [7]. Finally, the differentiation of the prognostic
value of MPSM from that of extrathyroidal extension (ETE) or
lymphovascular invasion (LVI) is important in the decision-making
process and in the selection of adjuvant treatments.

The objective of the present study was to determine the
opean Society of Surgical Oncology. All rights reserved.
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association between MPSM and local recurrence in patients with
early-stage WDTC who underwent total thyroidectomy, using a
systematic review method.

Materials and methods

This review was registered at the International prospective
register of systematic reviews (PROSPERO) with the number
CRD42018085377. The review followed the recommendations of
the MOOSE guidelines [8]. Clinical trials that evaluated the pres-
ence or absence of MPSM in surgical specimens of total thyroid-
ectomy for early WDTC were evaluated. No limitations on the
number of patients, source, language of the article or follow-up
time were considered. The studies included adult patients with a
diagnosis of early WDTC (papillary or follicular) scheduled for total
thyroidectomy with or without central neck dissection (CND) and
with complete resection during surgery.

The risk factor assessed was the presence or absence of MPSM in
conventional microscopic evaluation of surgical specimens. The
outcome measured was the frequency of local recurrence during
follow-up, defined as structural evidence of residual tumor in the
surgical bed, detected clinically and/or by imaging, recorded as yes
or no (primary outcome).

Search strategy

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL) (2017), PubMed (1966 to December 2017), EMBASE
(1980 to December 2017) and LILACS (1980 to December 2017)
databases without a language restriction. Non-English-language
papers were translated. The search strategy used a mixture of
MESH subject headings and text words (thyroid cancer, thyroid
neoplasms, margin, microscopic). A “snow ball” strategy using
references of the identified studies was also performed to include
pertinent articles. Authors were contacted for clarifications when
necessary. Only cohort studies were included in the review, be they
prospective or retrospective. Trials were excluded if the inclusion
criteria were not fulfilled and reasons were listed. For comparative
non-randomized trials, methodological quality was assessed using
the Newcastle-Ottawa scale [9]. We classified studies as high- or
intermediate-/low-quality according to the number of quality fac-
tors found with no response.

Statistics

The statistical package ReviewManager© (RevMan) (Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collabo-
ration, 2014) was used. For analysis, the effect of the exposure was
expressed as the risk difference (RD) with the 95% confidence in-
terval. RD is the difference between the observed risk of events
between experimental and control interventions and was chosen
over risk ratio or odds ratio because it can be calculated for any
study, even when there are no events in either group, as occurs in
cases of events of low frequency. A more-conservative Mantel-
Haenszel random-effects model was used expecting a high het-
erogeneity and to avoid large trials effect. The chi-square test for
heterogeneity was used, and the heterogeneity was quantified us-
ing the I-squared statistic. Sensitivity analysis by methodological
quality was performed. A sensitivity analysis is a repeat of the
meta-analysis, substituting alternative ranges of variables in order
to explore the impact of different decisions on results. If results
remain consistent across the different analyses, the results can be
considered robust. Subgroup analysis by the frequency of T1-2 tu-
mors was also performed (<70% vs� 70%). Subgroup analyses
involve splitting the data into subgroups to make comparisons as a
means of answer specific questions about particular patient groups.
If heterogeneity was found, (chi-squared test P<0.10 or I2>50%), the
causes were explained subjectively. A funnel plot was used to
assess publication bias. The GRADEpro© software was used to
classify quality of evidence [10].

Results

In total, 108 references were reviewed, and only seven studies
were identified by the primary search (Fig. 1) [11e17]. Later, a study
by Tsang et al. [17] was excluded due to inclusion of various his-
tological types and extension of treatments. Inclusion criteria were
similar for all studies: patients withWDTC or PTC, with the primary
tumor limited to the thyroid gland and who underwent total thy-
roidectomy with/without central/lateral neck dissection. Only one
study [13] included 112 patients with histology different from PTC.
Radowsky et al. [12] included 14% partial thyroidectomies. Hong
et al. [11], Wang et al. [13], and Suh et al. [14] included less than 70%
T1-2-classification tumors, and Radowsky et al. [12] included a high
number of pN þ patients. Hong et al. [11] included a small number
of low-risk patients according to the ATA risk system. Radowsky
et al. [12] and Suh et al. [14] used different definitions of positive
margin than other studies (<1mm of normal tissue from the tumor
to the inked edge). Other characteristics of the studies are shown in
Table 1. Suh et al. [14] provided the specific data of local recurrence
by margin group after personal communication.

Methodological quality

The studies included were retrospective cohorts. Only Radow-
sky et al. [12] reported that data were obtained from a prospective
recording. Methodological quality was good for all studies except
for Hong et al. [11] and Radowsky et al. [12], who did not perform a
multivariable analysis (Table 2). The funnel plot did not show
publication bias, but the number of trials was small.

Outcomes

The six studies recruited a total of 7696 patients: 6958 in the
microscopically negative surgical margin (MNSM) group and 738 in
the MPSM group. Local recurrence occurred in 19 patients in the
MNSM (19/6958, 0.3%) and in 7 patients in the MPSM (7/738, 0.9%),
withmean follow-up times that ranged from 37 to 130months. The
range of postoperative treatment with RAI in the included studies
were from 50 to 100% and in univariate analysis, all studies except
Suh et al. [14], and Hong et al. [11], reported a higher frequency of
RAI use in the MPSM group, but its effect was null in studies that
included multivariate analysis. A similar variability occurred with T
classification (38e100% T1/2 tumors). Table 3 shows other char-
acteristics of the included studies.

The RD between groups was 0% (95% CI 0 to 1), without statis-
tical heterogeneity (I2¼ 0%). It means that the risk of local recur-
rence between MPSM and MNSM groups was similar (Fig. 2). We
found no differences in methodological quality (RD 0% (95% CI 0 to
1)) by sensitivity analysis or in T1-2 frequency (RD 0% (95% CI -1 to
2) by subgroup analysis.

Quality was rated high due to a low rate of local recurrence with
large sample sizes and the loss of association after multivariate
adjustment in the GRADE evidence profile.

Discussion

A positive margin is an important prognostic factor for local
recurrence in locally advanced thyroid cancers [18]. Studies from
reference centers have shown an obvious increase in recurrence
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Fig. 1. Flow diagram.
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rates and a decrease in overall survival if the definitive margins are
reported as positive [19]. Examples of this effect are evident in
cases of shaving tumors off the trachea or esophagus [20]. Kim et al.
[21] reported that in a series of advanced thyroid tumors, a
microscopic positive margin increased the risk of locoregional
recurrence more than three times, and Wang et al. [22] found R2
resection as the most important predictor factor for locoregional
recurrence in pT4 disease. However, most thyroid tumors are
located inside or at the surface of the gland, and invasion to sur-
rounding structures, such as strap muscles, trachea, esophagus or
nerves, is not demonstrated intraoperatively. In these cases, the
surgery progresses without difficulty, and MPSM is described only
in the pathological report. This establishes a discrepancy between
operative and pathological findings. The surgeon has a clear
distinction between a tumor firmly adhering to adjacent structures,
which requires an extension of the resection, and an intrathyroidal
tumor, which does not compromise adjacent planes and is there-
fore easily separated from the surrounding structures; the same is
not the case for pathologists, for whom all the margins are classi-
fied similarly (negative, close and positive) according to the ink test.
The current lack of robust information regarding this discordant
finding prompts some teams to disregard the result whereas others
may consider such a result an indication for treatment intensifi-
cation. Therefore, this systematic review intended to review the
evidence about the prognostic effect of MPSM on early tumors.
A wide search in public databases yielded 108 articles, from

which only six were relevant to the question [11e16]. The majority
of excluded studies dealt with advanced thyroid tumors, where the
prognostic effect of a positive margin was clear.

In what follows, the studies that were included in the current
meta-analysis, are commented in more detail. Wang et al. [13]
analyzed 2616 patients. Patients with MPSM had larger tumors
�2 cm (40.3% vs 28.9%), a higher rate of ETE (79.1% vs 28.55), more
advanced disease (T3/4, 81.1% vs 33.6%) andmore Nþ tumors (61.2%
vs 30.4%) than patients without MPSM. Their recurrence rate
was 0.45%. They found a 5-year local recurrence free survival of
98.9% for patients with MPSM compared to 99.5% in those with
negative margins in univariate analysis. Although statistically
significant(p ¼ 0.018), the results are unlikely to be perceived as
clinically relevant (absolute difference 0.6%). A multivariate anal-
ysis adjusting for T classification and ETE presence did not find a
statistically significant association between MPSM and recurrence.
An analysis stratified by the American Thyroid Association (ATA)
risk group did not report any recurrence in the low-risk group, in
which 29 patients had MPSM; in the intermediate-risk group, none
of the five recurrences occurred in the positive-margin group of 144
patients. Lang et al. [15] studied 638 patients. Patients with MPSM
had a higher proportion of tumors larger than 2 cm (36% vs 19.9%),



Table 1
Characteristics of included studies assessing microscopically positive surgical margins in completely resected well differentiated thyroid cancer.

Study Year of
recruiting

Country Methods Participants Exposure Outcomes

Hong et al.
[11]

2002e2003 Korea Retrospective trial of
consecutive recruited
patients. Total
thyroidectomy without
gross residual remnant.
Surgical specimen
reviewed by pathologist
with 15 years of experience.
Tumor staging was
performed according to the
AJCC 2010. Stratification by
the ATA guidelines was
used. Patients were given
3.7e7.4 GBq of I-131.

197 patients with WDTC
who underwent total
thyroidectomy with or
without neck dissection.
Excluded: patients with
distant metastases, with an
insufficient follow-up, who
did not have a diagnostic
radioactive iodine whole-
body scan and without
serum thyroglobulin
measurements.

Margin positive or negative
in surgical specimen.

Cancerous lesions detected within
12 months were defined as early
recurrence and lesions detected
after 12 months were defined as
late recurrence. Examinations for
recurrences were performed every
year for 5 years.

Radowsky
et al. [12]

1955e2004 USA Retrospective trial of a
prospective database of
consecutive recruited
patients.

218 patients with PTC who
underwent total
thyroidectomy with or
without neck dissection.
Exclusion not reported.

Margin-negative resection
was defined as having
>1mm of normal tissue at
the surgical resection
margin. Close-margin
categorization required the
presence of carcinoma
within 1mm of the
specimen border.

Persistent disease was classified as
structural if found on cross-
sectional imaging, biopsy, and/or
post-radioactive iodine remnant
ablation scan; or biochemical,
defined as a stimulated Tg
value> 2 ng/mL in the absence of
structural evidence of disease.
Disease recurrence was defined as
anatomic or biochemical evidence
of disease following an interval
period during which the patient
had been NED.

Wang et al.
[13]

1986e2010 USA Retrospective trial of
consecutive recruited
patients treated surgically.
Remnant.

2616 patients with WDTC
Excluded: patients with less
than total thyroidectomy,
distant metastases,
unresectable disease or
gross residual disease,
patients in whom
histological margin status
was unknown.

Microscopically positive
margin status was defined
as a tumor at the inked
surgical margin edge on
histopathological analysis.
Margin status was
categorized as negative if
no tumorwas present at the
inked edge.

Local recurrence was determined
by clinical examination
supplemented with imaging and
FNAB. Confirmation of disease by
cytology and/or histopathology was
required.
Outcome data were calculated at
five years.

Suh et al.
[14]

2004e2012 Korea Retrospective trial of
consecutive recruited
patients who underwent
total thyroidectomy and
CND with or without LND.
Tumors were staged
according to the 7th edition
of the AJCC.

3381 patients with
conventional PTC.
Excluded patients who had
distant metastasis before
surgery and patients
without remission after
surgery.

Margin-negative resection
was defined as having
>1mm of normal tissue at
the surgical resection
margin.

Disease recurrence was defined as
structural evidence of disease
following a remission period of 2
years. Local recurrence was defined
as recurrence in the thyroid
operative bed. Regional recurrence
was defined as recurrence in the
regional lymph nodes.

Lang et al.
[15]

1990e2011 China Retrospective trial of
consecutive recruited
patients.
Any excised specimen with
close or involved margin
was retrospectively
reviewed by pathologist.
Tumor risks were coded
according to the ATA risk
stratification system.

638 patients with PTC who
underwent surgery.
Exclusion: less than total
thyroidectomy, distant
metastasis, gross or
macroscopic positive
margins, or resection
margins not assessed or
reported

A margin was deemed
involved if tumor cells were
found at the inked border.

Disease recurrence made by a
combination of basal Tg trend, USG,
CT/MRI, or FDG-PET scan and
confirmed by FNAB or histology.

Kluijfhout
et al. [16]

2000e2010 USA Retrospective trial of
consecutive recruited
patients.

684 patients with WDTC
who underwent total
thyroidectomy and T1-2
stage.
Exclusion: complete
thyroidectomy
>6 months, tumors >4 cm;
extrathyroidal extension;
or distant metastases.

A positive margin was
defined as tumor presence
at the inked margin.

Recurrent disease was defined as
positive pathologic analysis of a
suspicious
tumor/lymph node, or by gross
systemic disease identified
on cross-sectional imaging.
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with a higher frequency of ETE (55% vs 22.3%), higher rates of LVI
(23% vs 13.9%), more advanced (T3/4) classification of primary
disease (55% vs 40.8%), more Nþ tumors (46% vs 32.2%) and higher
ATA classification (intermediate/high, 76% vs 34.6%) than patients
without MPSM. The authors divided patients into two groups:
anterior margins (57%) and posterior margins (43%). After
multivariate analysis, MPSM on the posterior surface had a statis-
tically significant association with nodal recurrence but not local
relapse. Kluijfhout et al. [16] studied 684 patients. The MPSM group
had a higher frequency of Nþ tumors (44% vs 25%). In the multi-
variate analysis, MPSM did not show a statistically significant as-
sociation with recurrence, even after adjustment for RAI use and



Table 2
Methodological quality of included trials assessing microscopically positive surgical margins in completely resected well differentiated thyroid cancer.

Quality assessment criteria Hong et al. [11] Radowsky
et al. [12]

Wang
et al. [13]

Suh
et al. [14]

Lang
et al. [15]

Kluijfhout
et al. [16]

Representativeness of exposed cohort? þ þ þ þ þ þ
Selection of the non-exposed cohort? þ þ þ þ þ þ
Ascertainment of exposure? þ þ þ þ þ þ
Demonstration that outcome of interest was not present at start of study? þ þ þ þ þ þ
Comparability of cohorts on the basis of the design or analysis e e þ þ þ þ
Assessment of outcome? þ þ þ þ þ þ
Was follow-up long enough for outcome to occur? þ þ þ þ þ þ
Adequacy of follow-up of cohorts? þ þ þ þ þ þ

Table 3
Characteristics of studies assessing microscopically positive surgical margins and recurrence in completely resected well differentiated thyroid cancer.

Hong et al. [11] Radowsky et al. [12] Wang et al. [13] Suh et al. [14] Lang et al. [15] Kluijfhout et al. [16]

Year 2012 2013 2015 2015 2016 2016
Number of patients 197 218 2616 3381 638 684
Mean time of follow-up

(range) (months)
86 (12e101) 37 to 82 50 (1e330) 67 (25e121) 130 46

% Female sex 93 73 74 84 75 81
% of PTC 100 100 96 100 100 91
% T1/2 stage 38 92 62 44 72 100
% pN þ stage 46 69 34 35 34 27
% ETE 56 NR 33 55 27 NR
% TT 100 86 100 100 100 100
% Low risk ATA group 19 NR 42 NR 59 NR
% CND 52 NR NR 100 NR 30
% MRND 15 NR NR 3 NR 13
% MPSM 6 7 10 NR 16 11
% RAI (RAI in MPSM vs RAI

in MNSM)
100 (100 vs 100) 84 (89 vs 81) 52 (76 vs 56) 62 (NR) 50 (78 vs 45) 56 (60 vs 51)

% Local recurrence 0 7a 0,5 0.1 0 0,1
% Nodal recurrence 19,7 NR 3,4 7,4
Association of MPSM with

recurrence
Not for locoregional
recurrence in
univariate analysis

Not for locoregional
recurrence in
univariate analysis

Not for local
recurrence in
multivariate analysis

Not for locoregional
recurrence in
multivariate analysis

Not for local
recurrence in
multivariate analysis

Not for locoregional
recurrence in
multivariate analysis

PTC: papillary thyroid carcinoma; pNþ: pathological positive lymph nodes; TT: total thyroidectomy; ETE: extrathyroid extension; CND: central neck dissection; MRND: lateral
modified radical neck dissection; MPSM: microscopic positive surgical margins; RAI: radioactive iodine; NR: not reported.

a There was no discrimination of local or nodal recurrence.

Fig. 2. Forest plot for association between microscopic positive surgical margin and local recurrence in well differentiated thyroid carcinoma.
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lymphovascular invasion. Hong et al. [11] studied 197 patients.
Patients with MPSM showed a higher frequency of ETE (100% vs
54%), more advanced (T3/4) classification of primary disease (100%
vs 57%%), more Nþ tumors (66.6% vs 44.3%) and a higher ATA
classification (100% vs 80%). The frequency of early nodal recur-
rence (<1 year of follow-up) was higher for the MPSM group (25%
vs 5.9%); however, no difference was observed in late recurrence
frequency (8.3% vs 13%). The authors demonstrated a lower recur-
rence free survival for the MPSM group (66.7% vs 81.1%) but did not
conduct a multivariate analysis that adjusted for other pathologic
factors. Suh et al. [14] studied 3381 patients with PTC. After a
multivariate analysis, MPSM was not significantly associated with
recurrence when adjusted for size and ETE. Radowsky et al. [12]
studied 218 patients. Patients withMPSM had a higher frequency of
tumors >4 cm (16% vs 5%) and more Nþ tumors (32% vs 26%);
however, no differences were observed in terms of recurrence (6%
vs 4%).

There was a high variability in use of RAI treatment (50e100%)
and it could be suggested that the eventual negative effect of MPSM
on local recurrence may have been affected by the RAI treatment.
Although the MPSM groups received more RAI, this was not
correlatedwith a lower frequency of local recurrence in studies that
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included multivariate analysis [13e16] and, in those without this
analysis [11,12] the differences in RAI use were not statistically
significant as shown in Table 3.

In general, the MPSM group had a higher frequency of other
adverse factors including ETE and LVI, which may also explain the
higher use of RAI. However, multivariate analysis adjusting with
these factors, didn't show a statistically significant effect of MPSM
on local recurrence.

The overall frequency of MPSM was 9.6%, while the overall
frequency of local recurrencewas 0.3%, i.e., 32 times less frequent. A
meta-analysis of these studies with more than 7600 patients found
a risk difference in local recurrence of 0%, with a confidence interval
that crosses the line-of-no-effect (not statistically significant). The
methodological quality of the included studies was good, and no
publication bias was detected. Even after sensitivity analysis by
quality, subgroup analysis by T classification and multivariate sta-
tistical adjustment by adverse factors as ETE and LVI the results
were consistent.

These results are important due to the high frequency of path-
ological reports describing MPSM after a complete resection and in
the absence of lymphovascular or extrathyroid extension. Some
clinicians interpret this finding as an adverse prognostic factor and
consequently advise adjuvant treatment. The most recent guide-
lines [23e26] do not address this question, so the present infor-
mation offers data to avoid potential overtreatment.

Some clarifications are necessary to interpret these results. As
the rate of local recurrence was low, it is possible that lack of power
was still present, even with the large number of patients analyzed.
However, to get a larger population seems difficult and would only
narrow the limits of the confidence interval. With a risk difference
of 0% in the rate of local recurrence and without histological
adverse factors, the effect of MPSM after a complete thyroidectomy
is imperceptible and clinically insignificant.

The impact of these results in clinical practice should be taken in
account. As the expected difference of local recurrence in absolute
numbers was close to 0%, the use of RAI in such cases based on this
finding alone should be questioned. In addition, when primary
surgical therapy is thyroid lobectomy and an isolated MPSM is
identified, the need for completion thyroidectomy to facilitate RAI
should also be challenged.

The most important weakness of this study is the observational
design of the primary studies included in the systematic review.
Observational studies are prone to selection and verification bias
[27]. If studies are combined, it is possible to amplify the effect of
these biases. We tried to decrease the risk of bias with a strict se-
lection of studies, a methodological quality assessment (the New-
castle-Ottawa score), adherence to published guidelines (MOOSE)
and a conservative analysis (random effects model). On the other
hand, to solve this research question, it is impractical to design an
RCT; thus, observational studies are the only potential data source.
Moreover, we used the GRADEmethodology as amore objective tool
of evaluation of evidence because it considers methodological
quality, inconsistency, imprecision and indirectness.

In conclusion, in six observational studies of good methodolog-
ical quality, we found no statistically significant prognostic effect of
MPSM on local recurrence in patients with early WDTC who un-
derwent total thyroidectomy. Our results suggest that when a low
risk thyroid cancer is excised and the surgeon is happy regarding the
completeness of excision, thefinding ofMPSM in absence of adverse
factors as ETE and LVI on histopathological examination should not
be considered an indication for adjuvant therapy.

Conflict of interest

Authors don't have conflict of interest.
Funding

No external funding to this study.
References

[1] Anderson CR, Sisson KMoncrieff M. A meta-analysis of margin size and local
recurrence in oral squamous cell carcinoma. Oral Oncol 2015;51:464e9.

[2] Kwok P, Gleich O, Hubner GStrutz J. Prognostic importance of "clear versus
revised margins" in oral and pharyngeal cancer. Head Neck 2010;32:1479e84.

[3] Pfreundner L, Willner J, Marx A, Hoppe F, Beckmann GFlentje M. The influence
of the radicality of resection and dose of postoperative radiation therapy on
local control and survival in carcinomas of the upper aerodigestive tract. Int J
Radiat Oncol Biol Phys 2000;47:1287e97.

[4] Hall SF, Irish JC, Groome PAUrbach DR. Practice patterns in the management of
patients with differentiated thyroid cancer in ontario Canada 2000-2008.
J Otolaryngol Head Neck Surg 2014;43:29.

[5] Haymart MR, Banerjee M, Yang D, Stewart AK, Sisson JC, Koenig RJ, et al.
Variation in the management of thyroid cancer. J Clin Endocrinol Metab
2013;98:2001e8.

[6] Ito Y, Miyauchi A, Inoue H, Fukushima M, Kihara M, Higashiyama T, et al. An
observational trial for papillary thyroid microcarcinoma in Japanese patients.
World J Surg 2010;34:28e35.

[7] Freschi G, Landi L, Castagnoli A, Taddei A, Bechi PBucciarelli G. Advanced
thyroid carcinoma: an experience of 385 cases. Eur J Surg Oncol 2006;32:
577e82.

[8] Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting.
Meta-analysis of observational studies in epidemiology (moose) group. J Am
Med Assoc 2000;283:2008e12.

[9] Stang A. Critical evaluation of the newcastle-ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol
2010;25:603e5.

[10] Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
Grade: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ 2008;336:924e6.

[11] Hong CM, Ahn BC, Park JY, Jeong SY, Lee SWLee J. Prognostic implications of
microscopic involvement of surgical resection margin in patients with
differentiated papillary thyroid cancer after high-dose radioactive iodine
ablation. Ann Nucl Med 2012;26:311e8.

[12] Radowsky JS, Howard RS, Burch HBStojadinovic A. Impact of degree of
extrathyroidal extension of disease on papillary thyroid cancer outcome.
Thyroid 2014;24:241e4.

[13] Wang LY, Ghossein R, Palmer FL, Nixon IJ, Tuttle RM, Shaha AR, et al. Micro-
scopic positive margins in differentiated thyroid cancer is not an independent
predictor of local failure. Thyroid 2015;25:993e8.

[14] Suh YJ, Kwon H, Kim SJ, Choi JY, Lee KE, Park YJ, et al. Factors affecting the
locoregional recurrence of conventional papillary thyroid carcinoma after
surgery: a retrospective analysis of 3381 patients. Ann Surg Oncol 2015;22:
3543e9.

[15] Lang BH, Shek TWWan KY. Does microscopically involved margin increase
disease recurrence after curative surgery in papillary thyroid carcinoma?
J Surg Oncol 2016;113:635e9.

[16] Kluijfhout WP, Pasternak JD, Kwon JS, Lim J, Shen WT, Gosnell JE, et al.
Microscopic positive tumor margin does not increase the risk of recurrence in
patients with t1-t2 well-differentiated thyroid cancer. Ann Surg Oncol
2016;23:1446e51.

[17] Tsang RW, Brierley JD, Simpson WJ, Panzarella T, Gospodarowicz
MKSutcliffe SB. The effects of surgery, radioiodine, and external radiation
therapy on the clinical outcome of patients with differentiated thyroid car-
cinoma. Cancer 1998;82:375e88.

[18] Hartl DM, Zago S, Leboulleux S, Mirghani H, Deandreis D, Baudin E, et al.
Resection margins and prognosis in locally invasive thyroid cancer. Head Neck
2014;36:1034e8.

[19] Hay ID, Johnson TR, Thompson GB, Sebo TJReinalda MS. Minimal extrathyroid
extension in papillary thyroid carcinoma does not result in increased rates of
either cause-specific mortality or postoperative tumor recurrence. Surgery
2016;159:11e9.

[20] Brauckhoff M, Machens A, Thanh PN, Lorenz K, Schmeil A, Stratmann M, et al.
Impact of extent of resection for thyroid cancer invading the aerodigestive
tract on surgical morbidity, local recurrence, and cancer-specific survival.
Surgery 2010;148:1257e66.

[21] Kim BY, Choi JE, Lee E, Son YI, Baek CH, Kim SW, et al. Prognostic factors for
recurrence of locally advanced differentiated thyroid cancer. J Surg Oncol
2017;116:877e83.

[22] Wang LY, Nixon IJ, Patel SG, Palmer FL, Tuttle RM, Shaha A, et al. Operative
management of locally advanced, differentiated thyroid cancer. Surgery
2016;160:738e46.

[23] Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 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.

http://refhub.elsevier.com/S0748-7983(19)30276-8/sref1
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref1
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref1
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref2
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref2
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref2
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref4
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref4
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref4
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref7
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref7
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref7
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref7
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref23


A. Sanabria et al. / European Journal of Surgical Oncology 45 (2019) 1310e13161316
[24] Mitchell AL, Gandhi A, Scott-Coombes DPerros P. Management of thyroid
cancer: United Kingdom national multidisciplinary guidelines. J Laryngol Otol
2016;130:S150e60.

[25] Yoo JYStang MT. Current guidelines for postoperative treatment and follow-
up of well-differentiated thyroid cancer. Surg Oncol Clin 2016;25:41e59.

[26] Pacini F, Castagna MG, Brilli L, Pentheroudakis GGroup EGW. Thyroid cancer:
Esmo clinical practice guidelines for diagnosis, treatment and follow-up. Ann
Oncol 2012;23(Suppl 7). vii110ev119.

[27] Carmona-Bayonas A, Jimenez-Fonseca P, Fernandez-Somoano A, Alvarez-
Mancenido F, Castanon E, Custodio A, et al. Top ten errors of statistical analysis
in observational studies for cancer research. Clin Transl Oncol 2018;20(8):
954e65. https://doi.org/10.1007/s12094-017-1817-9.

http://refhub.elsevier.com/S0748-7983(19)30276-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30276-8/sref26
https://doi.org/10.1007/s12094-017-1817-9

	Microscopically positive surgical margins and local recurrence in thyroid cancer. A meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Statistics

	Results
	Methodological quality
	Outcomes

	Discussion
	Conflict of interest
	Funding
	References


