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Abstract

Introduction: Sporadic medullary thyroid cancer accounts for 75% of all medullary thyroid cancers and presents at a
more advanced disease stage than its hereditary counterparts. Yet there is little evidence to support risk stratification
of patients according to risk of recurrence.

Methods: A systematic review and meta-analysis was performed investigating clinical and pathological factors that
are associated with recurrent disease in patients with medullary thyroid cancer.

Results: 10 studies totalling 458 patients were included in the meta-analyses. T3 and T4 disease (OR 9.33 (95% Cl 2.5
-34.82) p=0.0009.), AJCC stage lll and IV disease (OR 13.34 (95% Cl 2.9 - 60.3) p=0.0008) and the presence of nodal
disease (OR 7.28 (95% Cl 7.2-43.3) p=0.03) were all associated with recurrent disease. RET mutations (OR 0.08 (95%
C1-0.03-0.19) p=0.17) and RET 918 T mutations (OR 1.77 (95% Cl 0.804.0) P=0.17) were not associated with disease
recurrence. It was not possible to pool data with respect to extrathyroidal extension, extracapsular extension, peri-
neural and lymphovascular invasion and RAS mutations.

Conclusion: T3 and T4 disease, AJCC stage Ill and IV disease and the presence of nodal disease are associated with
recurrent disease. The heterogeneous reporting of recurrence and the lack of individual patient data precludes larger
scale meta-analyses. Future research in this area should involve collaboration to establish standardised definitions of
disease recurrence.
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Introduction hereditary MTC where prophylactic surgery can be

Rationale

Medullary thyroid cancer (MTC) is a neuroendocrine
tumour of the parafollicular C cells accounting for 1-2%
of thyroid cancers [1]. Whilst 25% of MTC is hereditary
and caused by germline variants in the RET proto-onco-
gene, the majority occurs sporadically (sMTC) [2]. Unlike
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offered based on germline RET mutation status, sMTC
presents clinically or incidentally, often with advanced
disease with regional and distant disease rates at presen-
tation of 35% and 13% respectively [3]. As a result, sMTC
has a poorer overall survival at 10 years in comparison
with hereditary disease [4].

Whilst there is broad consensus on the management
of node negative sMTC with a total thyroidectomy and
central nodal clearance, there are international diver-
gences. For example, there are subtle differences in the
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role of prophylactic neck dissection as well as the role of
hemithyroidectomy alone for the management of small
tumours [1, 5]. This highlights the some of the uncer-
tainty in identifying patients who may be at higher risk of
recurrent disease.

Broadly speaking, patients with sMTC have one of
three potential responses to initial treatment which can
impact on prognosis; excellent, biochemically incom-
plete or structurally incomplete response [6]. Whilst the
presence of a recordable and rising calcitonin, as well as
persistent structural disease impacts on prognosis, a bet-
ter understanding of why some sMTCs recur following
treatment despite an excellent response to initial ther-
apy may allow for high risk patients to be targeted for
more aggressive treatment on an individual basis. Whilst
a systematic review and meta-analysis has investigated
factors predicting recurrent disease in sMTC, this study
was contaminated by the pooling of patients with recur-
rent, persistent and progressive disease [7]. Therefore,
the extent to which we can make these decisions based
on the published data is not clear. This review aims to
provide an analysis of factors that may aid in identifying
patients at risk of recurrence and therefore who may ben-
efit from more intensive therapeutic strategies.

Objectives

We aim to investigate the relevance of clinicopathological
factors that influence recurrence in patients with sMTC.
The PICO criteria for this study are outlined below:

Participants
Participants were patients with a diagnosis of sporadic
medullary thyroid cancer.

Intervention

There was no specific intervention being measured. How-
ever, we measured a number of clinicopathological fac-
tors including TNM staging, disease stage, extrathyroidal
extension, extracapsular extension, peri-neural and lym-
phovascular invasion and RET/RAS mutation status. We
did not expect all studies to report on all characteristics.

Comparator
Comparator groups were patients without the exposure
of interest that may influence recurrence.

Outcomes

The primary outcome was the presence of recurrent dis-
ease at any time point. There is no standardised defini-
tion of recurrence for sMTC. Recurrence in this study
was defined as clinical or radiological evidence of sMTC
during clinical follow up following an ‘excellent response’
to treatment [6]. Therefore there had been no clinical,
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biochemical or radiological evidence of persistent disease
within 6 months following primary surgery. This is con-
sistent with definitions used by other authors [8].

Methods

Protocol and registration

This review is registered with the PROSPERO inter-
national prospective register of systematic reviews;
CRD42020179396.

Eligibility criteria

Studies were eligible for inclusion based on the PICO cri-
teria outlined in the objectives. Studies were excluded if
they were not English language, not published in the last
25 years, commentaries/editorials/reviews, case stud-
ies or series of < 10 patients with sMTC or where data on
sMTCs could not be extracted. Where data on patients
from a single institution were published multiple times,
the most complete dataset for pathological characteris-
tics was included.

Information sources

The Cochrane Library, Medline (including PubMed
indexed citations) and EMBASE databases were searched
until 09/05/21. Bibliographic searches of studies identi-
fied for inclusion were also undertaken until 09/05/2021.

Search
Search criteria for the MEDLINE database is shown in
additional file 1.

Study selection

Searches were performed by BC. Subsequent screening
and review of full test articles were were performed by
both BC and JE. Any discrepancies were resolved by dis-
cussion including the senior author JS.

Data collection processes

Data extraction was performed using a purpose designed
and piloted proforma written by BC. Data extraction was
performed independently by BC and JF with any dis-
crepancies resolved by discussion including the senior
author. JS Where data extraction was not possible, we
made contact once by email to the corresponding author.

Data items

Data extraction included the author, year of publica-
tion, average age, sex and number of patients. The
clinico-pathological data extracted included patho-
logical Tumour-Node-Metastasis (TNM) stage, AJCC
stage (both extracted as or converted to the 7 edi-
tion), somatic RET and RAS mutation status, pres-
ence of extranodal extension, extrathyroidal extension,
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lymphovascular and perineural invasion. The primary
outcome was the presence of clinical or radiological
evidence of recurrent disease following an excellent
response to treatment.

Persistent disease was not considered as recurrent dis-
ease as it has been in other meta-analyses [7].

Risk of bias in individual studies

There is no internationally recognised gold standard for
bias assessment of non-interventional observational
studies. The Newcastle-Ottawa scale has been used in
a previous review looking at the impact of molecular
genetics on clinical management of sporadic medullary
thyroid cancer [9]. This was therefore chosen for bias
assessment in this systematic review. These assessments
were performed by BC and JE.

Summary measures

The Review manager 5.3 software (Cochrane Collabora-
tion, UK) was used for statistical analysis. Pooled esti-
mates of odds ratios and their 95% confidence intervals
were calculated using a random effects model to help
account for within study heterogeneity.

Synthesis of results

Heterogeneity was assessed using the chi-squared test,
I? statistic and visual inspection of the forest plots. A
significance level of <0.1 was interpreted as evidence of
heterogeneity. Where levels of inconsistency were above
50%, a ‘one out’ sensitivity analysis was performed to test
the robustness of the overall results. This was performed
with respect to expected and observed study heterogene-
ity. In our scoping of the literature, we anticipated het-
erogeneity in the form of.

1) Differing lengths of follow up

2) Different surgical and non-surgical management
strategies over the 25 years of included literature

3) Study quality (risk of bias)

4) Sample sizes

Risk of bias across studies
Publication bias was planned to be assessed using funnel
plots where appropriate.

Results

Study selection

We identified 235 individual studies from our search
strategy and after initial screening identified 99 papers
for full text review. Contact was made by email to 31
groups who had published a total of 39 papers for fur-
ther data. This was provided by one group and was
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subsequently included in our pooled analyses [4].
We were unable to establish contact with the other
authors. Therefore, there were a total of 56 manu-
scripts, many of which were large series, where data
on recurrent disease could not be extracted with
respect to individual clinico-pathological patient char-
acteristics. In total, 10 studies with 458 patients were
included in our meta-analyses.

Study characteristics and risk of bias
Ten studies were identified for pooled analyses in this
systematic review. The characteristics, as well as their
Newcastle Ottawa bias assessment scores, are found in
Table 1.

Our PRISMA flow chart outlining our study selection
is shown in Fig. 1.

Results of individual studies and synthesis of results
Tstage

Six studies totalling 299 patients were considered for meta-
analysis [4, 8, 12-14, 17]. The pooled analysis is shown
in Fig. 2. Patients with T3/T4 disease were significantly
more likely to have recurrent disease in comparison with
those with T1/T2 disease; OR 9.33 (95% CI 2.5 — 34.82)
p=0.0009. There was evidence of significant statistical
heterogeneity when all 6 studies were pooled (I*=81%;
P=0.0004). ‘One out’ sensitivity analysis showed that the
study by Schilling et al (13) was the main driver of this
heterogeneity. This is possibly as a result of persistent
rather than recurrent disease which was unaccounted for
in the manuscript. This study was therefore subsequently
removed. However, this did change the significance of the
result. Further exclusion of the study by Abraham et al.
(10), which included some patients with persistent disease
(but we did not consider this as ‘recurrence’), completely
removed statistical heterogeneity with associated increased
effect size of higher T stage disease (data not shown). How-
ever, since exclusion of Schilling et al. alone met our pre-
determined I* threshold of <50%, it was maintained in the
analysis. The study by Raffel et al. did not include T3 or T4
disease and therefore no odds ratio was estimable.

N Stage

Five studies totalling 274 patients were considered for
meta-analysis [4, 12—14, 17]. Patients with nodal disease
at presentation were significantly more likely to develop
recurrence in comparison to patients with node-nega-
tive disease at presentation; OR 7.28 (95% CI 7.2-43.3)
p=0.03 (Fig. 3). Again, there was evidence of significant
statistical heterogeneity. This was driven by data from Sal-
tiki et al. [4]. Removal of this study resulted in a reduction
of the I? from 65% p=0.02 to 35% p=0.20. The source
of this statistical heterogeneity is unclear. Following
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Fig. 2 Pooled analysis of the impact of T-stage with respect to recurrence in SMTC

discussion with the authors, it does not appear to be due
to the presence of persistent disease. Its removal did not

change the overall significance of our findings.

AJCC stage

Five studies totalling 276 patients were included in this
meta-analysis [4, 12-14, 17]. Patients with stage III/

IV disease were significantly more likely to experience
recurrence than those with stage I/II disease at presenta-
tion; OR 13.34 (95% CI 2.9 — 60.3) p=0.0008 (Fig. 4).

Somatic RET mutation
Data from six studies totalling 218 patients were included
in the meta-analysis [8, 10-12, 14, 15]. The presence ofa
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Nodal Disease  No Nodal Disease Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Dvorakova 2008 22 22 8 25 246% 9265[5.00,1717.41] —_—
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Fig. 3 Pooled analysis of the impact of Nodal disease with respect to recurrence in SMTC

somatic RET mutation was not associated with recur-
rentdisease in comparison to all other cases; OR 0.08(95%
CI -0.03-0.19) p = 0.17 (Fig. 5).

M918T mutation

Data from six studies totalling 213 patients were included
in this meta-analysis [8, 10-12, 14, 16]. The presence of
an M918T RET mutation was not associated with recur-
rent disease compared to all other cases; OR 1.77 (95% CI
0.804.0) P=0.17 (Fig. 6).

RAS mutations, extrathyroidal extension, lymphovascular
invasion, perineural invasion and extranodal extension

We were not able to extract any data on these character-
istics for sMTC with respect to disease recurrence.

Discussion

Summary of results

This rigorous systematic review and meta-analysis has
identified that in patients with sMTC who had an excel-
lent response to their initial treatment, those with T3/4

mniv (1] Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Heterogeneity: Tau®=1.38; Chi*=7.82, df=4 (P=0.10); F= 48% ) t t {
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Fig. 4 Pooled analysis of the impact of AJCC stage with respect to recurrence in SMTC
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Fig.5 Pooled analysis of the impact of somatic RET mutation with respect to recurrence in SMTC
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Fig. 6 Pooled analysis of the impact of M918T with respect to recurrence in SMTC

disease, the presence of nodal disease and AJCC stage
III/IV disease are at a higher risk of recurrence. We did
not find evidence that either somatic RET mutations or
the specific RET M918T were associated with recurrent
disease.

This is broadly consistent with other literature, includ-
ing another recently published systematic review by
Vuong et al. [7]. However, there are some differences,
particularly with respect to RET and RAS mutations. One
key finding from this review is that without a standard
definition of disease recurrence in sMTC, the datasets
available on this topic are heterogeneous. Much of the lit-
erature fails to differentiate recurrent from persistent dis-
ease which are two very different subsets of groups with
different management strategies. This significantly con-
taminates the literature on disease recurrence. Further-
more, as can be seen in Fig. 1, a large number of studies
do not report recurrence with respect to clinico-patho-
logical characteristics in a way that allows for the pooling
of data and only one author contacted provided data in
this manner.

Clinicopathological characteristics

Whilst it is not surprising that patients with later stage
disease are more likely to experience adverse outcomes
in comparison to earlier stage disease, this is the first
study to our knowledge to show that this is the case in
sMTC in the context of recurrence. The majority of
sMTCs present with locoregional and metastatic disease
[2] and therefore many patients are already in higher risk
categories for recurrence. Our findings are consistent
with a large-scale analysis of the American Surveillance,
Epidemiology and End Results (SEER) Program dataset.
This has previously shown that survival correlates with
local, regional and distant disease [18] and therefore
it is reasonable to expect AJCC disease stage correlates
with recurrent disease. What is still unanswered is which

aspect of staging may be the most important factor. In
our meta-analysis, stage III and IV AJCC staging had the
highest odds ratio for recurrence rather than T3 or 4 dis-
ease or the presence of nodal disease alone. However, we
cannot comment on degree to which each contributes to
the risk of recurrence.

Mutational analyses

We did not demonstrate that patients with somatic RET
mutations or the specific mutation RET M918T pre-
dicted a higher risk of recurrent disease. This contradicts
the findings of a recent meta-analysis by Vuong et al. [7]
which found that any RET mutation including M918T is
associated with recurrent disease. There are a number of
possible explanations for this discrepancy. Firstly, their
definition of recurrence differed from our own. We spe-
cifically investigated recurrence as defined in our meth-
ods, whereas Vuong et al. included persistent disease in
their analysis of recurrence. We elected not to class ‘per-
sistent’ disease as recurrence, as the presence of persistent
disease itself selects a group of patients who will already
be managed differently once persistent disease is estab-
lished. Secondly, the only two studies with clear positive
results in their analysis were from Zedenius et al. [19]
and from Elisei et al. [20]. Neither of these studies inves-
tigated recurrent disease but censored their outcomes if
patients were ‘not cured’ or had ‘persistent disease. This
also affected other studies in their analysis by Cho et al.
[21] and Moura et al. [22] and Cavedon et al. [23]. Finally,
Chuang et al. [24] which had less than 10 patients was
included in their study but was excluded in ours.

Two studies reported only RET M918T mutational sta-
tus. These were included in the pooled analyses for both
the overall RET and RET M918T mutation status [10, 14].
Their removal from the overall RET mutation analyses
did not affect the significance of the result, although it
did reduce I* to 0%.
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We attempted to pool data on RAS mutations. How-
ever, no study was eligible for inclusion as none reported
on recurrent disease as we defined it. Of the three stud-
ies included in the Vuong et al meta-analysis, two [25,
26] were contaminated with cases of persistent disease
and therefore had a different case definition to the current
study, and the other did not measure recurrent disease [23].

Impact on initial surgical management and adjuvant
therapy

The British Thyroid Association recommends that
patients with sMTC should be offered a total thyroid-
ectomy and central nodal clearance with lateral neck
clearance if there is evidence of central nodal disease or
ipsilateral lateral neck involvement [5]. Management of
the contralateral neck is more controversial. The Ameri-
can Thyroid Association management guidelines suggest
offering a contralateral neck dissection if basal calcitonin
levels are >200 pg/mL [1]. However, the British Thyroid
Association do not make such an assertion noting that
contralateral neck dissection may increase the chance of
biochemical cure but have a limited impact on survival
[5]. We have found that patients with T3/T4, N1 and
stage III/IV disease are at increased risk of recurrence in
those who have had an excellent response to treatment.
Whilst decision-making in locally advanced disease can
be straightforward with the need for radical resection of
loco-regional disease, it remains to be seen if risk factors
can be used to stratify patients into groups that may ben-
efit from more aggressive surgical management.

Limitations

Firstly, despite a large number of studies potentially eligi-
ble for inclusion on full text review, we were only able to
extract data from 10 manuscripts. We found that whilst
studies often included a number of outcome variables
and may have reported recurrence, more often than not,
they failed to report results in a way amenable to pool-
ing for meta-analysis. For example, some studies pro-
vided unseparated data on cases of sporadic and familial
MTC, whilst others did not report recurrence. Where
recurrence was reported, it was often not reported in a
way which allowed data to be pooled with respect to indi-
vidual clinicopathological or mutational characteristics,
or was confounded by persistent disease. We attempted
to mitigate this by contacting authors for further data.
We contacted 34 groups (totalling 39 manuscripts) offer-
ing the opportunity for inclusion of their work in this
analysis. We received three replies with only one group
able to provide data. This explains the absence of large
datasets, including recently published studies [27] from
groups who have contributed valuable work in this field.
As a result, there may be some degree of publication bias
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given how few studies were included. However, this could
not be formally assessed as there were inadequate num-
bers of included studies to accurately assess funnel plots
or to perform regression-based assessments. Therefore,
we are unable to comment on when patients recur, and
patterns of recurrence. What is clear is that if a more in-
depth risk profiling of recurrence in this rare disease is
going to be established, it will require a multi-centre col-
laborative approach with open data sharing.

Secondly, there are large confidence intervals for the
clinico-pathological characteristics we have explored.
The exception for this is the mutational analyses where
these intervals are smaller. Whilst we can be confident
in the data presented, we have refrained from making
firm assertions regarding the strength of these associa-
tions. We certainly cannot, from this data, explore the
relationship between these characteristics and disease
recurrence.

Thirdly, with recent advancements in imaging, more
modern studies may be more likely to identify recur-
rence. Therefore, there may be an underestimation of
recurrence in the earlier literature. However, only three
of the average follow-up times recorded was less than five
years and all were more than 2.5 years. Therefore, many
patients with recurrent disease would have had time to
develop identifiable disease to be included in this study.

Additionally, it was unclear how some cases were col-
lected, such as whether they were consecutive. This could
be particularly important, for example, in data looking
retrospectively at RET mutations that rely on the avail-
ability of stored tissue. It may be that more tissue is avail-
able in larger tumour specimens that themselves may
indicate more aggressive disease and therefore be subject
to selection bias.

Finally, one potential criticism of this review is the
omission of calcitonin from analyses. Large series sug-
gest that the failure to achieve biochemical remission is
an important predictor of recurrent disease in familial
and non-familial disease [28]. However, throughout this
review, we have been concerned regarding the defini-
tions of recurrence throughout the literature. A failure
to achieve biochemical remission within 6 months sug-
gests persistent disease, as opposed to recurrence follow-
ing biochemical cure. Therefore, this group of patients
are a subgroup in their own right that merit investiga-
tion regarding factors contributing to disease recurrence.
Chen et al.have recently suggested that the early ratio
of pre and post-operative calcitonin can predict which
patients develop structurally identifiable disease follow-
ing a biochemically incomplete response to treatment
and this requires validation in other cohorts [29]. With
respect to allcomers with sMTC, we suggest that in addi-
tion to overall and disease-free survival, progression-free
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survival would be a particularly important outcome
measure to consider in any future trials. This will at least
partly account for stable persistent vs progressive persis-
tent disease in patients with a biochemically incomplete
response to treatment.

Conclusions

Patients with T3/T4, node positive and AJCC stage III/
IV sMTCs are at increased risk of recurrence following
an excellent response to initial therapy compared with
their early disease counterparts. There are a number of
limitations in the sSMTC literature with regards to out-
come reporting in recurrent disease and future research
should focus on collaboration to enable further compari-
sons with larger datasets with standardised definitions of
recurrence. Whilst disease stage is a significant prognos-
tic factor with respect to recurrence, in the future there
may be subgroups who could be targeted for more radi-
cal upfront treatment, early systemic treatment or more
intense surveillance.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513044-022-00130-8.

[ Additional file 1. }

Acknowledgements

We would like to thank Katerina Saltiki and her colleagues for provid-
ing us with additional data not reported in their original manuscript for
meta-analysis.

Authors’ contributions

Study design: BC, JF and JS. Data extraction: BC and JF. Data analysis: BC. Data
interpretation: all authors. Wrote manuscript: BC. Reviewed manuscript: all
authors. The author(s) read and approved the final manuscript.

Funding
The article processing fees have been covered by Exeter University.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Newcastle Hospitals NHS Foundation Trust, Newcastle, UK. 2Universi‘[y Hos-
pital of Birmingham, Birmingham, UK. *Royal Marsden Hospital, London, UK.
4Chris O'Brien Lifehouse, Sydney, Australia. 5Royal Devon and Exeter Hospital,
Exeter University, Exeter, UK.

Page 9 of 10

Received: 16 January 2022 Accepted: 31 May 2022
Published online: 22 July 2022

References

1. Wells SA, Asa SL, Dralle H, Elisei R, Evans DB, Gagel RF, et al. Revised Ameri-
can thyroid association guidelines for the management of medullary
thyroid carcinoma: the American thyroid association guidelines task force
on medullary thyroid carcinoma. Thyroid. 2015;25:567-610.

2. Roman S, Lin R, Sosa JA. Prognosis of medullary thyroid carcinoma:
Demographic, clinical, and pathologic predictors of survival in 1252
cases. Cancer. 2006;107:2134-42.

3. Pelizzo MR, Boschin IM, Bernante P, Toniato A, Piotto A, Pagetta C, et al. Nat-
ural history, diagnosis, treatment and outcome of medullary thyroid cancer:
37 years experience on 157 patients. Eur J Surg Oncol EJSO. 2007,33:493-7.

4. Saltiki K, Simeakis G, Anagnostou E, Zapanti E, Anastasiou E, Alevizaki M.
Different outcomes in sporadic versus familial medullary thyroid cancer.
Head Neck. 2019;41(1):154-61.

5. Perros P, Boelaert K, Colley S, Evans C, Evans RM, Gerrard BAG, et al.
Guidelines for the management of thyroid cancer. Clin Endocrinol (Oxf).
2014;81:1-122.

6. Lindsey SC, Ganly I, Palmer F, Tuttle RM. Response to initial therapy
predicts clinical outcomes in medullary thyroid cancer. Thyroid.
2015;25:242-9.

7. Vuong HG, Odate T, Ngo HTT, Pham TQ, Tran TTK, Mochizuki K, et al. Clini-
cal significance of RET and RAS mutations in sporadic medullary thyroid
carcinoma: a meta-analysis. Endocr Relat Cancer. 2018;25:633-41.

8. Abraham D, Jackson N, Gundara JS, Zhao J, Gill AJ, Delbridge L, et al.
MicroRNA profiling of sporadic and hereditary medullary thyroid cancer
identifies predictors of nodal metastasis, prognosis, and potential thera-
peutic targets. Clin Cancer Res. 2011;17:4772-81.

9. Fussey JM, Vaidya B, Kim D, Clark J, Ellard S, Smith JA. The role of molecu-
lar genetics in the clinical management of sporadic medullary thyroid
carcinoma: A systematic review. Clin Endocrinol (Oxf). 2019;91:697-707.

10. Grubbs EG, Williams MD, Scheet P, Vattathil S, Perrier ND, Lee JE, et al.
Role of CDKN2C Copy number in sporadic medullary thyroid carcinoma.
Thyroid. 2016;26:1553-62.

11. Simbolo M, Mian C, Barollo S, Fassan M, Mafficini A, Neves D, et al.
High-throughput mutation profiling improves diagnostic stratification
of sporadic medullary thyroid carcinomas. Virchows Arch Int J Pathol.
2014;465:73-8.

12. Dvorakova S, Vaclavikova E, Sykorova V, Vicelak J, Novak Z, Duskova J, et al.
Somatic mutations in the RET proto-oncogene in sporadic medullary
thyroid carcinomas. Mol Cell Endocrinol. 2008;284:21-7.

13. Raffel A, Cupisti K, Krausch M, Wolf A, Schulte K-M, Roher H-D. Incidentally
found medullary thyroid cancer: treatment rationale for small tumors.
World J Surg. 2004,28:397-401.

14. Schilling T, Birck J, Sinn HP, Clemens A, Otto HF, Hoppner W, et al. Prog-
nostic value of codon 918 (ATG->ACG) RET proto-oncogene mutations
in sporadic medullary thyroid carcinoma. Int J Cancer. 2001;95:62-6.

15. Uchino S, Noguchi S, Yamashita H, Sato M, Adachi M, Yamashita H, et al.
Somatic mutations in ret exons 12 and 15 in sporadic medullary thyroid
carcinomas: different spectrum of mutations in sporadic type from
hereditary type. Jon J Cancer Res. 1999,90:1231-7.

16. Uchino S, Noguchi S, Adachi M, Sato M, Yamashita H, Watanabe S, et al.
Novel point mutations and allele loss at the RET locus in sporadic medul-
lary thyroid carcinomas. Jpn J Cancer Res. 1998;89:411-8.

17. Romei C. Somatic mutations of the ret protooncogene in sporadic med-
ullary thyroid carcinoma are not restricted to exon 16 and are associated
with tumor recurrence. J Clin Endocrinol Metab. 1996,81:1619-22.

18. Gilliland FD, Hunt WC, Morris DM, Key CR. Prognostic factors for thyroid
carcinoma. A population-based study of 15,698 cases from the Surveil-
lance, Epidemiology and End Results (SEER) program 1973-1991. Cancer.
1997,79:564-73.

19. Zedenius J. Mutations of codon 918 in the RET proto-oncogene correlate
to poor prognosis in sporadic medullary thyroid carcinomas. J Clin Endo-
crinol Metab. 1995;80:3088-90.

20. Elisei R, Cosci B, Romei C, Bottici V, Renzini G, Molinaro E, et al. Prognostic
significance of somatic RET oncogene mutations in sporadic medullary


https://doi.org/10.1186/s13044-022-00130-8
https://doi.org/10.1186/s13044-022-00130-8

Cosway et al. Thyroid Research

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2022) 15:12

thyroid cancer: a 10-year follow-up study. J Clin Endocrinol Metab.
2008;93:682-7 Oxford University Press.

Cho NH, Lee HW, Lim SY, Kang S, Jung WY, Park CS. Genetic aberrance of
sporadic MEN 2A component tumours: analysis of RET. Pathology (Phila).
2005;37:10-3 Taylor & Francis.

Moura M, Cavaco B, Pinto A, Domingues R, Santos J, Cid M, et al. Cor-
relation of RET somatic mutations with clinicopathological features in
sporadic medullary thyroid carcinomas. Br J Cancer Nature Publishing
Group. 2009;100:1777-83.

Cavedon E, Barollo S, Bertazza L, Pennelli G, Galuppini F, Watutantrige-
Fernando S, et al. Prognostic impact of miR-224 and RAS mutations in
medullary thyroid carcinoma. Int J Endocrinol. 2017,2017:1-9.

Chuang L-L, Hwang D-Y, Tsai K-B, Chan H-M, Chiang F-Y, Hsiao P-J.

A cohort study on 10-year survival of sporadic medullary thyroid
carcinoma with somatic RET mutation. Kaohsiung J Med Sci Elsevier.
2016;32:545-51.

Ciampi R, Mian C, Fugazzola L, Cosci B, Romei C, Barollo S, et al. Evidence
of a low prevalence of RAS mutations in a large medullary thyroid cancer
series. Thyroid. 2013;23:50-7.

Moura MM, Cavaco BM, Pinto AE, Leite V. High prevalence of RAS muta-
tions in RET -negative sporadic medullary thyroid carcinomas. J Clin
Endocrinol Metab. 2011;96:E863-8.

Ciampi R, Romei C, Ramone T, Prete A, Tacito A, CappagliV, et al. Genetic
Landscape of Somatic Mutations in a Large Cohort of Sporadic Medullary
Thyroid Carcinomas Studied by Next-Generation Targeted Sequencing.
iScience. 2019,20:324-36.

Jung KY, Kim S-M, Yoo WS, Kim B-W, Lee YS, Kim KW, et al. Postoperative
biochemical remission of serum calcitonin is the best predictive factor for
recurrence-free survival of medullary thyroid cancer: a large-scale retro-
spective analysis over 30 years. Clin Endocrinol (Oxf). 2016;84:587-97.
Chen L, Sun W, Qian K, Guo K, Sun T, Wu VI, et al. High Ratio of Early Post-
operative Calcitonin to Preoperative Calcitonin Could be a Novel Indica-
tor of Poor Prognosis in Patients with Biochemical Incomplete Responses
in Sporadic Medullary Thyroid Cancer. Endocr Pract. 2020,26:738-47.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Sporadic medullary thyroid cancer: a systematic review and meta-analysis of clinico-pathological and mutational characteristics predicting recurrence
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Rationale
	Objectives
	Participants
	Intervention
	Comparator
	Outcomes

	Methods
	Protocol and registration
	Eligibility criteria
	Information sources
	Search
	Study selection
	Data collection processes
	Data items
	Risk of bias in individual studies
	Summary measures
	Synthesis of results
	Risk of bias across studies

	Results
	Study selection
	Study characteristics and risk of bias
	Results of individual studies and synthesis of results
	T stage
	N Stage
	AJCC stage
	Somatic RET mutation
	M918T mutation
	RAS mutations, extrathyroidal extension, lymphovascular invasion, perineural invasion and extranodal extension


	Discussion
	Summary of results
	Clinicopathological characteristics
	Mutational analyses
	Impact on initial surgical management and adjuvant therapy
	Limitations

	Conclusions
	Acknowledgements
	References


