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by-case basis.
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1 | INTRODUCTION

Carotid body tumors (CBTs, also known as carotid body
chemoreceptor tumor, chemodectomas, or glomus caroti-
cum) are uncommon neuroendocrine tumors of the head
and neck that were first described by Marchandin in
1891." These lesions originate from the extra-adrenal
chromaffin cells of the chemoreceptor system, located
within the adventitia of the posteromedial aspect of the
carotid bifurcation. The reported annual incidence is
1:30 000 and they represent 60%-78% of all head and
neck paragangliomas.>> CBTs are most frequently
benign, unilateral, asymptomatic, highly vascular, slowly
growing (roughly 1 mm/year but may grow faster in per-
sons living at high altitudes),®” non-functional tumors,
usually located in the anterolateral aspect of the neck, at
the level of the carotid bifurcation, from where they can
sometimes grow upwards into the parapharyngeal space
and/or in close relationships with the skull base and
cranial nerves IX, X, XI, and XII. CBT may be distin-
guished as sporadic (the most frequent form, usually
diagnosed with a peak around the 5th decade), familial
(mostly diagnosed at a younger age, roughly 30% of the
overall CBTs, and known for frequently bilateral occur-
rence, in combination with vagal and jugulo-tympanic
paragangliomas as well as pheochromocytomas), and
hyperplastic (secondary to chronic hypoxia in subjects
with long-lasting lung disease or living at high altitude).
From the surgical point of view, the most accepted
three-tiered classification by Shamblin describes the extent
to which these tumors encase the common (CCA), inter-
nal (ICA), external carotid arteries (ECA), and associated
cranial nerves.® According to this classification, Shamblin
I CBTs grow in between the ECA and ICA without signifi-
cantly encircling their circumference, Shamblin II lesions
surround about 180° of both vessels, while Shamblin III
tumors encase the ECA, ICA, CCA, and adjacent vagal
and hypoglossal nerves.® Increasing Shamblin classifica-
tion levels parallels increasing intraoperative technical

and 6th decades, with a higher prevalence of females. MCBTs were mostly
Shamblin III, with nodal and distant metastasis in 79.7% and 44.7%, respec-
tively. Malignancy should be suspected if CBT >4 cm, Shamblin III, painful or
otherwise symptomatic, at the extremes of age, bilateral, with multifocal
disease, and SDHx mutations. Levels II-III clearance should be performed
to exclude nodal metastases and adjuvant treatments considered on a case-

carotid body tumor, malignant, metastasis, surgery, systematic review

difficulty and complication rates. Recently, Mehanna et al.
developed and validated a classification and risk stratifica-
tion system to better predict combined risk of neurological
and neurovascular complications following CBT resec-
tion.” This system is based on the assumption that one of
the main determinants of complications in surgery for
CBT is its cranial extension. Therefore, based on the high-
est anatomical landmark reached by the most cranial part
of the lesion, this classification entails Types I to IV CBTs
according to their reaching of the hyoid bone, angle of the
mandible, upper aspect of the body of the second cervical
vertebra, or above that level. Additional subscript letters
can be added to the type of CBT, including E (encircling
carotid bifurcation, CCA or ICA, i.e., Shamblin III), F
(functional tumor secreting catecholamines), and S (skull
base reached or involved).

Malignant CBT (MCBT) is an even rarer diagnosis
(representing 4.1% of CBTs in the largest meta-analysis
so far available in the literature),’® with an incidence
reported to be around 0.02 cases per 100 000 persons per
year in a recent study performed on patients from the
SEER database."’ Most MCBTs result from a germline
mutation in one of the succinate dehydrogenase (SDH)
genes (SDHA, SDHB, SDHC, and SDHD) which encode
the four subunits of the above mentioned enzyme.'*'*
SDHB mutations are known to be associated with malig-
nant behavior (with a rate from 30% to 70%)."> A diagno-
sis of MCBT, however, is not based on histological
features (like degree of vascularization, invasion of
surrounding vascular and/or soft tissues, mitotic rate,
staining for specific proteins or identification of other
known markers) but, rather, on the detection of histologi-
cally proven metastases to the adjacent neck lymph nodes
(mostly within levels IIA-B and III) or distant sites (bone,
lung, liver, kidney, retroperitoneum, or brain among the
commonest), even though there is no general consensus
on the relative frequency of the two clinical scenarios.

Apart from different presentation and clinical history,
many aspects related to overall behavior and clinical
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management of MCBTs are scarcely known and only
sparsely reported in the literature due to the rarity of the
disease and its frequently late diagnosis (i.e. when
regional and/or distant metastases occur). The primary
objective of this paper was therefore to perform a system-
atic review (SR) of current knowledge regarding presen-
tation, treatment, and survival of patients affected by
MCBTs initially approached by surgery, providing pooled
proportions of the most relevant characteristics.

2 | METHODS

2.1 | Article collection

A SR of the literature was conducted according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement.'® The search was
conducted on the PubMed, Scopus, and Web of Science
online databases, and updated on August 31, 2023. To
retrieve all publications describing cases of MCBT, the
following query was used: “(malignant OR malignancy
OR cancer OR metastatic OR metastasis) AND carotid
AND (((body OR bulb OR glomus) AND ((tumor OR
tumour OR caroticum)) OR paraganglioma OR chemo-
dectoma) OR glomus caroticum).”

The references of the papers included and relevant
reviews found through the literature search were screened
to find additional original series. The search was con-
ducted by two authors (C.P. and D.L.) who independently
assessed the eligibility of the studies by screening article
titles and abstracts, and then discussed their inclusion by
reading the full-text of the selected publications. Discrep-
ancies were clarified by discussion between authors.

2.2 | Eligibility criteria

The Population/problem, Intervention/exposure, Compari-
son, Outcome, and Study design (PICOS) model was
adopted for the review.'” Selection criteria were: (a) original
articles, including case reports; (b) reporting data on MCBT
initially treated with surgery; and (c) published from
January 1, 2000 to August 31, 2023. Exclusion criteria were:
(a) non-English literature; (b) non-surgical treatments of
MCBTs (i.e., purely palliative management from the begin-
ning due to very advanced systemic disease at diagnosis);
(c) original articles focusing only on radiological, genetic,
clinical or histopathological diagnosis or embolization pro-
cedures; and (d) national/international databases or regis-
tries. Only patients with proven nodal and/or distant
metastasis were considered as MCBTs. In case of duplicated
original data from the same center, the most recent and/or

largest publication was considered. For proportion meta-
analysis (MA), only case series with at least five consecu-
tive cases were considered (Table 1)."*7° All the other
case series describing less than five patients (including
case reports) were considered only for the SR and
detailed in Table S1.>%%1?

2.3 | Quality assessment

The quality of each study included was independently
estimated by two authors (M.T. and D.L.) through the
Joanna Briggs Institute (JBI) checklist for case series.'>
A senior author (C.P.) was consulted in case of discrepan-
cies (Table S2).

2.4 | Data collection and statistical
analysis

Data on study design, number of patients, age, gender,
genetic testing, tumor's maximum diameter, Shamblin
classification, site(s) of metastases, time of malignancy
diagnosis, therapeutic approaches adopted after surgical
resection of the primary tumor, and oncological out-
comes were collected, and a specific database was built.

Proportion MA was conducted through an inverse var-
iance random-effect model based on arcsin transformation
and presented as forest plots. The pooled proportion esti-
mates and corresponding 95% confidence intervals (CIs)
were calculated according to the random-effects models of
DerSimonian and Laird.'* For each study, proportions are
depicted as gray squares, and relative 95% CI as horizontal
lines. The weight of each study on the overall effect esti-
mate is reported and represented by the square size. The
pooled proportions estimates with relative 95% CI are
depicted as black diamonds at the bottom of the Forest
plot. Heterogeneity between studies was assessed with
Higgins I and 7° tests,"> defined as low if <25%, moderate
if between 25% and 50%, and substantial if >50%.'%¢

Publication bias was assessed through funnel plot
assessment and Egger's test.">” Statistical analysis was per-
formed with R (version 4.3.1, R foundation for Statistical
Computing, Vienna, Austria); packages “meta” and “meta-
for.” Statistical significance was defined as p < 0.05.

3 | RESULTS
3.1 | Article collection

The initial literature search yielded 3541 titles (1843 records
came from PubMed, 1215 from Scopus, and 483 from Web
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FIGURE 1 Flowchart showing the
study selection process according to the c o N o
g Records identified through Additional records identified
PRISMA statement. [Color figure can be 8 database searching through other sources
viewed at wileyonlinelibrary.com] = (n = 3541) (n=7)
S
pel
—
\4 A4
—
Records after duplicates removed
(n = 2542)
oo
=
c
Q
o
5]
2 \4
Records screened after Records excluded
non-English articles ,| Dbyarticletitle (n = 1525),
— removed and abstract reading
(n = 2246) (n =269)
£z
)
=)
“ Full-text articles excluded
Full-text articles assessed because duplicated case
- for eligibility > series or insufficient
(n = 452) information
— (n = 320)
°
o v
=
e Studies included in the
- review
(n=132)
—
v v
2 Studies with 25 cases included in Studies with <5 cases or case
%‘ the Systematic Review and Meta- reports included in the Systematic
é analysis (n = 20) Review alone (n = 112)

of Science). Seven papers were added through other
sources. Among these, 1006 articles were excluded because
they were duplicates, and 296 due to publication in a lan-
guage other than English; 1525 articles were excluded after
review of the title, and 269 by the abstract. From the
remaining 452 full-text articles, 320 were excluded because
they did not meet the eligibility criteria. Finally, 132 papers
were considered appropriate for the present SR, for a total
of 337 patients (Figure 1). Among these articles, 20
(158 patients) included 5 or more patients (Table 1)*
and were considered for the proportion MA. The remaining
112 studies (179 patients), represented by case reports or
case series with <5 patients, are reported in Table S1.%%%1%*

3.2 | Quality assessment

Detailed scores according to the JBI checklist'>* for each
article considered in the pooled MA are reported in

Table S2. All included manuscripts were retrospective

case series'®; of these 3 (15%) were multicentric.'®*"*

3.3 | Demographics and clinical
presentation

Overall, 158 patients with MCBTs were included in the
MA from the 20 case series with five or more patients.'* >’
The diagnosis of MCBT in these surgical series was a rare
occurrence, with a pooled proportion of 7.3% (95% CIL:
5.8%-8.9%; I* = 33%). Funnel plot inspection and Egger's
test (p < 0.001) revealed a publication bias.

Regarding demographics, the mean age at the time
of surgery for MCBT was in the 5th decade for three
papers,'®'>** while in the 4th and 6th for one paper
each.>®*® A slightly lower proportion of male patients was
observed (40.4%; 95% CI: 21.4%—61%), but in the presence
of high heterogeneity (I?=65%) and publication bias
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FIGURE 2 Forest plot reporting the pooled proportion of patients affected by Shamblin III MCBTSs at the time of diagnosis, and relative
funnel plot. No publication bias was detected by Egger's test (p = 0.408).
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FIGURE 3 Forest plot reporting the pooled proportion of patients with nodal metastasis from MCBTs at the time of diagnosis, and
relative funnel plot. Publication bias was detected by Egger's test (p = 0.031).

(p = 0.020). This was also true for the pooled proportion CL: 0.7%-18.6%, I> = 78%). Regarding location of distant
of patients carrying a genetic mutation (17%; 95% CI: metastasis, bones and lungs were the most commonly
13.2%-45.1%; I = 85%; Egger's test p = 0.009). reported, followed by liver.

The majority of MCBTs were classified as Shamblin
IIT (80.2%; 95% CI. 67.2%-90.4%; P =0%; Egger's test

p = 0.408) (Figure 2). Data on clinical presentation were 4 | DISCUSSION
heterogenous. The pooled proportion of patients diag-
nosed with nodal metastasis (79.7%; 95% CI: 59.6%-94%; 4.1 | Epidemiology, clinical features,

I’ = 86%) (Figure 3) and distant metastasis (44.7%; and proper diagnosis of MCBTs

95% CI: 22.4%-68.1%; I = 88%) (Figure 4) varied widely

among studies. A non-negligible proportion of patients The pooled proportion of 7.3% of MCBTs found in the
presented with both nodal and distant metastasis (6.9%; 95% present MA is somewhat higher than that described in
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FIGURE 4 Forest plot reporting the pooled proportion of patients with distant metastasis from MCBTs at the time of diagnosis, and

relative funnel plot. No publication bias was detected by Egger's test (p = 0.057).

the literature,'®'" potentially reflecting a couple of com-

bined biases: (1) referral bias (with more experienced
centers reporting on such cases being also those with the
highest possibility to treat MCBTs); and (2) detection bias
(with the highest attention devoted by large-volume cen-
ters in performing scrupulous pre-, intra-, and postopera-
tive work-up and thus able to discover a higher incidence
of MCBTs, sometimes even after many years of follow-
up). This incidence, however, remains significantly lower
than that reported for malignant vagal paragangliomas
(16%-19%),"*® and higher than that usually quoted for
malignant jugulo-tympanic tumors (2%-4%)."*

The wide range of affected ages (from the 4th to the
6th) is not different from previously reported age ranges
in the literature, especially considering that the diagnosis
of MCBT can be significantly delayed (even decades) after
the first treatment of a presumedly benign lesion. The
slightly higher female preponderance in MCBT is also
observed in benign CBT.

In both the MA and SR, MCBTs were most commonly
associated with SDHB gene mutations (hallmark of the
paraganglioma [PGL] syndrome 4)."®'® The second most
frequently encountered mutation was in the D subunit of
SDH, which is found associated with PGL syndrome 1.'%'
Of note, such genetic testing had been specifically per-
formed in only 50% of the largest case series considered
in the MA, with an increasing frequency only in the most
recent years.

Most MCBTs showed a maximal diameter >4 cm and
were classified as Shamblin III. This can be an indirect
sign of local aggressiveness and potentially malignant
biological behavior. Apart from the obvious technical
issues concerning CCA, ICA, and cranial nerves

preservation/reconstruction with associated potential
complications and neurologic sequelae, a Shamblin III
scenario should therefore always prompt more accurate
pre- and intraoperative diagnostic evaluations to exclude
the risk of malignancy. The cranial extent of MCBTs was
not systematically reported in the literature, nor was the
related Mehanna's Type,® probably because this classifi-
cation is too recent to be widely adopted.

MCBTs are more frequently symptomatic at diagnosis
(31.3% vs. 12.2% of benign CBTs, with a p < 0.05 according
to Zhang and coworkers),*® usually for a painful and pal-
pable neck mass, dysphagia, dysphonia, hoarseness, alter-
ations in tongue movements, pulsatile tinnitus, dizziness,
headache, and earache. Bilaterality is also more frequently
associated with malignant behavior (25% for MCBTs com-
pared with 8.5% for benign CBTs in the Zhang series).*
Biochemical activity was rarely described, even though it
reached 20% in the series by Reitz et al.,* thus roughly
paralleling the rate of familial syndromes.

Some authors report a proportion of 2:1 of regional
versus distant metastases at diagnosis of MCBTs,"> while
others describe a nearly equal frequency of regional and
distant diseases.* Our study seems to confirm a higher
prevalence of regional metastasis with a proportion quite
similar to those reported by Lee et al,"”® and a non-
negligible simultaneous occurrence of both regional and
distant disease. However, of note, it is still not infrequent
to find reports on “presumed MCBTs” without regional
or distant metastases, based solely on an erroneous
definition of aggressive local behavior or abnormal histo-
pathological findings.'°>'*

Although we agree with Harley et al.'®* on the more
likely future malignant behavior of CBT displaying local
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aggressive and invasive growth, and we underline the need
for more in-depth molecular analysis that could anticipate
such a behavior by simply evaluating the surgical specimen,
we are still far from such a possibility. To date, in fact, we
lack tools that are capable of making a histopathologic diag-
nosis of MCBT and, as a consequence, we still depend on
post hoc detection of tumor cells in regional lymph nodes
or distant organs that do not normally contain chromaffin
cells, as defined by the World Health Organization.'®

One of the shortcomings in the exact diagnosis and defi-
nition of the true incidence of MCBT is represented by the
fact that the lymph nodes yield to be considered optimal
for its detection is not standardized. As reported by Harley
and coworkers,'®* in fact, an associated neck dissection is
frequently not performed or carries an insufficient number
of lymph nodes to be analyzed. As a consequence, many
authors refer a delayed diagnosis of distant metastases
months or years later and, in these cases, we cannot really
determine whether distant localizations occurred without
regional spread or without a correct evaluation of already
pre-existent lymph nodes involvement.

Therefore, future directions to anticipate as much as
possible the diagnosis of MCBTSs should include: (1) at the
patient level, in every cervical paraganglioma carrier, sys-
tematically addressing possible genetic mutations, testing
catecholamine secretion, and intensively searching for pos-
sible multifocal disease since these are all well-known risk
factors for an increased malignant potential'®®'®’; (2) at
the tumor level, continuing the search for possible hall-
marks predictive of the malignant potential of such
lesions, for example quantifying superoxide anions (whose
higher concentration is directly linked to SDHx mutations
and ensuing more frequent DNA mutations) within the
CBT surgical specimen using a fluorogenic dye as recently
described by Kajal and coworkers'® or evaluating the
matrix metalloproteinases-1, -2, and -3 levels in plasma
and tissue samples (found to be significantly higher in
MCBTSs by Serra et al.)’’; (3) at the nodal level, following
the recommendations of performing at least a prophylactic
level ITA sampling, potentially extended to a selective neck
dissection of levels II-III for diagnostic purposes in every
CBT?037708LIBBIS9IIT0. (4) at the metastatic level, applying
as much as possible a diagnostic work-up and/or follow-up
including Gallium 68 labeled 1,4,7,10-tetraazacy-cloDOde-
cane-1,4,7,10-Tetraacetic Acid—-NaI-OCtreotide Positron
Emission Tomography/Computed Tomography (Ga-68
DOTANOC PET/CT).!"!

As a general rule, special attention to exclude MCBT
should be given to lesions with presentation at the
extremes of age, gross infiltrative and aggressive behavior
into the surrounding neck structures, multifocal nature,
association with family history (in particular SDHB or
SDHD genes mutations), and size >4 cm with Shamblin
I1I classification (Figure 5A,B).

FIGURE 5

(A,B) Axial and coronal views of T1-weighted
contrast-enhanced MR of a 58-year-old woman with a 4.5 cm
Shamblin III CBT of the right side of the neck, symptomatic for
pain since 1 year. Both external (ECA) and internal (ICA) carotid

arteries, as well as internal jugular vein (IJV) and common (CCA)
carotid artery, were anatomically preserved during surgical
removal. Levels ITA lymph nodes were dissected and 2 out of

7 were found harboring chromaffin cells metastases. A diagnosis of
MCBT was done and SDHB gene somatic mutation was diagnosed.
Ga-68 DOTANOC PET/CT scan was negative for multifocal and/or
distant metastases. Adjuvant radiotherapy was not performed after
multidisciplinary discussion and patient's counseling. She is alive
without loco-regional or distant relapse 28 months after surgery.

4.2 | Therapeutic options
The evidence supporting radiotherapy (RT) and/or che-
motherapy (CHT) as adjuvant treatments after surgical
treatment of MCBT is sparse and does not allow strong
recommendations.

However, apart from being increasingly used as an
alternative to surgery for selected benign CBTs, RT has
been widely applied as adjuvant treatment in more
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difficult scenarios such as tumors resected with positive
margins (especially at the skull base level) or loco-
regional recurrent disease. The issue whether or not to
apply it systematically after a diagnosis of MCBT is much
more debated. The absence of dedicated guidelines and
the inherent diagnostic challenges determine a very het-
erogeneous application of postoperative (CHT)RT, with
different rates of use in the larger series included in the
current study. These rates have remained substantially
unchanged from the previous National Cancer Data Base
analysis performed by Lee et al.'> Unfortunately, most
of proponents of RT as adjuvant treatment after MCBT
resection sustain this approach based on similarities with
other tumors, more than on a specific solid evidence in
favor of such a philosophy.*® Lacking animal models of
such a disease and considering the impossibility to carry
out a prospective randomized control trial with adequate
power, shedding light on such a conundrum is probably
beyond our possibilities.

A potentially attractive therapeutic option for MCBT
is represented by metabolic RT with '*'Iodium-metaio-
dobenzylguanidine (MIBG, a norepinephrine analog) or
Ytrium- or '"'Indium-labeled Octreotide based on the
capability of MCBT to express somatostatin receptors.
The main limits are represented by the fact that roughly
half of malignant paraganglioma distant metastases do
not take up the tracer and about 30% of potential candi-
dates fail to respond.'”?

Classically, the CHT drugs recommended for MCBTSs
with distant metastases were cyclophosphamide, vincris-
tine, and dacarbazine (CVD) with rates of complete,
partial responses, and stable disease of 4%, 37%, and 14%,
respectively, in a MA on malignant paragangliomas
including pheochromocytoma by Niemeijer et al.'”* Use
of CHT appears to control symptoms and allows short-
term remission, even though without the evidence from
randomized trials which are too difficult to perform in
such a rare disease.

Targeted molecular therapy, based on the activation
and/or deregulation of genes associated to hypoxia
observed in SDHx mutations, remains a fascinating con-
cept. Drugs like Sutinib have been used with apparently
promising results.'”*'”>

4.3 | Oncologic outcomes

Clinical presentation and natural history of MCBT
(as associated to regional disease only or with distant
metastases) directly impact the 5-year survival rate of
patients with MCBT, with those presenting distant meta-
stases usually surviving considerably less than those
having purely lymph nodes metastasis (11.8% vs. 85%

according to Lee et al.'> and Goffredo et al.'”®). Five-year
survival, usually ranging in the literature between
59.5%' and 71.6%," has been confirmed in two large
series of the present review in terms of 5- and 10-year dis-
tant metastasis free survival of 72.7% and 36.4%,
respectively,® 5-year overall survival of 60%, and 2-year
disease free survival of 30%.>

Unfortunately, regional as well as distant metastases
may appear even decades after radical treatment of CBT,
thus further complicating more precise epidemiologic
and oncologic considerations. Apart from different pre-
sentation and clinical history, other factors affect 5-year
survival rates of MCBT. For example, lung metastases
have a poorer prognosis in comparison to other distant
sites like bones, which are easier to be palliatively treated
by surgery and RT."”” However, apart from a general sur-
vival advantage in comparison to malignant pheochro-
mocytomas and paragangliomas arising in the trunk, the
overall behavior and clinical management of MCBT are
still scarcely reported in the literature.

4.4 | Study limitations

Most of the literature on MCBT is from case reports,
small series, and long-term retrospective databases in
which many genetic, molecular, clinical, therapeutic, and
follow-up data are sparsely or incompletely reported. This
clearly affects every attempt to comprehensively under-
stand the disease through a MA and reduces the
strengths of conclusions to be made on such a rare and
elusive tumor.

5 | CONCLUSION

MCBT is an extremely rare disease but a high level of sus-
picion must be maintained in the diagnostic phase for
large (>4 cm), Shamblin III, painful or otherwise symp-
tomatic CBT, especially when encountered in either
young or older patients, with bilateral lesions, multifocal
disease, and history or genetic evidence of a PGL syn-
drome. Neck dissection of levels II-III should be considered
part of the diagnostic process and performed together with
every CBT resection to detect occult lymph nodes metasta-
ses and formulate the diagnosis of malignancy. Postopera-
tive neck RT can be considered on a case-by-case basis,
after proper multidisciplinary evaluation. For MCBTs,
life-long follow-up should be continued to detect possible
distant metastases by whole body functional imaging.
Palliative treatment of distant metastases includes metas-
tasectomy (when feasible) or local photon RT, metabolic
RT, CHT, targeted therapy, or a combination of these
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approaches. Apart from diseases diagnosed in advanced
stages with lung, brain, and liver metastases, MCBTs
have usually an indolent course with acceptable 5-year
survival rates.
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