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Summary

Purpose: The diagnosis and management of patients with
a clear cell sugar tumor of the lung (CCSTL) is challenging
in the clinical practice due to its rarity.

Methods: We performed a systematic review on this field
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. We sought eligible
articles in Medline through January 1+, 2019.

Results: Overall, 104 CCSTL cases were identified and in-
cluded in the present study. The median age at diagnosis
was 52 years (interquartile range 42.5-62.5), whereas the
cases were almost equally distributed among males (n=48)
and females (n=49). Most of the tumors were asymptomatic
(60.7%) and had a benign clinical course (73.3%). Complete
tumor resection with a curative intent was the treatment of
choice and pathology along with immunohistochemical in-
dices established the diagnosis. However, long-term follow up

Introduction

Lung cancer constitutes the most commonly
diagnosed carcinoma and one the leading causes
of cancer-related mortality worldwide. Screening of
high risk populations with low dose computed to-
mography (CT) has demonstrated a survival benefit
[1,2]. However, the population screening in a large
scale has also resulted in an increase in the diag-

is recommended, especially among patients with underlying
genetic diseases, because disseminated disease may become
evident many years following the resection of the primary
lesions. Furthermore, an extensive workup for excluding me-
tastasis from another occult primary site is necessary. The
updated classification of lung neoplasms has enabled the
more frequent reporting of CCSTL cases in the last decade.
Interestingly, our time trend analysis showed an increase in
malignant cases throughout the years.

Conclusions: Both collaborative multicenter studies and
basic research on the underlying pathogenetic mechanisms
are deemed necessary in order to optimize the diagnosis and
personalize the management of patients with this rare entity.

Key words: lung neoplasms, clear cell sugar tumor, perivas-
cular epithelioid tumor, systematic review

noses of benign pulmonary neoplasms and nod-
ules with non-specific characteristics [2]. A better
understanding of the presentation and the clinical
course of these benign entities is considered essen-
tial for physicians, in order to efficiently rule out
the presence of malignancy and, simultaneously,
avoid overtreatment.
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Clear cell sugar tumors of the lung (CCSTL)
are rare neoplasms with indolent biologic course
that belong to the family of perivascular epithe-
lioid cell tumors (PEComas). There is a slight pre-
dominance for females. This tumor can occur at
any time throughout life with a mean age at di-
agnosis of 57 years. CCSTL consists of epithelioid
clear cells containing large amounts of glycogen
that are immunoreactive for melanocytic markers
[3,4]. The diagnostic features of this entity are not
well established, due to its rarity. Typically, CCSTLs
present as peripherally located “coin lesions”, and
they are usually found on chest imaging as inciden-
talomas [5,0]. However, they may be misinterpreted
as metastatic lesions originating from renal cell
carcinoma (RCC) [7]. CT-guided fine needle aspi-
ration (FNA) and core biopsy are commonly im-
plemented for diagnostic purposes [8-10], whereas
wide excision of the lesions constitutes the main
therapeutic approach.

Taking all the above into consideration, our
aim was to collect and critically present all avail-
able literature data regarding CCSTL. To the best of
our knowledge, this is the first systematic review
in this field.

Methods

Search strategy and eligibility of studies

This systematic review was performed according
to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) statement. The
study protocol was formulated and agreed upon in ad-
vance by the study team as per institutional guidelines.
Potentially eligible articles were identified in the MED-
LINE bibliographical database with end of search date
January 1%, 2019. The search strategy included the fol-
lowing algorithm: (“sugar tumor” OR “sugar tumour”
OR “sugar cell tumor” OR PEComa OR “perivascular
epithelioid cell tumor” OR (“clear cell” AND (tumor OR
tumour OR neoplasm OR neoplasms) AND (lung OR
pulmonary). There were language restrictions, since
only full articles written in English, French, German
or Spanish were included. Potentially eligible articles
included prospective and retrospective studies, case
reports and case series pertaining to humans. Manu-
scripts not stating authors’ names were excluded. Fur-
thermore, manuscripts not referring to the term “sugar
tumor” without describing pathologic characteristics
of CCSTL were not included due to reporting reasons.
CCST without lung involvement were also excluded. In-
clusion criteria were applied by reviewing the articles
in full-text. Additional articles were identified from the
reference lists of retrieved articles, relevant reviews,
meta-analyses and expert opinion articles, in a snow-
ball procedure, as previously described [11]. Two re-
viewers (INS and DIT) carried out the literature search
and selection of studies working independently. In case
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of discrepancies, a third reviewer (TK) provided input in
order to reach consensus.

Data abstraction

The data abstraction for each eligible article includ-
ed pubmed number and number of reported cases; for
each case separately the following data were abstracted:
gender, age, country, risk factors, clinical symptoms,
blood test abnormalities, tumor markers, diagnostic
tests (imaging studies, fine needle aspiration/biopsy,
other biopsies) and description of their findings, way
of ascertainment that the reported tumor was primary
and not metastatic, tumor location, surgical treatment,
total resectability or residual disease, postoperative
complications, revision surgeries, benign or malignant
histologic features and clinical course, tumor size, nodal
status, presence and site of metastases, stage, differen-
tiation, grade, immunohistochemical indices, radiother-
apy, chemo/immunotherapy or targeted therapy, other
treatments, overall survival (OS), relapse-free survival
(RFS), and follow-up period following diagnosis. Two
separately working reviewers (INS and DIT) performed
the data abstraction, whereas a third reviewer (IGT) also
participated in case of discordances.

Statistics

Descriptive statistics were presented as median (in-
terquartile range [IQR]) and frequency (%) for continuous
and categorical variables, respectively. Bivariate analy-
ses included Kruskal-Wallis one-way analysis of variance
for continuous and chi-squared test or Fisher’s exact test
for categorical variables, as appropriate. The level of sta-
tistical significance for all tests was set at a=0.05. All
statistical analyses were performed with the SPSS, v25

(IBM Corp. Armonk, NY, USA) statistical package.

Results

Selection of studies

2218 records were retrieved from the search
strategy. Following removal of duplicates and ex-
clusion of non-eligible articles based on title and
abstract screening, 107 entries remained. Ten
publications were excluded due to reporting rea-
sons pertaining to non-clear histopathology data.
Thirty-one articles were excluded due to language;
the majority of them were written in Japanese
and Chinese. Two articles were included from the
snowball procedure. Overall, 68 articles [6-10,12-
75] encompassing 104 cases were deemed eligible
for inclusion in the present systematic review. The
flow chart of the selection of studies is depicted in
Figure 1.

Description of eligible studies

The characteristics of individual cases are de-
scribed in Supplementary Table 1. Overall, the me-
dian age of the patients was 52 years (IQR 42.5-62.5
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Figure 1. Flowchart of the selection of studies.

years). The reported cases were equally distributed
between males and females (49.5% and 50.5%, re-
spectively). The majority of the reports were stem-
ming from the USA (43.3%) and Asia (34.6%). Most
of the patients were asymptomatic at the time of
diagnosis (60.7%), whereas the most commonly
reported symptoms were cough (n=15), dyspnea
(n=9), non-specific chest pain (n=9), hemoptysis
(n=8) and weight loss (n=5). Among 31 cases with
data on smoking history, smoking was reported as a
potential predisposing factor in 24 cases, whereas 7
patients were non-smokers. Two patients had a his-
tory of systemic hereditary syndromes including
the Birt-Hogg-Dube syndrome [29] and tuberous
sclerosis [23]. Interestingly, another patient had a
concurrent diagnosis of JAK2V®!’F positive essen-
tial thrombocythemia. No specific blood test abnor-
malities or changes in tumor marker levels were
reported. Imaging studies (chest x-ray and/or CT)
almost unanimously revealed a well-demarcated,
“coin”-like lesion that was enhanced following the
administration of intravenous contrast agent. Al-
though bronchoscopy and bronchoalveolar lavage
were not always diagnostic, FNA and core biopsy
or surgical excision of the lesion established the
diagnosis of CCSTL in all cases. Regarding histo-
pathology, CCSTLs were characterized by an abun-
dant vacuolated, granular, or clear cytoplasm that
showed positive staining by the periodic acid-Schiff
(PAS) method. This material was digested by dia-
stase, which was indicative of the underlying high
concentration in glycogen (sugar). Mitoses were
rather rare and the Ki67 index was low in all oc-
casions reported. However, there were some cases

Table 1. Demographics of the entire study cohort (n=104)

Demographics

n (%)

Age (median, IQR), years
Sex
Male
Female
Reporting year
1971-1990
1991-2007
2008-2018
Geographic area
Asia
USA
Europe
Other
Symptomatic
No
Yes
Tumor location
RLL
RML
RUL
LLL
LUL
Multiple
Type of resection
Lobectomy
Wedge
Segmentectomy
Pneumonectomy
Enucleation
Type of lesion
Benign
Malignant
Tumor size (median, IQR), cm
LNM
NO
N1
N2
Metastatic disease at Px
No
Yes
Immunohistochemistry
HMB-45+
S-100+
Vimentin+
CD34+

Follow-up (median, IQR), mo

52 (42.5-62.5)

48 (49.5)
49 (50.5)

27 (26)
24 (23)
53 (51)

36 (34.6)

45 (43.3)

20 (19.2)
3(2.9)

51 (60.7)
33 (39.3)

21 (25.3)
3 (3.6)
15 (18.1)
27 (32.5)
15 (18.1)
2(24)

33 (38.4)
37 (43)
8 (9.3)
2 (2.3)

6 (7)

66 (73.3)
24 (26.7)
2.5 (1.6-3.0)

20 (80)
3 (12)
2(8)

36 (90)
4 (10)

46 (90.2)
24 (50)
21 (60)
13 (68.4)

24 (7.7-36.0)

*Percentages are derived from patients with available data on the
variable of interest. RLL: right lower lobe; RML: right median lobe;
RUL: right upper lobe; LLL: left lower lobe; LUL: left upper lobe;
LNM: lymph node metastasis; IQR: interquartile range
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demonstrating a high proliferative potential [6,22].
In the majority of the CCSTL cases, positivity in the
immunohistochemistry markers HMB-45 (90.2%),
S-100 (50%), vimentin (60%) and CD34 (68.4%) and
negativity in cytokeratins (90%) were used to con-
firm the diagnosis. Overall, the benign tumors were
more common (73.3%) compared with those with
a malignant clinical course (26.7%). Interestingly,
a case of malignant CCSTL with lung-to-lung me-
tastasis without the involvement of lymph nodes
or other metastatic sites was reported [43]. Another
case of documented hepatic metastatic disease 10
years following the resection of the primary tu-
mor is also remarkable [75]. The presence of ma-
lignant features rendered the differential diagnosis
complex [37,51,60,71]. Median tumor size was 2.5
cm (IQR 1.6-3.0 cm) and 80% of the cases did not
present with lymph node involvement, whereas
metastatic disease at presentation was reported in
only four cases. The tumor was located at the right
lower lobe (RLL) in 21% of the cases, right median
lobe (RML) in 3%, right upper lobe (RUL) in 15%,
left lower lobe (LLL) in 7%, left upper lobe (LUL)
in 15%, whereas 2% of the patients presented with
lesions in multiple lung locations. A detailed de-
scription of the approach used in order to exclude
other primary sites of clear cell tumor was reported
only in 52 (50%) cases. Abdominal imaging studies
including ultrasonography, CT and/or pyelogram
were the commonest modalities described. The
use of positron emission tomography (PET) with
or without concurrent CT was also reported in nine
cases. The preferred types of surgery were wedge
resection (43%) and lobectomy (38.4%), followed
by segmentectomy (9.3%), enucleation (7%) and
pneumonectomy (2.3%). Complete resection was
feasible in all cases, whereas no major postopera-
tive complications were reported. In case of tumor
recurrence, re-excision was usually performed.
Systemic treatment with chemotherapy or targeted
agents has been also reported [22,33,39], whereas
only one case-report reported the use of a single
course of radiotherapy as a therapeutic modality in
localized disease [40]. After a median follow-up of
24 months (IQR 7.7-36.0) among 51 patients with
available data, 49 (96.1%) patients remained alive,
whereas two (3.9%) patients were dead, both due to
the underlying malignant CCSTL. The demograph-
ics of the entire study cohort are summarized in
Table 1.

Time trend analysis

Taking into consideration that the eligible cas-
es covered a wide timeframe from 1971 to 2018,
we opted to perform an exploratory time trend
analysis (Table 2). Half (51%) of the reported cases
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were published during the last decade (2008-2018),
whereas the rest were approximately equally dis-
tributed during 1971-1990 (26%) and 1991-2007
(23%). The time trend analysis revealed three fac-
tors (geographic area, type of lesion and positivity
in vimentin) that showed statistically significant
changes over time. The number of CCSTL reports
stemming from Asia is increasing during the last
years (p<0.001) (Figure 2). Although benign lesions
are more frequently encountered during the whole
time frame, malignant cases show an increase dur-
ing the most recent time periods (p=0.01) (Figure
3). Itis also rather intriguing that among the CCSTL
cases with data on immunohistochemical staining
with vimentin, the percentage of those with a pos-
itive staining raised steadily during the decades
(p=0.001). Although most of those published before
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Figure 2. Distribution of the eligible cases according to
the geographic area (Asia, USA, Europe, other) in three time
periods (1971-1990, 1991-2007, 2008-2018) (p<0.001).
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Figure 3. Distribution of the eligible cases according to the
type of lesion (benign or malignant) in three time periods
(1971-1990, 1991-2007, 2008-2018) (p<0.001).



Clear cell sugar lung tumor

21

Table 2. Exploratory time trend analyses

Variables Year of diagnosis p value
1971-1990 1991-2007 2008-2018
n (%) n (%) n (%)
Age 55 (45-62) 49 (32-60) 53 (44-64) 0.38
Sex 047
Male 11 (40.7) 11 (47.8) 26 (55.3)
Female 16 (59.3) 12 (52.2) 21 (44.7)
Geographic area <0.001
Asia 1(3.7) 8 (33.3) 27 (50.9)
USA 24 (88.9) 5(20.8) 16 (30.2)
Europe 2(7.4) 9 (37.5) 9(17)
Other 0 2 (8.3) 1(1.9)
Symptomatic 0.074
No 21 (77.8) 10 (47.6) 20 (55.0)
Yes 6(22.2) 11 (52.4) 16 (44.4)
Tumor location 0.79
RL 11 (42.3) 10 (47.6) 18 (50)
LL 15 (57.7) 10 (47.6) 17 (47.2)
Bilobar 0 1(4.8) 1(2.8)
Type of resection 0.527
Lobectomy 8 (34.8) 6 (26.1) 19 (47.5)
Wedge 10 (43.5) 11 (47.8) 16 (40)
Segmentectomy 2 (8.7) 4 (17.4) 2(5)
Pneumonectomy 0 14.3) 1(2.5)
Enucleation 3 (13) 1(4.3) 2(5)
Type of lesion 0.01
Benign 23 (92) 14 (82.4) 29 (60.4)
Malignant 2 (8) 3 (17.6) 19 (39.6)
Tumor size, cm 2 (1.5-3.0) 24 (14-34) 2.6 (2.0-3.9) 043
LNM 0.65
NO - 6 (85.7) 14 (77.8)
N1 - 1(14.3) 2(11.1)
N2 - 0 2(11.1)
Metastatic disease at Px 0.093
No 12 (92.3) 15 (100) 9(75)
Yes 1(7.7) 0 3 (25)
Immunohistochemistry
HMB-45+ - 16 (88.9) 30 (90.9) 0.58
S-100+ 4 (44.4) 8 (44.4) 12 (57.1) 0.68
Vimentin+ 2(22.2) 5 (45.5) 14 (93.3) 0.001
CD34+ - 3 (42.9) 10 (83.3) 0.095

RL: right lobe; LL: left lobe; LNM: lymph node metastasis; Px: presentation
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1990 reported a negative vimentin staining, the
majority of those published from 2008 onwards
reported a positive vimentin staining.

Discussion

Clear cell sugar tumors of the lung are rare
tumors with indolent course [3,4]. Patient character-
istics, diagnostic procedures and the optimal thera-
peutic approach are not well established. Herein, we
have synthesized available literature data and we
have provided original and intriguing results.

We observed that CCSTLs occur more common-
ly during the 6™ decade of life, which is in agree-
ment with the previously reported data regarding
PEComas [76]. We have not found any gender pre-
dominance, which may denote a common patho-
physiology background in both men and women.
Although no definitive risk factors were reported
in the included studies, the co-existence of CCSTLs
with tuberous sclerosis and Birt-Hogg-Dube syn-
drome is worth noting. The incidence of PEComas
in general has been associated with tuberous sclero-
sis and a shared underlying genetic background has
been identified [76]. Mutations in members of fam-
ily of the tuberous sclerosis complex (TSC), which
is a tumor suppressor, ultimately result in aberrant
cell proliferation that is primarily mediated by the
mTOR signaling cascade. Regarding the Birt-Hogg-
Dube syndrome, mutations in the FLCN gene result
in a malfunctioning folliculin protein, which acts
as a tumor suppressor. As a result, multiple pul-
monary cysts are formed and there is also a poten-
tial for carcinogenesis [77]. Therefore, surveillance
among these patient groups might be valuable in
terms of prevention. Furthermore, most of the in-
cluded patients with CCSTL were asymptomatic or
experienced minor and/or non-specific symptoms at
diagnosis, which underlines the key role of imag-
ing [6, 12, 17, 21, 24, 29-31, 34, 30, 38, 39, 42, 43,
45, 47, 48, 53, 56, 59, 62, 63]. CCSTLs present in
CT scans as homogenous lesions that are usually
enhanced with intravenous contrast agent in the
delayed phase. The non-specific imaging character-
istics necessitate the histopathology examination.
Cytology with minimally invasive techniques may
be preferred for patients with comorbidities, how-
ever, its diagnostic value is rather debatable. There-
fore, bronchoscopic, CT-guided or even open biopsy
is usually implemented to establish the diagnosis.

Although the biopsy results are usually highly
suggestive or even pathognomonic for the benign
pathologic nature of the CCSTL, complete resection
is subsequently performed to rule out the presence
of any malignant components. A large tumor size
more than 2.5cm may be also indicative of an ag-
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gressive behavior [74]. Complete excision is also
important for the differential diagnosis and the
evaluation of several immunohistochemical indi-
ces, especially in cases with a prior inconclusive
histology. Furthermore, it is essential to perform an
imaging workup in order to ascertain the primary
site of CCSTL. In our study, only half of the eligible
cases provided a detailed description of such an
approach. Taking into consideration that metasta-
sis from clear cell RCC should be excluded primar-
ily, abdominal imaging is of outmost importance.
The presence of an underlying genetic syndrome
such as tuberous sclerosis should further raise the
suspicion of renal tumors [77, 78]. Ideally, PET-CT
should be the gold standard, in terms of evaluating
a solitary pulmonary lesion.

Regarding surgical management, several ap-
proaches have been reported in the literature with
lobectomy and wedge resection being the most
commonly used. However, due to the rarity of the
neoplasm there are no clinical trials, prospective
or retrospective studies including a large number
of cases and an adequate time of follow-up to reach
firm conclusions about the optimal surgical ap-
proach. In our study, a survival analysis evaluating
the surgical modalities was not possible because
of the limited available follow-up of the patients
and the absence of survival events. Therefore, total
excision of the lesion with curative intent should
be currently considered the mainstay of treatment
for localized CCSTL [22]. Local external radiation
or observation could be also considered for older
patients or those with comorbidities who are unfit
for surgery. Regardless the therapeutic approach,
the need for long-term imaging follow up has to be
highlighted especially among patients with puta-
tive risk factors, taking into consideration that dis-
seminated disease may become evident may years
following the primary resection [55,75].

Chemotherapy has to be considered for patients
with metastatic disease. As aforementioned, PECo-
mas are characterized by the upregulation of the
mTOR signaling pathway [76]. Thus, targeted ther-
apy with mTOR inhibitors is a rational approach.
Indeed, a few available case reports and case series
have shown promising results with the administra-
tion of either temsirolimus, everolimus or sirolimus
in patients with malignant PEComas. Interestingly,
in a recent comparative analysis mTOR inhibitors
have shown a prolonged PFS benefit compared with
antiangiogenetic agents and anthracycline- or gem-
citabine-based regimens, which may be considered
in subsequent lines of therapy [79, 80]. Taking into
consideration that CCSTL is an orphan disease, we
pledge for the off-label administration of mTOR
inhibitors in metastatic CCSTL. Further genomic
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studies in the field could enable the use of other
targeted agents tailored to each patient.

The importance of novel agents is confirmed
by the results of our time trend analysis. Although
most reported cases of CCSTLs refer to benign neo-
plasms, there is a significant increase in the report-
ing of malignant cases throughout the years. It is
intriguing to hypothesize that exposure to poten-
tially oncogenic environmental factors in the con-
text of the modern lifestyle may contribute to the
more frequent development of a malignant phe-
notype. Moreover, a possible explanation might
be the advances in histopathology that allow for
a more accurate diagnosis of CCSTL with malig-
nant features compared to the past. The integra-
tion of genetic, clinical and radiological indices in
the pathologic classification of lung tumors has
enabled the detailed sub-classification and easy
recognition of rare subtypes such as the CCSTL.
This may at least partially explain the fact that
half of the included cases have been reported dur-
ing the last decade. Furthermore, it may explain
the increase in vimentin positive cases that has
been shown throughout the years. Regarding the
latter, this observation may be also related to the
increase in malignant CCSTLs and the presence of
mesenchymal stem cells in these lesions.

Several limitations of our study have to be dis-
cussed. As aforementioned, survival analyses were
not possible due to a lack of reported events and
adequate follow-up. Furthermore, the reporting of
data was not uniform across the included studies
and, thus, any comparisons among the cases should
be made with caution. In this context, our analysis
based on case reports and case series should be
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