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ABSTRACT
Objective: The aim of this study was to investigate the immunohistochemical stain profiling of adipocytic tumors.

Methods: From our archive files between the years of 2012-2018, excised, formalin-fixed and paraffin-embedded adipocytic tumors
were retrospectively screened and 61 subjects were selected. The gender, age, tumor location and tumor diameter were evaluated. The
cases were investigated in terms of p16, CD34, MDM2 expression and clinicopathological information.

Results: Of the 61 patients included in the study, we found that 2 had hibernoma, 4 had lipoblastoma, 14 had spindle cell lipoma
(SCL), 10 had lipoma, 20 had atypical lipomatous tumor/well differentiated liposarcoma (ALT/WDL), and 11 had dedifferentiated
liposarcoma (DDL). In terms of diameter, ALT/WDL and DDL were significantly different from the others (p=0.001, p=0.001, re-
spectively). There was a significant difference between the groups according to the location (p=0.001). 35% (7/20) of ALT/WDLs were
in the lower extremities (thighs) and 35% (7/20) were located in the retroperitoneal region. 70% of DDLs (7/11) were located in the
retroperitoneum. When CD34 expression was evaluated among the groups, a significant difference was observed (p=0.001). CD34
was positive in 92.9% of SCL cases. p16 immunoreactivity was significantly different between the groups (p=0.001). p16 expression
was observed in 50.5% of ALT / WDL cases and 79% of DDL cases.

Conclusion: p16 and CD34 expression are valuable in the differential diagnosis of lipomatous tumors when radiological and clinical

considerations do not help to differential diagnosis of adipocytic tumors.

Level of Evidence: Level 1V, Therapeutic Study

A single-specialty medicine facility may not be suf-
ficient to provide appropriate treatment and true di-
agnosis for every case in the domain of orthopedic
oncology. Especially, in soft-tissue tumors, close co-
operation among the radiologist, surgeon, pathologist,
and oncologist is essential (1). The tumors of adipose
tissue are the most general soft-tissue tumors in the
adult age group (2). The benign neoplasms of adipose
tissue usually comprise mature fat cells. Each cell con-
tains a large lipid vacuole that replaces the nucleus and
compresses it onto the cytoplasmic membrane (3).

The differential diagnosis of adipose tissue tumors
is significant because of their clinical behavior. The
differential diagnosis between lipoma, atypical lipo-
matous tumor/well-differentiated liposarcoma (ALT/
WDL), and dedifferentiated liposarcoma (DDL) is
important because of their prognosis and treatment

(4). Despite typical morphological features, spindle
cell lipoma (SCL) defined by Enzinger first, can be
confused with liposarcoma (5). The differential di-
agnosis of Hibernoma, which is usually observed in
adults under 40 years of age with liposarcoma and li-
poblastoma, can sometimes be fairly difficult (6). Li-
poblastoma, which is a rare benign adipocytic tumor
observed during childhood, shows histological simi-
larities with myxoid liposarcoma or ALT/WDL (7).

There is a significant difference in morphologi-
cal and biological activities between ALT/WDL,
which has low metastatic potential, and DDL,
which has high potential of distant metastasis.
The most general subtype of liposarcoma is ALT/
WDL (40-45%); notably, ALT/WDL has no sig-
nificant gender preference, and it generally has
deep anatomical localization (8). The clinical pre-
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sentation of most adipocytic tumors may be completely asymp-
tomatic. In several cases, pain can be the primary symptom in
the case of neurovascular compression due to the mass effect of
lipomatous tumors (8). Although a wide variety of diagnostic
tools are available for imaging, magnetic resonance imaging is
the most generally used examination for the diagnosis and lo-
calization of adipocytic tumors (8).

However, at present, histological evaluation is the gold standard
for the diagnosis of lipomatous tumors. However, the diagnosis
of various types of liposarcomas is not always easy, even for an
experienced pathologist, especially when the amount of the biop-
sy tissue to be examined is too less. Generally, ALT/WDL com-
prises mature adipocytic cells with hyperchromatic nuclei, and it
does not contain any solid areas. However, atypical stromal cells
are not always readily recognizable and, sometimes, require com-
plete sampling of the tumor; this critical issue makes it impossible
to diagnose only via core needle biopsy, thereby might leading to
inadequate diagnosis of the tumor. Although performing a rou-
tine histopathological examination is generally adequate, yet the
gold standard for differential diagnosis is the fluorescent in-situ
hybridization (FISH) method for the amplification of MDM2 and
CDK4 genes (4, 9). Although immunohistochemistry for MDM2
and CDK4 proteins has been reported to be useful in this regard,
the FISH method provides greater sensitivity and specificity. Nota-
bly, p16, which inhibits cell-cycle progression by binding to CDK4
(cyclin-dependent kinase inhibitor 2A, i.e., CDKN2A) has been
overexpressed in several neoplasia and proposed as a diagnostic
marker for ALT/WDL (2, 4).

The hypothesis in this study is that CD34, p16, and MDM2 stain-
ing can be useful in the histological diagnosing the lipomatous
tumor when radiological and clinical considerations do not help
differentiate one adipocytic tumor from another.

Materials and Methods

From our archive files between the years 2006 and 2018, forma-
lin-fixed and paraftin-embedded adipocytic tumors were screened
retrospectively. All materials were obtained via excision surger-
ies performed by the department of orthopedic oncology. The
patients who did not have paraffin blocks and had no or inade-
quate clinical information were excluded from the study. A total

MAIN POINTS

o The pl6 and CD34 expressions are valuable in the differential diag-
nosis of lipomatous tumors.

o Spindle cell lipoma is often localized in the subcutaneous superficial
soft tissue of the neck, back, or shoulder and Dedifferentiated lipo-
sarcoma is often located in the retroperitoneum.

o Atypical lipomatous tumor/well differentiated liposarcoma and De-
differentiated liposarcoma constitute diameter greater than 10 cm.
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of 61 cases were selected, and the excised materials were stained
immunohistochemically using 3 markers, namely, CD34, pl6,
and MDM?2, for our study. Furthermore, the gender, age, tumor
location, radiological data, and tumor diameter information of the
cases were obtained using the archive files of the patients. We used
macroscopic examination to define the size of adipocytic tumors.
The cases were divided into two groups according to their diam-
eter, and the diameter of 5 cm was selected as the limit value, as
used in the American Joint Committee on Cancer Staging System
for Soft Tissue Sarcomas. According to the protocols prescribed
by the College Of American Pathologist, the cases were divided
into the following five groups: lower extremities (cruris, inguinal,
thigh, and gluteal), upper extremity (hand, arm, forearm, scapula,
and shoulder), intraabdominal, retroperitoneal, and others (neck,
back, thorax, and nape). All the diagnoses were based on mor-
phology and were agreed upon by manuscript authors, who are
soft-tissue specialists. The authors evaluated the immunoreactivity
score together, and they all agreed.

Immunohistochemical staining was performed on 5-um thick tis-
sue sections of formalin-fixed, paraffin-embedded tumor samples.
The pl6 (anti-pl6Ink4a, 1: 100, CINtec, Arizona, USA) mouse
monoclonal antibody, MDM2 (1B10, Ventana, Arizona, USA)
mouse monoclonal antibody, and CD34 (QBEnd/10, Ventana,
Arizona, USA) antibody were used as primary antibodies. Subse-
quently, staining was performed on a Ventana Benchmark XT au-
tostainer with the XT ultraView. All the slides were counter stained
using haematoxylin. The presence of a brown precipitate indicated
positive findings for the primary antibody. The immunostaining
of the cells was evaluated, and the percentage of nuclear staining
for MDM2 and p16 were scored. The CD34 nuclear or cytoplas-
mic staining was evaluated as positive or negative. We excluded
the intensity of staining and non-specific staining of non-tumor
areas. Only the percentages of specific tumor areas were evaluated
and scored. For statistical analysis, Windows-compatible SPSS 20
version was used. The student t-test was performed to compare
the continuous variables of the patients. The spearman test was
performed for correlation. The significance level was set at p<0.05.

In this study, the investigation protocol was in accordance with the
Helsinki committee requirement and was approved by the Institu-
tional Ethical Committee, The Balikesir University (Decision no:
2018/143).

Results

Of the 61 excised materials used in this study, 2 were diagnosed
as hibernoma, 4 as lipoblastoma, 14 as SCL, 10 as lipoma, 20 as
ALT/WDL, and 11 as DDL. The age, tumor diameter, and gender
information of the cases are listed in Table 1.

For 37 (60%) of the cases, the patients were male. Although no
significant difference was observed in other adipocytic tumors in
terms of gender, 92.8% of the SCL patients were male; the mean
age was 57 (ranging from 1 to 83 years) years. The mean tumor
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diameter was 10.9 cm (ranging from 2 to 23 cm) (Table 2). For 85%
of the ALT/WDL cases and 91% of the DDL cases, diameters were
greater than 5 cm. For both ALT/WDL and DDL cases, the diam-
eters were significantly larger than those for the others (p=0.001,
p=0.001, respectively). Upon examining the cases according to
their superficial and deep soft-tissue locations, SCLs (78.5%) and
Lipomas (90%) were generally superficial, whereas ALT/WDLs
(95%) and DDLs (91%) were deeply located (Table 3).

A significant difference was observed between the groups in terms
of the localization of adipocytic tumors (p=0.001). The subgroup
analysis showed a significant difference between SCLs and ALT/
WDL (p=0.002). The SCLs were observed to be significantly high-
er than ALT/WDL in other localizations (neck, back, thorax, and
nape). However, DDL was observed to be significantly higher in

Table 1. Mean descriptive analysis of adipocytic tumors

Sex Max. diameter

(Male/Female) (cm) Age
Hibernoma (n=2) 1/1 12.549.1 49.5+27.5
Lipoblastoma (n=4) 1/3 5.5+2.5 2+0.8
SCL (n=14) 13/1 6.1424  63.5£13.6
ALT/WDL (n=20) 11//9 16.5£7.1 64.8+11.7
DDL (n=11) 5/6 16.9+5.7 62.8+11.6
Lipoma (n=10) 6/4 5.614.6 56.1£ 0.8

SCL: spindle cell lipoma; ALT/WDL: atypical lipomatous tumor/well differentiat-
ed liposarcoma; DDL: dedifferentiated liposarcoma

retroperitoneal localization compared with SCLs (p=0.007). More-
over, finally comparing to ALT/WDL with DDL, lipoma was sig-
nificantly higher, more generally, in the upper extremity (p=0.009),
and other localizations (neck, back, thorax, and nape) (p=0.008).
In addition, no differences were observed between ALT/WDL and
DDL (p=0.604) in terms of lipoma and SCLs (p=0.293) according
to the localization of adipocytic tumors (Table 4).

Table 5 presents the expression results of each antibody in adipo-
cytic tumors. No significant difference was observed between the
groups in terms of the MDM?2 immunoreactivity (p=0.259). The
CD34 expression was significantly different between the groups
(p=0.001). In addition, CD34 was positive in 92.9% of the SCL
cases (Figure 1, Table 5). However, all lipomas were evaluated as
CD34 negative. The expression of p16 immunoreactivity was sig-
nificantly different between the groups (Table 5) (p=0.001). The
p16 expression was observed in 50.5% of the ALT/WDL cases and
79% of the DDL cases (Figure 2).

Discussion

Liposarcomas are general soft-tissue tumors, and ALT/WDL and
DDLs constitute an important part of liposarcomas (2, 10). Mul-
tiple genetic deffects such as the inactivation of tumor supressor
genes and activation of oncogenes, play an important role for the
development of soft-tissue tumors (11). MDM2 is an oncogene
whose product links to p53 and inhibits the p53 function in the
cell cycle in the following three ways: blockage of p53 interaction
with DNA, inhibition of p53 transfer from cytoplasm to nucleus,
and ubiquitination of p53. The action of MDM2 results in p53 in-
activation without the mutation or deletion of p53, resulting in the

Table 2. Diameter in adipocytic tumors

ALT/WDL (n=20)

DDL (n=11) Lipoma (n=10) Hibernoma (n=2) Lipoblastoma (n=4) SCL (n=14)

3 (15%) 1(9%)

10 (91%)

Diameter <5cm (n=15)

Diameter >5cm (n=46) 17 (85%)

7 (70%)

3

0 (0%) 1 (25%) 3(21%)

(30%) 2 (100%) 3 (75%) 11 (79%)

*Percentage of rows

SCL: spindle cell lipoma; ALT/WDL: atypical lipomatous tumor/well differentiated liposarcoma; DDL: dedifferentiated liposarcoma

CD34 staining (CD34, x40) (b)

61
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inhibition of apoptosis. In addition, CDK4 is an oncogene whose
product inhibits RB1. CDK4 protein phosphorylates RB1, which
links to E2F and, thus, is inactive, thereby resulting in the loss of
the G1-S checkpoint. MDM2 and CDK4 are the amplified genes in
ALT-well-differentiated LPS/dedifferentiated LPS (12).

Table 3. Evaluation of superficial and deep presence of adipocytic
tumors

Superficial Deep
Hibernoma (n=2) 1 (50%) 1 (50%)
Lipoblastoma (n=4) 3 (75%) 1(25%)
SCL (n=14) 11 (78.5%) 3 (21.5%)
ALT/WDL (n=20) 1 (5%) 19 (95%)
DDL (n=11) 1(9%) 10 (91%)
Lipoma (n=10) 9 (90%) 1(1%)

SCL: spindle cell lipoma; ALT/WDL: atypical lipomatous tumor/well differentiat-
ed liposarcoma; DDL: dedifferentiated liposarcoma

Previously conducted studies demonstrated that MDM2 and
CDK4 are important tissue markers for the differentiation of ALT/
WDL and DDLs. Thway et al. reported that CDK4, MDM2, and
p16 immunohistochemical triad is an adjunct diagnostic tool that
provides strong support for differentiating ALT/WDL and DDL
from other adipocytic neoplasms (13). Contrarily, we observed
that the MDM 2 expression was similar between both the adiposit-
ic tumors in our studied population.

However, Gonzales et al. recommended using pl16 immunohisto-
chemically for the differential diagnosis of ALT/WDLs by consider-
ing the false-positive rate of 14.3% in the laboratories where results
and cost are prioritized (4). Compatible with this study, we observed
that the p16 expression was important in the differential diagnosis
of DDL from other adipocytic tumors (Table 5) (p=0.001).

While the brown fat tissue cells are similar to mature adipocytes,
hibernoma can mimic lipoblasts and ALT/WDLs. In a study, 85%
of hibernoma cases were stained positive with S-100, while none
were stained with CD34 (6). In our study, no difference was ob-
served between ALT/WDL and hibernoma cases in terms of p16
and CD34 expressions.

Table 4. Localization of adipocytic tumors

Other localizations (neck,

Lower extremity ~ Upper extremity  back, thorax, and nape) Retroperitoneum Intraabdominal

n=16 (%) n=10 (%) n=17 (%) n=14 (%) n=4 (%)
Hibernoma (n=2) 1(6.2%) 0 (0%) 1(5.8%) 0 (0%) 0 (0%)
Lipoblastoma (n=4) 3 (18.6%) 0 (0%) 1(5.8%) 0 (0%) 0 (0%)
SCL (n=14) 1(6.2%) 3 (30%) 10 (58.8%) 0 (0%) 0 (0%)
ALT/WDL (n=20) 7 (44.2%) 2 (20%) 1 (5.8%) 7 (50%) 3 (75%)
DDL (n=11) 2 (12.4%) 1 (10%) 0 (0%) 7 (50%) 1(25%)
Lipoma (n=10) 2 (12.4%) 4 (40%) 4(23.8%) 0 (0%) 0 (0%)

*Percentage of columns

SCL: spindle cell lipoma; ALT/WDL: atypical lipomatous tumor/well differentiated liposarcoma; DDL: dedifferentiated liposarcoma

Table 5. Mean expression percentage of p16, mdm?2, and CD34 immunohistochemical expressions in adipocytic tumors

mdm?2 (%) p16 (%) CD34 (positive)* CD34 (negative)*
Hibernoma (n=2) 0 2.5 1(50%) 1 (50%)
Lipoblastoma (n=4) 0 20 3 (75%) 1(25%)
SCL (n=14) 0 5 13 (92.9%) 1(7.1%)
ALT/WDL (n=20) 1 50.5 9 (45%) 11 (55%)
DDL (n=11) 0.8 79 4 (36.3%) 7 (63.7%)
Lipoma (n=10) 0 23 0 (0%) 10 (100%)

SCL: spindle cell lipoma; ALT/WDL: atypical lipomatous tumor/well differentiated liposarcoma; DDL: dedifferentiated liposarcoma
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Figure 2. a-d. ALT/WDL

In a study that used p16 for the differential diagnosis of lipo-
ma and ALT/WDL, none of the deep-located lipomas were p16
stained, whereas 83% of ALT/WDLs showed positive reactivity
with p16 (14). In another study, 75% of ALT/WDL cases, 10%
of lipoblastoma cases, and 31% of fat-necrosis cases demon-
strated positive reactivity with p16; however, not all the lipoma
cases were stained with p16 (7). Studies show that negative p16
staining may be helpful in the differential diagnosis of ALT/WDL
in the light of clinical findings. However, this finding should be
interpreted with caution because some liposarcomas are pl6
negative, whereas benign conditions such as lipoblastoma or fat
necrosis may be p16 positive.

Knosel et al. showed that the p16 expression had different patterns
in different sarcomas (15). In the same study, a significant rela-
tionship was observed between a decreased pl6 expression and
shortened patient survival (15). Notably, ALT/WDL is a locally
aggressive subtype of liposarcoma unless it is dedifferentiated, and
the mechanism of dedifferentiation is unclear. However, the loss
of p16 might be an early and critical event in progressing to dedif-
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ferentiation (14). In a study, Mai He et al. showed that ALT/WDL,
DDL, and recurrent ALT/WDLs expressed the same density p16
(14). However, no correlation was observed between the hyper-
methylation of p16 promoter region and pl6 protein expression
(14).

Lipomas usually settle on the trunk, back, shoulder, neck, and
proximal extremities (16). They are rare to be seen on hand,
foot, face, lower leg, and retroperitoneum (16). Lipomas are
usually seen in subcutaneous tissues, whereas liposarcomas are
generally deeply localized (17, 18). For instance, SCL, which
comprises mature adipocytes and spindle cells, is often local-
ized in the subcutaneous superficial soft tissue of the neck,
back, or shoulder (5, 19). It includes liposarcoma, neurofibro-
ma, and nucal fibroma in the differential diagnosis (19). Im-
munohistochemically, the CD34 positivity in SCL is the most
striking finding in our study. This positivity might be useful
in differentiating SCL from a convetional lipoma, where radio-
logical findings are inadequate to distinguish these two entities
from each other.
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A tumor of diameter 5 cm or greater and located in the subfas-
cial deep soft-tissue area is likely to be a sarcoma (16). The most
common locations for ALT/WDL are extremities and retroper-
itoneum (20). Despite the same histological features among all
ALT/WDLs, the ones other than retroperitoneum generally fol-
low a more benign course (21). Generally, ALT/WDLs and DDLs
constitute diameter greater than 10 cm. Although few studies
are based on this subject, our study found that ALT/WDLs and
DDLs generally had diameter greater than 5 cm.

The major limitation of our study is that the number of some
cases, such as hibernoma and lipoblastoma, is low and that sev-
eral subtypes of liposarcoma, such as myxoid and pleomorphic
liposarcomas, do not exist in this cohort. With higher number
of cases of these lesions, p16, CD34, and MDM2 staining profile
and differential diagnosis between lipomatous tumor entities
can be certainly better understood. The MDM2 results revealed
that this staining is not effective in differentiating lipomatous
tumors one from another; however, this result might have been
affected because of the limited number of cases in the cohort.
Another limitation of this study is its retrospective design. In
some of the cases, surgical excision without any prior biopsy
was performed with the help of radiological diagnosis. There-
fore, we could not to evaluate the concordance of the prior bi-
opsy results with the histopathological results of the excised
materials; the evaluation would have helped us understand the
real necessity rate in order to examine some of the lesions with
MDM2, pl6, and CD34, in which there is an inconcordance
between the prior biopsy results and histopathological results
of the excised materials. Such concordance can be searched by
performing a prospective study with higher number of cases.
However, the strengths of this study is that it revealed signifi-
cant p16 expression in DDL and ALT/WDL, CD34 positivity in
SCL, and CD34 negativity in conventional lipoma cases; These
data have can be helpful when radiological data are insufficient
in state the definitive diagnosis and when tru-cut biopsy evalu-
ation is inconclusive.

The histological diagnosis of adipocytic tumors is traditional-
ly based on morphology. However, the use of p16, CDK4, and
MDM2 in has gained popularity in the recent years, because of
using different genetic backgrounds compared with other adi-
pocytic neoplasms (2). In addition, p16 may be useful in the dif-
ferential diagnosis of well-differentiated lipomatous neoplasms
(4). In conclusion, in the differential diagnosis of lipomatous tu-
mors, clinicopathological information such as tumor location,
tumor diameter, gender, and age is important. In the diagnosis
of soft-tissue tumors, clinical information significantly affects
the diagnosis process followed by the pathologist. Using this
information, we suggest that a panel of immunohistochemistry
within pl6 and CD34 is valuable in the differential diagnosis
of lipomatous tumors when radiological and clinical consider-
ations do not help to perform the differential diagnosis of adi-
pocytic tumors.
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