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Abstract: Agents of platinum-based chemotherapy, such as cisplatin or carboplatin, are used in the
treatment of a wide range of malignancies that affect children, such as brain tumors, osteosarcoma,
neuroblastoma, hepatoblastoma, and germ cell tumors (GCTs). The Cyclophosphamide Equivalent
Dose (CED) calculator for reproductive risk does not take platinum-based chemotherapy into account,
despite the fact that it accounts for the majority of chemotherapy medications that are typically
administered for pediatric GCTs. As a result, exposure to platinum-based drugs throughout infancy
can have predictable long-term effects such as infertility, as well as other rare encounters such as
lipoma formation and lipomatosis. Lipomas are the most prevalent benign soft tissue tumor subtype.
They may be either solitary entities or engaged in multiple lipomatosis, which may have a familial
origin or be an acquired disorder. Chemotherapy is a possible cause of lipomatosis. Chemotherapy
based on cisplatin has been linked to a variety of long-term consequences, including kidney damage,
neurotoxicity, and pulmonary toxicity, and may even create secondary cancers. However, lipoma
development is known to occur in fewer than 1 in 100 individuals, and only a few examples of
multiple cutaneous lipomatosis triggered by this therapy have been documented. Here we present a
very rare case of lipomatosis in a pediatric patient with GCT under cisplatin therapy, which might be
the third report of this kind affecting children.

Keywords: pediatric oncology; lipomatosis; cisplatin; platinum-based chemotherapy; germ cell tumors

1. Introduction

Lipomas are benign, most often encapsulated, noninvasive soft tissue tumors com-
posed of mature adipocytes. They represent about half of all the adipocytic tumors in
the pediatric population and, depending on their size and location, and they vary from
being asymptomatic to causing various non-specific symptoms. Cytogenetic aberrations

Medicina 2022, 58, 1715. https:/ /doi.org/10.3390 /medicina58121715

https://www.mdpi.com/journal /medicina


https://doi.org/10.3390/medicina58121715
https://doi.org/10.3390/medicina58121715
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/medicina
https://www.mdpi.com
https://orcid.org/0000-0001-6133-0204
https://orcid.org/0000-0001-7210-1263
https://orcid.org/0000-0002-6147-6518
https://doi.org/10.3390/medicina58121715
https://www.mdpi.com/journal/medicina
https://www.mdpi.com/article/10.3390/medicina58121715?type=check_update&version=3

Medicina 2022, 58, 1715

20f13

can often be described in these tumors, most of them affecting the chromosome 12q. The
term “lipomatosis”, on the other hand, describes tumors comprised of matured adipose
tissue with an infiltrative growth pattern, ill-defined margins, and a tendency toward
symmetry [1-3].

While the cause of these tumors remains mostly unknown, there are some etiologically
and clinically described subtypes of lipomatosis, such as Madelung’s disease associated
with alcohol consumption and metabolic problems; lipomatosis dolorosa, potentially asso-
ciated with improper lymph drainage; or Dercum’s disease and Roch-Leri mesosomatous
lipomatosis, which are considered very rare lipomatoses of unknown etiology [4,5]. There
have been cases reported where it seems that the medical intervention, whether through the
administered medication or surgery, might have either caused or exacerbated the growth
of lipomatous tumors [6-8]. Among the incriminated drugs lies cisplatin, a platinum-based
compound with a cytotoxic effect used in the treatment of various cancers [9-12]. Due to
its side effects and drug resistance, cisplatin is currently used in combination with other
antineoplastic agents. Through oxidative stress, high doses of this drug can induce nephro-
toxicity and hepatotoxicity, demonstrated by elevated creatinine levels, hepatic enzyme
levels, and bilirubin levels. Necrosis and inflammatory cell infiltration of the portal area are
some of the histopathological changes observed in patients treated with cisplatin [13]. Other
platinum-based agents have been demonstrated to induce hepatosteatosis, a condition that
has been linked to the growth of lipomas [14,15].

In this case report, we present a very rare case of a 16-year-old girl diagnosed with
a giant ovarian GCT of mixed histology with extension into the abdominal cavity and
asymptomatic amputation of the contra-lateral ovary, who developed lipomatosis after
chemotherapy with cisplatin. A thorough literature search was also performed to find
similar cases, since this rare occurrence of peritoneal and liver lipomas as a possible and
specific side effect of platinum-based chemotherapy is scarcely described in pediatric
patients.

2. Case Presentation

A 16-year-old Caucasian girl was admitted to our hospital, presenting with abdominal
pain and abdominal distension, fever, and a dry cough. Upon clinical examination, the
patient was found moderately pale and febrile, with a body mass index (BMI) of 28.6 kg/m?,
being in the 95th percentile for girls her age, corresponding to class I obesity. The abdomen
was distended and moderately painful upon palpation, the puddle sign was present, and
percussion notes varied between tympanic and dull, raising suspicion of ascites. Lab values
were significantly modified, suggesting a severe inflammatory process, as described in Table 1.

It was observed that CRP levels were 3215 mg/L, ferritin 1118 ng/mL, fibrinogen
629 mg/dL, and ESR was 92 mm/h, all of which ranged much higher than the normal
threshold. Besides the severe inflammatory status of the patient, the girl was also suffering
from anemia, with a red blood cell count (RBC) measured at 4.0 million, and a hemoglobin
level of 10.5 g/dL. Apart from class I obesity, the adolescent patient had an elevated serum
glucose (109 mg/dL), correlating with a metabolic syndrome. The serum lipid levels
were also above the normal range for adolescents, although without a significant increase
(total cholesterol = 183 mg/dL, triglycerides = 155 mg/dL). The patient did not have any
documented endocrinological problems.

A chest X-ray found bilateral interstitial reticular coarseness and opacification of
the right costophrenic angle, suggestive of pleural effusion. The patient was further
investigated in our ultrasound department; the abdominal sonogram raised suspicion of
an abdominal-pelvic tumor mass with mild ascites in the abdominal cavity, particularly
pronounced in the perihepatic and peri-splenic spaces.

Surgery was considered and computer tomography (CT) was performed on the same
day to better assess the extension of the tumor mass. The CT examination of the abdominal
and pelvic cavities found a gigantic heterogeneous mass of 18/13/9 cm (Figure 1). The
tumor did not invade the abdominal organs or retroperitoneal vascular structures, but
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manifested a compressive effect on the intestinal loops and urinary bladder. While the right
ovary could not be visualized, a calcified mass of 26/14/12 mm was identified within the
right anterolateral side of the recto-uterine pouch.

Table 1. Modified laboratory values significant for diagnosis.

Test Value Range Significance

RBC (female) 4.0 x 10°/mm? 42-54 x 10° /mm?3 l
Hemoglobin 10.5 g/dL 11.8-15.7 g/dL {
Leukocytes 17.200/mm3 4.800-10.800/mm?3 )
Neutrophils 13.810/mm3 1870-8100/mm3 0
Serum glucose 109 mg/dL 70-100 mg/dL )
Total cholesterol 183 mg/dL <170 mg/dL 1
Triglycerides 155 mg/dL <150 mg/dL T

Serum albumin 41mg/dL 3.4-54¢g/dL Within normal range
CRP 3215 mg/L 0-5mg/L 1
Ferritin 1118 ng/mL 15-150 ng/mL 0
Fibrinogen 629 mg/dL 200400 mg/dL 0

Procalcitonin 0.244 ng/mL 0-0.5ng/mL Within normal range
ESR 92 mm/h 2-13mm/h 0
AFP - - -
B-HCG - - -
CA-125 - - -

Tumor markers were not determined prior to surgery; CRP—C-reactive protein; ESR-Erythrocyte sedimentation
rate; AFP—Alpha-fetoprotein; 3-HCG—beta human chorionic gonadotropin; CA-125—Cancer antigen 125.
1:below normal range; 1: above normal range.

Figure 1. CT scan revealed a massive heterogeneous tumor mass of 18/13/9 (red arrow) cm with a
volume of 1101 mm?, of pelvic origin with extension in the abdominal cavity manifesting compression
on the local organs. Perihepatic ascites can be easily identified (blue arrow).

The major findings could be summarized as massive mixed solid-cystic tumors oc-
cupying the abdominal and pelvic cavities of suspected ovarian origin, abdominopelvic
ascites, minimal right pleural effusion, and para-aortic lymphadenopathy. The patient
underwent surgery on the third day of hospitalization. A midline laparotomy found peri-
toneal fluid that was drained and sampled for cytology and a massive septated cystic tumor
occupying the abdominal and pelvic cavity with left ovarian origin. A surgical biopsy
was performed along with ablation of the ovarian tumor and epiploectomy. Upon further
inspection of the pelvic cavity, a calcified amputated right ovary of approximately 3cm
in diameter was found, most likely a sequela of compression due to the massive volume
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of 1101.43mm? from the tumor originating in the contralateral ovary. The patient was
transferred to our intensive care unit for post-surgery monitoring awaiting the pathology
and cytology results.

The cytologic examination of the peritoneal fluid identified hemorrhagic fluid with
high heterogeneous cellularity of 75% neutrophils, 15% monocytes, 10% lymphocytes, reac-
tive mesothelial cells, and several old mesothelial cells with “signet ring cell” phenotype,
raising suspicion of peritoneal dissemination. Pathology findings revealed on macro-
scopic examination the tumor appeared as a round, encapsulated multi-cystic mass of
18.5/13.8/9.5 cm, with grey to light pink solid/ gelatinous components. Immunohistochem-
istry (IHC) analysis found a glial fibrillary acidic protein (GFAP), alpha-fetoprotein, CD10,
macro creatine kinase (MCK), and vimentin, all intensely positive, beta-HCG-negative, and
KI-67-positive in 10% of solid tumor areas [16-18].

The pathology findings identified the tumor as a mixed germ cell tumor with three
components, as observed in Figure 2: mature teratoma (25%), immature teratoma, high-
grade G3 (60%), and yolk sack tumor (15%). The tumor was graded at stage IV (pT1cNxM1)
due to evidence of metastasis, according to the TNM staging system [19], where “p” and
“c” stand for staging based on the histopathological assessment of a surgical specimen and
evidence acquired by clinical and paraclinical procedures, respectively.

Figure 2. Histological examination revealed a tumor of germ cell origin composed of areas of mature
teratoma, immature teratoma, and small areas of yolk sac tumor. (a). Teratoma with non-specific
glandular tissue (blue arrow) and cartilaginous tissue (red arrow). (b). Teratoma shows areas of
the dispersed squamous-stratified epithelium (red arrow), adipocytes (blue arrow), and immature
smooth muscle cells (black arrow). (c). The major component of the tumor consisted of immature
teratoma histology, with immature neuroectodermal tissue forming rosettes (red arrows) and tubules
(blue arrows). (d). Detail of yolk sac component with glandular growth pattern.

A second pathology examination was requested, and the result indicated a high-grade
immature teratoma. The final diagnosis was set after careful consideration of clinical,
paraclinical, histopathological, and IHC data. The tumor was labeled stage IIIC according
to the FIGO staging system that identified peritoneal metastasis [20], and a high-grade/G3
immature teratoma of the ovary [1].

Therapy and follow-up: the patient underwent chemotherapy treatment (MAKEI 2005
protocol) with four PEI cycles (cisplatin, etoposide, and ifosfamide). The chemotherapy was
well tolerated with no significant events, and complete tumor remission was accomplished
after the completion of the four PEI cycles. Shortly after completing the last cycle of
chemotherapy, a routine MRI showed elements previously absent four months prior: a
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small oval peripheral intrahepatic mass of ~0.8 cm under the Glisson capsule and several
smaller cysts in the perihepatic space. A PET scan was further performed and found no
signs of malignancy but identified the liver mass as a possible lipoma. The tumor markers
AFP and beta-HCG were within normal values; thus, a “watch and wait” approach was
decided upon.

The routine check-ups involving physical examination, lab values, tumor markers,
and imaging studies showed no signs of relapse or significant changes in the patient’s
health, apart from mild hepatic steatosis and significant weight gain (IMC = 35.4 kg/m?),
advancing the previously diagnosed obesity to class II. No endocrine causes for the patient’s
weight gain were found. The iatrogenic menopause following bilateral adnexectomy was
well controlled by hormone substitution therapy, therefore the weight gain was attributed
to genetics, an admittedly unbalanced diet, and a sedentary lifestyle.

In the 18th month since the end of chemotherapy, a routine MRI found that the
perihepatic masses had increased in number and dimension. The investigation found
intrahepatic, perihepatic, and subdiaphragmatic fat-containing lesions of a maximum of
2/1.5 ecm (Figure 3C,D), a smaller mass of approximately 1.1/0.6 cm in the hepatorenal
recess, and another of 0.4 cm in the gastrosplenic recess. Tumor markers AFP, b-HCG, and
CA-125 were normal; therefore, the rare growing teratoma syndrome (GTS) was feared as a
severe outcome [21,22]. Five tumor masses were removed by exploratory laparotomy two
weeks later, and the pathology exam found all the lesions to be lipomas.

Figure 3. Coronal MRI of the abdominal cavities. (A). MRI T2-weighted performed after the surgical
procedure, immediately before the start of chemotherapy. (B). Contrast-enhanced T1-weighted
sequence in the same examination. (C). MRI T2-weighted of the abdominal cavity 18 months after
completion of chemotherapy shows hyperintense perihepatic and subdiaphragmatic masses. (D). T1-
weighted fat-suppressed (Dixon) sequence revealed the masses to display low intensity, identifying
the small tumors as fat structures rather than liquid containing possible lipomas, an assumption later
confirmed after surgical excision.
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3. Discussion
3.1. Literature Search for Similar Findings

We report a case of a female pediatric patient that presented with systemic lipomatosis
after cisplatin therapy for GCT and no familial history of lipomatosis. Lipomatosis is
not an uncommon side effect of chemotherapy, and it is generally linked to the use of
corticosteroids [23]. Since our patient did not undergo steroid therapy and considering the
alarmingly rapid growth of the number of lipomas, we investigated the possibility that
her chemotherapy regimen might be the culprit. A quick scan of the literature revealed no
reports of lipomatosis involving exposure to etoposide or ifosfamide, but a likely link to
cisplatin, and a reported side effect of lipoma formation is fewer than 1 in 100 cases.

v

An extensive literature search using the terms “lipomatosis”, “lipoma”, “chemother-
apy”, “cisplatin” or “carboplatin”, “platinum-based chemotherapy”, and “germ cell tumor”
was conducted using the “PubMed”, “Web of Science”, and “Scopus” databases in an
attempt to answer the following question: how often are singular or multiple lipomas
associated with the use of cisplatin or other platinum agents? Articles in the English litera-
ture published between 2000 to 2021 were included in our final search. The main steps of
our literature scan are presented in Figure 4. We excluded articles irrelevant to our query
and reports of cases where underlying genetic or metabolic conditions associated with a
high incidence of lipomatous tumors were present (e.g., Cowden syndrome, Cushing’s
syndrome, Rb1 mutation, familial multiple lipomatosis, hamartoma tumor syndrome). A
history of corticosteroid therapy was also an exclusion criterion due to its well-known
association with the development of lipomatosis [23].

"L IPOMA" AND "CISPLATIN"
(n=5 results)
AND
~ N
"CISPLATIN" AND /'/"CHEMOTHERAPYR\ AND "GERM CELL TUMOR"
(n=7 results) g (n=168) > (n=31)
g ~
\ P
J7AND
SN
"CISPLATIN" AND “"CHILD" (n=27) AND o "GERM CELL TUMOR"
(n=0 results) \ (n=3)

Figure 4. Flowchart of steps and keywords used for database search.

The only two cases found relevant to our search described intestinal and cutaneous
lipomatosis occurring in two adult cancer survivors who underwent cisplatin therapy [24,25].
Cutaneous lipomatosis was described as the most prevalent benign mesenchymal tumor,
without a significant comorbid problem, that forms in the subcutaneous tissues of the trunk
or proximal extremities and manifests as distinct rubbery lumps. Although in one report the
lipomas were discovered 12 years after cisplatin therapy;, it is a known fact that circulating
platinum levels remain high decades after the end of the regimen [26]. The first reported
patient was diagnosed with testicular non-seminoma GCT treated with a right orchiectomy
and a treatment scheme using bleomycin, etoposide, and cisplatin, followed by bilateral
aortoiliac embolectomies during BEP treatment. The role of chemotherapy as a cause or
aggravator of intestinal lipomatosis has not been conclusively proven [27,28]. Notably, the
development and expansion of the lipomas seen in this patient’s follow-up studies after
chemotherapy treatment imply a causal involvement of the chemotherapy, but the potential
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of a congenital illness with a late presenting phenotype and limited penetrance persists.
Multiple case reports demonstrate chemotherapy-induced cutaneous lipomatosis, although
many of these patients had previously received steroids, which have a well-established
relationship with acquired lipomatosis.

Significantly, the second case report described a patient with testicular cancer who
was also treated with BEP chemotherapy and acquired cutaneous lipomatosis; it was
hypothesized that chemotherapy might cause adipocyte proliferation via a mechanism that
has yet to be determined [25]. Nonetheless, the patient had received a peripheral blood stem
cell transplant, but there are no previous reports of multiple lipomatosis developing after
such procedures. Regarding stem cell mobilization and transplant, there are no published
reports of adipose cell proliferation as a well-known adverse effect. However, it would
be beneficial to be able to show that chemo-mobilization agents may also drive adipocyte
proliferation in addition to blood cells [29]. In fact, the stimulating effect of the Macrophage
Colony-Stimulating Factor (MCSF) on adipocytes is well-established, although little is
known about GCSE. In spite of this, recent research indicates a link between the increased
release of GCSF and the expansion of cultured adipocyte sizes [30].

3.2. Germ Cell Tumors in Pediatric Oncology

The presented case represents a very rare occurrence in pediatric oncology, both by
the mixed histology of the GCT and even more for the association of platinum-based
chemotherapy with the development of systemic lipomatosis. Regarding the malignant
diagnosis in this patient, it is important to acknowledge the rarity of a mixed GCT in
pediatric oncology [31,32]. Germ cell tumors are a group of rare and highly heterogeneous
neoplasms with respect to their site of presentation, histology, age of onset, and molecular
signature [33,34]. Their incidence follows a bimodal curve, particularly high in children
under four years of age and another peak later in adolescence. The highest incidence of
GCT is seen in infants up to one month, where they account for 30-45% of neonatal tumors,
although only 5% are proven malignant [33]. While GCT represents 3.6% of all cancers
before puberty, their incidence spikes up to 12% in the 15-19-year age group that defined
our presented case. In Europe, as well as in the USA and Asia, the incidence is significantly
higher in males versus females, with 64 cases per million for males and 4 per million in
female patients, such as our finding [35].

In pediatric patients, a quarter of all malignant GCT presents two or more histological
types, thus classified as mixed germ cell tumors [36,37]. In females, the ovary is the most
common site for GCT, with an incidence of 1 in 400 thousand in Europe, thus it is a rare
cancer by RARECARE definition with an incidence that falls below 6 in 100 thousand
cases [35]. GCTs make up 25% of all diagnosed ovarian masses and 3-5% of malignant
ovarian cancers, as presented in this particular case. They are the most frequent ovarian
malignancies in women under 25 years of age [38,39]. Although mixed GCTjs of the ovary
are exceptionally rare (less than 1% of ovarian GCTs), they are the most common non-
seminomatous tumors in adolescent girls, having the lowest 5-year relative survival rate in
the 10-19 age group [37,40].

As presented in our rare case, surgical intervention was fundamental in the diagnosis
and management of the large tumor, and therefore it is often the first step of the treatment
in the majority of large-volume tumors. A laparotomy is usually performed, given the
size and solid nature of these tumors. Since germ cell tumors occur mostly in the younger
population, when possible, fertility-sparing interventions are performed in which the
unaffected ovary and fallopian tube are preserved [41-44]. In cases of locally extended
tumors or recurrent tumors, pre-surgical chemotherapy is preferred in order to reduce
the tumor size and ensure better chances of a second step, complete carcinogenic surgical
resection [45]. For GCTs, chemotherapy often involves the use of etoposide, ifosfamide, or
cisplatin, a platinum-based drug that was used for the 16-year-old girl presented in our
case [46]. However, when a clear diagnosis cannot be made before surgery, or the volume
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of the tumor creates a life-threatening circumstance, surgery will be performed before the
chemotherapy management.

3.3. Platinum-Based Chemotherapy in Pediatric-Oncology

While in adults any immature teratoma classified higher than stage 1, based on
the FIGO system, and a lower differentiation than Grade 1A, would be treated with
chemotherapy without considering prior surgical management, in pediatric patients the
use of chemotherapy has been challenged, with authors suggesting that complete resection
of the tumor alone is sufficient, sometimes regardless of the grading, with no significant
differences in overall 4-5 year survival of these patients compared to those who receive
platinum-based chemotherapy [26,47-49]. It is worth noting, however, that literature on
refractory and relapsed germ cell tumors in the pediatric population is scarce. Tumors that
have previously been treated by surgery alone continue to have an excellent prognosis;
however, in cases formerly treated with antineoplastic drugs, survival rates drop quite
significantly. The main prognostic factor in such situations seems to come down to whether
or not complete resection is possible. In order to achieve this, platinum-based chemotherapy
is recommended beforehand [45].

Although chemotherapy treatment guidelines are clear in adult patients, they become
uncertain in the pediatric population when involving ovarian GCTs of mixed histology
due to the very low incidence of these cases. The use of cisplatin-based chemotherapy
has been a breakthrough, not only in the treatment of gynecological cancers, but also in
neuroblastomas, hepatoblastomas, medulloblastomas, and other solid tumors, drastically
improving survival rates, and several studies have proven its superiority over carboplatin.
This observation has led to the introduction of cisplatin in most chemotherapy schemes
(the exception being the British protocol, which uses carboplatin) in combination with
etoposide, ifosfamide, bleomycin, or vinblastin [50]. The downside of using platinum-
based drugs is that blood serum platinum concentration remains high nearly 20 years after
receiving cytotoxic therapy [51]. Platinum agents and long-term exposure to circulating
platinum have been associated with long-term sequelae such as paresthesia, lipid disorder,
hypertension, and gonadal dysfunction, as well as an increased risk of second malignancies
and delayed cardiotoxicity [52].

The downside of using platinum-based chemotherapy is the risk of developing
secondary tumors. This theory was substantiated by research that discovered a dose-
dependent impact of chemotherapy on GCTs in 96 chemotherapy-treated individuals. In
larger cohort studies, a dose-dependent link between platinum-based chemotherapy and
GCTs eradication has not been studied [53]. In addition, in contrast to our case involv-
ing a 16-year old female patient with an ovarian GCT, the documented occurrences of
contralateral tumoral recurrence were exclusively in male individuals. Moreover, all pa-
tients were young adults, with no reports being available on the recurrence of GCT due
to platinum-based chemotherapy. Whether or not such a correlation exists is clinically
significant since a growing number of patients with testicular GCTs may receive lower
doses of platinum-based chemotherapy as an adjuvant treatment with one or two rounds
of chemotherapy for high-risk early-stage illness gains popularity.

3.4. Platinum-Based Chemotherapy and Lipomatosis

Even though the underlying process is uncertain, cisplatin-based treatment might
be a causative factor, although without significant proof. Cisplatin has an alkylating-like
property, binding DNA and inducing apoptosis. Even if the growth of fat cells created
by an antimitotic agent may seem counterintuitive, it is vital to recognize the alterations
in the body caused by cisplatin. In reality, an increased body mass index and metabolic
syndrome are potential side effects that may be attributed to hormonal changes brought on
by chemotherapy, such as a testosterone deficit.

Quite the contrary, it has been demonstrated that cisplatin inhibits the migration and
differentiation potential of human adipose-derived mesenchymal stem cells, and it can be
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assumed that the same mechanism is applicable to peripheral blood stem cells [54]. Adipose
stem cells show promise in the repair of cytotoxic tissue injury in vitro and in vivo animal
studies [55,56]. This is due to their chemotropism for sites of cell injury and inflammation,
as well as their potential to differentiate into various cell lines under the right stimuli [57].
Chang et al. showed that adipose stem cells from subcutaneous adipose tissue collected
from a patient who underwent cisplatin therapy four months prior displayed a significantly
reduced differentiation capacity compared to those sampled from a healthy donor.

Our patient showed no signs of preexisting lipomas or abnormal growth in the affected
area on the MRI performed before and after surgery prior to the start of platinum-based
chemotherapy. The first signs of the abnormal growth could be seen less than a month after
the last platinum agent-based cycle (cisplatin), the slight increase in size (~1-2 mm) was
confirmed six months later, and surgery became necessary 18 months after the last PEI
cycle (Figure 3C,D). Although the time correlation of cisplatin therapy with the onset of
lipomatosis in our patient seems to be strong, it cannot be excluded that other factors might
have played a significant role in this condition. Obesity may have been associated with
an increased release of adipocyte-produced steroidogenic enzymes, leading to increased
paracrine estrogen release [58]. Moreover, estrogen concentrations during hormone re-
placement therapy after bilateral adnexectomy may have differed from those occurring
physiologically. In light of this and given the fact that only two cases of lipomatosis after
CDDP therapy have been reported, the effect of estrogens seems more significant.

While the occurrence of lipomas after non-steroid chemotherapy regiments has not
been frequently reported, chemotherapy-associated fatty depositions and liver injury is
a well-known phenomenon that can manifest itself in a wide range of patterns from
transient transaminitis, cholestasis, and venous occlusion to acute liver failure or neoplastic
transformation. Cisplatin, one of the antineoplastic agents that our patient has received,
has been noted to temporarily elevate liver enzymes, but it is rarely linked to severe cases
of hepatotoxicity and fatty infiltration of the liver. However, another platinum-based agent,
namely oxaliplatin, has been recently associated with the development of hepatosteatosis in
adults who underwent hepatic resections due to colorectal or hepatic metastases [59]. One
study that aimed to evaluate whether such lesions were evident in the pediatric population
as well failed to find severe histopathological modifications, such as steatosis, fibrosis, or
necrosis [15]. The reason why such findings appear in adult patients and not pediatric
patients remains unknown, but it could be explained by the different drug combinations
used in the pediatric population compared to the adult population, as well as by the shorter
period of time elapsed between the end of neoadjuvant chemotherapy cycle and surgery in
pediatric patients.

In the case of our patient, it would be unwise to disregard the nutritional factor that
might have played a role in the development of the fatty liver. In the midst of the obesity
epidemic, which has unfortunately not spared children, non-alcoholic fatty liver disease
(NAFLD) has become the number one cause of chronic hepatic disorders in both children
and adults [60]. Moreover, a statistically significant relationship between liver steatosis and
hepatic lipomas was found with 50% of them also correlating with steatosis, and two-thirds
of the lipomas were associated with obesity and hypercholesterolemia [61]. However, our
patient had an increased BMI prior to the surgery and chemotherapy; therefore, obesity
alone might not necessarily be the only factor involved in the development of lipomas.

Another factor that should be taken into account when discussing the etiology of the
lipomatosis that our patient developed is the hormonal replacement therapy (HRT) admin-
istered after surgery. Although the process is not yet known, estrogen seems to promote the
subcutaneous accumulation of adipose tissue by inhibiting lipolysis in the subcutaneous
deposits only. That way, intra-abdominal fat deposits, which are typically seen in the male
population and post-menopausal women, are shifted predominantly toward the subcuta-
neous regions. After menopause, either physiological or medically induced, a redistribution
of fat is observed, with fat starting to accumulate in the visceral area. HRT, among other
treatments, prevents both visceral fat distribution and additional weight gain [62,63]. Given
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that the HRT received by our patient was carefully monitored and deemed adequate, we
consider it unlikely to have played a role in the development of lipomatosis.

The two phenomena described as “Chemotherapeutic retroconversion” and “growing
teratoma syndrome” could explain the lipomatosis that appeared in our patient after
chemotherapy [64,65]. Mature teratomas are germ cell tumors composed of different cell
types, with the potential to mimic any tissue type of the body. According to the previously
mentioned concepts, chemotherapy either contributes to the maturation of the immature
cells in the immature teratomas or induces apoptosis in the immature cells, allowing
the mature and slow-dividing cells to flourish. These theories were tested in a Japanese
descriptive study published in 2021 [65] by analyzing the response of embryonic stem cells
and induced pluripotent stem cell-derived immature teratomas to cisplatin in mice. The
study showed that, after being treated with cisplatin, the tumors increased their maturation
score, and on histological examination, mature tissues were found. Also, after treatment
with cisplatin, the tumors exhibited immunostaining a lower immaturity index. Thus, the
study concluded that cisplatin not only preferably destroys immature cells but also induces
maturation in the teratoma tissue.

4. Conclusions

Despite the existing evidence, lack of genetic analysis of the patients and experimental
methods to determine causality leave the possible association between the use of platinum-
based agents and the development of lipomatosis uncertain. The underlying mechanism
by which cisplatin or other platinum agents might affect adipocytes and favor the devel-
opment of lipomatous tumors is yet to be understood. This case report and literature
review provides further important evidence into a possible very rare side effect of cisplatin,
although it requires further research and in vitro studies. Until more data is available, we
suggest that our fellow clinicians consider previous treatment with platinum agents as
a possible cause in cases of rapid development and growth of lipomas when nutritional,
hormonal, or familial predisposition do not warrant the clinical manifestations.
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