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Abstract

Leiomyosarcoma of the inferior vena cava (IVC) is a rare and aggressive malignancy, with poor prognosis and no
universally accepted treatment protocol. We present the case of a 69-year-old male with an IVC leiomyosarcoma,
which extended from the common iliac veins to the right renal vein. Initial imaging showed a retroperitoneal
mass with suspected IVC involvement. Histopathological examination confirmed leiomyosarcoma, and the

patient underwent four chemotherapy cycles with doxorubicin, followed by surgical resection. A multidisciplinary
approach, including general, vascular, and urologic surgeons, was employed. The tumor was excised en bloc with
the IVC and right kidney. No prosthetic IVC reconstruction was necessary due to the lack of hemodynamic changes
after clamping. Postoperative recovery was uneventful except for mild renal impairment. Molecular profiling of
the tumor using next-generation sequencing (NGS) identified mutations in TP53, RB1, KMT2C, TSC2, and other
genes associated with chromatin stability and tumor suppression. The patient experienced a local recurrence at
four months and was treated with chemotherapy. This case underscores the importance of personalized treatment
strategies, including surgical decision-making, chemotherapy, and molecular characterization, in managing rare
tumors like IVC leiomyosarcoma. Further research is needed to explore potential oncogenic targets and improve
prognosis.
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Introduction

The leiomyosarcoma of the inferior vena cava (IVC) is the
most frequent primary malignancy of the IVC. As a rare
tumor, it accounts for < 1/100,000 of all adult malignan-
cies and it usually remains asymptomatic until advanced
stages [1-3]. IVC leiomyosarcoma has an extremely poor
prognosis and radical wide margins surgery remains the
gold standard treatment showing a nearly 50% survival
rate at 5 years [1, 2]. The genomic profile of lelomyosar-
comas has been recently characterized by alterations in
genes associated with DNA repair and chromatin main-
tenance, mainly TP53, ATM, ATRX, EGFR and RB1. Copy
number losses have been observed in chr10 and 13 affect-
ing PTEN and RBI, while gains typically involve chr7 and
17 [3, 4]. Nonetheless, currently, there is no commonly
accepted algorithm supporting the surgical decision
making and each procedure should be tailored on the
specific patient. We present a case of IVC leiomyosar-
coma removed with a multidisciplinary surgical approach
associated with right nephrectomy in a 69-year-old male
and characterized for genome profiling to assess both the
presence of histotype-specific events and potential new
therapeutic targets.

Detailed case description

A 69-year-old male presented right sided abdominal
pain. An abdominal ultrasound followed by a computed
tomography (CT scan) revealed a retroperitoneal mass
(8.5%10.8x12.4 cm) displacing the pancreas head and
the right kidney apparently encasing IVC and right renal
vessels, involving segment I e II according to Vollman
classification (type I, localized below the renal veins and
type 11, localized between the hepatic segment and renal
veins)(Fig. 1A). The ultrasound guided needle biopsy,
performed at a spoke Center, showed a mesenchymal
tumor with fused cells with KI67 5% (caldesmon nega-
tive, desmine negative MDM2 negative, DOG-1 negative
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and CD117 negative). Given the non-conclusive results
of the initial histological biopsy, failing to identify a spe-
cific sarcoma subtype, and the extensive local spread of
the disease involving multiple adjacent organs and vas-
cular structures - rendering surgery unfeasible as a first-
line option — along with the patient’s clinical presentation
of abdominal pain, the patient underwent four cycles of
single-agent doxorubicin chemotherapy, while awaiting
a repeat biopsy. Three months later, a further CT scan
revealed multiple pulmonary micronodules and a mil-
limeter increase in mediastinal lymph nodes dimension.
The retroperitoneal mass remained morphologically
unchanged, however signs of IVC thrombosis and right
renal vein involvement were detected (Fig. 1B). Consid-
ering the IVC involvement, the tumor extended from 4
centimeters above the bifurcation of the common iliac
veins up to the right renal vein; the infra-hepatic segment
of the IVC and left renal vein were not involved. In the
second histological typing, performed at our sarcoma’s
referral Center, smooth muscle markers such as SMA,
desmin, and caldesmon were all positive, supporting
the final diagnosis of leiomyosarcoma. The case was dis-
cussed within a multidisciplinary team including general
surgeons, oncologists, and vascular surgeons in order to
list the available treatment options.

Surgical report

The vascular surgery and surgical oncology teams
planned the operative resection together, including the
support of the urologists. Exploration was performed via
a midline incision. The tumor was identified arising from
IVC with lower, middle segment and right renal vessels
involvement. Proximal and distal controls of the IVC
were obtained; the IVC was clamped 2 centimeters above
the iliac bifurcation and in its infra-hepatic segment
together with renal veins clamp; no changes in central
venous pressure were observed during clamping. After
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Fig. 1 A CT scan at diagnosis: right renal kidney displacement and uncertain involvement of inferior vena cava (IVC) and right renal vessels (RRV) B
3-months CT scan (after 4 chemotherapy cycles): inferior vena cava (IVC) thrombosis and right renal vessels (RRV) involvement
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Fig. 2 A En bloc excised tumor B lumen of proximal end of inferior vena cava (IVC) and left renal vein (LRV) before reconstruction C surgical suture of
the proximal end of the inferior vena cava (IVC) with left renal vein (LRV) preservation (upper indicator) and surgical suture of the distal end of the inferior

vena cava above the iliac bifurcation (lower indicator)

dissection and ligature of right renal vein, the tumor was
excised en bloc with IVC (Fig. 2A). Due to the absence
of preoperative inferior limb swelling and marked intra-
operative hemodynamic disturbance after the IVC
clamping, no prosthetic reconstruction of IVC was per-
formed. The IVC was sutured 2 centimeters above the
iliac bifurcation; the proximal end of IVC was sutured
reconstructing the ostium of the left renal vein (Fig. 2B,
C), preserving its patency. The procedure was completed
with right nephrectomy. The anesthetic induction and
preoperative preparation required approximately 90 min,
while the surgical procedure lasted 6 h. During the opera-
tion, the patient received 7 units of packed red blood cells
and 5 vials of albumin. The patient spent three days in
the intensive care unit. During the postoperative period,
there was a moderate increase in creatinine levels (Pre-
operative creatinine 1.05 mg/dL; postoperative creatinine
1.70 mg/dL). The patient received anticoagulant therapy
to prevent thromboembolic complications. The patient
was discharged 14 days after the surgical procedure. The
final histological report showed a diagnosis of leiomyo-
sarcoma G3 SEC. FNCLCC (sec WHO 2020), surgical
margins free of disease. A new CT scan performed at 4
months showed a local recurrence of disease with a small
abdominal lesion of 3 cm close to the liver, suggesting a
particularly aggressive tumor biology. Considering the
interval time<6 months from the first surgery, loco-
regional treatment was excluded, and the patient under-
went further systemic therapy with gemcitabine initially
combined with docetaxel for four cycles. Due to disease
progression, treatment was subsequently switched to
gemcitabine combined with dacarbazine for an addi-
tional four cycles, resulting in disease stabilization until
the progression of two abdominal lesions, which were
treated surgically. The patient died after 30 months from

the diagnosis. During follow-up, the patient did not show
symptoms of venous stasis affecting the lower limbs;
the postoperative CT scan also confirmed the presence
of extensive collateral venous circulation, further sup-
porting the appropriateness of the non-reconstructive
approach.

Molecular characterization

Considering the rarity of the disease and the peculiar
localization, we chose to characterize the genomic and
transcriptomic status of this tumor, to better define the
underlying molecular signature and to identify onco-
genic targets potentially useful for prognosis and therapy
adopting next-generation-sequencing (NGS) techniques.
Copy number analysis revealed deletions in both TP53
(17p13.1) and RBI1 (13q14.2) tumor suppressors, which
are the most frequently altered genes in leiomyosarco-
mas, portraying the prototypical genetic profile of this
sarcoma histotype. Germline variants were detected by
whole exome sequencing (WES) (Supplementary Table
1). Some of these variants concerned genes involved in
chromatin stability, including KMT2C (Y816*), ERCC4
(G403R) and FANCA (D953E). Additionally, germline
variants affected SDHA (S540L) and TSC2 (F1266del)
tumor suppressors, and SETBPI (T228Sfs*8) which can
activate the SET nuclear oncogene. Exome sequenc-
ing analysis also led to the identification of the follow-
ing somatic events, which are acquired during malignant
transformation and disease progression (Supplementary
Table 2). Interestingly, KMT2C, TSC2 and the proto-
oncogene ROSI presented missense mutations (D2366N,
S$136Y and 1468V, respectively), considered deleterious
by bioinformatic predictors. Regarding gene fusions, we
identified the novel ZNF101:NCAN chimeric transcript.
This transcript retained the reading frame occurring
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between two intact exons: exon 1 of the ZNFI0I gene
ending at chr19:19668966 and exon 12 of the NCAN gene
starting at chr19:19240603. Since the zinc finger protein
ZNF101 contributes to gene transcription and the fusion
retains only the first exon, which consists mostly of the 5’
UTR, transcriptional activity might be altered due to this
event.

Discussion

Primary tumors of the inferior vena cava represent a very
rare disease; among these, lelomyosarcoma represents
95% of cases [1, 2, 5-8], unlike the arterial district, where
leiomyosarcoma is the third most common primary
tumor after angiosarcoma and intimal sarcoma [9]. Leio-
myosarcoma of the inferior vena cava is a tumor of mes-
enchymal origin that develops from the smooth muscle
cells of the tunica media [10]. The first case described
dates back to the end of the 19th century and the first
surgical resection, described by Mechior, dates back to
around the 1930s [11, 12]. This type of tumor is charac-
terized by rather slow growth, resulting in a delayed
symptoms onset; in fact, it is often diagnosed in advanced
stages with a consequent poor prognosis. The clinical
presentation is closely related to the localization. A clas-
sification has been proposed in relation to the localiza-
tion of the tumor with respective associated signs and
symptoms; Vollman classification includes type I local-
ized below the renal veins (edema of the lower limbs,
deep vein thrombosis, abdominal pain, palpable abdomi-
nal mass), type II localized between the hepatic segment
and renal veins (abdominal pain, hypertension and
nephritic syndrome), and type III localized from the right
atrium to the hepatic veins (weight loss, nausea, Budd-
Chiari syndrome, arrhythmias) [5, 10, 13-15]. To date,
surgical resection remains the gold standard treatment in
patients with localized disease, even though it does not
always allow long-term survival. Combining adjuvant
therapeutic techniques such as radiotherapy and chemo-
therapy is essential; however, the methods of these treat-
ments are not clearly defined [16]. This is why it is often
necessary to proceed with extensive en bloc resections
involving not only the vascular district, but also other
organs in close proximity to the lesion. In case of en-bloc
resection, the need to reconstruct the inferior vena cava
is still a debated topic. The presence of collateral network
constitutes a fundamental element in the choice of the
reconstructive approach; slow tumor growth often guar-
antees the adaptation of a re-entry venous circulation
which allows radical treatment without the need to
reconstruct the vena cava. In the literature, this occur-
rence is often described in cases in which the tumor
involves the infrarenal caval district [17, 18]. Regarding
leiomyosarcomas of the infrarenal district of the vena
cava, in a recent publication [19], the authors suggest a
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direct suture in cases in which less than 25% of the lumen
is involved and a reconstruction with patch(patch plasty)
if up to 50% of the lumen is involved, to ensure adequate
laminar flow and minimize narrowing after the repair.
For tumors involving more than 50% of the vessel, how-
ever, resection of the vena cava and reconstruction with a
graft may be necessary. Various options include the use
of Dacron or PTFE; in case of high risk of infection,
autologous or homograft materials should be considered.
According to Sidawy et al, reporting the Mayo Clinic
experience, the resection of the pararenal and infrarenal
district without venous reconstruction can be success-
fully performed however it correlates with a high risk of
renal failure, particularly in the case of simultaneous
right nephrectomy. In fact, the authors suggest, in these
cases, the reconstruction or reimplantation of the left
renal vein. Although the venous circulation of the left
kidney can be replaced by collateral branches, the addi-
tional time for reconstruction of the left renal vein is
minimal compared to the consequences of renal failure
following ligation of the left renal vein if a right nephrec-
tomy was performed [20]. In the present clinical case, the
preoperative CT showed a circumferential involvement
of the infrarenal vena cava without signs of venous hyper-
tension in the lower limbs. The possibility of reconstruc-
tion using prosthetic material had been considered in the
preoperative planning; however, during the procedure,
the clamping of the suprarenal district did not show any
hemodynamic changes, confirming a previous chronic
condition whose progressive onset al.lowed the forma-
tion of compensatory collateral circulations. In this spe-
cific case, the reconstruction of the vena cava would have
resulted in a lengthening of the surgical time with an
increased risk of infection, in the absence of obvious ben-
efits for the patient. We therefore opted for a reconstruc-
tive approach to the inflow of the left renal vein, to
minimize the risk of renal failure with a favorable clinical
outcome and absence of limbs swelling and clinical signs
of venous thrombosis. A recent publication reported a
case of type II leiomyosarcoma of the IVC, with obstruc-
tion from the ostium of the renal veins to the hepatic dis-
trict. Similarly, a resection of the caval region has been
performed, in the absence of reconstruction. The authors
based their decision on the absence of hemodynamic
changes and also underlined the use of flow assessment
with intraoperative Duplex ultrasound examination [17].
In our case, the decision to forgo IVC reconstruction was
supported by the intraoperative finding of a chronically
occluded cava with well-developed collateral circulation,
a scenario in which resection without reconstruction has
been reported as safe and feasible. While recent reports
highlight the potential role of intraoperative Doppler or
ultrasound assessment in further validating hemody-
namic adequacy, such tools were not available in our
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setting. Nevertheless, the absence of venous congestion
or hemodynamic instability during surgery corroborated
the functional exclusion of the IVC, aligning with litera-
ture that suggests reconstruction is not always manda-
tory when collaterals are sufficient [21, 22].The standard
medical approach of leiomyosarcoma of the inferior vena
cava in unresecatable or recurrent or metastatic cases
requires the same therapy of leiomyosarcoma which are
based on antracyclines with or not dacarbazine as first
line followed by trabectdin or gemcitabine with or not
docetaxel at progression of disease [7]. Anyway, the
response rate of disease and the survival benefit still
remain low. We decided to perform NGS analyses to bet-
ter characterize this leiomyosarcoma sample and, possi-
bly, to detect amenable oncogenic targets. Our findings
confirmed the typical genomic signature of leiomyosar-
comas: TP53 and RBI are usually altered in this histo-
type, altogether explaining up to 75% cases, while
mutations in KMT2C and TSC2 have been encountered
only in few samples [4, 23, 24]. Our case showed a com-
pound heterozygosis at KMT2C and TSC2, whose contri-
bution to tumorigenesis and malignant progression
should be further investigated. Indeed, KMT2C is a lysine
methyltransferase enabling chromatin remodeling where
transcription or DNA repair should occur; consequently,
when altered, homologous recombination becomes
impaired enhancing tumorigenesis [25]. TSC2 is a tumor
suppressor involved in cellular metabolism and growth;
any alterations might lead to the activation of the mam-
malian target of rapamycin (mTOR) pathway and, conse-
quently, to uncontrolled cell proliferation [26, 27].
Interestingly, PTEN and ATRX alterations have not been
detected. Conversely, the patient exhibited germline vari-
ants in FANCA and SDHA, which are usually mutated in
Fanconi anemia and gastrointestinal stromal tumors
(GISTs) respectively, even if the role of these variants in
disease onset is far from clear [28]- [29]. Therapeutically,
given the role of FANCA and KMT2C in maintaining
chromatin stability by DNA repair regulation, their alter-
ations suggest a potential sensitivity to PARP inhibitors
(PARPi). PARPi can disable the poly ADP ribose poly-
merase leading to the accumulation of DNA double-
strand breaks that, eventually, cause cell death [25, 30].
Other strategies that may be considered involve mTOR
inhibitors, which seem to be efficient against TSC1/2
mutations, and tyrosine-kinase (TK) inhibitors against
the proto-oncogene ROS1 encoding a TK receptor [31,
32]. Indeed, even if ROS1 rearrangements are more com-
monly associated with oncogenic transformation, point
mutations have also begun to emerge as drivers [33].
Ultimately, our results highlighted the molecular hetero-
geneity of this tumor subtype and the challenges in pin-
pointing the targetable oncogenic mutations and
selecting the most appropriate treatment. It is precisely
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this heterogeneity and the disease aggressiveness that
create the need for targeted therapies like the inhibitors
previously mentioned. Nevertheless, thesynergistic
action against different molecules should be carefully
evaluated given the risk of toxicity and interference.

Conclusions

The leiomyosarcoma of the vena cava is an extremely rare
neoplasm. Considering the limited spread of this pathol-
ogy, standardizing treatments that undoubtedly require
a multidisciplinary approach remains extremely difficult.
Surgical resection, combined with medical therapy, plays
a fundamental role in treatment. In some cases, extensive
en bloc resection can be performed successfully without
further reconstructive approach, both technically and
clinically successful. To our knowledge, few reports com-
bine surgical management with detailed genomic char-
acterization of IVC leiomyosarcoma, which may inform
future personalized approaches. For instance, in our case,
we have identified not only histotype-specific events
affecting TP53 and RBI but also potential targets, includ-
ing KMT2C, TSC2 and ROS1, whose inhibitors might be
considered as therapeutic strategies in other leiomyosar-
comas presenting the same alterations.
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