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Case Presentation and Evolution
A 42-year-old man with a history of chronic hepatitis B,
maintained on tenofovir, was evaluated for cough and shortness of breath. After initial evaluation in the outpatient setting demonstrated a large right-sided pleural effusion, he
was seen at his local Emergency Department where CT and
subsequent MR identified a large (22.2 cm) Liver Reporting
and Data System (LI-RADS) 5 mass occupying the right
hepatic lobe (Fig. 1) that exhibited arterial-phase hyperenhancement, washout, and an enhancing pseudo-capsule.
An enhancing tumor thrombus was also visible within the
right main portal vein. Further evaluation identified an alpha
fetoprotein (AFP) of 34,000 and a history of unintentional
15 lbs weight loss over a period of months. As a result of
the large mass, the patient required multiple drainages for
recurrent pleural effusions. He was empirically started on
anti-vascular endothelial growth factor (VEGF) therapy
with lenvatinib and referred to interventional radiology for
consideration of radioembolization, but this was deferred
due to an elevated shunt fraction, with approximately 3.6%
shunting to the lungs. The patient was then referred for consideration of resection. Other than hepatitis B, he had no
other pertinent medical history.
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This clinical situation presented a challenge in terms of
devising a therapeutic plan that would maximize both quantity- and quality-of-life in a young patient with a large HCC
and macrovascular invasion. Treatment options under consideration included: continued anti-VEGF systemic therapy;
trans-arterial chemo-embolization; radio-embolization; or
surgical resection. Given the extant tumor thrombus occluding the right portal vein, combined with replacement of most
of the functional right liver with large tumor, there was compensatory hypertrophy of the left lobe. The patient’s case
was discussed in a multidisciplinary tumor board. Given
the patient’s young age, the tumor board determined that an
attempt at resection would be reasonable despite the large
size and presence of macrovascular invasion. The patient
was therefore brought to the operating room for right hepatectomy with tumor thrombectomy and portal venorrhaphy.
The operation was completed successfully with a primary
repair of the portal vein after extirpation of the tumor thrombus. An anterior approach (with early vascular control and
hepatic division prior to right liver mobilization) was taken
in order to minimize the chance of disrupting the tumor or
dislodging tumor thrombus into the circulation during full
hepatic mobilization [1]. No transfusions were required.
Following an uncomplicated postoperative course, he was
discharged home on postoperative day 5. He recovered well
with only minor postoperative ascites, managed with furosemide and spironolactone. Final pathology demonstrated a
23 cm grade 2 moderately differentiated unifocal hepatocellular carcinoma with 0/4 positive lymph nodes. The final
pathologic stage was pT4N0 with macrovascular invasion
(Fig. 2). He has been seen in clinic most recently at 6 months
after surgery with serial repeat imaging demonstrating no
local or distant recurrence, a widely patent portal vein, and
low-volume ascites (Fig. 3). He has now discontinued diuretic therapy and was initiated on adjuvant lenvatinib therapy
(Fig. 4).
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Fig. 1  Preoperative contrast-enhanced CT at the level of the portal
vein demonstrates a large area of heterogeneous enhancement within
the right hepatic lobe and a filling defect extending from the right to
the main portal vein (yellow arrow). Contrast-enhanced MR of the
same patient demonstrates heterogeneous arterial-phase hyperen-

hancement of the right hepatic lobe (bottom left), multiple areas of
intrinsic washout, and an enhancing pseudo-capsule evident on portal
venous phase (bottom middle). Coronal reformatted images illustrate
the extent of the infiltrating mass which occupies most of the right
hepatic lobe

Discussion

specified size and growth thresholds, (3) washout, and
(4) enhancing pseudocapsule [5]. The exceptional performance characteristics of these criteria obviate preoperative
biopsy of LI-RADS 5 positive lesions; in fact biopsy is
usually contraindicated [6]. Due to the presence of concomitant underlying liver disease, typical TNM staging
for HCC is considered inadequate for prognostication.
The most widely accepted staging system is the Barcelona
Clinic Liver Cancer (BCLC) algorithm, which takes extent
of background liver dysfunction and patient performance
status into account [7]. It is recognized that BCLC treatment recommendations for resection are widely considered
as excessively restrictive since they exclude many patients
who would benefit from curative resection [8].
Surgical management of HCC has typically been resection versus transplantation. Though transplant as therapy
offers potential cure of underlying hepatic disease with
excellent postoperative outcomes, criteria for transplant
evaluation are strict, currently indicated for small unifocal
disease < 5 cm or multifocal disease with ≤ 3 foci each measuring < 3 cm, as well as the absence of vascular invasion [9].
Due to the large size and presence of macrovascular invasion, our patient did not qualify according to any established

Hepatocellular carcinoma (HCC) is the 6th most common
cancer worldwide and the 4th leading cause of cancerrelated mortality as of 2018 [2]. While sporadic HCC in
otherwise healthy patients does occur, most HCCs are
associated with underlying liver disease, such as hepatitis
or cirrhosis due to other causes [3]. Hepatitis B (HBV)associated liver disease is the most common cause of
HCC worldwide. There are two main molecular subtype
classes of HCC: proliferative and non-proliferative [3, 4].
Tumors associated with chronic HBV most often belong
to the proliferative class, typically with poor differentiation, aggressive biologic behavior, high AFP levels, chromosomal instability, high rates of TP-53 mutation, and
active oncogenic pathways, such as the mitogen-activated
protein kinase (MAPK), mammalian target of rapamycin
(mTOR), and mesenchymal–epithelial transition factor
receptor tyrosine kinase (MET) [4]. Contrast-enhanced
cross-sectional imaging is typically sufficient to diagnose HCC without biopsy, based on the LI-RADS criteria
which include (1) arterial phase hyperenhancement, (2)
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Fig. 2  Right liver resection specimen, anterior (left) and posterior
(right) surfaces. The liver measured 23.0 cm in greatest dimension with surface diffuse subcapsular nodularity. A 3.0 cm nodular mass was identified on the posterior surface from one of the

major branches of the portal vein. Serial sectioning of the specimen
revealed a tan brown to tan yellow macronodular cut surface that
occupied much of the liver with a thin rim of grossly normal liver
with grossly identifiable tumor thrombi (high power inset)

Fig. 3  Sections of the portal vein margin showed an impressive proliferation of neoplastic hepatocytes completely occupying the portal
vein (a). Intra = tumoral hemorrhage and thrombosis with early vascular recanalization was identified (yellow arrow). The neoplastic

cells showed expanded trabeculae with disordered hepatic plates and
sinusoidal endothelialization (b). The tumor cells were pleomorphic,
with prominent macro = nucleoli, and ground glass inclusions (yellow
arrow) were appreciated (c)

transplantation criteria. Resection therefore remained as
the only potential curative-intent therapy. Outcomes after
resection for large HCC have shown that there is no upper
limit of tumor size that may be considered for resection.
Institutional studies have demonstrated that patients have

durable long-term survival even after resection of very large
(> 10 cm) tumors [10, 11].
The presence of macrovascular invasion (tumor thrombus), although recognized to convey an inferior prognosis,
has been stratified in prior studies based on the extent of
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Fig. 4  Axial (left) and coronal (right) reformatted postoperative CT images at approximately 6 months from surgery demonstrate interval
changes of right hepatectomy, a widely patent left portal vein (white arrow) and branch vessels, and low-volume ascites

anatomic/venous involvement [12]. These institutional series
have shown that the anatomic extent of thrombus is correlated with survival, such that patients with tumor thrombus in the segmental or sectoral branches may substantially
improve overall and disease-free survival relative to patients
with thrombus in the main portal vein [12]. Furthermore, the
survival curves from these series demonstrate that, although
tumor thrombus is associated with inferior prognosis, there
is a population of patients who demonstrate long-term survival after surgical resection in the setting of tumor thrombus. Finally, although elevated AFP has been associated with
a poor prognosis in resected patients, these data are highly
scattered and weakly correlated [13].
The first systemic therapy with any efficacy for patients
with HCC is sorafenib, which has demonstrated superior
survival compared with placebo in the 2008 SHARP trial
[14], followed by lenvatinib demonstrating non-inferiority
with sorafenib [15]. Though regorafenib has shown efficacy as second-line therapy in patients who progressed on
sorafenib [16], ramucirumab was effective in select patients
with aggressive biologic features and high AFP levels, who
progressed on sorafenib [17]. Recent years have brought
substantial advances in systemic therapies for HCC. The
combination of the programmed death 1 (PD-1) inhibitor
atezolizumab and the anti-vascular endothelial growth factor
(VEGF) antibody bevacizumab was recently shown to have
superior overall survival and progression-free survival than
sorafenib in patients with unresectable HCC. Impressively,
approximately 40% of the trial population had macrovascular invasion [18]. Unfortunately, there are currently no
data supporting use of adjuvant chemotherapy in hepatoma
patients after surgery.
In summary, this case highlights a challenging clinical
scenario with a large HCC and macrovascular invasion in
the setting of chronic hepatitis B in a young patient whose
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only potentially curative treatment option was resection
with extirpation of portal vein tumor thrombus. Although
resection in a case like this carries elevated risk both in
the perioperative period and for postoperative recurrence,
long-term outcomes and survivors have been seen after
such operations. The contribution of post-resection adjuvant therapy is currently undefined in this patient population; since current trials investigating postoperative therapy for HCC do not include patients with macrovascular
invasion, they are therefore needed in order to define the
value of adjuvant systemic therapy in this setting.

Key Messages
• Meaningful long-term survival is possible after resec-

tion of HCC with portal vein tumor thrombus in carefully selected patients
• There is no upper limit on the size of HCC that can be
resected safely. Excellent perioperative outcomes and
survival have been demonstrated in HCC > 10 cm after
resection.
• Radiographic criteria (LI-RADS) are sufficient for
diagnosis of HCC if a high-quality preoperative scan
is available. Preoperative biopsy of these lesions is not
required and is often contraindicated.
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