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Autosomal dominant polycystic kidney disease (ADPKD) is frequently associated with liver cysts, but an asso-
ciation with giant cavernous liver hemangioma is not mentioned in the literature.

We report the case of a 41-year-old man with ADPKD, secondary arterial hypertension, and stage 4 chronic kid-
ney disease who presented with a 2-week history of persistent pain at the base of the right hemithorax and
in the right hypochondrium. An ultrasound examination and a contrast-enhanced computed tomography scan
revealed a giant cavernous liver hemangioma. Surgery was intially taken into account (however, twice delayed
because of the COVID-19 pandemic) but later refused because it would have left the patient with dangerous-
ly few liver parenchyma.

To our knowledge, this is the first reported case of ADPKD associated with cavernous liver hemangioma. Vascular
endothelial growth factor could be the pathophysiological link between the 2 conditions. Further research may
unravel the molecular biology that underlies this possible association, pointing to new therapeutic avenues for
ADPKD.

Hemangioma, Cavernous ¢ Polycystic Kidney, Autosomal Dominant
Vascular Endothelial Growth Factors
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Background

Autosomal dominant polycystic kidney disease (ADPKD) is a
monogenic multisystem disease in which multiple cysts de-
velop in the kidneys and in other organs, especially in the liv-
er [1-3]. Cavernous hepatic hemangiomas are benign hyper-
vascular tumors consisting of endothelial-lined, blood-filled
cavernous spaces embedded in a thin fibrous stroma, from
which fine fibrous septa arise that insinuate themselves be-
tween the vascular structures [4,5]. In the literature, we could
not find an association between ADPKD and cavernous liver
hemangioma, although there are theoretical justifications for
it. We present a case of ADPKD associated with a giant cav-
ernous liver hemangioma.

Case Report

A 41-year-old man with a history of ADPKD, secondary arte-
rial hypertension, and stage 4 chronic kidney disease (CKD)
presented to the hospital with a 2-week history of persistent
pain at the base of his right hemithorax and in his right hypo-
chondrium. He denied tobacco smoking, alcohol abuse, or use
of illicit drugs. The patient was on daily furosemide (40 mg),
perindopril (4 mg), amlodipine (10 mg), allopurinol (100 mg),
and keto-analogs of essential amino acids at a dose based on
his body weight.

Physical examination of the man revealed high blood pressure
(150/80 mmHg), a regular heart rhythm at a rate of 68 bpm,
normal breath sounds with no rales, a soft abdomen with ten-
derness in the right hypochondrium, an enlarged liver, bilat-
erally enlarged kidneys, normal urine output, and no edema.
Blood testing revealed no abnormalities, apart from accumu-
lation of nitrogenous waste products (serum creatinine 336
MM/L, corresponding to an estimated glomerular filtration rate
of 19 mL/min/1.73 m?, and blood urea nitrogen 18 mmol/L).
Albumin and protein excretion in the urine was normal. There
were no signs of liver dysfunction. Serum levels of aminotrans-
ferases (alanine aminotransferase 17 U/, aspartate transam-
inase 16 U/l), alkaline phosphatase (69 U/L), total bilirubin
(0.42 mg/dL), albumin (4.6 g/dL), and prothrombin time (11.8 s)
were all normal. The patient’s platelet count (175x10°%/L), co-
agulation parameters (activated partial thromboplastin time
28.5 s, international normalized ratio 1.04), and fibrinogen (306
mg/dL) and unconjugated bilirubin (0.37 mg/dL) levels were all
normal, hence there was no evidence of consumptive throm-
bocytopenia (Kasabach-Merritt syndrome) [6], consumptive co-
agulopathy [7], disseminated intravascular coagulation [8], or
microangiopathic hemolytic anemia [9], which in rare cases,
are known to occur in association with giant hemangiomas.
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Six years before, the patient had presented to another hospital
with complaints of fever, nausea, and vomiting, which at the
time were attributed to a bout of pyelonephritis. Ultrasound
revealed enlarged kidneys containing multiple cysts (but no
cysts in the liver, pancreas or spleen), and that finding, com-
bined with the increased creatinine level (150 yM/L) and high
blood pressure, led to a diagnosis of CKD due to ADPKD with
secondary hypertension. The man’s serum creatinine level re-
mained stable for the next 3 years and then slowly increased:
230 (2018), 256 (April 2019), 271 (July 2019), 336 (March 2020),
423 (July 2020) (all values are in pM/L), along with a progres-
sive increase in the size of his kidneys and the number and
dimensions of the cysts.

Unfortunately, the patient could not provide any written ul-
trasound report or recorded images of his kidneys or liver. The
attending physician who had performed follow-up on him for
6 years was contacted and stated that she had not noticed
anything remarkable in his liver. No images of the man’s kid-
neys were recorded during the follow-up period because the
patient was considered to have ADPKD that was being fol-
lowed in the usual course of the disease. It is difficult to es-
tablish whether, indeed, nothing happened to the man’s liver
during those 6 years or whatever happened was simply over-
looked because the organ appeared to be disease-free at the
time of his initial diagnosis. At no point in the patient’s his-
tory was anemia documented. The timeline of known hemo-
globin levels (in g/dL) is as follows: 14.1 (2014), 13.1 (2016),
13.6 (2017), 14.2 (2018), 12.3 (April 2019), 12.8 (March 2020)
and 12.9 (July 2020).

The man’s family history included unrelated diseases in his
parents: an ovarian tumor in his mother and diabetes melli-
tus and hypertension in his father. There was no reliable in-
formation regarding his grandparents’ medical history. The pa-
tient had a 38-year-old sister who was disease-free. In him,
the diagnosis of ADPKD was based on the appearance of his
kidney. He had grossly enlarged kidneys in which the normal
architecture had been completely replaced by countless cysts
of various dimensions (>10 cysts measuring >5 mm in both
kidneys) [3]. Therefore, genetic testing to establish the diag-
nosis of ADPKD was considered unnecessary, even though the
patient’s family history was negative for this disease [3,10].

On abdominal ultrasound, a mass was detected in the right
lobe of the man’s liver that had a heterogeneous structure,
net borders, and no Doppler signal, and seemed to compress
surrounding vascular structures such as the inferior vena cava
(Figure 1). Given the atypical appearance, a decision was made
to perform contrast-enhanced abdominal computed tomog-
raphy (CT), despite kidney dysfunction. The patient was given
normal saline and bicarbonate infusion (to induce alkaline di-
uresis) [11] and intravenous (IV) acetylcysteine (for averting
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Figure 1. Abdominal ultrasound showing a mass in the right liver
lobe with a heterogeneous structure and net borders
(arrows), which is compressing surrounding structures
such as the inferior vena cava (as revealed by the color
Doppler signal filling its lumen) (white star).

Figure 2. Axial sections from contrast-enhanced computed
tomography showing a cavernous hemangioma
(arrows) in segments VI and VII.

oxidative stress injury) [12] before and after CT examination
with the aim of preventing contrast nephropathy. The abdomi-
nal CT scan showed an enlarged liver (right lobe cranio-caudal
diameter 197 mm) with diffusely distributed cysts, the larg-
est of which, in segment IV, measured 19 mm. A hypodense
mass was visible in segments VI and VII, which measured
112 mm. (The largest diameter is usually measured, followed
by the diameter in a plane perpendicular to the plane in which
the largest diameter was recorded. In this case, the 2 diam-
eters happened to be the same.) (Figure 2). The contrast re-
vealed peripheral iodophilia in the arterial phase (Figure 3) and
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Figure 3. Axial sections from contrast-enhanced computed
tomography showing a cavernous hemangioma
(arrows) with peripheral iodophilia in the arterial phase
(black stars).

Figure 4. Axial sections from contrast-enhanced computed
tomography showing a cavernous hemangioma with
partial homogenization in the late phase (arrow) and a
fibrotic area that is not opacified (black star).

partial homogenization in the late phase (Figure 4), sugges-
tive of cavernous hemangioma [4]. The common and intrahe-
patic bile ducts were normal size. The gallbladder was normal
size, with thin (normal) walls, and no gallstones. The kidneys
were enlarged, with numerous bilateral cysts (Figure 5), some
with peripheral calcifications and others with a hematic ap-
pearance. The largest cyst, which measured 63 mm, was lo-
calized at the right upper pole. Contrast secretion and excre-
tion by the kidneys were normal.
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Figure 5. Reconstructed coronal contrast-enhanced computed
tomography scan showing a giant cavernous liver
hemangioma (black star) and numerous bilateral
kidney cysts (arrows).

The patient was evaluated by a general surgeon, who decided
to surgically resect the cavernous hemangioma. Because of the
COVID-19 pandemic, however, the intervention was delayed twice.
Another general surgeon to whom the patient was referred decid-
ed not to perform the resection, considering that too much of the
liver parenchyma would have had to be resected in the process,
leaving dangerously little of the organ. The patient continues to
complain of persistent discomfort in his right hypochondrium,
which is aggravated by motion and deep breathing. He will con-
tinue to be followed at 3-month intervals to determine wheth-
er other treatments, such as therapy for iron deficiency, anemia,
or bone and mineral disorders, are necessary and when it would
be appropriate to initiate renal replacement therapy. The patient
also has been instructed to present to the Emergency Department
immediately if he experiences symptoms such as fever, pain, or
neurological signs that suggest complications of ADPKD.

Discussion

The estimated prevalence of hepatic hemangiomas ranges
from 0.4% to 20%, with the highest estimates being from au-
topsy series, whereas imaging series suggest a more conser-
vative 5% [13]. The only estimate of giant cavernous angio-
ma prevalence we could find in the literature (10.9%) was
based on a different threshold for the condition (4 cm) [14].
Mathematical modeling of the size distribution of liver hem-
angiomas needs to take into account that approximately 89%
are <4 cm and diameters as high as 20 cm and even 40 cm
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Figure 6. A normalized curve that models size distribution of
hepatic hemangiomas, taking into account that the
vast majority (89%) are <4 cm and some >10 cm
(giant hepatic hemangiomas) and even >20 cm. The
curve fitting these conditions suggests that only a tiny
proportion of hepatic hemangiomas (<1%, denoted by
the downward-pointing arrow) qualify as giant.

are possible [15,16]. Therefore, there should be a very right-
skewed curve, with the bulk of the surface below 4 cm (the
large gray area on the left in Figure 6). The area under such
a curve for independent variable values >10 is approximate-
ly 0.0001 (if the curve is normalized, that is, with a total area
under the curve of 1) (the tiny, skinny gray area on the right
in Figure 6). Even an estimate that is 100 times greater (that
is, 0.01) suggests that at most, 1% of liver hemangiomas mea-
sure >10 cm. That equates to a prevalence in the general pop-
ulation of giant (i.e. 10 cm) liver hemangiomas of no more
than 5x1%, or 0.05%. The estimated prevalence of ADPKD
also spans a large range, but is probably 5: 10 000 or less [17].

The liver cysts in ADPKD usually are asymptomatic, do not al-
ter liver function, and are discovered incidentally during an
imaging examination [18]. They may become symptomatic as
a result of either the mass effect (abdominal pain, obstruc-
tive jaundice, early satiety) or a complication, such as infec-
tion, rupture, or bleeding [2,18]. Only regular follow-up, and
not therapy, is required for liver cysts that produce no symp-
toms, which are the most common [19].
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Cavernous hepatic hemangiomas, too, are usually asymp-
tomatic. Therefore, they are typically discovered accidentally.
Their size varies, the adjective “giant” being applied to those
>10 cm [4]. The large ones can elicit symptoms, including pain
in the right hypochondrium and a sensation of early satiety [4].
Liver hemangiomas are generally considered vascular malfor-
mations. Their etiology is unknown and the only recognized
risk factor seems to be estrogen exposure (as during pregnan-
cy or exposure to hormone replacement therapy) [4].

The giant liver hemangioma in our case was discovered on ul-
trasound and confirmed with a CT scan that was precipitated
by patient’s complaints of pain at the base of his right hemi-
thorax and in his right hypochondrium. We believe that this
pain was a result of the large size of the hemangioma, because
other causes were excluded on the ultrasound and CT imag-
es. None of the cysts associated with the man’s ADPKD were
complicated; his gallbladder was normal size, with walls of nor-
mal thickness, and free of stones; there was no anomaly, such
as pneumonia or pleurisy, in his right lung and pleura/pleural
space, and there was no apparent pathology in the man’s colon.

Liver hemangiomas can be diagnosed using ultrasound, CT, or
magnetic resonance imaging. On ultrasound, they are well de-
marcated, either homogeneously hyperechoic (the small ones)
or heterogeneous (the large ones because of intervening ar-
eas of fibrosis, necrosis or hemorrhage) [5], and usually have
a minimal Doppler signal [5]. On CT scan, small lesions are
homogeneous and slightly less dense than the liver, whereas
large lesions may be heterogeneous, sometimes with central
hypodensity if contrast penetration is hindered by fibrosis,
thrombosis, or degeneration [20]. Contrast uptake starts from
the periphery as discontinuous, nodular enhancement during
the early arterial phase, progresses toward the center during
the venous phase, and is complete and persistent during the
late phase [4]. These specific aspects were also observed in
our patient during the CT examination.

Management of a liver hemangioma is based on the existence
and severity of the symptoms elicited by the tumor, which are
essentially related to its size. Persistently symptomatic giant
liver hemangiomas call for definitive surgery or non-surgical
therapy by an experienced team of healthcare providers [21].
Transarterial embolization sometimes is effective in control-
ling symptoms [22,23], but if it proves to be insufficient, sur-
gery (enucleation or hepatic resection) can be performed.
Alternatively, surgery can be considered in the first place [24].
Preoperative transcatheter arterial embolization can be used
preoperatively to alleviate symptoms. It also can reduce tu-
mor volume, making mobilization easier during surgery, which
is especially useful when the hemangioma is located central-
ly or near important vascular structures [25]. In our case, sur-
gery was the first choice because the patient had ADPKD with
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stage 4 CKD, and administering IV contrast medium for trans-
catheter arterial embolization carried the risk of worsening
his renal function.

To our knowledge, this is the first reported case of ADPKD as-
sociated with a cavernous liver hemangioma. We have found
only 1 similar case in the literature: a symptomatic giant liver
hemangioma associated with polycystic liver disease (but not
with ADPKD). In that case, hepatic resection was performed,
with a good long-term outcome [26]. Radiofrequency and mi-
crowave ablation are other nonsurgical therapies for liver hem-
angiomas. They are better suited to moderate-size liver hem-
angiomas and have been shown to be effective as definitive
treatment in some cases [27,28]. Ablation is inadequate for
large hemangiomas because it results in a high rate of com-
plications. Radiation is an option for liver hemangiomas that
cannot be resected [29]. Liver transplantation also can be con-
sidered in patients who have multiple giant hemangiomas, giv-
en the risk that the remaining liver tissue may be insufficient
for optimal liver function [22]. The prognosis for patients with
liver hemangiomas is generally good, and only rarely compro-
mised by mechanical (spontaneous rupture) or infectious (ab-
scess formation) complications [4,30].

The question arises whether the association between the giant
liver hemangioma and ADPKD in our patient was pure chance
or there was a pathophysiological connection between the 2
conditions. The scarcity of reported cases supports the pure
chance hypothesis. However, there could be a pathophysiolog-
ical link: vascular endothelial growth factor (VEGF). Shrinking
of a giant liver hemangioma in the wake of treatment with
bevacizumab (a VEGF inhibitor) for colorectal adenocarcino-
ma with liver metastases points to a key role for VEGF in the
pathogenesis of these vascular liver tumors [31]. On the other
hand, VEGF also seems to be involved in cyst growth in poly-
cystin-2-defective mice [32]. The liver cysts in ADPKD are com-
posed of immature cholangiocytes responsible for aberrant
secretion of cytokines, chemokines, and growth factors [33].
VEGF and VEGF receptors are expressed in the cholangiocytes
lining the liver cysts in ADPKD and promote ADPKD progres-
sion [32]. Therefore, abnormally regulated, VEGF-dependent
pathways could be responsible for growth of both kidney and
liver cysts and endothelial proliferation leading to (giant) liv-
er hemangiomas.

In endothelial cells, VEGF has a mitogenic effect that is medi-
ated by the Raf/MEK/ERK cascade [34]. The increased angio-
genic activity it induces could lead to vascular tumors [35,36].

The genes identified so far as being responsible for ADPKD are
PKD1 and PKD2. Polycystin-1 (PC1) and polycystin-2 (PC2) are
the products of the 2 culprit genes, respectively. In the prima-
ry cilium of the tubular epithelial cells, PC1 interacts with PC2,
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Figure 7. The working hypothesis regarding the putative pathophysiological link between cavernous liver hemangioma and autosomal
dominant polycystic kidney disease. Blocking of calcium egress from the endoplasmic reticulum by defective polycystin-2
leads to ERK1/2 activation via the AC6-cyclic AMP/protein kinase A pathway, and by means of hypoxia-inducible-factor-

1o mediation, to vascular endothelial growth factor (VEGF) secretion and autocrine and paracrine stimulation of VEGFR-2.
VEGFR-2 activation results in activation of the RAS/RAF/MEK/ERK1/2 pathway, which induces proliferation of cells in
the tubular epithelium, cholangiocytes, and endothelium. The result is generation of cysts in the kidney and cysts and

hemangiomas in the liver.

a membrane-bound nonselective calcium channel [32,37]. PC2
is also present in the membrane of the endoplasmic reticulum
(ER), thereby influencing intracellular calcium homeostasis. In
normal individuals, functional PC2 mediates the exit of Ca*
from the ER. Inactivation of calcium inhibitable adenyl cyclase
6 (AC6) lowers the level of 3’,5’-cyclic adenosine monophos-
phate (cAMP), and hence, the activation of protein kinase A
(PKA). The resulting decline in extracellular signal-regulated
kinase (ERK)1/2 phosphorylation inhibits cell proliferation. In
contrast, defective PC2 results in lower calcium cytosolic lev-
els and decreased calcium-dependent inhibition of AC6. The
net effect is AC6 activation, CAMP generation, PKA activation,
and ERK1/2 phosphorylation [32]. Phosphorylated (activated)
ERK1/2 downregulates hypoxia-inducible factor (HIF)-1o deg-
radation, followed by HIF-1a. entering the nucleus and binding
to the hypoxia-responsive element on the VEGF promoter [38].
Consequently, increased autocrine and paracrine VEGF stim-
ulation switches on the Raf-MAPK/ERK kinase (MEK)-ERK1/2
pathway, resulting in enhanced cell proliferation [32]. Hence, in
the setting of a defective PC2, the involvement of VEGF in the
genesis of liver cysts is mediated by the activation of the PKA-
ERK1/2-HIF1o-VEGF signaling pathway in cholangiocytes [32].

The key element in the pathogenesis of cavernous heman-
gioma is the imbalance between angiogenesis-spurring and
-hindering factors, the former including VEGF and matrix me-
talloproteinases [39,40]. The endothelial cells in a cavernous
hemangioma have higher levels of VEGF compared with those
in normal liver sinusoids [36]. Regional hypoxia increases the
availability of HIF by blocking its degradation. HIF, in turn, ac-
tivates several genes, particularly VEGF [41].
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In summary, VEGF expression is controlled by the MEK-ERK1/2-
HIF-1 pathway [32]. Cell proliferation induced by this path-
way affects tubular epithelium (leading to cyst formation in
the kidney and driving the progression of ADPKD), liver chol-
angiocytes (leading to cyst formation in the liver), and liver
endothelial cells (leading to cavernous hepatic hemangiomas)
(Figure 7) [31,32].

Nonetheless, the tentative conclusion that anti-VEGF therapy
might improve the outcome of ADPKD seems to be contra-
dicted by a study conducted in rats with cystic renal disease.
Treatment with an anti-VEGF-A antibody was harmful by pro-
moting proximal tubular epithelial cell proliferation, and hence,
cyst growth associated with sagging VEGF and increasing
HIF-1a levels in kidney parenchyma [42]. Other studies, how-
ever, have shown that VEGF-inhibitory agents may retard both
the progression of ADPKD [43] and cyst growth in the liver in
the context of ADPKD [32,44]. Moreover, VEGF-C ameliorates
polycystic kidney disease by improving the organization pat-
tern of pericystic vasculature, while simultaneously reducing
pericystic macrophage infiltration and widening lymphatic ves-
sels [45]. Therefore, it is not yet established whether modula-
tion of the VEGF pathway favorably influences the course of
ADPKD [46]. Further studies are needed to clarify this matter.

Of course, a single case does not prove that there is a patho-
physiological association between ADPKD and giant cavernous
liver hemangiomas. It should be noted, however, that among
the causes of CKD, ADPKD is relatively uncommon, and con-
sequently, there are relatively few cases of ADPKD in most ne-
phrology centers. If the prevalence of giant cavernous hepatic
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hemangiomas among patients with ADPKD is, say, 1% (which
is far greater than the prevalence of giant cavernous hepatic
hemangiomas in the general population, which we have es-
timated to be about 0.05%), many other nephrology centers
might have 1 such case, which they have not considered worth
reporting precisely because the association is deemed fortu-
itous. Reporting such a case might encourage many others
to report their own similar cases, thereby bringing about the
acknowledgement of a hitherto unrecognized association. A
>1% prevalence of the posited association cannot be expect-
ed, as it already would have been noticed by other researchers.
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Conclusions

What is distinctive in the present case is the association be-
tween a giant liver hemangioma and ADPKD. The association
of ADPKD with liver cysts is well known, but the association
with cavernous liver hemangioma had not been reported in
the literature. VEGF could be the pathophysiological link ex-
plaining the association. Further research aimed at unraveling
the molecular substrate of this possible association may lead
to new therapeutic tools for ADPKD, whether or not it is asso-
ciated with liver cysts and/or liver hemangiomas.
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