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Hepatic hemangioma (HH) is a congenital vascular anomaly comprising networks

of abnormal blood and/or lymphatic vessels with endothelial cell proliferation. Their

pathophysiology is not fully understood, and no specific drug is available to treat them.

Conservative management, which limits observation, is preferred for most patients. A

HH larger than 4 cm is considered a giant HH that may be treated using surgery ranging

from embolization to hepatic resection or liver transplantation. Here, we describe a case

with multiple and giant HHs that regressed significantly after treatment with azithromycin

(AZM). A systematic literature review of HH and the effects of AZM on angiogenesis was

then conducted.
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BACKGROUND

HH is the most common benign vascular tumor, accounting for ∼70% of all benign liver lesions;
additionally, it is found in 0.7–7% of the general population and is often discovered incidentally
on abdominal imaging performed for other indications (1, 2). Recently, with the development of
imaging technology, HH can be diagnosed clearly and reliably using ultrasound (US)/computed
tomography (CT) andmagnetic resonance imaging (MRI) (3–7). HHusually presents in adulthood,
with the average age of diagnosis varying from 30 to 50 years (8). No specific drug is available to
treat HH, and the surgical approaches for HH range from embolization to hepatic resection or liver
transplantation (LT) (9).

HH and infantile hemangioma (IH) are both congenital vascular anomalies. Although no
specific drug is available for HH, some drugs, such as bleomycin, interferon-alpha, vincristine,
cyclophosphamide, corticosteroids, β-blockers and sirolimus, induce IH regression, though
their specific mechanisms in vascular malformations remain unclear (10–16). Corticosteroids,
which dramatically block the vasculogenic potential of HemSCs by directly inhibiting VEGF-
A expression, are master regulators of angiogenesis and vasculogenesis (17–19). Propranolol,
a β-blocker, suppresses the vasculogenic potential of HemSCs by reducing cAMP levels and
simultaneously activating the mitogen-activated protein kinase (MAPK)-extracellular signal-
regulated kinase (ERK) pathway (20). Sirolimus (rapamycin), an antifungal, antineoplastic,
antibacterial macrolide drug and the most studied compound to treat vascular anomalies,
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directly targets the RAS-MAPK-ERK and phosphatidylinositol 3
kinase (PIK3)/protein kinase B/mammalian target of rapamycin
(mTOR) pathways in vascular malformations (4, 21–24).
Everolimus, an mTOR inhibitor derived from sirolimus, has also
been used sporadically to treat vascular malformations (4). Levy
et al. reported a case of diffuse HHs successfully treated using
sirolimus and high-dose propranolol (11).

AZM is a widely used macrolide antibiotic with high
tissue permeability and cell adhesion. It is a Food and Drug
Administration-approved antibiotic and the primary drug to
treat chlamydia and mycoplasma pneumonia. In addition to
its antimicrobial activity, AZM also exerts anti-inflammatory
and antiproliferative effects (25, 26). AZM inhibits tumor
angiogenesis by attenuating VEGF (27). However, the effect of
AZM on hemangioma has not yet been reported.

Here, we describe a patient whose HHs regressed significantly
without surgical management because of AZM.

CASE PRESENTATION

A 26-year-old Chinese man who was previously healthy and had
no significant medical or family history of any significant disease
incidentally found right hepatic masses on ultrasonography
(without detail and images) at the local hospital in March 2013.
Among these masses, the largest one was 75 × 61mm in size.
At that time, the patient did not have any discomfort, such
as abdominal distension or abdominal pain, and his laboratory
values and serum tumor markers were all within normal limits.
During the next 12 months, he did not complain of discomfort or
take any medication.

In March 2014, to further diagnose the liver lesions, he visited
our hospital. On admission, the patient’s physical examination,
laboratory indicators, including routine blood tests, routine urine
tests, liver function, kidney function, coagulation function (FDP
2.34 mg/L), AFP, CEA, tumor-associated carbohydrate antigens
(CA125 and CA199) and rheumatism-related indicators, were
all within the normal limits. Abdominal MRI showed well-
defined, smooth edges and homogeneous, solid, round-like
lesions originating from the second to eighth segments of
the right lobe of the liver (Figure 1A). The lesions displayed
hypointensity on T1-weighted sequences (T1WI), hyperintensity
on T2-weighted sequences (T2WI) and diffusion-weighted
images (DWI), peripheral enhancement in the arterial phase and
contrast retention in delayed phases. The largest mass in liver
segment 7 was∼86× 81× 81mm in size and was closely related
to the right hepatic vein and inferior vena cava (IVC). Despite the
large mass size, the hepatic vein and IVC were not compressed.
He was diagnosed with giant HHs, and transarterial embolization
or radiofrequency ablation was suggested. However, the patient
rejected this advice for the time being. From April 2014, he
started to cough and had throat pain, which was relieved after
drinking a large amount of water and resting but often recurred.
He thought the discomfort was related to his teaching career and
did not seek medical help. In August 2014, he visited our hospital
because of his HHs. However, he did not receive interventional
treatment for the positive findings of urine protein and urine

occult blood, as well as an increased level of serum creatinine to
314µmol/L. He then visited another hospital and had undergone
a histopathological examination of percutaneous renal biopsy.
He was diagnosed with IgA nephropathy, chronic kidney
disease (stage 4), secondary hypertension, chronic tonsillitis and
HHs and was treated with amlodipine besylate, metoprolol,
furosemide, and terazosin hydrochloride. Under the above
treatments, his renal function did not improve but deteriorated
progressively; thus, he started regular dialysis 3 times a week in
October 2014.

In June 2015, he was hospitalized in the ICU at the local
hospital because of acute heart failure. During hospitalization,
ultrasound examination reported multiple hemangiomas in his
liver, and the largest hemangioma located in segment 7 was 76×
61mm in size (Figure 2A).

In December 2016, he was prescribed AZM tablet 0.5 qd for 5
days and then oral 0.25 qod for the long term to treat his recurrent
tonsillitis and regulate his immunity. His cough was relieved, and
his tonsillitis was cured.

In May 2017, Doppler ultrasound showed that his HHs
were significantly smaller than before (56mm × 26m vs. 76 ×

61mm), with unclear outlines and shapes, strong echo points and
normal internal blood vessels inside the lesions (Figure 2B). In
November 2017, abdominal CT before kidney transplant surgery
showed that the original multiple HHs in his right liver were
blurred in outline and shape, and the size of the largest HH
was reduced to 44mm × 28m, with an obscure outline, uneven
internal echo, normal internal blood vessels, and plaque-like
hyperechoic shadows behind it (Figure 1B).

Follow-up of the patient by phone during over 3
years indicated that the patient regularly took tacrolimus,
mycophenolate mofetil, methylprednisolone, amlodipine
besylate, metoprolol and terazosin hydrochloride. His blood
pressure was controlled at a normal level, and his liver and
kidney functions were normal with no anemia, hematuria or
proteinuria. Results of abdominal ultrasound examination in
May 2017 (Figure 2C) and May 2018 (Figure 2D) reported that
the original HHs in the patient’s liver were unclear.

DISCUSSION

HHs, themost common benign tumors of the liver, are congenital
vascular anomalies without malignant potential based on current
evidence (4, 28). Most HHs are found in women within the
fourth and fifth decade of life and often originate from the
right hepatic lobe (23, 28). Typical HHs can be diagnosed
straightforward by a characteristic imaging appearance, with
the reported diagnostic sensitivity and specificity of ultrasound
(US), computed tomography (CT), and magnetic resonance
imaging (MRI) for HHs being 96.9% and 60.3, 98.3% and 55,
98, and 99%, respectively (5, 16). The unique imaging features
of HHs are the presence of peripheral nodular enhancement and
progressive centripetal fill-in (5, 16). Important ultrasonographic
findings of HHs are characterized as the absence of a lateral
shadow (100%) and no attenuation of posterior echoes (100%),
while the presence of a hyperechoic rim is useful for detecting

Frontiers in Medicine | www.frontiersin.org 2 August 2021 | Volume 8 | Article 712324

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Zhang et al. Azithromycin in Hepatic Hemangioma

FIGURE 1 | (A) MRI of the liver shows lobulated lesions in the subcapsular aspect of segments 2, 7, and 8 of the liver (white arrows). The largest lesion is located at

segment 7, its size is ∼86 × 81 × 81mm, and it is closely related to the liver segments of the right hepatic vein and IVC. The size of the lesion in S2 is ∼54 × 44 ×

41mm. The hemangiomas on MRI appear hyperintense on DWI (a) and T2WI (b,c) and hypointense on T1WI (d–g) sequences. On post-contrast dynamic imaging, the

lesion demonstrates discontinuous peripheral nodular enhancement on the arterial phase (e) with incomplete centripetal fill-in on the delayed phase (d,f). The findings

are consistent with hepatic hemangiomas. (B) Comparing the cross-sectional CT (a) and coronal (b) reformatted CT images with those of MRI images on March 16,

2014, primary multiple hemangiomas in the liver were significantly shrunk, and their boundaries were not clear. The size of the giant hemangioma in segment 7 of the

liver was decreased to 44 × 28mm, with unclear borders and nodular high-density shadows inside it. The lesions are closely related to the liver segments of the right

hepatic vein and IVC.

isoechoic hemangioma (29). On CT, HHs are described as typical
well-demarcated hypodense masses with peripheral nodular
enhancement and centripetal homogeneous filling or atypical
patterns with cystic areas, fibrosis or thrombosis (3, 5, 30).
On MRI, HHs have similar images as those on CT, with
classic hypointensity on T1-weighted sequences (T1WIs) and
intense bright intensity on T2-weighted (T2WI) and diffusion-
weighted images (DWIs) (5, 30). In this patient, the characteristic
abdominal MRI scan (Figure 1A), CT scan (Figure 1B) and
Doppler ultrasound examinations (Figure 2) all confirmed that
the multiple masses in his liver were HHs.

HHs are mostly asymptomatic, solitary, and small in size
and do not require further intervention or follow-up (3, 31).
However, they also do not regress or disappear spontaneously,
with possible expansion or dilation of the affected vessels during
growth spurts and puberty (23). Follow up is suggested for
patients with giant hemangiomas defined as tumors larger than
4 cm (28, 32). Our patient had multiple HHs, and the largest
HH was 75 × 61mm in size on US in March 2013, indicating
that his HHs were giant HHs. The largest HH in the S6/7/8 liver
segment was 86 × 81 × 81mm in size on MRI in March 2014,

suggesting that his HHs did not regress compared with that on
US in March 2013. For patients with huge HHs or symptoms
such as rapid tumor growth, persistent pain, pressure on adjacent
organs or hemorrhage, treatment is recommended (28, 31, 32).
Currently, themost preferred treatmentmethods, particularly for
huge HHs, include surgical resection, transcatheter angiography
embolization (TAE), radiofrequency ablation, radiotherapy or, in
some cases, orthotopic liver transplantation (1, 31–33). However,
the optimal surgical approach, either segmental resection or
enucleation of the tumor based on the location of the lesion,
remains controversial (33, 34). Transarterial embolization of the
feeding artery and radiofrequency ablation have been suggested
to induce a reduction in the size of a giant HH to reduce the
risk of spontaneous or traumatic bleeding (33, 35). Radiotherapy
is a less frequently used method for HH management, although
it may have some effect on patients who cannot be treated
with surgery because of the tumor size, multifocality, location,
or patient condition and those who are not responding to
drug therapy (36, 37). Liver transplantation is an important
method of treatment for patients with a ruptured hemangioma
(an extremely rare event, with an incidence of 1–4%) (8, 38).

Frontiers in Medicine | www.frontiersin.org 3 August 2021 | Volume 8 | Article 712324

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Zhang et al. Azithromycin in Hepatic Hemangioma

FIGURE 2 | Ultrasound showing multiple hemangiomas (white arrows) that appear as echogenic nodular lesions on grayscale ultrasound (a) and non-vascular lesions

on color Doppler ultrasound (b). The size of the largest segment located in the S7 segment on US performed in June 2015 (A: 76 × 61mm) is nearly as large as that

on US performed in March 2013 (according to the US report without images, 75 × 62mm). Ultrasound images in May 2017 (B), May 2018 (C) and May 2021 (D)

show that most of the multiple hepatic hemangiomas are not clearly displayed, the largest hemangioma in the S7 segment is still visible (The size described in

ultrasound report performed in May 2018 is 43 × 26mm), and calcified plaques can be seen inside.

Although the risk of spontaneous or traumatic bleeding is
very low, once it occurs and if emergency laparotomy cannot
be performed in time, the mortality rate may be as high as
36–70% (12, 35). Although our patient had no discomfort
during MRI examination, his HHs were so large that TAE
was recommended to reduce the risk of a sudden rupture,
which could lead to a poor prognosis. However, the patient
rejected this suggestion. Although some previous studies have
reported promising results with medical management of HHs
using corticosteroids and beta-blockers, particularly propranolol,
bevacizumab, sorafenib, interferon or a combination of sirolimus
with high-dose propranolol (17–19, 21, 39), no definite drug
is available to date that can be used to treat HH. In this
patient, after taking various drugs to treat his secondary
hypertension (including beta blockers effective for neonatal
hemangioma) for 10 months, his multiple and giant HHs did not
disappear or atrophy (Figure 2A). However, after adding AZM
to treat tonsillitis and regulate his immunity for 6 months, the
original small hemangiomas in the patient’s liver disappeared,
while the size of the large hemangiomas was significantly
reduced (Figure 2B). After taking AZM for 11 months, most
of the hemangiomas in the patient’s liver disappeared, and
the structure of the largest hemangioma was obscured with
obvious calcification (Figure 1B). A review of the eating and
living habits of the patient and his treatment strategies before
and after the regression of his HHs found that the only

change was the addition of AZM. Although no report has
investigated the use of AZM to treat HHs, long-term low-
dose treatment with AZM is associated with the regulation of
MAPK signaling pathways [extracellular signal-regulated kinase
(ERK) 1/2, p38MAPK, and c-Jun N-terminal kinase (JNK)]
in respiratory diseases, including COPD, CF and non-cystic
fibrobronchiectasis (40). AZM also effectively inhibits lung
tumor growth by suppressing angiogenesis through its inhibition
of VEGFR2-mediated downstream signaling pathways (27). Two
major intracellular signaling pathways, the RAS/MAPK/ERK
and phosphatidylinositol 3 kinase (PI3K)/protein kinase B
(AKT)/mammalian target of rapamycin (mTOR) pathways,
are implicated as the most important pathophysiological
mechanisms for most vascular malformations (4, 24). HHs
and infantile hemangioma (IH) are both congenital vascular
anomalies (3, 16). VEGF is an important proangiogenic factor for
endothelial cells, and anti-VEGF agents may be a valid treatment
option for HHs (41). The above reports and effect of AZM on
the HHs of this case indicate that AZM may be a drug treatment
option for HHs.

CONCLUSION

AZM exerts anti-inflammatory and immunomodulatory effects
through the P38 MAPK, ERK1/2, and JNK pathways and plays
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an important role in the treatment of many respiratory diseases.
Additionally, AZM inhibits tumor angiogenesis through VEGF-
R-mediated downstream pathways. P38 MAPK-, ERK1-, and
VEGF-related pathways are important regulatory targets for
hemangioma, and anti-VEGF drugs affect IH. The patient’s huge
and multiple HHs significantly regressed after AZM treatment.
Although this effect cannot be absolutely credited to AZM alone
or a synergistic effect with other drugs (such as β-blockers), it
may suggest that AZM is a potential drug treatment option for
HHs. More importantly, this drug is very safe, even for pregnant
women, infants or some patients with many underlying diseases.
When a patient cannot tolerate surgery, the risk of surgery is
too high, or other anti-hemangioma drugs have obvious side
effects or are ineffective, AZM is a choice. Further clinical and
experimental studies are warranted to determine the role and
mechanism of AZM in HHs.
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