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should be performed for any tumor with ring calcifica-
tion because poor differentiation is considered to be
one of the risk factors for recurrence after local abla-
tion therapy, including radio frequency ablation.
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Abstract

Ring calcification in untreated hepatocellular carcinoma
(HCC) is extremely rare, with only 3 previously report- INTRODUCTION
ed cases in the English-language literature. A case of
HCC with ring calcification was reported in this paper.
Additionally, 3 previously reported cases of HCC with
ring calcification were reviewed. In 3 of these 4 cases

(including our case), surgery was performed. Although ) . .

the size of the ring-calcified lesion ranged from 3.0-3.7 18 considered rare, and has reportedly been observed in only
0 0 - 1 1 1 1

cm in previously reported cases, the size was only 1 1.9%-3.3% of cases" . Ring calcification in untreated HCC

cm in ours. The differentiation of the tumor was mod- 1 extremely rare, with only 3 previously reported cases in
erate in the 2 previously reported cases in the histo-  the English-language l?teraturei 7. We present a case of
logical findings and poor in ours. In spite of their poor ~ small HCC (1 cm in diameter) showing ting calcification.
differentiation for their sizes, these tumors showed no To elucidate the clinical and histological characteristics of
early enhancement in dynamic computed tomography. ~this entity, we reviewed previously reported cases of HCC
All calcified tumors showed a thick fibrous capsule and ~ Wwith ring calcification in the English-language literature.
extensive necrosis histologically. Ring calcification was

considered to result from a circulatory disturbance

caused by the imbalance between the less abundant CASE REPORT
arterial blood flow and high inner pressure induced by A 68-year-old woman with a 19-year history of chronic
either the thick fibrous capsule or vigorous prolifera- hepatitis C was referred for surgery because of a hepatic

Macroscopic calcification in untreated hepatocellular car-
cinoma (HCC) (the term “untreated HCC” is defined as
HCC that was not treated with local ablation, local injection,
or embolization prior to the development of calcification)
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tumor in segment 4 (defined by Couinaud’s nomencla-
ture for liver segmentation) (Figure 1). Despite no eleva-
tion in either the serum alpha-fetoprotein (AFP) or des-
y-carboxy prothrombin (DCP) levels and no enhance-
ment in the dynamic computed tomography (CT) study,
the tumor was suspected to be HCC from the patient’
s history of hepatitis C. The patient was offered surgery
for the tumor but rejected the offer at that time. Six
months after the first diagnosis of the tumor, the serum
AFP level was elevated (128 ng/mlL, but no elevation
in DCP level) and the tumor showed ring calcification
(Figure 1). Furthermore, an irregularly shaped tumor,
which was broadly in contact with the calcified lesion
and showed early enhancement in dynamic CT, was ob-
served, whereas the calcified lesion showed no enhance-
ment in any phase (Figure 1). After a detailed informed
consent process explaining the necessity of surgery, the
patient accepted the offer of surgery and underwent seg-
ment 4 segmentectomy 9 mo after the first diagnosis.

Macroscopically, a 10-mm tumor with ring calcifica-
tion and an 18-mm tumor were identified in the same
thick fibrous capsule (Figure 2A). Microscopic examina-
tion revealed findings of pootly differentiated HCC in
the calcified lesion and moderately differentiated HCC
in the non-calcified lesion (Figure 2B). Each lesion com-
prised only a single differentiated component and had a
thick fibrous capsule (Figure 2A). With regard to the cal-
cified tumort, extensive necrosis was diffusely observed
in the tumor, suggesting that the necrosis was caused by
a circulatory disturbance. The ring calcification formed
inside the thick fibrous capsule (Figure 3).

The postoperative course was uneventful, and the
patient is doing well without recurrence 30 mo after the
surgery.

Review of the literature

A PubMed search on August 2012 for articles published
since 1965 with the key words “hepatocellular carci-
noma” and “calcification” yielded 62 articles published
in English-language journals. These publications were all
reviewed. There were only 2 articles describing 3 cases of
untreated HCC with ring calcification®”, resulting in a to-
tal of 4 reported cases. The demographic data are shown
in Table 1. The previously reported sizes of ring-calcified
lesions ranged from 3.0 to 3.7, but ours was only 1 cm.
Three of the four cases underwent hepatic resection. The
remaining case did not receive any treatment for HCC
because of markedly poor general condition, resulting in
no histological confirmation for the diagnosis of HCC.
Of the 3 cases for which histological findings were ob-
tained, differentiation was moderate in the 2 previously
reported cases and poor in our case. All 3 calcified lesions
consisted of a single differentiated component. These 3
cases had a thick fibrous capsule, and the ring calcifica-
tion formed inside the fibrous capsule. Additionally, in
the previous 2 cases with histological findings, similar
findings to our own case were observed; extensive necro-

sis was diffusely observed in the tumor®”.
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Figure 1 Findings of computed tomography. Upper left, plain abdominal
computed tomography (CT) taken at the initial diagnosis revealed a 1-cm low-
density lesion without calcification in liver segment 4 (white arrow). A small low-
density area found in the left lateral section was a liver cyst (black arrow); upper
right, plain abdominal CT taken 6 mo after the initial diagnosis revealed that the
lesion had a ring calcification and an adjacent 1.8-cm lesion (white arrowhead);
lower left and right, abdominal CT taken 6 mo after the initial diagnosis in the
early phase (lower left) after a bolus administration of intravenous contrast
material showed enhancement of the newly appeared lesion and the delayed
phase (lower right) showed that it was hypoattenuated.

DISCUSSION

The cause of calcification in HCC is considered to be
dystrophic calcification, in which deposition occurs lo-
cally in nonviable or dying tissues with normal serum
levels of calcium and in the absence of a dysfunction in
calcium metabolism!*”. Dystrophic calcification in un-
treated neoplasms is most commonly observed in menin-
gioma, papillary thyroid carcinoma, and ovarian serous
cystadenocarcinoma. In such tumors, the mechanisms
leading to the formation of calcifications in the tumors
have been thoroughly analyzed". Although the exact
mechanism of calcification formation is not well under-
stood, it has been suggested to be the following. In such
tumors, spontaneous tumor necrosis occurs easily due
to micro-infarction caused by their structural property,
which predisposes microcirculatory disturbance. Matrix
vesicles and matrix giant bodies derived from degener-
ated or necrotic cells sequester hydroxyapatite crystals
to form seed crystals. Mineral deposition encrusts these
crystals. Collagen and elastic fibers derived from degener-
ated basement membranes adjacent to necrotic cells are a
prerequisite for the calcification to be identifiable because
the expansion of hydroxyapatite deposition requires
these connective tissues as nidi”. Namely, tumors with
abundant stromal tissues, in which ischemic necrosis eas-
ily occurs, are likely to show identifiable dystrophic cal-
cification. Therefore, the reason for why calcification in
untreated HCC is rarely observed can be explained as the
following. HCC is less abundant in stromal tissue and has
a hypervascular structure, in which blood flow is primar-

ily composed of arterial flow, which is less likely to cause
-1

. ) . 1
spontaneous microcirculatory disturbance I Converse-
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Table 1 Summary of 4 cases of hepatocellular carcinoma with ring calcification

AFP  Size of calcified Early enhancement Viral Background

Case No. Age Sex Symptom (ng/mL)  lesion (am) Location inldynamic CT infection liver Histology Treatment
Fukuyaetal® 1 72 F No 178 3.0 S8 No HCV CH Mod diff HCC Partial
hepatectomy
Fukuyaetal® 2 77 F No 9300 3.0 S8 Yes HCV LC Not obtained None
Kawadaetal” 3 67 F Abdominal Not men- 37 S4 Yes HCV CH  Mod diff HCC Left lobectomy
pain tioned
Back pain
Our case 4 68 F No 128 1.0 S4 No HCV CH Poorly diff Left medial
HCC sectionectomy

AFP: Alpha-fetoprotein; CT: Computed tomography; F: Female; S8: Segment 8 (defined by the Couinaud’s nomenclature for liver segmentation); S4: Seg-
ment 4; HCV: Hepatitis C virus; CH: Chronic hepatitis; LC: Liver cirrhosis; Mod diff: Moderately differentiated; Poorly diff: Poorly differentiated; HCC:
Hepatocellular carcinoma.

Figure 2 Macroscopic findings of the resected specimen, calcified and
non-calcified lesions. A: Left, macroscopic examination showed a 10-mm
tumor with ring calcification (arrow) and an 18-mm tumor (arrowhead) exist-
ing side-by-side and encapsulated within the same thick fibrous tissue; Right,
a prepared specimen (loupe image, hematoxylin and eosin staining); B: Left,
microscopic examination findings of the calcified lesion showed the poorly dif-
ferentiated hepatocellular carcinoma (hematoxylin and eosin staining; original
magnification, x 200); Right, microscopic examination findings of the non-
calcified lesion showed moderately differentiated hepatocellular carcinoma
(hematoxylin and eosin staining; original magnification, x 200).

ly, calcification being observed often in HCC treated by
trans-catheter arterial chemoembolization, which causes
ischemic necrosis in tumors'’, suggests that extensive
ischemic necrosis is essential for forming identifiable cal-
cifications in neoplasms.

In the present study, tumors showing a ring calcifica-
tion with histological findings revealed extensive necrosis
histologically. A ring calcification formed in the marginal
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Figure 3 Schematic image of the structure of the calcified lesion. Upper
left, loupe image of the calcified lesion (hematoxylin and eosin staining; original
magnification, x 5); Right, microscopic findings of the calcified lesion showed
that necrotic area was extensively observed in the tumor (hematoxylin and eo-
sin staining; original magnification, x 40); Lower left, schematic of the structure
of the calcified lesion. A poorly differentiated tumor, in which spotty necrosis and
hemorrhagic necrosis were extensively observed, was surrounded by a fibrous
capsule. Calcification was identified between the tumor and the fibrous capsule
(1: Poorly differentiated tumor; 2: Calcification; 3: Fibrous capsule).

zone of relatively small tumors in contact with a thick
fibrous capsule. Furthermore, these tumors consisted of
a single relatively low-differentiation component. In fact,
calcified lesions in the previously reported cases were
composed of only a moderately differentiated compo-
nent, whereas the calcified lesion in our case was only
composed of a pootly differentiated component; all 3
tumors with histological findings showed poor differen-
tiation for their sizes (1-3.7 cm)™’. Furthermore, these
tumors showed no early enhancement in dynamic CT
study®”, suggesting that these tumors had less abundant
arterial blood flow, unlike the usual cases of moderately or
poorly differentiated HCC"'". Furthermore, all 3 tumors
had a thick fibrous capsule for their size. A fibrous capsule
surrounding HCC is usually observed with relatively large
and less histologically differentiated tumors"*"™. It is not
known exactly how the fibrous capsule is formed, but the
formation is known to result from the interaction between
the tumor and host liver and interferes with the growth
and invasion of HCC"*'". The fibrous capsule is primar-
ily composed of collagenous tissue produced principally

January 7, 2013 | Volume 19 | Issuel |



Murakami T et a/. HCC with ring calcification

by stellate cells (the so-called fat-storing cell of Ito), which
are present among the tumor cells in the vicinity of the
boundary between the HCC and non-tumor liver!"",
Furthermore, it was reported that the fibrous capsule of
HCC contains smooth muscle cells and has contractile
ability, whereas the septa of multi-nodular HCC or hepatic
cirthosis does not have either!'”. Based on these findings,
we hypothesize that ring calcification forms through the
following process. Tumors with ring calcification in this
series had less abundant arterial blood flow and had a high
internal pressure induced by either the thick fibrous cap-
sule or vigorous proliferation, as suggested by their low
differentiation for their sizes. This imbalance between the
blood flow and the internal pressure causes a circulatory
disturbance in the tumor, resulting in extensive ischemic
necrosis. Necrotic tumor cells cause mineral deposition
that subsequently involves adjacent collagenous fibers
produced by the stellate cell in the marginal zone and elas-
tic fibers derived from the cytoskeleton of degenerated
or necrotized tumor cells as the nidi to extend along the
fibrous capsule, forming annular calcification. Identifiable
calcification cannot be formed in the inner zone because
of the absence of collagenous fiber as the nidus. In other
wortds, the prerequisites for forming a ring calcification in
untreated HCC are the following: small size, poor differ-
entiation, a thick fibrous capsule, and less abundant arte-
rial blood flow. These prerequisites are the reasons why a
ring calcification in untreated HCC is extremely rare. On
the other hand, tumors with ring calcification are con-
sidered to be likely to show poor differentiation for their
sizes. Therefore, HCCs with ring calcification are likely to
show a poorer prognosis than other tumors of their size
when local ablation therapy is applied for treatment” . In
treating these lesions, therefore, hepatic resection should
be selected even if the size is small and ablation therapy
seems feasible!"”.

In conclusion, we present an extremely rare case of
small HCC (1 cm in diameter) showing ring calcification
and a review of the English-language literature including
3 other cases. We believe that ring calcification in un-
treated HCC is suggestive of the poorer differentiation
of the tumors. Therefore, hepatic resection should be
performed for these lesions because poor differentiation
is considered to be one of the risk factors for recurrence
after local ablation therapy.
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