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(Abstract )

Thyroid-like intrahepatic cholangiocarcinoma is a rare and easily misdiagnosed malignant neoplasm. Five
cases in surgical specimen have been reported in the English literature while lack comprehensive gene mu-
tations analysis. We recently encountered a case of this tumor in biopsy tissues that histologically highly
\resembles thyroid follicular tumor and harbors PIK3CA, TP53, CDK12, MAP3K13 and SDHC mutations.
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Introduction

Thyroid-like intrahepatic cholangiocarcinoma (ICCA) is a rare variant composed of small ducts mi-
mic with morphologic characteristics of thyroid follicular tumor. The unusual morphologic variant is not
included in the latest version of world Health Organization classification of ICCA [1]. Five cases [2-6] have
been reported and all patients were diagnosed after received operation. The molecular features of this tu-
mor have been described by one case report, and the molecular analysis revealed frameshift mutations in 2
chromatin-remodeling genes, CREBBP and KMNTZ2A [6]. The molecular alterations of this tumor remain to
be fully elucidated. However, for advanced patients who have lost the surgical opportunity, needle biopsy is
the only effective method to clarify diagnosis and develop a proper therapy strategy, especially for targeted
therapy or immunotherapy. Embarrassingly, to diagnose thyroid-like ICCA in needle biopsy tissue and de-
tect gene variants further is a big challenge for pathologist basic on the limited tissue. Herein, we present a

case of thyroid-like ICCA of a 21-year-old man who received needle biopsy and gene variation analysis.
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Case Report
Clinical Summary

A 21-year-old man presented with a 11-month history of abdominal distension, abdominal pain
and occasional vomiting. Positron emission tomography-computed tomography (PET-CT) revealed a
12.9 x 15.1 cm, well-encapsulated, low-density and heterogeneous enhanced lesions with necrosis and
calcification in the right lobe of the liver (Figure 1). Furthermore, multiple low-density nodules and the
largest one was about 16.2 x 6.9 cm were also detected in the left lobe of the liver. No mass lesions were
detected in other organs, including the thyroid gland, kidneys, breast, prostate and cervical lymph nodes.
Radiological diagnosis were primary liver cancer with intrahepatic metastasis. Viral markers were non-
reactive. Serum alpha fetoprotein (AFP) was 5.80 [U/ml (normal limit was < 5.5 IU/ML) and carbohydrate
antigen 199 (CA199) was 81.89 U/ML (normal limit was <27 U/ML). Thyroid function tests were normal.
The patient underwent needle biopsy of the mass in the right lobe of liver, then received transcatheter
arterial chemoembolization and protective liver treatment. At the final follow-up 8 months after the initial

tumor puncture, the patient was alive without tumor development or new metastasis.
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Figure 1: The volume of the liver is obviously increased. Multiple slightly low-density nodules and masses are seen in the
liver. The density is uneven, with necrosis and calcification in some parts. The larger one is located in the right lobe of the

| liver, and the maximum cross-section size is about 12.9 cm x 15.1 cm. )
o _

PET showed increased partial radioactivity uptake at corresponding sites, with SUV max of about

12.7. Many calcifications in the tumor are showed and the metabolism of the lesion is different.
Pathological Findings

Three pieces of tumor tissues with 1.5 cm to 2 cm in lengths and 0.2 cm in wide were showed in
pathological sections. Microscopically, The residual liver showed non-hepatitis and non-cirrhotic. The tu-
mor has many follicles that vary in size. The tumor follicles, filled with eosinophilic colloid-like material
within the lumens and lined with goiter-like vacuolation around the edge that highly resembles thyroid
follicular tumor (Figure 2A). Macro and micro follicles grow in diffuse, nested or solid growth pattern.
Inconsistent with reported literature, no clear nuclei, nuclear grooves or nuclear pseudo inclusions were
present in the tissue and no papillary components were observed. Different from classical ICCA, dilated
follicles in thyroid-like ICCA invade and destroy local hepatocytes but without desmoplasia surrounding.
Lympho-vascular invasion was absent in the limited tumor tissue. In the solid areas, cells arranged cords or
trabecular (Figure 2B). Some of them had obviously atypia, necrosis and mitotic figures (Figure 2C).
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Immunohistochemically, all the tumor cells diffusely and strongly expressed cytokeratin 7 (CK7)
(Figure 3A). Approximately 90% of tumor cells were strongly positive of Cytokeratin 19 (CK19) (Figure 3B)
and the lest 10% of tumor cells were weakly positive almost limited in the solid areas and showed higher
cell proliferation index (Ki67)comparing with other area (Figure 3C). Beside these, thyroid transcription
factor 1 (TTF1), paired-box gene 8 (PAX8), human hepatocyte marker 1 (hepar1), Glypican-3, alpha fetopro-
tein (AFP), cluster of differentiation 10 (CD10), chromogranin (CgA), synaptophysin (Syn), neural cell ad-
hesion molecule 1 (NCAM1/CD56) and sal-like protein-4 (Sall4) were all performed and stained negatively.

Figure 2: The morphological characteristics of Thyroid-like intrahepatic cholangiocarcinoma (HE stain). Nests of tumor
cells arranged in cystically dilated glands with thin fiber spacing but without desmoplasia. Those glands contain colloid-like
and brightly eosinophilic secretions reminiscent of thyroid follicles (A, x 200). Broad trabaculae of tumor cells were showed
in the solid areas (B, x 200). High-grade tumor cells showed obvious atypia, including hyperchromatic and enlarged nuclei,
scant cytoplasm, increased mitotic figures and extensive necrosis (C, x 400).

Figure 3: The immunohistochemical profile of Thyr01d-llke 1ntrahepat1c Cholangiocarcinoma. Tumor cells were diffusely and
strongly positive for CK7 (A, x400) and CK19 (B, x400) in cytoplasm. The carcinoma had a higher Ki-67 proliferation index
(approximately 10% to 20%) in the solid areas comparing with the other area (C, x400).

Variation analysis of 520 genes was performed in next generation sequencing. Interesting, many
genes were found harbored mutations (Figure 4), including PIK3CA (10 exon, p.E545K missense mutation
¢.1633G>A,p.Glu545Lys), TP53 (5 exon, p.K132N missense mutation, ¢.396G>T, p.Lys132Asn), CDK12
(missense mutation ¢.298C>G, c.233C>A), MAP3K13 (missense mutation c.1605G>C) and SDHC (nonsense
mutation c.61C>T). However, no mutation was detected in genes related to targeted drugs, such as ALK,
BRAF, BRCA1/2, EGFR, ERBB2, KIT, KRAS, MET, NRAS, NTRK1/2/3, PDGFRA, RET and ROS1. Moreover, no
pathogenic or possibly pathogenic germline variation was detected. The tumor mutation burden was 3.99
mutation / MB and the micro-satellite instability (MSI) test results were stabilized.

Discussion

Microscopically, it is extremely useful clues to diagnose thyroid-like ICCA in liver if the tumor cells
contain characteristics of a thyroid neoplasm, especially in small biopsy sample. In our case, 70% tumor
cells formed micro or macro follicles that filled with full of eosinophilic colloid-like material. The follicles
clustered together closely and the interfollicular tissue showed scanty fibrous connective tissue without
microcalcifications. Most of follicles had bland appearance and lack of features of thyroid papillary car-
cinoma nucleus and only 10% tumor cells of focus area had evident cellular atypia and mototic figures.

Basing on mophological features, the diagnosis of metastatic well-differentiated thyroid carcinoma was
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Figure 4: The genes variation of thyroid-like intrahepatic cholangiocarcinoma by next generation sequencing. Missense mu-
tation ¢.1633G>A (p.E545K) of PIK3CA gene (A), missense mutation c.396G>T (p.K132N) of TP53 gene (B), missense muta-
tions ¢.298C>G (p.Arg100Gly) and c.233C>A (p.Ser78Tyr) of CDK12 gene (C, D), missense mutation c.1605G>C (p.Arg535Ser)

| of MAP3K13 gene (E) and nonsense mutation c.61C>T (p.GIn21*) of SDHC gene (F) were identified. |
o /

the first consideration. Because ectopic thyroid gland in the porta hepatis was described in few reports

[7-9], malignant transformation derived from ectopic thyroid gland was another possibility. But absence of
a primary thyroid tumor and negative TTF1 and PAX8 immunohistochemical staining excluded the initial
consideration and favored the description of ICCA. Being the new morphological variant of ICCA, thyroid-
like ICCA often lack of significantly desmoplastic stroma which is common in conventional ICCA. The small
glands (follicles) dilate roundly in thyroid-like ICCA but always are pinched by desmoplastic stroma into
slit shape or strip shape in conventional ICCA. Immunohistochemical staining serves no useful purpose to
identify thyroid-like ICCA from conventional ICCA.

Well-differentiated hepatocellular carcinoma with acinar pattern or neuroendocrine tumor/car-
cinoma should be considered in the differential diagnosis. Though the expression pattern of CD34 (not
shown) mimicked the hepatocellular carcinoma, the lack reactivity of hepar1, Glypican-3, AFP and CD10
while high expression of CK7 and CK19 ruled out the diagnosis of hepatocellular carcinoma [10] and sup-
ported the diagnosis of ICCA. The neuroendocrine markers, including CgA, Syn and CD56 were negative
that excluded the possibility of neuroendocrine tumor/carcinoma [11-13]. Likewise, negative expression
of germ cell marker (Sall4) also excluded the diagnosis of germ cell tumor.

In this case, IHC staining had been a marvelous help in ascertaining the tissue origin and avoiding
erroneous classification. Molecular biology of this newly recognized variant of ICCA is still unclear. A se-
ries of previously published English studies [14-16] have confirmed a variety of gene mutations in ICCA,
including the genes within the RAS and PI3K pathways, the genes related to cell-cycle control proteins
(CDKNZ2A/CDKN2B, CDK4/6) and the genes of TP53, IDH1 and IDHZ2. Gene fusions (FGFR2 and NTRK1)
and gene amplifications (EGFR and MET) have been observed in ICCA. Similar to ICCA, variation analysis
of 520 genes in this case also showed PIK3CA, TP53, CDK12, MAP3K13 and SDHC mutations. The PI3K/
PTEN/AKT pathway, one of the two major EGFR-mediated pathways, is involved in a cascade of cell survival
and anti-apoptotic signals [17] PIK3CA gene mutations were rare but were found more frequent than BRAF
gene mutations in Chinese ICCA patients and were always detected positively at those patients with a early

Page 4



stage [18]. The limited researches inferred that patients with PIK3CA mutations had a significantly longer
median progression-free survival [19]. However, in this case, the tumor tissue also harbored TP53 gene
mutations which were always associated with lower Overall Survival (0OS) and higher tumor recurrence
[20]. At the final follow-up 7 months after the initial tumor puncture, the patient was alive and received two
times of transcatheter arterial chemoembolization (TACE) according to the treatment strategy of ICCA. No

new metastases to lymph nodes or distant sites were found.
Conclusions

In conclusion, we report the fifth case while the first small biopsy sample of thyroid-like ICCA. Fur-
thermore, we firstly explore its molecular characteristics by analyzing 520 gene mutations. Though one
case is not sufficient to draw a conclusive interpretation, the molecular findings in the case confirmed again

this tumor’s ICCA origin.
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