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Abstract: Synchronous double primary hepatocellular carcinoma and intrahepatic cholangiocarcinoma (sdpHCC-ICC) is rare,
particularly when evolving metachronously from solitary HCC. This study reports a unique case of such transformation over two
decades and reviews the relevant literature. A 55-year-old male with chronic hepatitis B underwent curative resection for HCC in
2005. Following multiple recurrences treated with local therapies over 19 years, subsequent resection in 2024 revealed two distinct
malignancies: recurrent HCC and a spatially separate intrahepatic cholangiocarcinoma (ICC), confirmed by immunohistochemistry.
We additionally analyzed 31 reported sdpHCC-ICC cases to summarize their clinicopathological characteristics and outcomes. The
patient eventually developed systemic metastases despite adjuvant therapy. Our review highlights the marked biological heterogeneity
and diagnostic challenges associated with sdpHCC-ICC. This case suggests that prolonged tumor evolution in chronically injured
livers may be associated with biological heterogeneity and phenotypic divergence. Our findings support the potential value of long-
term surveillance and repeated pathological reassessment in selected long-term HCC survivors with atypical recurrence patterns.
Keywords: liver neoplasms, tumor heterogeneity, phenotypic plasticity, hepatic progenitor cells, immunohistochemistry, clinical
surveillance

Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver malignancy, accounting for approximately 75%—-85%
of primary liver cancers worldwide.' > Intrahepatic cholangiocarcinoma (ICC) is the second most common subtype,
representing approximately 10%-—15% of primary liver tumors.*> Although HCC and ICC typically occur as distinct
entities, they can rarely develop simultaneously within the same liver but in separate foci—a phenomenon known as
synchronous double primary hepatocellular carcinoma and intrahepatic cholangiocarcinoma (sdpHCC-ICC).

Unlike combined hepatocellular-cholangiocarcinoma (cHCC-CCA), in which hepatocytic and cholangiocytic differ-
entiation coexist within the same tumor nodule, sdpHCC-ICC refers to two spatially distinct primary tumors arising
separately within the liver. This distinction is clinically important because the biological behavior, pathological inter-

pretation, and therapeutic implications may differ substantially. Synchronous double primary HCC-ICC is extremely rare,
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with an estimated incidence ranging from 0.4% to 14.2%, depending on diagnostic criteria and the population studied.®’
Most reported cases are diagnosed synchronously at initial presentation, with both HCC and ICC components coexisting
in separate nodules.*’ However, metachronous development—where a patient initially diagnosed with solitary HCC
subsequently develops sdpHCC-ICC after curative treatment—is exceedingly rare and sparsely reported in the literature.
Its pathogenesis remains poorly understood but may involve tumor heterogeneity, hepatic progenitor cell differentiation,
or clonal evolution under therapeutic pressure.

Herein, we report a rare case of a patient initially diagnosed with solitary HCC who developed sdpHCC-ICC several
years after curative resection. This case highlights the potential dynamic pathological evolution of liver tumors over long-
term follow-up with multiple recurrences and includes a comprehensive literature review discussing its clinicopatholo-
gical features, potential mechanisms, and clinical management implications.

Case Presentation
Initial Diagnosis and Treatment (2005)

A 55-year-old man with a 20-year history of chronic hepatitis B infection, hypertension, and long-term smoking was first
evaluated in August 2005 after a routine health examination revealed an incidental hepatic lesion. Apart from these
chronic conditions, his past medical history was otherwise unremarkable. Contrast-enhanced CT demonstrated a 3.0 cm
mass in segment 3 (S3) of the left lateral lobe adjacent to the hepatic fissure. The lesion slightly protruded beyond the
liver surface and showed arterial phase hyperenhancement with subtle portal venous washout. The lesion had ill-defined
margins blending with the surrounding parenchyma, raising suspicion for hepatocellular carcinoma. Serum alpha-
fetoprotein (AFP) and carbohydrate antigen 19-9 (CA19-9) levels were within normal limits.

Exploratory laparotomy was performed in September 2005. Intraoperatively, a firm 4.0x4.0 cm mass was identified in
S3, partially adherent to the hepatic capsule. Anatomical resection with an approximately 1 c¢cm surgical margin was
performed. Histopathological examination confirmed a well-differentiated hepatocellular carcinoma measuring 2.0 cm,
arising in a cirrhotic liver with mild steatosis. The postoperative course was uneventful, and the patient was discharged
on postoperative day 10. Postoperatively, adjuvant hepatic arterial infusion chemotherapy (HAIC) with epirubicin,
cisplatin, and mitomycin was administered. Follow-up imaging in November 2005 revealed no residual or recurrent
disease, and adjuvant treatment was continued. During the subsequent eight years of follow-up, no tumor recurrence or
metastasis was detected, while hepatitis B—related cirrhosis remained stable under antiviral therapy.

Tumor Recurrences and Local Therapies (2013-2020)

In July 2013, surveillance imaging detected a new 0.9x0.8 cm nodule in the right posterior inferior segment (S6).
Magnetic resonance imaging suggested recurrent hepatocellular carcinoma. Serum AFP was mildly elevated, whereas
CA19-9 remained within normal limits. The lesion was treated with ultrasound-guided radiofrequency ablation, followed
one month later by transarterial chemoembolization (TACE). The patient remained recurrence-free during the subsequent
seven years of follow-up.

In September 2020, tumor recurrence was identified in segment S6, measuring 1.9%1.4 cm. The lesion showed typical
arterial-phase hyperenhancement consistent with HCC, while tumor markers remained within normal ranges. Repeat
radiofrequency ablation achieved complete tumor eradication, and follow-up imaging remained negative for the sub-
sequent four years.

Emergence of sdpHCC-ICC (2024)

In October 2024, a new disease progression was observed. At the age of 76, the patient developed new hepatic lesions in
segments S5/6 and S6, suspicious for tumor recurrence or intrahepatic metastases (Figure 1). AFP levels remained within
normal limits, whereas CA19-9 levels were elevated. His medical history was notable for a 40-year history of HBV
infection, 30 years of hypertension, coronary artery disease diagnosed five years earlier, and an abdominal aortic
aneurysm identified four years prior. Following vascular surgery consultation, endovascular stent graft placement was
successfully performed.
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Figure | Dynamic contrast-enhanced magnetic resonance imaging (MRI) of the liver. (A) Axial T2-weighted fat-suppressed images demonstrate an irregular hyperintense
lesion in segment S5/6 measuring approximately 2.9%2.0 cm, while a smaller lesion in segment S6 shows heterogeneous signal intensity with indistinct margins, measuring
approximately 0.9%x0.6 cm. (B) Diffusion-weighted imaging reveals marked hyperintensity of the S5/6 lesion and mildly increased signal intensity of the Sé lesion. (C) On T1-
weighted images, the S5/6 lesion appears hypointense, whereas the S6 lesion shows isointense signal relative to the surrounding liver parenchyma. (D) During the arterial
phase, the S5/6 lesion remains hypointense, while the S6 lesion shows no definite arterial enhancement. (E) In the portal venous phase, peripheral enhancement is observed
in the S5/6 lesion, whereas no obvious enhancement is identified in the Sé lesion. (F) Delayed-phase images demonstrate relative hypointensity of the S5/6 lesion and
decreased signal intensity of the S6é lesion compared with the surrounding liver parenchyma. White arrows indicate the locations of the intrahepatic lesions.

After recovery, the patient underwent laparoscopic partial hepatectomy under intraoperative ultrasound and fluores-
cence guidance. Two hepatic lesions were identified: a 3.0 cm mass in S5/6 involving the right posterior branch of the
portal vein, and a smaller 1.0 cm nodule in S6. Intraoperative frozen-section analysis revealed two distinct tumor entities:
the S5/6 lesion was ICC, whereas the S6 lesion represented recurrent HCC. Both lesions were completely resected with
tumor-free margins of approximately 2 cm. The postoperative course was uneventful, and the patient was discharged on

postoperative day 5.
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Pathological Findings

Final pathological examination confirmed a moderately to poorly differentiated ICC in segments S5/6 (2.9 x 2.0%2.0 cm), with
microvascular and perineural invasion (M1) and negative surgical margins. Immunohistochemical staining showed: GPC-3 (-),
CD34 (+), Arg-1 (=), HSP70 (+), GS (partial +), reticulin (+), CK7 (+), CK19 (+), and Hepatocyte (—). The S6 nodule was
diagnosed as high-grade HCC (0.9 x 0.6 cm), without vascular or perineural invasion, and with negative margins.
Immunohistochemical analysis demonstrated HepPar-1 (weak +), AFP (-), GPC-3 (+), CD34 (+), Arg-1 (weak +), HSP70
(+), GS (+), and reticulin (+) (Figure 2). All immunohistochemical staining was performed following standard institutional

Figure 2 Gross pathology, histopathological features, and immunohistochemical profiles of the resected synchronous double primary hepatocellular carcinoma and
intrahepatic cholangiocarcinoma, together with histology of the initial hepatocellular carcinoma resected at first diagnosis. (A) Gross specimen showing two distinct tumors:
a moderately to poorly differentiated intrahepatic cholangiocarcinoma (ICC) located in segment S5/6 measuring 2.9%2.0 cm, and a well-differentiated hepatocellular
carcinoma (HCC) in segment S6 measuring 0.9%0.6 cm. (B) Hematoxylin and eosin (H&E) staining of the S5/6 lesion demonstrates histological features consistent with ICC
(original magnification %x200). (C and D) Immunohistochemical staining of the S5/6 lesion shows negative expression of glypican-3 (GPC-3) and arginase-1 (Arg-1) (x200).
(E and F) The S5/6 lesion shows positive staining for cytokeratin 7 (CK7) and cytokeratin 19 (CK19), supporting a biliary epithelial phenotype (%x200). (G) H&E staining of
the S6 lesion reveals well-differentiated trabecular architecture consistent with HCC (x200). (H-J) Immunohistochemical analysis of the S6 lesion demonstrates positive
expression of GPC-3, Arg-l, and hepatocyte paraffin | (HepPar-1), confirming hepatocellular differentiation (%200). (K) CD34 immunostaining highlights sinusoidal
capillarization in the S6 lesion (x200). (L) Representative H&E section of the initial S3 tumor resected at first diagnosis shows well-differentiated hepatocellular carcinoma
measuring approximately 2.0 cm (*200).
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Table | The Results of the Next-Generation Sequencing (NGS) Analysis of 576 Relevant Genes From
the Resected S5/6 Intrahepatic Cholangiocarcinoma Specimen in This Case

Category Gene Molecular | Variant Allele Variant
Findings Frequency (VAF) | Classification
Somatic Mutations CDKNZ2A | c.I51-2A>T | 43.7% Class Il
TERT c.-124C>T 17.8% Class Il
CBL p. L878F 30.71% Class Il
SMAD2 p. L393P 20.69% Class Il
Germline Mutations Not detected
Common Driver Genes (Targetable Genes) KRAS, BRAF, ERBB2, EGFR, ALK, ROS| — all not detected
Tumor Mutational Burden (TMB) 3.17 mutations/Mb (Low TMB)
Microsatellite Instability (MSI) MSS (Microsatellite stable)

clinical protocols. Appropriate positive and negative tissue controls were concurrently evaluated for each marker to validate the

staining specificity and accuracy.

Systemic Therapy and Follow-Up (2025)
Adjuvant therapy was initiated, consisting of one cycle of capecitabine monotherapy followed by combination therapy
with capecitabine and gemcitabine. Tumor genomic profiling performed in March 2025 identified no actionable muta-
tions (Table 1). However, by June 2025, imaging revealed multiple right hepatic metastases, retroperitoneal and perirenal
nodules, as well as bone involvement. Combined immunotherapy and targeted therapy were initiated; however, the
patient subsequently developed significant cancer-related pain.

At the most recent follow-up on December 25, 2025, the patient remained on combination systemic therapy. No new
lesions were detected on follow-up imaging. Although his overall condition was fragile, the disease remained clinically

and radiologically stable under ongoing systemic therapy (Figure 3).
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Figure 3 Timeline of clinical events and serum alpha-fetoprotein (AFP) and carbohydrate antigen 19-9 (CA19-9) levels. The normal upper reference limits are 7 ng/mL for
AFP and 37 U/mL for CAI9-9.

Journal of Hepatocellular Carcinoma 2026:13 hetps: 5



Qiao et al

Literature Review

Search Strategy and Selection Criteria

A literature search was performed in PubMed up to November 2025 using combinations of the following keywords:
“synchronous double primary hepatocellular carcinoma”, “intrahepatic cholangiocarcinoma” and “dual primary liver
cancer”. Published reports describing pathologically confirmed sdpHCC-ICC were reviewed. Cases involving com-
bined HCC-CCA or metastatic disease without clear pathological distinction were excluded. Given the limited
number and heterogeneity of published cases, only descriptive analyses were performed. We summarized 31
representative sdpHCC-ICC cases reported in the literature (Tables 2 and 3). Collectively, these cases delineate the
demographic characteristics, clinical manifestations, pathological features, and prognostic patterns of this rare disease

entity.

Demographic and Clinical Characteristics

Regarding the demographic and clinical characteristics of the cohort, the reported patients ranged in age from 40
to 78 years and showed a clear male predominance, consistent with the known male bias of hepatocellular
carcinoma, particularly in the setting of chronic liver disease. Most patients had underlying chronic liver disease,
most commonly hepatitis B virus infection, while a smaller proportion had hepatitis C infection or alcohol-related
cirrhosis. Baseline tumor marker levels were heterogeneous: AFP and CA19-9 varied widely, and in a substantial
proportion of cases, both markers remained within normal ranges. This lack of consistent tumor marker elevation
highlights the diagnostic challenge of sdpHCC-ICC, particularly in the preoperative setting.

Tumor Features and Treatment Modalities

In terms of tumor characteristics and treatment modalities, the distribution was highly variable. Tumors were distributed
across multiple hepatic segments, with segments 5-8 being the most frequently involved. Tumor size ranged from
subcentimeter nodules to large masses exceeding 10 cm, and no consistent dominance in size or morphology was observed
between the HCC and ICC components. Clinically, presentations ranged from incidental detection in asymptomatic patients
to symptoms such as abdominal pain, malaise, or complications related to cirrhosis. Surgical resection remained the primary
treatment modality, ranging from segmentectomy to lobectomy and, in selected cases, more extensive combined procedures.
Adjunctive therapies, including TACE, HAIC, radiofrequency ablation, and systemic chemotherapy, were frequently
employed depending on tumor stage and clinical context. Pathological examination consistently demonstrated two distinct
malignant components—hepatocellular and cholangiocellular—distinguishable by histological architecture and immunohis-
tochemical features. Immunohistochemical markers such as HepPar-1, CK7, CK19, GPC3, and CD34 were essential for
distinguishing the two components, particularly when morphological features overlapped. The proliferative index, commonly
assessed by Ki-67, varied widely, reflecting biological heterogeneity between the two tumor components.

Prognostic Patterns and Clinical Outcomes

Analysis of prognostic patterns and clinical outcomes revealed a highly variable course. While a subset of patients
achieved prolonged disease-free survival following RO resection, a significant proportion experienced early intrahepatic
recurrence or distant metastases. Variables such as advanced age, large tumor burden, and incomplete resection were
frequently associated with a poorer prognosis. Despite the heterogeneity of the reported data, these recurrence patterns
underscore the need for individualized, multidisciplinary, and long-term management strategies.

Overall, the literature characterizes sdpHCC-ICC as a rare but clinically challenging entity with well-defined
pathological features and unpredictable clinical behavior. In the context of our patient, who experienced multiple
recurrences and treatments over two decades, these published cases provide valuable comparative insights, reinforcing
the necessity of prolonged surveillance and repeated pathological reassessment.
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Table 2 Reported Cases of Synchronous Double Primary Hepatocellular Carcinoma and Intrahepatic Cholangiocarcinoma

No. | Age | Sex | AFP/ CAI9-9 Location (HCC/ | Size (cm, HCC/ | Presentation | Primary Treatment | Key Pathology Markers Follow-Up Outcome | Author Year
ICC) ICC) (Months)
| 70 M AFP? S8/55-6 5/8 Asymptomatic | Hepatectomy + HAIC | HCC: AFP(+); ICC: CK(+) 10 Alive, NED | ltamoto'® 1999
2 74 M AFP} S5/54 5/1 Pain Extended NA NA NA Fuji'! 2005
hepatectomy
70 M NA S4/57 4/2.2 Asymptomatic | Segmentectomy ICC: CKI19(+) 36 Alive, NED | Matsuda'? 2006
4 67 M AFP normal S7/S8 1.3/1.2 Hepatitis Resection = TACE HCC: AFP(+); ICC: CKI9(+) 104 Recurrence | Inaba'? 2007
75 F AFP normal S3 173 Cirrhosis Segmentectomy + NA NA Alive Watanabe'* 2009
chemo
6 76 M NA Caudate/Left 4/2.5 Alcoholic Hemihepatectomy + NA NA Alive Shimizu'® 2013
chemo
7 66 F Normal S7/S2-3 <2/6.4 Asymptomatic | Resection ICC: CK7/19(+) 7 Alive, NED Jung”’ 2013
8 68 F AFP? S5/S3 4.3/1.1 Asymptomatic | Resection NA 24 Alive, NED | Jung'® 2013
9 51 M AFP1/CA19-91 S7-8/Left 11.6/4.2 Pain Biopsy + TACE NA NA Died Kim'” 2013
10 59 M Normal S7-8/S5 1.5/1.5 Fever Liver transplantation HCC: HepPar-1(+); ICC: 12 Alive, NED | Geramizadeh'® | 2014
CK7/19(+)
il 48 M AFP1/CAI19-91 S7/S5/S2-3 9/5/8 Hepatitis Multi-segment NA 6 Alive, NED | Topaloglu'® 2014
resection
12 58 M AFP normal S5/S8 6/4 Pain Resection NA 12 Alive, NED | Wu?° 2014
13 47 M Normal S7/S6 4/1 Asymptomatic | Resection ICC: CK7/19(+) 8 Alive, NED | Zhou?' 2014
14 |5 | M CAI9-91 S7/s6 7/4.5 Pain Resection NA 12 Alive, NED | Hu® 2016
15 58 M AFP? S7/S3 1.4/0.8 Asymptomatic | Resection ICC: CK7/19(+) 36 Alive, NED | Yamamoto® 2018
16 49 F AFP1/CA19-91 S6/S4 2.5/5 Hepatitis Resection NA 16 Died Qu® 2021
17 69 F AFP1/CAI19-91 S4/S6 2.1/3 Pain Resection NA 7 Recurrence | Gao** 2022
18 78 M NA S5/Post 1.5/5 NA Hemihepatectomy NA 74 Died Tsukamoto® 2022
19 6l M NA Ant/Post 2317 Asymptomatic | Hemihepatectomy NA NA NA Ma? 2023
20 | 50 M CAI19-91 S5/57 2/5 Asymptomatic | Resection *+ TACE NA 12 Died Gao?”’ 2023
21 57 M AFP normal/ S4/S6 4/4 Asymptomatic | Resection + ablation NA 2 Alive Gao?”’ 2023
CAI19-91
22 52 M Normal S4/S3 3/2.5 Asymptomatic | Hemihepatectomy NA 40 Alive, NED | Gao® 2023
23 50 M Normal S5/s6 6/10 Pain Resection NA 13 Alive, NED | Gao® 2023
24 | 59 M AFP? S4/58 2.1/15 Asymptomatic | Resection + TACE NA 58 Alive, NED | Gao% 2023
25 40 M Normal S6/S5-8 5/6.5 Fever Resection NA 3 Alive Gao?’ 2023
26 48 M AFP? S7/56 2.2/1.5 Asymptomatic | Resection NA 50 Alive, NED | Gao?’ 2023
27 73 M CAI19-91 S6-7/S6 7/1.3 Asymptomatic | Segmentectomy NA 19 Alive, NED | Gao® 2023
28 6l M AFP normal S3/s8 2/3.1 Asymptomatic | Resection NA 13 Alive, NED | Gao” 2023
29 75 F Normal S8/S5 1.5/2 Cirrhosis Resection NA 6 Alive, NED KhessairiZ® 2023
30 67 M NA S5-6/S4 3.8/2 Pain Emergency resection NA 41 Recurrence | Szodorai® 2024
31 77 F CAI19-91 S5/58-4 1.5/3.5 Hepatitis Resection + chemo ICC: CK7(+) 12 Alive, NED | Fukuda® 2024

Notes: 1, serum levels above the upper limit of normal; (+), positive.
Abbreviations: AFP, alpha-fetoprotein; CA19-9, carbohydrate antigen 19-9; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; NA, not available; NED, no evidence of disease.
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Table 3 Clinicopathological Characteristics and Molecular Features of Reported Cases of Synchronous Double Primary
Hepatocellular Carcinoma and Intrahepatic Cholangiocarcinoma

Category Variable / Marker Findings Frequency / Value
Demographics Age (years) Median age 59 (40-78)
Gender (Male/Female) Male predominant 24/7 (77.4% male)
Etiology Hepatitis B virus HBsAg(+), HBeAb(+), or HBV DNA(+) 20/31 (64.5%)
Hepatitis C virus HCVAb(+) or RNA(+) 4/31 (12.9%)
Non-viral etiology Alcoholic, cryptogenic, or NA 7/31 (22.6%)
Tumor characteristics Main tumor location Right / Left / Bilobar 14/3/14
Tumor diameter (cm) Largest lesion 4.0 (1.3-11.6)
Clinical presentation Symptomatic / Asymptomatic / NA 10/20/1
Tumor biomarkers AFP Above normal range 22/31 (71%)
CAI19-9 Above normal range 15/31 (48%)
PIVKA-II / DCP Above normal range 5/31 (16%)
Treatment Surgical resection Hepatectomy (major/minor/segmentectomy) 28/31 (90.3%)
Non-surgical treatment Transplantation, TACE, or chemotherapy only | 3/31 (9.7%)
Pathology (HCC component) | HepPar-I Positive expression (IHC) 45%
Glypican-3 (GPC-3) Positive expression (IHC) 29%
Arginase-1 (Arg-1) Positive expression (IHC) 26%
Pathology (ICC component) Cytokeratin 19 (CKI9) Positive expression (IHC) 65%
Cytokeratin 7 (CK7) Positive expression (IHC) Very high
Prognosis Follow-up duration (months) | After treatment 12.5 (2-104)
Clinical outcome Disease-free / Recurrence / Death / NA 19/4/4/4

Note: Data are summarized from the 3| cases identified in the literature review (References®®'%2%). (+), positive.

Abbreviations: AFP, alpha-fetoprotein; Arg-1, Arginase-1; CA19-9, carbohydrate antigen 19-9; CK7, cytokeratin 7; CK19, cytokeratin 19; DCP, des-gamma-
carboxy prothrombin; GPC-3, glypican-3; HBeAb, hepatitis B e antibody; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; HepPar-1, hepatocyte para-aminosalicylic acid |; ICC, intrahepatic cholangiocarcinoma; IHC, immunohistochemistry; NA,
not available; PIVKA-II, protein induced by vitamin K absence or antagonist-Il; TACE, transarterial chemoembolization.

Discussion

Phenotypic Evolution and Clinical Surveillance

This case describes an exceptionally rare and prolonged clinical course in which an initial solitary hepatocellular
carcinoma evolved into synchronous double primary hepatocellular carcinoma and intrahepatic cholangiocarcinoma
over nearly two decades. In contrast to most reported cases, in which HCC and ICC are diagnosed simultaneously at
initial presentation, our patient first developed a solitary HCC, experienced multiple recurrences, and only later
developed a distinct ICC component. This unusually long interval supports the concept that primary liver malignancies
arising in chronically injured livers are dynamic and evolutionarily plastic rather than biologically static entities.*
Although similar long-term phenotypic evolution has been sporadically reported, it remains poorly characterized in the
literature, underscoring both the rarity and clinical relevance of this case.

From a clinical perspective, this case highlights the necessity of lifelong surveillance in patients with chronic liver
disease, even after apparently curative treatment. Current surveillance guidelines from the American Association for the
Study of Liver Diseases (AASLD) and the European Association for the Study of the Liver (EASL) recommend
continued imaging follow-up in patients with cirrhosis or chronic viral hepatitis, as the risk of de novo hepatobiliary
malignancies persists indefinitely.>' >* Our case extends this concept by demonstrating that long-term survivors of HCC
remain at risk not only for recurrence of the original tumor but also for the development of a second, biologically distinct
primary malignancy within the liver.

Hypothesized Mechanisms of Phenotypic Divergence

The mechanisms underlying this phenotypic evolution are likely multifactorial and remain incompletely understood
(Figure 4). Chronic hepatic inflammation, progressive fibrosis, and repeated therapeutic interventions may collectively
create a permissive microenvironment that facilitates clonal diversification. The hepatic progenitor cell (HPC) hypothesis
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Figure 4 Hypothetical model illustrating the potential mechanisms underlying phenotypic divergence from solitary hepatocellular carcinoma (HCC) to synchronous double
primary HCC and intrahepatic cholangiocarcinoma (ICC). Chronic liver injury, cirrhosis, and therapeutic pressure may promote hepatic progenitor cell activation and lineage
plasticity, contributing to divergent hepatocytic and cholangiocytic differentiation pathways.

provides a biologically plausible framework, as bipotent progenitor cells residing in the canals of Hering retain the
capacity to differentiate into either hepatocytic or cholangiocytic lineages under specific signaling conditions.**
Experimental and pathological studies have demonstrated that HPC activation is closely associated with chronic liver
injury and correlates with the emergence of tumors exhibiting mixed or ambiguous differentiation patterns.®>*°
Furthermore, the critical role of cancer stem cells (CSCs) or progenitor-like cells in driving therapeutic resistance and
tumor relapse has been increasingly recognized, as they possess unique self-renewal and lineage-plasticity capabilities
under chronic stress.”’

At the molecular level, HCC and ICC are traditionally characterized by distinct mutational landscapes. HCC
frequently harbors alterations in TERT, TP53, and CTNNB1*® whereas ICC is more commonly associated with mutations
in IDH1/2, KRAS, and FGFR2 fusions.** Notably, next-generation sequencing in our patient did not identify these
canonical driver mutations, suggesting that alternative mechanisms may have contributed to tumor evolution. Recent
bioinformatics and translational studies have highlighted that beyond DNA mutations, the dysregulation of specific
transcriptional networks, non-coding RNAs, and hub genes can profoundly influence HCC growth, cell phenotype, and
clinical prognosis.**** Emerging evidence indicates that epigenetic remodeling, chromatin reprogramming, and tumor—
microenvironment interactions can drive lineage plasticity independently of classical oncogenic mutations.** Studies
using lineage tracing and epigenomic profiling have shown that hepatocytes can undergo transdifferentiation toward
a biliary phenotype under sustained inflammatory or oncogenic stress, raising the possibility that mutation-independent

mechanisms may contribute to phenotypic divergence in selected cases.*>*®

Diagnostic Challenges

From a diagnostic perspective, this case highlights the inherent limitations of conventional imaging modalities and serum
biomarkers in complex hepatobiliary malignancies. The recurrent lesions exhibited overlapping radiological character-
istics, while AFP levels remained persistently within the normal range, likely reflecting the well-differentiated nature of
the HCC component. Several studies have reported that sdpHCC-ICC and related mixed tumors often lack the classic
enhancement patterns characteristic of either HCC or ICC, resulting in frequent preoperative misclassification.*”**
Consequently, histopathological examination remains the diagnostic gold standard for definitive classification. In our
case, immunohistochemical profiling—particularly the combined application of hepatocellular markers (HepPar-1, GPC-
3, Arg-1) and biliary markers (CK7, CK19)—was essential for confirming the coexistence of two distinct primary
malignancies.** These findings emphasize the importance of comprehensive pathological evaluation, particularly in

patients with atypical imaging features or discordant tumor marker profiles.
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Therapeutic Perspectives and Outcomes

From a therapeutic perspective, the patient’s clinical course underscores the potential benefit of aggressive, multi-
disciplinary management in carefully selected cases. Repeated local therapies, including surgical resection, radiofre-
quency ablation, and transarterial interventions, contributed to prolonged disease control over an extended period.
Although evidence remains limited, several retrospective studies suggest that repeat hepatectomy may confer meaningful
survival benefits in patients with preserved liver function and localized recurrence.’® However, following the emergence
of the ICC component, disease behavior became more aggressive, consistent with the generally poorer prognosis
associated with ICC compared with HCC.>'*% This shift highlights the importance of reassessing tumor biology at
each recurrence, rather than assuming biological continuity with the initial malignancy.

The most striking feature of this case is the exceptionally long latency preceding the emergence of the ICC
component. While most reported dual primary tumors are synchronous at diagnosis, our case demonstrates that
phenotypic divergence may occur after prolonged disease evolution and repeated therapeutic interventions. Clinically,
this finding mandates a high index of suspicion during long-term surveillance. Small or atypical recurrent lesions should
not be automatically classified as recurrent HCC without histological confirmation, as misclassification may delay
appropriate treatment and adversely affect clinical outcomes. Distinguishing between simple recurrence, clonal evolution,
and the emergence of a second primary malignancy has direct implications for prognosis, treatment selection, and patient
counseling.

Limitations

Several limitations should be acknowledged. First, this study represents a single case observation, limiting the
generalizability of the findings. Second, clonality analysis and longitudinal molecular profiling of sequential lesions
were unavailable, precluding definitive conclusions regarding tumor origin and evolutionary trajectory. Third, the
literature review was based primarily on published case reports with heterogeneous clinical data and incomplete
follow-up information. Future multicenter studies incorporating longitudinal genomic and spatial transcriptomic
analyses are warranted. Ultimately, addressing these complex clinical scenarios requires a comprehensive approach,
as emphasized by the current guidelines for holistic integrative management of liver cancer, to optimize long-term
patient outcomes.””

Conclusion

This case describes a rare long-term clinical evolution from solitary HCC to sdpHCC-ICC. Although the underlying
mechanism remains uncertain, the findings highlight the diagnostic complexity and biological heterogeneity of primary
liver malignancies arising in chronically injured livers. Clinically, this underscores an actionable takeaway: atypical or
late recurrent lesions in long-term HCC survivors should prompt repeated pathological reassessment rather than
empirical treatment, ensuring accurate diagnosis and appropriately tailored management.
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