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Abstract. The development of tumors in livers transplanted 
from hepatitis B virus (HBV)‑negative donors to patients with 
hepatitis B and cirrhosis is rare. The present study describes 
the case of a woman in her 60s who developed hepatocel‑
lular carcinoma (HCC) in her grafted liver, 19 years after 
transplantation, as well as a metachronous colorectal tumor. 
The pathological findings, including clinical, immunohisto‑
chemical and molecular results, are described in the present 
case report. The liver tumor was a conventional HCC and 
the colorectal tumor comprised a tubular adenocarcinoma. 
Immunohistochemistry of both tumors showed a loss of 
expression of mutL homolog 1 and postmeiotic segregation 
increased 2 in the tumor cells, confirming microsatellite 
instability‑high (MSI‑H) status. Furthermore, a molecular 
study detected the presence of genes located on the Y chromo‑
some in the normal and tumor tissues of the liver, proving that 
the HCC occurred in the grafted liver. The present report also 
discusses that prolonged use of immunosuppressive drugs to 
prevent post‑transplant rejection, poorly controlled diabetes 
mellitus and MSI‑H may have contributed to the risk of tumor 
development.

Introduction

It is not uncommon for hepatocellular carcinoma (HCC) 
to recur in HCC patients after liver transplantation  (1). In 
contrast, reports of de novo HCC developing in a healthy 
donor liver, transplanted to a patient without a history of HCC, 
are extremely rare  (2‑16). A review of the case reports of 
HCC in transplanted livers reveals hepatitis B (5‑7,10,15,17), 
C (2,8,10‑13,18) and sclerosing cholangitis (18,19) as under‑
lying diseases. Chronic viral hepatitis is an important factor 
in the development of HCC and, for both hepatitis B virus 
(HBV) and hepatitis C virus (HCV), there are many cases in 
which HCC develops after a long period of persistent infec‑
tion. Especially for HBV, it is generally accepted that most 
individuals develop hepatitis in adulthood from a persistent 
infection following vertical transmission, progressing to 
liver cirrhosis and the development of HCC. In addition, the 
immunosuppressants used to prevent post‑transplant rejec‑
tion are among the factors contributing to the development of 
post‑transplant HCC (20). Furthermore, it has been reported 
that patients with glucose intolerance, such as diabetes, have 
a high risk of developing malignancies. For example, patients 
with diabetes are more than twice as likely as non‑diabetics to 
develop liver tumors (17,21‑29). In addition, the involvement of 
microsatellite instability in the development of liver tumors is 
also important, and cases of comorbidity with cancers in other 
organs also have been reported (30‑34).

This report describes the case of a poorly controlled 
diabetes mellitus patient who underwent living‑donor liver 
transplantation, from an HBV‑negative donor, for cirrhosis 
attributable to HBV infection. The recipient developed not 
only HCC but also colon cancer, both tumors having microsat‑
ellite instabilities, the status MSI‑high.

Case report

The patient was a woman in her sixties who had been diag‑
nosed with hepatitis B thirty years previously and given 
continuous medical treatment. At that time, she was also 
diagnosed with diabetes mellitus and started on insulin 
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administration. In August 1999, seven years after her first visit 
in April 1992 at Toyama, Japan, she underwent a living‑donor 
liver transplantation from her husband at Matsumoto, Japan, 
who was HBV‑ and HCV‑negative, to treat liver failure due to 
cirrhosis. Her resected liver showed non‑neoplastic complete 
cirrhosis and was confirmed not to be included in the neoplastic 
lesions by the detailed histopathological examination. 
Specifically, the paraffin sections made from the samples of 
multiple sites from resected recipient liver, whenever possible, 
were examined by several pathologists subspecialized in 
liver pathology. After surgery, steroids (methylprednisolone, 
3 mg/day for half a year, prednisolone, 1 mg/every other day 
for nine years, and Tacrolimus, a calcineurin inhibitor, from 
1.2 mg to 0.4 mg/day gradually tapered down to maintain blood 
levels of 4‑6 ng/ml to present were started as immunosuppres‑
sive drugs to suppress rejection. Lamivudine (100 mg/day from 
February 1999 to November 2015), Entecavir (0.5 mg/day 
from November 2015 to February 2020), and Tenofovir alaf‑
enamide fumarate (25 mg/day from February 2020 to present), 
an antiviral agent, and immunoglobulin (Hepatitis B immu‑
noglobulin, every week) was started for HBV treatment. 
However, her diabetes was poorly controlled and she was in 
and out of hospital. In February 2018, nineteen years after 
liver transplantation, a mass lesion was noted in segment four 
of the transplanted liver (Fig. 1A and B), and a subsegmental 
liver resection was performed under the diagnosis of a liver 
tumor at Toyama, Japan. The following year, she underwent 
a colonoscopy for screening purposes; this revealed colon 
cancer in her cecum and she underwent an ileocecal resection 
in March 2019 at the same hospital. The following year, a mass 
lesion was found on the surface of the right liver lobe, segment 
8 (Fig. 2A and B), and radiofrequency ablation was performed 
on suspicion of recurrence of the hepatocellular carcinoma, 
followed by additional resection in December 2020 at the 
same hospital. Four years after the final operation, no recur‑
rence of the liver tumor or malignant tumors have been found, 
including in other organs. The amount of HBV DNA in the 
serum before transplantation was 3.8 logs IU/ml (TMA), after 
which hepatitis B surface antigen (HBsAg) and HBV DNA 
became negative. To date, HBsAg, anti‑HBs, anti‑HB core, 
anti‑HB envelope, and HBV DNA by real‑time PCR has been 
detected in serum.

The initial liver tumor showed circumscribed encap‑
sulization but it had no extracapsular invasion and was 
diagnosed with moderately differentiated HCC, aligned in a 
trabecular pattern, based on the histopathologically cellular 
and structural atypia. Vascular invasion, exposure to the 
surgical stump, and intrahepatic metastasis were not observed 
(pT1NXM0) (Fig. 3A and B). The second hepatic tumor had 
a similar histological appearance, without vascular invasion 
(Fig. 4A and B). The colon cancer was mainly located in the 
cecum and comprised a well‑differentiated tubular adenocar‑
cinoma, invading the subserosal layer and accompanied by 
regional lymph node metastasis (pT3N1MX, pStage IIIb) (35) 
(Fig. 5A and B). The diagnosis of each of the above tumor 
tissues was made histopathologically by two pathologists (JI 
and AN) using the hematoxylin‑eosin staining formalin‑fixed 
paraffin sections of each sample. Monitoring for the recur‑
rence of liver tumors and colon cancer was done every six 
months using abdominal enhanced‑computed tomography. 

The total follow‑up period is 30 years from the time of initial 
administration.

In order to determine whether the initial liver tumor was 
donor‑ or recipient‑derived, genomic DNA was extracted 
from both liver tumors and non‑tumor tissue and analyzed 
for the specific genes, SRT, STS, and Amelogenin, as genes 
located on the Y chromosome. Amplification was performed 
by polymerase chain reaction (PCR) and the products were 
confirmed by capillary electrophoresis (C‑EF) (36,37). The 
presence of the SRT‑a‑Y, AMEL‑Y, SRY‑b‑Y, and STS‑1‑Y 
genes on the Y chromosome in both liver tumors and 
non‑liver tissues indicated that they originated from the liver 
donated by the husband, a male (Fig. 6). In addition, PCR 
was performed using a microsatellite marker (D17S938) to 
determine whether the primary and recurrent liver tumors 
were derived from the same clone (38). A peak, indicating 
expression in the normal liver tissue (Fig. 7, upper trace), was 
not detected in either tumor (Fig. 7, lower traces). Considering 
that the site of recurrence was near the initial lesion, recur‑
rence due to intrahepatic metastasis was diagnosed. To 

Figure 1. (A)  Abdominal enhanced computed tomography and 
(B) T1‑weighted magnetic resonance tomography before the first operation. 
The images show a nodule with early enhancement in the segment four area, 
in the arterial phase. Arrowheads indicate the tumor.
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confirm that the serum was HBV DNA negative before 
transplantation and to determine whether the viral genome 
was present in the liver tumors and non‑tumor liver tissues, 
PCR was performed using specific HBV DNA primers and 
confirmed by C‑EF. The conditions for PCR amplification of 
HBV DNA and the used primer sequences were as followed. 
To obtain total HBV DNA, amplification was performed by 
PCR conditioning for 3 min at 94˚C and then 30 sec at 94˚C, 
45 sec at 58˚C, and 30 sec at 72˚C to be repeated 40 cycles, 
using primers of HBV forward CAA​CCT​CCA​ATC​ACT​
CAC​CAA​C and HBV reverse ACG​GGC​AAC​ATA​CCT​TGG​
TAG (39). No amplified product was observed, confirming 
that no HBV DNA was present in any of the tissues. To 
investigate the causal relationship between the development 
of the three tumors of the liver and the colon and microsatel‑
lite instability, immunohistochemical studies were performed 
on four microsatellite regions in mutL homolog 1 (MLH1), 
postmeiotic segregation increased 2 (PMS2), mutS homolog 
2 (MSH2) and MSH6 (40). Of these four factors, MLH1 and 
PMS2 confirmed the absence of nuclear expression in the liver 

and colorectal tumors, and MSH2 and MSH6 were retained in 
the nucleus, indicating that the three lesions were tumors with 
microsatellite instability‑high (MSI‑H) (Fig. 8A‑C).

Discussion

Hepatocarcinogenesis appears to be a multistep process, 
involving disruption of genetic stability, and in which normal 
hepatocytes are transformed into liver cancer via chronic 
hepatitis, with persistent HBV or HCV infection, and subse‑
quent cirrhotic conditions (32,33,41). It is generally accepted 
that the hepatitis viruses are strongly implicated in liver cancer 
development. However, the serological findings suggested the 
patient's HBV infection had not persisted after the antiviral 
treatment, possibly due to the remarkable efficacy of the anti‑
viral drugs in this case. Although it cannot be shown that HBV 
has completely disappeared from the patient's body, at least it 
cannot be considered that HBV DNA remained detectable in 
the liver tissue. Therefore, although it cannot be completely 
ruled out that HBV was somehow involved in the development 

Figure 2. (A)  Abdominal enhanced computed tomography and 
(B) T1‑weighted magnetic resonance tomography of the recurrent tumor. The 
images show a nodule with early enhancement in the segment eight area, in 
the arterial phase. Arrowheads indicate the tumor.

Figure 3. Macroscopic and histological findings of the primary tumor. (A) A 
relatively well‑defined, bright yellowish nodule exposed on the cut surface. 
(B) The tumor, comprising a hepatocellular carcinoma with a trabecular 
pattern. The tumor cells having distinct Mallory‑Denk bodies in their cyto‑
plasm (arrowheads).
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of liver cancer in this case, there is a high possibility that other 
triggers were involved.

The involvement of immunosuppressants, administered 
to this patient for an extended period of time, also should 
be considered as a potential carcinogenesis‑inducing factor. 
Many transplant patients have to take immunosuppressants 
for an extended period of time to prevent rejection. The most 
typical side effect of immunosuppressants is an increased 
susceptibility to infection, but they have also been reported to 
increase the risk of carcinogenesis, albeit in a small number of 
cases (20). Azathioprine is well‑known as an immunosuppres‑
sant used after transplantation and there is a report confirming 
its oncogenicity to normal cells, as a result of long‑term 
exposure in an in vivo experimental model. Tacrolimus, a 
calcineurin inhibitor administered to the patient in this case, 
is widely used worldwide as an immunosuppressant for trans‑
plant patients. The mechanism by which Tacrolimus promotes 
the onset and progression of cancer is not yet well under‑
stood. Reports suggest that inhibition of the immune system 
not only weakens the recipient's immune response but also 

impairs the ability of the tumor immune system to respond 
to early‑stage tumor cells and their associated antigens (42). 
An indirect correlation between the ability to prevent rejection 
and the risk of developing tumors may support this notion. 
There is also evidence that Tacrolimus may directly promote 
the aggressiveness and invasiveness of tumor cells, including 
DNA damage induced by immunosuppressants and activation 
of cytokines such as TGF‑β (43). The patient in the present 
case also has been administered immunosuppressive drugs for 
nearly 20 years. Although a definitive basis cannot be proved, 
the patient's immunosuppression may have been involved in 
her developing liver cancer. In the future, it may be worthwhile 
considering managing withdrawal from immunosuppressive 
drugs, reducing the dose, or switching to other medications.

It has been reported that diabetes is a risk factor for devel‑
oping malignant tumors. The mechanism by which impaired 
glucose tolerance causes carcinogenesis remains a matter of 
speculation, but it has been suggested that diabetes is strongly 
involved in carcinogenesis in many organs  (24,29,44,45). 
Especially in liver cancer, type 2 diabetes mellitus is an estab‑
lished independent risk factor for both nonalcoholic fatty liver 
disease and HCC. Independent of the coexistence of cirrhosis 
or another etiology, patients with type 2 diabetes have been 
reported to have a 2.5‑ to 4‑fold increased risk of developing 
HCC (3,23,25,27). There also appears to be an increased risk 

Figure 4. Macroscopic and histological findings of the second tumor. 
(A) Loupe figure of the pathological specimen. The tumor showing fused 
multinodular lesions (insert). Well‑defined, yellowish multi‑nodular tumor 
exposed on the cut surface. (B) The tumor showing similar histological find‑
ings to the primary liver tumor. The tumor cells having round to oval and 
deeply eosinophilic hyaline bodies in their cytoplasm (arrowheads).

Figure 5. Macroscopic and histological findings of the cecal tumor. (A) A 
slightly elevated tumor, located in the cecum (arrowhead). (B) Histology, the 
tumor was moderately differentiated tubular adenocarcinoma. Tumor tissue 
revealing fused glands (arrowheads) and irregular branching (*).



ONCOLOGY LETTERS  27:  168,  2024 5

of developing HCC in patients with long‑standing uncontrolled 
diabetes mellitus (5,17). Furthermore, 10 to 15% of liver trans‑
plant recipients are said to have type 2 diabetes, and patients 
with underlying diabetes mellitus are considered at a higher 
risk of developing HCC (46). In these previous reports, because 
insulin produced in the islets of the pancreas is transported to 
the liver via the portal vein, the long‑term exposure of hepatic 
cells to insulin secreted in a hyperglycemic state may increase 
the risk of developing liver cancer (21). In addition, hyper‑
glycemia acts to promote tumor growth and there are many 
factors that promote carcinogenesis, such as hyperinsulinemia 
through effects on insulin and/or insulin‑like growth factor‑1 
(IGF‑1) receptors and inflammatory cytokines secreted from 
adipose tissue. Furthermore, insulin resistance and activation 
of the insulin receptor and IGF‑1 have been implicated as one 
of the major determinants in the initiation and progression of 
the multistep carcinogenic process of colorectal cancer (22). 

Diabetes is also known to increase the risk of developing 
colorectal cancer (47). It is believed that hyperinsulinemia 

Figure 6. Capillary electrogram of the polymerase chain reaction products of 
genes located on the Y chromosome and amplified from primary and normal 
liver tissue. Both electrograms feature similar peaks, suggested SRY‑a‑Y, 
AMEL‑Y, SRY‑b‑Y, and STS‑Y gene products.

Figure 7. Capillary electrogram of polymerase chain reaction products for 
D17S938, as a microsatellite marker. The peak derived from normal liver 
tissue was not obtained from the primary and second liver tumors (arrow‑
heads).

Figure 8. Immunohistochemistry for MLH1 in the liver and colon cancers. 
(A) Primary, (B) recurrent hepatocellular carcinoma and (C) colon carci‑
noma. Nuclear expression of MLH1 detected lymphocytes and vascular 
endothelial cells as internal controls but was not detected in the tumor cells.
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in diabetes promotes the development and progression of 
colorectal cancer by delaying the intestinal transit time of feces 
and increasing the concentration of bile acids in the feces. This 
patient also had had diabetes mellitus since her hepatic failure 
and was receiving insulin therapy, but her diabetes was poorly 
controlled and she had persistent hyperglycemia, as shown by 
her high glycated hemoglobin (HbA1c) level (11.1%). It may 
not be a coincidence that HCC and colon cancer developed 
in such a state. In the future, potent diabetes treatment may 
be necessary, along with monitoring the immunosuppressive 
drugs.

Microsatellite instability is one of the factors that triggers 
carcinogenesis. It is common knowledge that MSI is closely 
involved in familial colon and endometrial cancer, typified by 
Lynch syndrome (48). Recent studies have revealed multiple 
genetic alterations in hepatocarcinogenesis, the most impor‑
tant of which involve mismatch repair (MMR) genes (30). It 
has been confirmed immunohistologically that microsatellite 
markers, such as MLH1 and PMS2, are lost from tumor cells 
in both primary and recurrent liver and colorectal cancer. 
Without a family history of Lynch syndrome in the patient's 
background, the development of MSI‑positive cancer may be 
described as sporadic. However, MSI‑positive liver cancer has 
been reported to occur, albeit less commonly than in colorectal 
cancer (34). Although immunohistochemical studies of MMR 
genes in HCC are scarce (31,40,49,50), this is an accurate 
method for identifying MMR defects, with sensitivity and 
specificity of 97 and 100%, respectively  (51). Helal  et  al 
reported that the proportions of hMSH2 and hMLH1 protein 
downregulation in the HCC cases studied were 64 and 70%, 
respectively  (40). On the other hand, in Japanese patients, 
hMSH2 and hMLH1 are implicated in around 20% (31,50) 
but, in the United States, no reduction or disappearance has 
been reported (49). The difference in the association between 
HCC and MSI in Japan/United States and Egypt may be due 
to racial differences or differences in the HBV genotypes, but 
the possibility that HCC development is affected by factors 
other than MSI cannot be ruled out. However, considering that 
the instability of the MSI gene is a somatic mutation, it is not 
unreasonable to speculate that MSI could have been caused in 
the donor's liver by some other trigger, such as the immuno‑
suppressive drugs or abnormal glucose tolerance mentioned 
above.

Many case reports of the development of HCC after liver 
transplantation involve the use of fluorescent in situ hybridiza‑
tion to the Y chromosome to determine whether the tumor 
is derived from the original or grafted liver (2,18). Instead 
of that method, this report features a pathomolecular study, 
amplifying the SRT‑a‑Y, AMEL‑Y, SRY‑b‑Y, and STS‑1‑Y genes 
located on the Y chromosome, an approach used in the field of 
forensic medicine (36,37). It was confirmed that these genes 
were present in the normal liver and its tumors and proved 
that the patient's liver tissue was derived from the donor. This 
method can be considered a highly sensitive and specific 
modality for analyzing even a very small sample. However, 
the disadvantage of this method is that the recipient and donor 
must be of opposite sexes. This report is of a case in which 
HCC developed in liver tissue derived from the donor, but if 
the gene located on the Y chromosome had not been detected, 
the tumor might have been derived from the recipient. The 

patient's liver had been resected entirely, so that no remnant 
liver was present. However, the possibility of liver cell renewal 
by hepatocytes derived from bone marrow stem cells cannot 
be completely ruled out.

In summary, the carcinogenic process of HCC in the 
grafted liver and colon cancer in the present case is related to 
immunosuppressants administered after transplantation, poor 
control of diabetes mellitus, MSI, and the interaction of these 
factors.
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