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Abstract
BACKGROUND
Primary sclerosing cholangitis (PSC) is an extraintestinal manifestation of ulcerative colitis (UC). PSC is a well-known risk factor for intrahepatic cholangiocarcinoma (ICC), and ICC is known to have a poor prognosis.

CASE SUMMARY
We present two cases of ICC in patients with PSC associated with UC. In the first case, a tumor was found by magnetic resonance imaging (MRI) in the liver of a patient with PSC and UC who presented to our hospital with right-sided rib pain. The second patient was asymptomatic, but we unexpectedly detected two liver tumors in an MRI performed to evaluate bile duct stenosis associated with PSC. ICC was strongly suspected by computed tomography and MRI in both cases, and surgery was performed, but unfortunately, the first patient died of ICC recurrence 16 mo postoperatively, and the second patient died of liver failure 14 mo postoperatively.

CONCLUSION
Careful follow-up of patients with UC and PSC with imaging and blood tests is necessary for early detection of ICC.
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Core Tip: Intrahepatic cholangiocarcinoma (ICC) commonly develops on top of primary sclerosing cholangitis (PSC) associated with ulcerative colitis (UC). Both of our patients died, although they were asymptomatic or mildly symptomatic at the time the ICC was discovered. Patients with long-term PSC coexisting with UC require regular follow-up with imaging such as magnetic resonance imaging even if they are asymptomatic.

INTRODUCTION
In the treatment of ulcerative colitis (UC), attention should be paid not only to intestinal lesions but also to extraintestinal complications, especially primary sclerosing cholangitis (PSC)[1]. The incidence of UC associated with PSC varies widely; it is reported to be 23% in Japan and 80% in Sweden[2]. In addition, UC associated with PSC often causes mild symptoms, and many cases show a good treatment response[3]. PSC is a chronic liver disease that causes cholestasis due to diffuse and multiple sites of inflammation and narrowing of the intrahepatic and extrahepatic bile duct[4]. Gastrointestinal cancer is reported to be complicated in patients with PSC, and cancer of the bile duct such as intrahepatic cholangiocarcinoma (ICC) in particular, is a poor prognostic factor for PSC[5]. ICC is known to have a poor prognosis, and it was reported that patients with multiple lymph node metastases did not survive more than 2 years after surgery[6].
We managed two cases of ICC resulting from PSC associated with long-standing UC. In both cases, the ICC was surgically resected, but the patients died relatively shortly after the operation. ICC, which develops in cases of long-term UC associated with PSC, is often asymptomatic early in its onset.

CASE PRESENTATION
Chief complaints
Case 1: A 34-year-old male patient with PSC presented to our hospital with right lower abdominal pain.

Case 2: A 47-year-old male patient presented to our hospital for follow-up of PSC.

History of present illness
Case 1: The patient’s symptoms started 2 mo prior.

Case 2: The patient was followed up regularly with abdominal ultrasound examination and magnetic resonance imaging (MRI). A liver mass was noted on a routine MRI and had increased in 4 mo, so additional close examination was performed and cancer was strongly suspected.

History of past illness
Case 1: He was diagnosed with UC (right-side significant pancolitis type) and PSC at the age of 20, and developed interstitial pneumonia caused by 5-aminosalicylate (5-ASA) one year later. His condition was maintained on steroids and 6-mercaptopurine. At the age of 32, the patient complained of right lower abdominal pain.

Case 2: At the age of 19, he was diagnosed with UC (pancolitis type) and PSC, and was administered oral 5-ASA to maintain mucosal healing. At the age of 31, he developed pancreatitis, which was diagnosed as UC-related autoimmune pancreatitis based on the diffuse parenchymal enlargement giving a sausage-like appearance on abdominal contrast enhanced (CE)-computed tomography (CT) examination. For the treatment of pancreatitis, he was given steroids, which were gradually reduced; however, they could not be stopped due to the appearance of signs of liver failure caused by the progression of PSC.

Physical examination
Case 1: The patient’s appetite was normal, and he had no weight loss. There was no increase in stool frequency, and jaundice was not observed.

Case 2: The patient had no subjective symptoms, no loss of appetite, and no weight loss. There was no increase in stool frequency and no jaundice.

Laboratory examinations
[bookmark: _Hlk130801224]Case 1: Laboratory results showed elevated alanine aminotransferase (ALT), alkaline phosphatase (ALP), and γ-glutamyl transferase (γ-GT), but no change from previous data. Bilirubin levels were also normal, but carbohydrate antigen 19-9 (CA19-9) was abnormally high at 1121 U/mL.

[bookmark: OLE_LINK1649][bookmark: OLE_LINK1650][bookmark: OLE_LINK1806][bookmark: OLE_LINK1829][bookmark: OLE_LINK1898][bookmark: OLE_LINK1899]Case 2: Laboratory results showed elevations in aspartate aminotransferase, ALT, ALP, γ-GT, and elevated bilirubin with an indirect predominance, but no change from previous data. CA19-9 was below detection sensitivity.

Imaging examinations
Case 1: Abdominal CE-MRI/CT examination revealed a huge mass (10 cm in size) in the right lobe of the liver, raising the suspicion of ICC (Figure 1).

Case 2: At the age of 45, an abdominal CE-MRI examination was performed for PSC follow-up and showed a nodular lesion in the left lobe of the liver (Figure 2A). Reexamination 4 mo later showed that the lesion had increased in size (Figure 2B). Abdominal CE-CT examination was performed and ICC was strongly suspected.

FINAL DIAGNOSIS
Case 1
ICC (low to moderately differentiated adenocarcinoma, pT3N1M0 Stage IVB) was pathologically confirmed (Figure 3).

Case 2
[bookmark: _Hlk125992022]ICC was pathologically confirmed (highly to moderately differentiated adenocarcinoma, pT3N1M0 Stage IVB) (Figure 4). Immunohistochemical examination of tumor cells was performed. The tumor cells showed CK7 (+), Ck19 (+), MUC1 (partly+), CD10 (-), HepPar-1 (-), alpha-fetoprotein (-), Arginase-1 (-), Glypican-3 (-), CD117 (-), and CD56 (-).

TREATMENT
Case 1
Right hepatic lobectomy was performed, and the patient received S-1 therapy (120 mg) as postoperative adjuvant chemotherapy, but discontinued it in the middle of the second course due to liver damage.

Case 2
Left hepatic lobectomy was performed, and the patient was administered Inchinkato (Chinese herbal medicine), ursodeoxycholic acid, and phenobarbital for postoperative jaundice, but the total bilirubin value did not fall below 10 mg/dL. As a result, postoperative adjuvant chemotherapy was not administered.

OUTCOME AND FOLLOW-UP
Case 1
Abdominal CE-CT examination performed 3 mo postoperatively showed recurrence of bone metastasis in the left ilium (Figure 5A). Gemcitabine and cisplatin (GC) therapy (gemcitabine 1400 mg/cisplatin 35 mg; both 80% of their dose) was started 4 mo postoperatively with irradiation of the same site, and partial remission was sustained for over 10 mo. However, local recurrence was suspected on the dorsal side of the portal vein by abdominal CE-CT examination performed 13 mo postoperatively (at the end of 11 courses of GC therapy) (Figure 5B). The patient developed obstructive jaundice due to the appearance of recurrent lesions, and percutaneous transhepatic biliary drainage was performed. Irradiation and gemcitabine monotherapy were started after waiting for the improvement of jaundice, but systemic weakness progressed due to biliary tract infection. It became difficult to continue chemotherapy due to the deterioration of performance status, and the patient received palliative care. He died 16 mo postoperatively. The progress is shown in Figure 6.

Case 2
Jaundice with a total serum bilirubin level of around 20 mg/dL persisted postoperatively, and although oral treatment for jaundice was continued, jaundice persisted and liver failure progressed. Hepatic transplantation was also considered, but it was not indicated because the patient was in a cancer-bearing state. He was followed up while receiving symptomatic treatment for liver failure and jaundice, but died 14 mo postoperatively. The progress is shown in Figure 7.

DISCUSSION
PSC is characterized by the inflammation and destruction of intrahepatic and extrahepatic bile ducts, leading to progressive hepatic fibrosis, and its etiology remains unknown[7]. Inflammatory bowel diseases (IBD) such as Crohn's disease (CD) and UC are frequently complicated (66%-80% of cases), commonly by PSC[8,9]. Moreover, it is reported that 83% of IBDs associated with PSC are UC and 5% are CD[10]. However, the PSC complication rate in IBD patients is not high, and it has been reported that the complication rate in UC is 2%–7.5%[11,12]. The incidence of ICC in PSC cases is 8%–20%[13–15], and approximately 10% of cases with ICC have been reported to be related to PSC[16]. We found 94 case reports in the English literature since 2000 by using PubMed with the keywords: Ulcerative colitis, cholangiocarcinoma, and primary sclerosing cholangitis.
There have been several reports on the relationship between the prevalence of PSC and the prevalence of ICC. Case-control studies reported from Sweden[17] and the United States[18] did not show a significant difference between the prevalence and incidence of ICC. A cohort study of the population of PSC patients was conducted on the association between IBD and ICC, but many of the reports indicated that there was no association[19,20]. However, in a case-control study conducted by Welzel et al[21], both UC and CD were reported as risk factors for ICC. Nevertheless, they did not consider the coexistence of PSC with ICC in these IBD patients, and the association between IBD and ICC remained unclear. In our report, case 1 was diagnosed with ICC 12 years after the onset of UC, and case 2 was diagnosed with ICC 27 years after the onset of UC. The average duration of UC of these patients was 20.5 years, which is a relatively long period of time. Therefore, in patients with coexisting UC and PSC, long-term screening of the liver and bile duct by imaging tests such as MRI and CT is necessary.
Early detection of ICC is difficult, and the accuracy rates of ultrasonography, CT, MRI, and other diagnostic imaging methods in cases without mass formation are as low as 48%, 38%, and 40%, respectively. The correct diagnosis rate of ICC by endoscopic retrograde cholangiopancreatography and magnetic resonance cholangiopancreatography was 23% and 21%, respectively[5,22]. Nevertheless, examination by both tumor marker CA19-9 and diagnostic imaging are useful for the diagnosis of ICC[5]. At the time of diagnosis, CA19-9 was high in our first case, but was below the threshold for detection in our second case. Therefore, it is considered necessary to make a comprehensive diagnosis without relying solely on the value of tumor markers.
The 5-year survival rate for ICC is 39% for mass-forming lesions and 69% for intra-biliary lesions[23]. However, other reports state that no patients with tumor-forming lesions or peribiliary infiltrative lesions survived for more than 5 years[6,24]. Both our cases had mass-forming lesions and peribiliary infiltration, with a poor prognosis and an average survival duration of 15 mo from surgery to death.
As mentioned above, it is not uncommon for ICC to develop in cases of PSC with long-term follow-up. However, one of the patients presented here was largely asymptomatic, yet experienced a significant increase in tumor size at the time of discovery and ultimately died despite surgery and chemotherapy. Meanwhile, another patient had a relatively small lesion that could have been surgically removed; however, the patient died due to liver dysfunction which developed thereafter. With an unstable UC course, clinicians may be distracted by its progression and neglect to monitor the course of PSC. We have learned a valuable lesson – when CCC develops in patients with both IBD and PSC, the prognosis may be considerably worse. In both of our cases, there were tumor-forming lesions and periductal infiltration and the prognosis was poor, with an average survival time of 15 mo from surgery to death. Especially in the first case, the tumor was discovered when it was 10 cm in diameter, although the patient was largely asymptomatic until right lower abdominal pain began, suggesting that this tumor may grow relatively rapidly and almost asymptomatically.
Therefore, it is critical to perform regular imaging screening, such as MRI, during follow-up of patients with coexisting IBD and PSC, even if the patient is asymptomatic. This may aid ICC detection before periductal infiltration occurs.

CONCLUSION
We reported two patients with early-onset UC and PSC who developed ICC. Both cases followed an unfortunate course. Thus, in order to prevent similar scenarios from recurring, we should always consider ICC during the follow-up of patients with IBD and PSC and perform regular abdominal imaging examinations for its early detection.
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Figure Legends
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Figure 1 Abdominal contrast-enhanced computed tomography images and magnetic resonance image of case 1. A: Early arterial phase of computed tomography (CT); B: Portal vein phase of CT; C: Late phase of CT. A massive mass with a major axis of about 10 cm almost occupies the right lobe of the liver S5-6. The mass is gradually stained in a non-uniform ring shape. D: Diffusion weighted image of magnetic resonance image.
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Figure 2 Contrast enhanced magnetic resonance image of case 2. A: Abdominal contrast-enhanced magnetic resonance image (MRI) diffusion-weighted images show a hyperintensity nodule of about 20 mm in the lateral segment of the left lobe of the liver; B: MRI 4 mo after A. The mass in the lateral section of the left lobe of the liver is 23 mm, which is slightly larger than in the previous image, and the possibility of malignancy could not be ruled out.
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Figure 3 Pathological findings of case 1. A: Macro image shows a large white phyllodes tumor (12.0 cm × 11.8 cm × 10.5 cm); B: Loupe image; C: Micro image shows that the adenocarcinoma is mainly cord-like and has a “partially irregular tubular” to an “obscure tubular” structure. Some areas are accompanied by abundant fibrous stroma.

[image: ]
Figure 4 Pathological findings of case 2. A: Macro image shows a white to greenish solid mass (17 mm × 16 mm) close to the hepatic sickle mesentery; B: Loupe image; C: Micro image shows arrangement of tubular to papillary, small tubular, and indistinct tubular swelling/infiltration of columnar to rectified atypical cells with mucus. Mucus is found in the glandular cavity with abundant fibrous stroma.
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Figure 5 Postoperative contrast enhanced computed tomography of case 1. A: Left iliac metastasis (arrowhead) is visible 3 mo postoperatively; B: Local recurrence (arrow) is visible on the posterior surface of the portal vein 13 mo postoperatively.
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Figure 6 Clinical course of case 1. RT: Radiation therapy; GEM: Gemcitabine hydrochloride; CDDP: Cisplatin; PTBD: Percutaneous transhepatic biliary drainage.
[image: ]
Figure 7 Clinical course of case 2. UDCA: Ursodeoxycholic acid; PT: Prothrombin time; TBil; Total bilirubin; Alb: Albumin.
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