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Abstract
BACKGROUND
[bookmark: _Hlk44926736]Primary sclerosing cholangitis (PSC) associated inflammatory bowel disease (IBD) is a unique form of IBD (PSC-IBD) with distinct clinical and histologic features from ulcerative colitis (UC) and Crohn disease (CD). In patients with PSC and IBD, the severity of the two disease processes may depend on each other. 

AIM
To study the histologic and clinical features of PSC patients with and without IBD.

METHODS
We assessed specimens from patients with UC (n = 28), CD (n = 10), PSC and UC (PSC-UC; n = 26); PSC and CD (PSC-CD; n = 6); and PSC and no IBD (PSC-no IBD; n = 4) between years 1999-2013. PSC-IBD patients were matched to IBD patients without PSC by age and colitis duration. Clinical data including age, gender, age at IBD and PSC diagnoses, IBD duration, treatment, follow-up, orthotopic liver transplantation (OLT) were noted. 

RESULTS
PSC-UC patients had more isolated right-sided disease (P = 0.03), and less active inflammation in left colon, rectum (P = 0.03 and P = 0.0006), and overall (P = 0.0005) compared to UC. They required less steroids (P = 0.01) and fewer colectomies (P = 0.03) than UC patients. The PSC-CD patients had more ileitis and less rectal involvement compared to PSC-UC and CD. No PSC-CD patients required OLT compared to 38% of PSC-UC (P = 0.1). PSC-IBD (PSC-UC and PSC-CD) patients with OLT had severe disease in the left colon and rectum (P = 0.04). 

CONCLUSION
PSC-UC represents a distinct form of IBD. The different disease phenotype in PSC-IBD patients with OLT may support liver-gut axis interaction, however warrants clinical attention and further research. 
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Core tip: This is a retrospective study evaluating biopsies and clinical features of primary sclerosing cholangitis (PSC) patients with and without inflammatory bowel disease (IBD) in comparison to subjects with ulcerative colitis (UC) or Crohn disease (CD). Patients with PSC-UC had a different disease distribution characterized by right sided colitis, a milder disease course with lower activity scores in biopsies, less need for colectomy, and steroids compared to UC. PSC-CD patients were rare but had more ileal inflammation compared to PSC-UC. PSC-No IBD patients showed similar characteristics to PSC patients in general and only one patient received orthotopic liver transplantation (OLT) in this group. Ten PSC-UC patients received OLT in contrast to no patients with PSC-CD. The need for OLT in PSC-IBD (PSC-UC and PSC-CD) correlated with rectal involvement and higher activity scores in the left colon biopsies in comparison to patients without OLT. This may require clinical attention since the both the intestinal and liver disease seem to be “severe” in this group further supporting the importance of gut-liver interaction in these patients. 


INTRODUCTION
Primary sclerosing cholangitis (PSC) is a progressive chronic cholestatic disease of the intrahepatic and extrahepatic biliary tree. Most patients will require orthotopic liver transplant (OLT) within 8 years[1]. PSC is associated with inflammatory bowel disease (IBD) in 70%-80% of patients[1]. Although ulcerative colitis (UC) is most often associated with PSC[2,3], a minority of patients with PSC and IBD will have Crohn disease (CD)[3,4]. The histopathologic and endoscopic features of IBD in patients with PSC-IBD have been reported to differ from patients with IBD only. There is generally less severe colitis and more pancolitis, or right-sided disease, in patients with PSC-UC compared to those with UC only[5-7]. Some studies have also suggested that there is increased rectal sparing and ileitis in PSC-UC[1], however, others have not confirmed these findings[5,6]. The histopathology of PSC-CD is not well characterized, though patients with PSC-CD are reported to have more colitis and less ileitis compared to those with CD without PSC[6,8]. Further, increased numbers of lamina propria IgG4 positive plasma cells in active and inactive PSC-UC compared to active and inactive CD and inactive UC have been reported suggesting immunophenotypic differences[9]. 
PSC-IBD may also have a distinct pathogenesis. Genetic studies have shown that HLA class II alleles associated with UC are different from those found in patients with PSC and patients with PSC-UC[10]. Further, known IBD-associated polymorphisms such as TLR-4, CARD15, CARD4, SLC22A4, SLC22A5, DLG5, and MDR1 are not found at increased frequency in patients with PSC, PSC-UC, or PSC-CD[10]. In addition patients with PSC and PSC-IBD have a similar gut microbial profile, which is different from patients with UC only and healthy controls, suggesting a microbiome connection[11,12]. 
There is also evidence that gut-liver cross talk may contribute to the pathogenesis of PSC-IBD both in human studies and animal models[13,14]. Hepatic disease severity in PSC is inversely associated with colitis in PSC-UC patients. PSC-UC patients who require OLT have been reported to have less severe colitis than those patients who do not[13-15]. Studies have also shown that severe IBD pre and post OLT is associated with recurrent disease in the allograft[18-20]. In patients with PSC-IBD, aberrant expression of gut-specific molecules in liver and liver-restricted molecules in gut likely provide a mechanism for T and B cell trafficking between the gut and the liver, and suggest the presence of several mechanisms for liver-gut cross talk[13]. 
Based on observed differences in distribution of colonic involvement, severity of inflammation, rate of colorectal neoplasia and clinical outcomes, PSC-IBD represents a unique form of IBD, distinct from UC or CD without PSC[6,8,21]. 
In light of the current literature findings, we studied PSC patients with and without IBD, who were referred to our center. Our study had two aims: (1) To describe the histopathologic features of PSC-UC and PSC-CD in comparison to UC and CD in the absence of PSC; and (2) To study the associations between clinical and histopathologic features of PSC-IBD with OLT.

MATERIALS AND METHODS
Study population
This study was approved by the institutional review board. This study was exempt from patient consent since the data was analyzed in an anonymous fashion. The archives of the Lauren V. Ackerman Laboratory at Barnes-Jewish Hospital were searched for ileal and colonic biopsies and resections from patients with UC only, CD only, PSC-UC, PSC-CD, as well as patients with PSC without IBD. Colonic and ileal biopsies and resection specimens from well-characterized patients 18 years old and older between 1999 and 2013 were identified. In all cases of IBD, the diagnosis was confirmed by the treating gastroenterologist following established guidelines[22]. In all cases of PSC, the diagnosis was based on the presence of characteristic clinical and radiographic findings. In cases of PSC with normal colonic biopsies, the medical record was reviewed for subsequent development of inflammatory bowel disease. If IBD was later diagnosed, the cases were excluded. PSC-UC and UC patients, and PSC-CD and CD patients, were matched for age and IBD duration. Clinical data including gender, age, age at IBD diagnosis, age at PSC diagnosis, IBD duration, medical treatment, colectomy, OLT, development of dysplasia, and follow-up duration were collected from the electronic medical record. In addition, colonoscopic findings in PSC-UC and PSC-CD patients were also recorded. 

Histologic analysis
For each patient with IBD, all available biopsy reports were screened, the most inflamed biopsy set with sufficient tissue, available in our files was selected for histologic and Immunohistochemistry analysis. For patients with PSC-no IBD, the earliest biopsy was selected. Of note, the site of biopsies was obtained from endoscopy reports as designated by the submitting gastroenterologist. 
The hematoxylin and eosin stained slides generated for routine clinical diagnosis were reviewed by two of the authors (Nalbantoglu I and JAC). Histologic review was blinded to the clinical diagnosis, and disagreement as to interpretation of histologic features was resolved by consensus. 
For each case the following features were noted at sites that were sampled: Distribution and presence of active inflammation, architectural distortion, basal plasmacytosis, Paneth cell metaplasia (left colon and rectum), and pyloric gland metaplasia. Pancolitis was defined as both right and left colonic disease, irrespective of rectal involvement. The presence of ileitis and granulomas was also noted. The degree (severity) of active inflammation at each site was also graded semi-quantitatively, and an activity score was assigned to each biopsy as described by Joo et al[5]. A score of 0 was assigned if there was no active inflammation, (1) If less than 50% of crypts showed neutrophilic cryptitis and/or crypt abscesses; (2) If greater than 50% showed neutrophilic cryptitis and/or crypt abscesses; and (3) If there was surface erosion or ulceration[5] (Figure 1). 

Statistics 
The statistical methods for this work include summary descriptive statistics for continuous outcomes and categorical outcomes and performed by a certified biostatistician (YY). For continuous outcomes, the descriptive statistics include minimum, maximum, mean, standard deviation, and median. For categorical outcomes, the proportions in each category are produced. These descriptive statistics are produced for entire patient sample and for subgroups of patients. Two-sample t test or Wilcoxon test is used to compare a continuous outcome between two groups and AVONA is used to compare a continuous outcome among three or more groups. For a binary outcome, we used Chi-square (χ2) test or Fisher's exact test to compare the proportion between two groups, and logistic regression model to compare the proportions among three or more groups. The P-values are not adjusted for multiple comparisons since the study is exploratory in nature. 
In addition, multivariable logistic regression is used to explore the relationship among liver transplantation (outcome variable) and a set of variables (independent variables) including disease distribution and severity, colectomy, and medical treatment in UC, CD, PSC-UC, and PSC-CD groups. Forward step-wise selection procedure was used for variable selection. The entry level of forward selection was set at 0.2 and 0.05 to compare the results. Calculations were performed using SAS® 9.4 software. P value ≤ 0.05 was considered statistically significant. 

RESULTS
Study population, clinical and histologic features 
PSC-UC patients: Twenty-six PSC-UC patients and 28 age and IBD disease duration matched UC controls were identified (Table 1). Seventeen (65%) PSC-UC patients were male and an average age of 37 years. The average age at IBD diagnosis was 27 years, and the average age at PSC diagnosis was 32 years. UC preceded PSC in 12 patients (46%), PSC preceded UC in 8 patients (31%), and in 5 patients (19%) the diagnoses were reached simultaneously. For one patient, the temporal relationship was not known (4%). The average duration of IBD was 10.8 years. Ten (38%) patients required OLT. Of these, UC preceded PSC in 6 patients, PSC proceeded UC in 2 patients, and 2 patients had the diagnoses made concurrently. The average duration of follow-up was 8.2 years; and only 4 patients (15%) developed low grade dysplasia during this time. No high-grade dysplasia or cancer were noted in PSC-UC group, whereas 1 patient developed cancer in UC controls and 4 patients were noted to have low grade dysplasia. Except one patient who died of sepsis, all PSC-UC patients were alive at the time of data collection. 
Between the PSC-UC and the UC group, there was no significant difference in gender (P = 0.9), age at IBD diagnosis (P = 0.3), duration of IBD (P = 0.5), duration of follow-up (P = 0.9), or development of dysplasia (P = 0.8). PSC-UC patients were less frequently treated with steroids (31%) compared to 68% of UC patients (P = 0.01), and patients with PSC-UC (38%) underwent colectomy less frequently than UC patients (68%) (P = 0.03). 
Colonoscopy reports (not shown in tables) were available in 21 PSC-UC patients (1 flexible sigmoidoscopy). The five remaining patients, who did not have colonoscopy, had colectomy and the gross findings were noted. The colonoscopy was normal in three patients. Terminal ileum was noted to be normal in 57% of the cases (15 patients), whereas it was noted to be involved in 7% (2 patients), and data was not available in the rest. Pancolitis was the most commonly noted finding in 65% of all cases (17 patients). Isolated right-sided involvement was seen in only one patient (3%), and right side predominant disease was seen in four (15%). Rectal involvement and sparing were noted in four patients each (15%). Colonoscopic and gross examination correlated with the histologic findings in 50% of the patients.
A total of 181 biopsies and 15 resections from all patients were examined (Table 2). The PSC-UC group had more patients with disease confined to only the right side of colon compared to the UC group (29% vs 4%, P = 0.03). In contrast, isolated left sided disease was more commonly noted in UC patients (26% vs 4%, P = 0.06). Rectal involvement between the two groups was similar. No significant difference in pancolitis was observed between the two groups (67% vs 63%, P = 0.8).
The average activity score in right colon was higher in the PSC-UC group compared to UC (1.25 vs 0.96), however this did not reach statistical significance (P = 0.2). Left colon and rectum were less inflamed (lower activity scores) in the PSC-UC group (P = 0.03 and P = 0.0006). PSC-UC patients also had less active inflammation as an average of all sites examined compared to the UC group (P = 0.0005). Further, the PSC-UC patients showed less basal plasmacytosis in the left colon and rectum compared to the UC group (P = 0.01 and P = 0.0004, respectively), and similar frequencies of basal plasmacytosis in the right colon (P = 0.5). No difference was noted between the PSC-UC group and the UC group in distribution of architectural distortion, or Paneth cell or pyloric gland metaplasia. 

PSC-CD patients: Six patients with PSC-CD and 10 age and IBD disease duration matched CD controls were identified (Table 1). Five of PSC-CD patients were male (83%) and they had an average age of 38 years, average age of IBD diagnosis of 33 years, and average age of PSC diagnosis of 31 years. The average duration of IBD was 7 years, and the average duration of follow-up was 4.8 years. None required OLT. In one patient the diagnosis of CD preceded PSC (17%), in two patients the diagnosis of PSC preceded CD (33%), in two patients the conditions were diagnosed simultaneously (33%), and in one patient the temporal relationship was unknown (17%). None of the patients within study or control groups developed dysplasia during follow-up. All PSC-CD patients were alive at the time of data collection. 
The PSC-CD group had a male predominance compared to the CD group (P = 0.03). The PSC-CD and CD groups there were similar in terms of age at IBD diagnosis (P = 0.09), IBD duration (P = 0.5), need for colectomy (P = 0.9), duration of follow-up (P = 0.7), and development of dysplasia (P = 1.0). The CD controls received more anti-tumor necrosis factor (TNF) than the PSC-CD group (78% vs 17%, P = 0.04), but otherwise the treatment regimens were similar. 
Endoscopic data was available (not shown in tables) in all PSC-CD patients. Inflammation or focal strictures within terminal ileum were noted in 50% of the patients. Isolated right-sided colitis was noted in one patient (16%), pancolitis in two (33%) and normal/inactive disease was noted in the remaining three (50%). Colonoscopy reports correlated with the histologic findings in four patients (66.6%). 
A total of 68 biopsies and 3 resections were examined (Table 2). Ileal involvement was noted in all PSC-CD patients (sampled in five out of six) and in 67% of the CD group. Although PSC-CD patients had higher activity scores in right colon (1.5 vs 1), this did not reach statistical significance (P = 0.3). Rectum was mostly spared in PSC- CD (20% vs 83% involvement) compared to CD (P = 0.055). Six of the CD patients were noted to have granulomas, whereas this was noted in only one PSC-CD patient (67% vs 17%, P = 0.08). Other histologic parameters were similar between the two groups. 

PSC-UC patients compared to PSC-CD: The PSC-UC and the PSC-CD groups showed similar characteristics in terms of gender, age at biopsy, age at IBD diagnosis, disease duration of IBD and PSC, type of medical treatment, follow-up duration, and development of dysplasia (Tables 1 and 2). Further, there was no significant difference between the two groups in age at PSC diagnosis and interval between PSC and IBD diagnosis. It is noteworthy that no PSC-CD patients required OLT in comparison to 10 of 26 patients (38%) with PSC-UC, however this difference did not reach statistical significance (P = 0.1). 
Histologically, ileal involvement was more common in PSC-CD compared to PSC-UC (100% vs 31%, P = 0.9), however this did not reach statistical significance. In addition, the activity score in terminal ileum in the PSC-CD group was higher compared to PSC-UC (1.0 vs 0.31, P = 0.01). PSC-UC patients had more rectal involvement compared to PSC-CD (68% vs 20%, P = 0.07), whereas right-sided colitis was more common in the PSC-CD group (50% vs 29%, P = 0.3). All other histologic characteristics were similar. 

PSC-no IBD patients compared to PSC-UC and PSC-CD: Four patients with PSC-no IBD were identified (not shown in tables). One patient was male, and the average age was 53 years, which was older than those in the PSC-UC and PSC-CD groups, but the difference did not reach statistical significance (P = 0.1 and P = 0.2). The average age at PSC diagnosis in the PSC-no IBD group was 51.8 years, which was older compared PSC-UC or PSC-CD groups (P = 0.053 and P = 0.09). The average PSC duration was 1.25 years, which was shorter than the duration observed in the PSC-UC and PSC-CD groups, but the difference did not reach statistical significance (P = 0.1 and P = 0.2). The mean follow-up duration for the PSC-no IBD group was 7 years. Only one of the four patients in the PSC-no IBD group required OLT. This was not significantly different than the rate of transplantation observed in the PSC-UC or PSC-CD groups (P = 0.6 and P = 0.9). All PSC-no IBD biopsies were histologically normal. All PSC-no IBD patients were alive at the time of data collection (2016).

Patients with OLT: A total of 11 patients received OLT (Table 3). Nine were men (89%) and 2 were women (19%). Ten of these patients had PSC-UC, and one had PSC-no IBD. Of note, none of the patients with PSC-CD required OLT. However, compared to PSC-UC, the difference did not reach statistical significance (P = 0.1). The demographic, clinical, and treatment modalities of patients with OLT did not differ from patients who did not require OLT (not shown in tables). 
Five of eleven biopsies (45%) were obtained in the post-transplant period. Of these, three patients did not have material prior to OLT, and one developed IBD following OLT. The single patient who had a biopsy prior to OLT showed similar disease distribution compared to the biopsy that was included in the study.
Six biopsies were obtained pre-OLT. Four patients did not have material available for examination in the post-OLT period (Notably, one of these four patients had a recent biopsy, which showed normal colon throughout). Of the remaining two, one showed similar disease distribution, and the other one showed isolated right colon involvement (the biopsy included for analysis shows rectal involvement). 
PSC-UC patients with OLT had more severe inflammation (higher activity scores) in the left colon compared with patients not requiring OLT (mean activity score of 1.7 vs 0.86) and a trend was observed (P = 0.06, not shown on tables). 
Since none of the PSC-CD patients required OLT, analysis of histologic and clinical features in relation to OLT was not possible. Isolated right-sided disease and involvement of both right and left colon was noted in 3 patients each, whereas rectal involvement was seen in only one. 
When PSC-UC and PSC-CD were combined as PSC-IBD, patients with PSC-IBD who had OLT showed a different phenotype characterized by having more rectal involvement (P = 0.04, Table 4). In addition, left colon and rectum were more inflamed (P = 0.04 for each respectively, Table 4). Multivariate analysis also confirmed that patients with OLT had severe colitis in their left colon (P = 0.04). 

DISCUSSION 
The clinical characteristics of PSC-UC compared to UC have been the topic of a number of studies. The majority of these describe this entity predominantly based on endoscopic, and clinical findings with little to no details into pathologic features[8,23]. However only a handful of investigators report some histologic features[5,15]. In our opinion, the first and most detailed histologic description of PSC-UC is provided by Joo et al[5]. Our group further extends some of their observations not only to PSC-UC patients but also to PSC-CD and PSC-no IBD groups with histologic characterization and studied their correlation with clinical outcomes and OLT. 
Although considered as a different phenotype of IBD, some controversy remains as to the precise characterization of the histologic and endoscopic features of PSC-UC. Some authors have observed increased pancolitis in PSC-UC compared to UC[5,6], whereas others have noted an increased right-sided distribution in PSC-UC patients[7]. Loftus et al[8] found significantly more pancolitis in the PSC-IBD group compared to UC. However, their study group is heterogeneous and included both PSC-CD and PSC patients with indeterminate colitis. In addition, distribution of disease was determined by review of endoscopic and/or pathology reports, but a secondary review of the pathology material was not performed. Isolated right-sided disease (1 patient) or right colon predominant disease (4 patients) was noted in a small percentage of our PSC-UC patients by endoscopy. However, histologic examination showed that PSC-UC patients had more isolated right-sided disease (29% vs 4%, P = 0.03) compared to UC control patients further reiterating the value of pathologic examination. Ileal involvement was also more commonly noted in PSC-UC (31% vs 7%), although not statistically significant. No significant difference in pancolitis was observed (67% vs 63%) between the two groups.
The severity of disease also appears to be different in PSC-UC. Most literature reports a more severe disease in right colon compared to left and less severe disease overall[5,7,15]. Backwash ileitis and rectal sparing in this group of patients were also more commonly reported compared to UC patients without PSC[15,8]. 
Similar to the literature, PSC-UC patients in our cohort also had more inflammatory activity in right colon compared to UC patients (average activity score of 1.25 vs 0.96), although this did not reach statistical significance. PSC-UC patients also had milder colitis of the left colon (P = 0.03) and rectum (P = 0.0006), and a lower activity score overall (P = 0.0005) compared to UC patients, confirming the previously reported findings. Ileal inflammation was also more severe in PSC-UC but this did not reach statistical significance. In addition, basal plasmacytosis was less frequently noted in the left colon and rectum of PSC-UC patients compared to UC patients (P = 0.01 and P = 0.0004), suggesting less chronic damage in the distal colon and rectum in the former. 
Clinically, PSC-UC also manifests itself as a “milder form of colitis” compared to UC with no PSC, requiring less steroid treatments, fewer hospitalization and even fewer colectomies[23,24]. Our results are also in keeping with this. In our study, PSC-UC patients required fewer courses of steroids (31% vs 68%, P = 0.01) and fewer colectomies (38% vs 68%, P = 0.03) compared to, age- and IBD duration-matched, patients with UC only. It has been noted that patients with PSC-UC have higher rates of dysplasia and colorectal malignancy compared to patients with UC only[25,26]. In our cohort, however, similar rates of dysplasia/cancer were observed in PSC-UC patients and UC patients (15% compared to 18%, P = 0.8). 
Though PSC is much more frequently associated with UC, a minority of PSC patients will have CD. The number of patients with PSC-CD is very limited and histopathologic features are poorly characterized. To best of our knowledge, our study is the first to evaluate this difference on the basis of detailed microscopic evaluation. None of the PSC-CD patients had classic histologic features of CD and, they showed some differences compared to CD controls. First, a male predominance was noted (83% vs 22%, P = 0.03). Histologically involvement of ileum was more common (100% vs 67%, P = 0.9), and more cases had isolated right colon disease (50% vs 33%, P = 0.3). Rectal disease on the other hand was more common in the CD group (83% vs 20%, P = 0.055), which was also more inflamed (1.17 vs 0.2, P = 0.1). Less numbers of granulomas were identified in PSC-CD compared to CD (17% vs 67%, P = 0.08). Although, terminal ileum strictures were noted in two PSC-CD patients, isolated small intestine disease was not noted in any of them. Clinically, CD patients received more anti-TNF compared to PSC-CD (78% vs 17%, P = 0.04). Loftus et al[8] describe similar features in their 5 PSC-CD patients and report that only 2 of these had diagnostic features of CD. In a Norwegian study, none of the 15 PSC-CD subjects were noted to have characteristic features of CD; in addition some of these were later classified as PSC-UC[15]. None of our PSC-CD subjects has been re-classified to PSC-UC at the time of data collection, and in general they have milder disease than CD patients. 
Differences in disease distribution and severity were also noted between PSC-CD and PSC-UC. PSC-CD patients had more right sided (50% vs 29%, P = 0.3) and ileal disease (100% vs 31%, P = 0.9) compared to PSC-UC, whereas rectal involvement was more common in PSC-UC (68% vs 20%, P = 0.07). When compared to PSC-UC patients, the severity of inflammation in ileum (1 vs 0.31) was more profound in PSC-CD. PSC-CD did not significantly differ from PSC-UC in terms of patient characteristics, treatment modalities and clinical outcomes. It is likely that only the two patients with ileal strictures indeed represent PSC-CD in our cohort and the rest simply represents PSC-UC. However, the presence and severity of ileal disease compared to PSC-UC patients is compelling. Of note, distinction between PSC-CD vs PSC-UC was done by the treating gastroenterologist and it’s certainly possible that these patients had other clinical findings that were not explicitly discussed in the patient’s medical record, which led to the diagnosis. According to Jorgensen et al[15], “True PSC-CD” is a very rare entity and all cases of PSC-UC and PSC-CD should be classified as PSC-IBD. Such a conclusion however, will require detailed histologic analysis similar to our study but in a larger patient population. 
In addition to the PSC-CD patients, we also describe the clinical and histologic features of a small but unique group of patients with PSC but no IBD for the first time in the literature. These four patients had a mean follow-up of 7 years and showed similar clinical characteristics to PSC-UC and PSC-CD. Although this is a very small group of patients, and they still have the potential to develop IBD later, further study of these patients may provide insights to mechanisms for mechanisms of developing IBD. Whether this can be explained based on the microbiome[11], liver-gut cross talk, undetected differences in inflammatory cell subtypes, genetic tendencies or a combination of these remains to be studied. 
It has been noted that there is an increase in IgG4 positive plasma cells in patients with active and inactive PSC-UC compared to inactive UC, and active and inactive CD[9] in rectal biopsies, suggesting that IgG4 positive cells may play a role in pathogenesis. We investigated this in our study population and stained the most inflamed biopsy with CD3, CD20, and IgG4. Although PSC-UC patients had higher numbers of IgG4 positive plasma cells, no difference in IgG4 cell counts were observed between PSC-UC and UC, PSC-CD and CD or PSC-UC and PSC-CD groups (not shown on tables). It should be noted that increased numbers of IgG4 positive plasma cells could be observed in a variety of inflammatory conditions[27]. Typically, IgG4 related disorders display not only a lymphoplasmacytic infiltrate with increased numbers of tissue IgG4 plasma cells (or increased IgG4: IgG ratio), but also with accompanying storiform fibrosis, and obliterative phlebitis[28]. Therefore, in the absence of any of these findings, it is hard to make an argument that either PSC-UC or PSC-CD is an IgG4 driven processes. 
It has been reported that the severity of IBD in patients with PSC-IBD can be related to the severity of the PSC. Marelli et al[17] found that PSC-UC patients that required OLT had a milder clinical course and less inflammation on histology compared to PSC-UC not requiring OLT. Similar observations have been noted by others[15,16]. However, others report that the severity of IBD in PSC correlates with liver disease both in humans and animal models, and patients with severe IBD tend to get recurrent PSC in the allograft[14,19,20]. In our PSC-UC cohort, the severity of colitis in left colon showed a trend with OLT (P = 0.06, not shown on tables). When PSC-UC and PSC-CD groups are combined as PSC-IBD, patients with OLT had a disease phenotype characterized by rectal involvement (P = 0.04) and higher left colonic and rectal activity scores (P = 0.04 for each respectively). Severe inflammation of the left colon was also noted to be statistically significant in OLT patients in multivariate analysis (P = 0.04). It is certainly possible that changes in treatment modalities following transplantation have played a role and caused recurrent disease[29] but this was not statistically significant in our cohort. Our results may be hindered by the heterogenous nature of their timeline (pre vs post-OLT). But we tried to overcome such biases by selecting the most inflamed set of samples, which likely represents the disease phenotype of patient's IBD. Nevertheless, severe inflammation of the left colon and rectum in PSC-IBD patients with OLT appears to be different than the “usual” pattern of disease in PSC-IBD, which is predominantly a right sided disease. Previous studies have supported the idea that the inflammatory state of the gut and the liver depend on each other. Although our statistical power is limited by our small cohort, based on our findings and other reports, it is not completely unreasonable to hypothesize that severe left sided colitis in our patients correlated with the need for OLT and alterations in liver-gut crosstalk may very likely have contributed to this potential phenotypic change[13,19,20,30]. Unfortunately, data for disease recurrence is not available in our cohort, therefore it’s unclear if severe left sided colitis also leads to recurrent PSC in the allograft.
In summary, our study confirms that PSC-UC is a distinct type of IBD based on the clinical and histologic findings in keeping with previous observations in the literature. PSC-CD, a cohort that has not been extensively studied before, showed more ileal and right colon involvement and rectal sparing compared to PSC-UC, but similar clinical features in general. These further supports the idea that PSC-CD and PSC-UC are part of a distinct PSC-IBD phenotype, but warrants further exploration. Similarly, PSC-no IBD patients may represent a distinct entity, and additional analysis of this unique but limited group of patients may provide insights into mechanisms and triggers for development of IBD in patients with PSC. PSC-IBD patients with OLT appear to have more frequent involvement of rectum and the severity of left sided colitis appears to be worse compared to patients who didn’t receive OLT. This is an interesting disease phenotype that likely deserves clinical attention. 
Our study has some limitations including sample size, heterogeneity of the specimens and potential referral bias of the patients. Despite the fact that we are a major referral center and we collected data from over a 10-year period, the case number is limited by the rarity of this entity. The strengths of the study include detailed clinical, histologic characterization and description of distinct groups including PSC-no IBD and PSC-CD. In addition, histologic and clinical findings of patients with OLT are described. Our study makes interesting observations in these groups, which has not been reported before. Since the ultimate patient outcomes are related to the liver disease, it is important to identify the disease characteristics of IBD in PSC patients that correlate with the need for OLT regardless of the IBD type. We hope our observations can be extended to larger cohorts, which may ultimately change our understanding of this disease and also how we treat our patients. 
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ARTICLE HIGHLIGHTS
Research background
Primary Sclerosing cholangitis (PSC) associated inflammatory bowel disease (IBD) is a unique form of IBD seen in patients with PSC. It has been characterized as to have right sided predominance in colon with less severe active inflammation. Most cases of PSC-IBD are classified as ulcerative colitis (UC), whereas rare cases exhibit features of Crohn disease. There is thought to be link between the IBD severity and the progression of PSC.

Research motivation
The need for better characterization of the pathologic findings in PSC-IBD patients and its’ association with liver transplantation may further support the “gut-liver axis” theory and has potential clinical implications. In addition, little is known regarding PSC-Crohn disease and its’ clinical outcomes.

Research objectives
The primary aims in this study were to characterize the colon and ileal findings in PSC patients at a tertiary care center, better define the histologic features of PSC-IBD, and explore if there is any correlation between the intestinal disease and liver transplant status, since this can impact the patient management. 

Research methods
This retrospective study was conducted in a single tertiary care center. Based on data search, cases with PSC and lower gastrointestinal biopsies were identified. Care was taken to examine the most inflamed biopsy. The hematoxylin and eosin slides were re-reviewed and several morphologic features were recorded. Pertinent clinical data was collected. 

Research results
Our study confirmed the previously reported histologic findings in PSC-UC patients including a predominantly right sided involvement with less severity. We also described detailed histologic features of PSC-Crohn disease (CD) patients. None of the PSC-CD patients required liver transplantation, in contrast to ten PSC-UC patients. In our study, there was no correlation between the clinical parameters or treatment and orthotopic liver transplantation (OLT). When all PSC-IBD patients were analyzed together, severe left sided colitis correlated with the need for OLT. 

Research conclusions
In our cohort, PSC-IBD patients with severe left sided and rectal disease had required OLT more common than other PSC-IBD patients. This is rather interesting, since it may indicate that these patients are at increased risk for disease progression of their liver disease; and this has not been reported before. 

Research perspectives
The findings in this study further support the notion that gut and liver interact through several different mechanisms. Our results raise the possibility that an only a subset of patients with PSC-IBD (severe disease activity in left colon in our cohort) may be at increased risk for faster progression of liver disease, and eventually receive OLT. However, the contribution of other factors such as microbiome, genetic underpinnings or others remain unanswered and should be further studied. 
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Figure Legends [image: ]
Figure 1 The degree of active inflammation was graded on a 4 tier scale (0-3). A: Cases without active inflammation were scored as 0 (200 ×); B: Cases with cryptitis and/or crypt abscesses involving less than 50% of the crypts were scored as 1 (200 ×); C: Cases with cryptitis and/or crypt abscesses involving more than 50% of the crypts were scored as 2 (200 ×); D: Ulceration was scored as 3 (200 ×).


[bookmark: _Hlk44927040][bookmark: _Hlk44928059]Table 1 Clinical characteristics of primary sclerosing cholangitis-ulcerative colitis and primary sclerosing cholangitis-Crohn disease patients (in all available patients, treatment data not mutually exclusive), n (%)
	 
	PSC-UC
	UC
	P value
	PSC-CD
	CD
	P value
	P value (PSC-UC vs PSC-CD)

	Male 
	17 (65)
	18 (64)
	0.9
	5 (83)
	2 (22)
	0.03a
	0.4

	Age at the time of biopsy (yr) (mean ± SD)
	37 ± 14.61
	41 ± 15.55
	0.4
	38 ± 14.93
	32 ± 10.21
	0.2
	0.8

	Age at IBD diagnosis (yr) (mean ± SD)
	27± 14.38
	30 ± 10.61
	0.3
	33 ± 14.77
	22 ± 10.48
	0.09
	0.2

	Age at PSC diagnosis (yr) (mean ± SD)
	32 ± 13.96
	NA
	NA
	31± 12.87
	NA
	NA
	0.8

	Interval between PSC and IBD diagnoses (yr) (mean ± SD)
	9 ± 10.45
	NA
	NA
	1.4 ± 1.6733
	NA
	NA
	0.1

	IBD duration at biopsy (yr) (mean ± SD)
	10.8 ± 10.84
	9 ± 9.19
	0.5
	7.00 ± 5.18
	9.8 ± 4.06
	0.5
	0.3

	PSC duration (yr) (mean)
	6
	NA
	NA
	12.33
	NA
	NA
	0.8

	Medical treatment
	
	
	
	
	
	
	

	Ursodiol 
	9 (35)
	0
	0.0006a
	2 (33)
	0
	0.1
	1

	Steroids 
	8 (31)
	19 (68)
	0.01a
	2 (33)
	2 (22)
	1
	1

	ASA 
	15 (58)
	17 (61)
	1
	2 (33)
	6 (67)
	0.3
	0.4

	Anti-TNF 
	5 (19)
	7 (25)
	0.7
	1 (17)
	7 (78)
	0.04a
	1

	Immunomodulators 
	4 (15)
	8 (29)
	0.3
	2 (33)
	3 (33)
	1
	0.3

	Colectomy 
	10 (38)
	19 (68)
	0.03a
	0
	1 (11)
	0.9
	0.9

	OLT 
	10 (38)
	NA
	NA
	0
	NA
	NA
	0.1

	Follow-up duration (yr) (mean ± SD)
	8.2 ± 4.61
	8.2 ± 5.75
	0.9
	4.8 ± 2.23
	5.9 ± 3.14
	0.7
	0.1

	Development of dysplasia/cancer 
	4 (15)
	5 (18)
	0.8
	0
	0
	1
	0.9

	Resection used in histologic and IHC analysis 
	6 (23)
	9 (32)
	0.4
	0
	3 (33)
	0.9
	0.9



[bookmark: _Hlk44928201][bookmark: _Hlk44928797][bookmark: _Hlk44944204][bookmark: _Hlk44927563]aP < 0.05. PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; CD: Crohn disease; SD: Standard deviation; ASA: 5-aminosalicylic acid; TNF: Tumor necrosis factor; IBD: Inflammatory bowel disease; OLT: Orthotopic liver transplantation; IHC: Immunohistochemistry; NA: Not available. 


Table 2 Histopathologic features of primary sclerosing cholangitis-ulcerative colitis and primary sclerosing cholangitis-Crohn disease patients, n (%)
	 
	PSC-UC1
	UC1
	P value
	PSC-CD1
	CD1
	P value
	P value (PSC-UC vs PSC-CD)

	Distribution of disease
	 
	 
	 
	 
	 
	 
	 

	Right colon only 
	7 (29)
	1 (4)
	0.03a
	3 (50)
	2 (33)
	0.6
	0.3

	Left colon only
	1 (4)
	7 (26)
	0.06
	0
	0
	1
	0.9

	Left and right colon 
	16 (67)
	17 (63)
	0.8
	3 (50)
	4 (67)
	0.6
	0.4

	Rectum 
	15 (68)
	18 (90)
	0.1
	1 (20)
	5 (83)
	0.055
	0.07

	Ileitis
	4 (31)
	1 (7)
	0.1
	5 (100)
	4 (67)
	0.9
	0.9

	Severity of disease (active inflammation)
	 
	 
	 
	 
	 
	 
	 

	Right colon (average activity score)
	1.25
	0.96
	0.2
	1.5
	1
	0.3
	0.5

	Left colon (average activity score)
	1.2
	1.82
	0.03a
	0.83
	0.86
	0.9
	0.4

	Rectum (average activity score)
	0.96
	2.05
	0.0006a
	0.2
	1.17
	0.1
	0.1

	Ileum (average activity score)
	0.31
	0.07
	0.2
	1
	1
	1
	0.01a

	Max average activity score at any site
	1.46
	2.29
	0.0005a
	1.83
	1.67
	0.7
	0.3

	Architectural distortion
	 
	 
	 
	 
	 
	 
	 

	Right colon 
	24 (100)
	21 (78)
	0.9
	6 (100)
	6 (100)
	1
	1

	Left colon 
	24 (96)
	26 (93)
	0.6
	6 (100)
	7 (100)
	1
	0.9

	Rectum 
	18 (78)
	19 (95)
	0.1
	5 (100)
	5 (83)
	0.9
	0.9

	Any site 
	26 (100)
	28(100)
	1
	6 (100)
	9 (100)
	1
	1

	Paneth cell metaplasia
	 
	 
	 
	 
	 
	 
	 

	Left colon 
	11 (44)
	14 (50)
	0.7
	1 (17)
	4 (57)
	0.1
	0.2

	Rectum 
	5 (22)
	6 (30)
	0.5
	1 (20)
	0
	0.9
	0.9

	Basal plasmacytosis
	 
	 
	 
	 
	 
	 
	 

	Right colon 
	14 (58)
	13 (48)
	0.5
	2 (33)
	3 (50)
	0.5
	0.3

	Left colon 
	11 (44)
	22 (79)
	0.01a
	0
	4 (57)
	0.9
	0.9

	Rectum 
	6 (26)
	19 (95)
	0.0004a
	1 (20)
	3 (50)
	0.3
	0.7

	Any site 
	16 (62)
	27 (96)
	0.01a
	3 (50)
	7 (78)
	0.2
	0.6

	Pyloric gland metaplasia
	 
	 
	 
	 
	 
	 
	 

	Right colon 
	2 (8)
	1 (4)
	0.7
	1 (17)
	1 (17)
	1
	0.6

	Left colon 
	0
	0
	1
	0
	0
	1
	1

	Any site 
	2 (8)
	1 (4)
	0.5
	1 (17)
	1 (11)
	0.7
	0.5

	Granulomas
	 
	 
	 
	 
	 
	 
	 

	Any site 
	1 (4)
	0
	0.9
	1 (17)
	6 (67)
	0.08
	0.3


aP < 0.05. 1In all biopsied sites. PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; CD: Crohn diseas; NA: Not available.
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Table 3 Select clinical and histologic features of patients with orthotopic liver transplantation
	Diagnosis
	Gender
	Age (yr)
	Age at dx of IBD (yr)
	Age at dx of PSC (yr)
	Colitis duration (yr)
	Colectomy
	Time of sample
	Distribution of IBD 
	Rectal involvement
	Follow-up (yr)
	Medical treatment for IBD

	PSC UC
	F
	45
	19
	40
	26
	No
	Post-OLT f
	Right and left
	Not involved
	8
	Ursodiol

	PSC UC
	F
	18
	3
	27
	15
	Yes
	Pre-OLT
	Right and left
	Involved
	15
	Azathioprine

	PSC UC
	M
	61
	57
	57
	4
	No
	Pre-OLT
	Right and left
	Involved
	10
	Mesalamine

	PSC UC
	M
	52
	18
	42
	34
	Yes
	Pre-OLT
	Right and left
	Involved
	16
	Ursodiol, azathioprine

	PSC UC
	M
	24
	19
	20
	5
	Yes
	Pre-OLT
	Right and left
	Involved
	7
	Steroids, mesalamine

	PSC UC
	M
	19
	18
	15
	1
	No
	Post-OLT
	Right and left
	Involved
	13
	Mesalamine

	PSC UC
	M
	22
	20
	20
	2
	Yes
	Post-OLT
	Right and left
	Involved
	4
	Mesalamine, azathioprine, infliximab, steroids

	PSC UC
	M
	55
	52
	40
	3
	No
	Post-OLT
	Right only
	Involved
	17
	Mesalamine

	PSC UC
	M
	60
	34
	58
	26
	No
	Pre-OLT
	Left only
	Involved
	4
	Mesalamine

	PSC UC
	M
	49
	29
	35
	20
	Yes
	Post-OLT
	Right and left
	Not involved
	10
	Steroids

	PSC NIBD 
	M
	57
	NA
	57
	NA
	NA
	Pre-OLT
	NA

	NA
	14
	NA


NIBD: No inflammatory bowel disease; F: Female; M: Male; Dx: Diagnosis; NA: Not available; PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; CD: Crohn disease; IBD: Inflammatory bowel disease; OLT: Orthotopic liver transplantation; NA: Not available.
Table 4 Select histologic and clinical features of Primary sclerosing cholangitis-Inflammatory bowel disease patients with and without orthotopic liver transplantation, n (%)
	 
	PSC-IBD with OLT1 
	PSC-IBD no OLT1
	P value (PSC-IBD with OLT vs PSC-IBD no OLT)

	Distribution 
	 
	 
	 

	Right colon only 
	1 (10)
	9 (30)
	0.1

	Left colon only 
	1 (19)
	0 (0)
	0.3

	Right and left colon 
	8 (80)
	11(37)
	0.2

	Rectum 
	8 (80)
	8 (44)
	0.04a

	Ileum 
	2 (33)
	7 (58)
	0.6

	Dysplasia
	3 (30)
	1 (4.7)
	0.08

	Treatment
	 
	 
	 

	Ursodiol
	2 (20)
	9 (45)
	0.2

	Steroids
	3 (30)
	7 (33)
	1

	ASA
	6 (60)
	11 (52)
	1

	Anti-TNF
	1 (10)
	5 (24)
	0.6

	Immunomodulators
	3 (30)
	3 (14)
	0.3

	Colectomy
	5 (50)
	5 (22)
	0.2

	Severity of acute inflammation (average activity score)
	 
	 
	 

	Right colon
	1.5
	1.2
	0.4

	Left colon
	1.7
	0.86
	0.04a

	Rectum 
	1.3
	0.6
	0.04b

	Ileum
	0.3
	0.6
	0.3

	IBD duration (yr) (mean ± SD)
	13.6 ± 12
	8.5 ± 8.8
	0.3


1In all available patients and biopsied sites. a,bUni and multivariate analysis (P < 0.05). SD: Standard deviation; ASA: 5-aminosalicylic acid; Anti-TNF: Anti-tumor necrosis factor; IBD: Inflammatory bowel disease; PSC: Primary sclerosing cholangitis; OLT: Orthotopic liver transplantation.
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