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Abstract

Solid organ transplantation provides life-saving therapy for patients with end-stage organ
disease, and its outcomes have been improving dramatically over the past few decades.
However, substantial morbidity results from chronic immunosuppressive therapy adminis-
tered to prevent graft rejection. It predisposes patients to several life-threatening complica-
tions, such as opportunistic microbial infections and the development of different types of
cancers. Here, we presented the case of a young man with probable Lynch syndrome, who
developed an aggressive colon carcinoma after long-term immunosuppressive therapy due
to a prior liver transplantation. Based on this case report, we attempt to find an answer to the
question about the risk of cancer development or recurrence in patients with familial syn-
dromes receiving long-term immunosuppressive therapy and to find out how it can be min-
imized. Answering these questions is particularly important, given the facts that disease
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course is substantially more aggressive among transplanted patients and that prognosis is
poor due to lack of immunocompetence, especially in the setting of Lynch syndrome.
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Introduction

Solid organ transplantation provides life-saving therapy for patients with end-stage or-
gan disease, and its outcomes have been improving dramatically over the past few decades.
However, substantial morbidity results from chronic immunosuppressive therapy adminis-
tered to prevent graft rejection [1]. It predisposes patients to several life-threatening com-
plications, such as opportunistic microbial infections and the development of different types
of cancers [2, 3].

Approximately 10-30% of all deaths among transplant recipients are attributed to post-
transplant malignancy, with an upward trend in this incidence due to prolonged immuno-
suppression. It has been estimated that solid organ transplant recipients have a 3-fold excess
risk of cancer relative to the age- and sex-matched general population [3]. Although the risk
is higher for malignancies caused by viral infections (lymphomas, Kaposi sarcoma, hepato-
cellular carcinoma, and anogenital cancers), several other malignancies have been reported
in transplant recipients, such as cancers of the kidney, lung, skin, and thyroid cancer [1]. An
increased risk of colorectal cancer (CRC) among solid organ transplant recipients has also
been found in several retrospective studies [4-9], as well as in a meta-analysis [10], where
the risk of developing CRC was 2.6 times higher in liver transplant recipients when com-
pared to nontransplant patients.

Hereditary nonpolyposis CRC, also commonly referred to as Lynch syndrome, has been
defined as a familial syndrome with an increased incidence of CRC and/or other extracolonic
tumors [11, 12], such as cancers of the endometrium, upper gastrointestinal tract, urinary
tract, ovarium, hepatobiliary tract, pancreas, and brain [13]. Approximately half of all heredi-
tary nonpolyposis CRC cases are caused by DNA mismatch repair (MMR) pathway defects
[14, 15]. Germline mutations in MMR genes (MLH1, MSH2, MSH6, and PMS2) are responsible
for these cases, which comprises about 2-4% of all CRC cancers. Most commonly, in about
90% of the cases, mutations in the MLH1 and MSH2 genes are detected [14, 15]. These muta-
tions lead to microsatellite instability (MSI). Distinct from the majority of CRCs with chro-
mosomal instability which harbor allelic imbalance from chromosomal aneuploidy or poly-
ploidy, MSI tumors retain intact chromosomal numbers. However, they contain microsatel-
lite repeats due to deficiency in MMR which are thought to contribute to the early steps of
tumorigenesis in CRC.

Most colorectal tumors in Lynch syndrome are found in the right colon [15, 16] and
have an earlier median age of onset than the general population (45 vs. 63 years) [13]. They
also demonstrate accelerated carcinogenesis, as adenomas can develop into carcinomas
within 2-3 years [13]. On histology, they are typically poorly differentiated, with mucinous
or signet ring cell features [17].

The epidemiology and the course of posttransplantation de novo neoplasia in the con-
text of Lynch syndrome are completely unknown. Here, we report the case of a young patient
with probable Lynch syndrome (his family declined germline test) who developed a right
colon cancer after 14 years of immunosuppressive therapy following liver transplantation
and had a very aggressive course of the disease, which was probably worsened by decreased
immunosurveillance.
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Case Report

A 39-year-old man had undergone hepatic transplantation due to liver insufficiency sec-
ondary to hepatitis A virus infection in 2002 at the age of 25. Since then, he was started on
immunosuppressive therapy (cyclosporine 75 mg twice daily and azathioprine 50 mg once
daily). After the transplant, he underwent an irregular follow-up. Family history was positive
for colon cancer in his brother at the age of 40.

In September 2015, he noticed a hardened mass in the right iliac fossa as well as a 6-kg
weight loss. An abdominal CT was requested and showed an irregular and circumferential
thickening involving the cecum and the middle and distal thirds of the ascending colon with
an extension of approximately 13.5 cm (Fig. 1). There was also a hypodense nodule in seg-
ment [V measuring 1.2 cm (Fig. 2). He then underwent a colonoscopy which confirmed an
ulcerated mass at the cecum and ascending colon (Fig. 3). Biopsy was consistent with a poor-
ly differentiated adenocarcinoma with MLH1 and PMS2 expression loss, consistent with
microsatellite instability. On November 5th, 2015, he underwent right hemicolectomy, in-
traoperative liver ultrasound, and resection of segments IV and V (a new lesion was found
during liver ultrasound). Pathology confirmed a poorly differentiated adenocarcinoma pT3
pN2a pM1a. Both liver lesions were consistent with metastatic deposits. On November 11th,
2015, postoperative CT scan showed no evidence of new nodules (Fig. 4).

On December 21th, 2015, he was started on “adjuvant” chemotherapy with 5-fluo-
rouracil and oxaliplatin (FOLFOX). After 5 cycles, the serum CEA significantly increased to
52.5 ng/ml, and a restaging PET scan was ordered on February 26th, 2016. It revealed mul-
tiple new liver nodules (Fig. 5). Due to disease progression and increased bilirubin levels, it
was decided to start him on 5-fluorouracil and bevacizumab. However, a few days later, he
needed to be re-admitted to the hospital due to extreme fatigue and mental confusion. Lab-
oratory exams revealed acute kidney injury as well as liver failure. After 4 days of hospitali-
zation he died.

Discussion

In this paper, we presented the case of a young man with probable Lynch syndrome,
who developed an aggressive colon carcinoma after long-term immunosuppressive therapy
due to a prior liver transplantation. It has been previously reported that transplant patients
experience worse outcomes than the general population [18]. In a retrospective study with
635 patients who developed malignancy following solid organ transplantation, compared
with data from 1,282,984 adults (from the Surveillance, Epidemiology, and End Results da-
tabase) in the general population, disease-specific survival was worse in the transplant pop-
ulation for colon cancer (all stages), non-small-cell lung cancer (stage II), breast cancer
(stage III), prostate cancer (stage II, 11, and IV), bladder cancer (stage I1I), and renal cell car-
cinoma (stage IV). Multivariate analyses demonstrated transplantation to be a negative risk
factor for survival for each cancer studied. These data suggest that cancers in transplant
recipients are more aggressive biologically at the time of diagnosis [18].

On the other hand, MSI CRCs have been linked to increased overall survival. Enhance-
ment of the immune response has emerged as an explanation for the better prognosis ob-
served in individuals with MSI cancers. The mutation frequency is 100-fold higher in MSI
tumors than in cells proficient in repair [19]. Therefore, it has been postulated that muta-
tions in surface molecules on the tumor might trigger immune responses that ultimately
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assist the host in attacking the tumor [20, 21]. This hypothesis became even more attractive
when one characteristic of these tumors was found to be strong lymphocytic infiltration
[22]. This improved survival among MSI tumors has been nicely demonstrated in early-stage
CRC [23, 24]. However, patients with metastatic MSI CRC have worse overall survival when
compared to patients without MSI [25].

A possible explanation for the worse outcomes among patients with metastatic MSI CRC
is that those tumors have developed mechanisms to overcome immunosurveillance. In non-
metastatic MSI CRCs, tumor-specific neo-antigens induce strong local and systemic anti-
tumor immune responses that correlate with a favorable prognosis [26]. In order to pro-
gress with systemic spread, suppression or evasion of these immune responses is required
for MSI CRC. This may lead to increased malignant potential and poor prognosis. We postu-
late that long-term immunosuppression in our patient with probable Lynch syndrome could
be associated with the very aggressive disease course of his metastatic CRC.

Recent clinical findings with the use of immune checkpoint inhibitors in MSI CRC render
the screening of this characteristic particularly important [27]. A phase 2 study evaluated
the clinical activity of pembrolizumab, an anti-programmed death 1 immune checkpoint
inhibitor, in 41 patients with progressive metastatic carcinoma with or without MMR defi-
ciency. There were 3 cohorts of patients: MMR-deficient CRCs, MMR-proficient CRCs, and
MMR-deficient cancers that were not CRC. The immune-related objective response rate and
immune-related progression-free survival rate were 40 and 78%, respectively, for MMR-
deficient CRCs and 0 and 11% for MMR-proficient CRCs. This was the first study to show that
tumors harboring MSI derive benefit from immunotherapy [27]. Unfortunately, our present-
ed patient could not receive pembrolizumab, given the fact that he had previously received a
liver transplant and needed chronic immunosuppression.

Colonic surveillance reduces the life-time risk of CRC in patients with Lynch syndrome
from 60 to 80 to 10% and confers a 7-year survival advantage [28]. Surveillance colonosco-
pies have been a key modality toward preventing or catching colorectal malignancies at ear-
ly stages. The recommendations for patients with Lynch syndrome include a screening co-
lonoscopy every 1-2 years starting at age 20-25 [29]. Here, we propose that cancer screen-
ing should be even stricter in posttransplant patients with Lynch syndrome.

Based on this case report, we attempted to find an answer to the question about the risk
of cancer development or recurrence in patients with familial syndromes receiving long-
term immunosuppressive therapy and to find out how it can be minimized. Answering these
questions is particularly important given the fact that disease course is substantially more
aggressive among transplanted patients and that prognosis is poor due to lack of immuno-
competence, especially in the setting of Lynch syndrome.
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Fig. 1. CT scan showing an irregular and circumferential thickening involving the cecum and the middle
and distal thirds of the ascending colon with an extension of approximately 13.5 cm.

Fig. 2. CT scan showing a hypodense nodule in segment IV measuring 1.2 cm.
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Fig. 4. Postoperative CT scan showing no evidence of macroscopic liver lesions.
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Fig. 5. PET-CT scans showing rapid development of multiple liver lesions.
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