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A B S T R A C T

Colorectal cancer (CRC) is a major health burden and may arise as a complication of solid organ transplantation.
Our study aimed to assess the incidence of the CRC in kidney and liver transplanted patients at a tertiary and
reference center and to describe their clinical and pathological features.

Twelve patients, 10 men and two women, with a mean age of 60 years, composed our cohort, ten of them
submitted to CRC resection. Transplanted organ was liver in five patients and kidney in seven. Regarding overall
survival, patients submitted to renal transplantation were all deceased 5 years after CRC diagnosis, while those
subjected to hepatic transplantation had a survival of 60% at the fifth year.

Pathology examination showed seven patients with advanced disease (stage III/IV) and high amount of ne-
crosis. Tumor microenvironment was disturbed, with low inflammatory infiltrate, absence of natural killer cells
and no PD-L1 expression. CRC exhibited microsatellite instability in 40%, with expression of cancer stem cell
markers (CD133, CD44 and ALDH1), as well as P53 (50%) and KRAS mutations (41.7%).

CRC cancer after kidney and hepatic transplantation is a rare, but aggressive and deadly event. Regular
follow-up should be instituted in these patients.

1. Introduction

Colorectal cancer (CRC) is a major health concern, being the third
most common cancer type, accounting for 10.2% of the total cancer
incidence, and the second most common cause of cancer-related death
[1] In spite of all the improvement in clinical and biological knowledge,
with appropriate treatment and prevention strategies, CRC remains an
important issue [2], and the mortality rate related to this type of cancer
is increasing [1,3].

Risk factors for CRC were well identified and go from environment
to genetics [4] and the pathophysiology of CRC is widely studied with

recognition of four genetic pathways: chromosomal instability, muta-
tions of DNA mismatch repair genes, proto-oncogene and PI3K path-
ways [5].

Solid organ transplantation (SOT) has some risks, being malignancy
one of the leading causes of death, especially hematopoietic tumors [6],
most of them associated with activation of oncogenic viruses due to
immunosuppression [7].

In recent years, immunosuppression has been advocated to provide
increased risk of CRC, especially when induced by medication[8], due
not only to diminished activity of the immune system [9] but also to
opposition of the immunosuppressive drugs to chemotherapy agents
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[10].
The aim of this study was to assess the incidence of the CRC in

kidney and liver transplanted patients at our institution – Centro
Hospitalar e Universitário de Coimbra (CHUC), a tertiary and reference
center and to describe their clinical and pathological features.

2. Material and methods

Clinical and pathological review of patients with CRC diagnosis at
CHUC, between January 2004 and December 2016, which were pre-
viously transplanted at the same institution (liver and kidney trans-
plantation). Inclusion criteria were age over 18 year's old and histolo-
gical confirmation of CRC after transplantation. Patients with CRC
before transplantation were excluded.

2.1. Study population

The study included 12 patients, 10 men and 2 women, with a mean
age of 60.54±13.41 years (range 34–78); only three patients had age
inferior to 50 years (25%). One patient underwent to both liver and
kidney transplantation but since liver transplantation occurred first, it
was considered in the liver transplantation cohort for this research
purposes.

Colorectal carcinoma management, including neoadjuvant and ad-
juvant treatments (radiotherapy and chemotherapy) and follow-up are
accomplished in consonance with the European Society for Medical
Oncology (ESMO) recommendations, National Comprehensive Cancer
Network (NCCN) and American Society of Colon and Rectal Surgeons
(ASCRS).

2.2. Pathological analysis

Patients’ material was reviewed with analysis of CRC tissue avail-
able in paraffin blocks from surgical specimens. The samples were ob-
served after a routine staining with hematoxylin and eosin (H&E). The
histopathologic review was blinded, without previous knowledge of
patient's data (such as type of transplantation) or outcome.

Histological growth pattern was defined according to the criteria of
Koelzer and Lugli [11] as: infiltrative tumor growth (dissection of the
bowel wall structures by tumor tissue with little or absent desmoplastic
stromal response) and pushing tumor growth (clear demarcation of the
tumor invasive front and host tissue). Due to the necessity of to observe
the tumor/host interaction, this characteristic was only possible to
evaluate on surgical specimens.

Tumor necrosis was assessed according to Schneider and Langner
[12]: focal necrosis (<10% of the tumor area), moderate (10–30% of
tumor area) and extensive (>30% of the tumor area). The in-
flammatory response was also evaluated at the tumor invasive border
with the Klintrup's criteria [13]: low grade (absence or mild in-
flammatory infiltrate) and high grade (moderate or severe in-
flammatory infiltrate, with tumor destruction). Tumor-associated eosi-
nophils were assessed as reported by Fernández-Aceñero et al. [14]:
absence of eosinophils – grade 0, low eosinophil counts (<10/HPF) –
grade 1, intermediate eosinophil counts (10 –50/HPF) – grade 2, and
high eosinophil counts (>50/HPF) – grade 3. The evaluation was only
done in surgical specimens.

Microsatellite instability (MSI) was tested according to the guide-
lines defined by the ESMO Clinical Guidelines for familial risk-color-
ectal cancer [15]: a immunohistochemical panel with MLH1, MSH2,
MSH6 and PMS was primary used, and if there was loss of MLH1,
subsequent immunohistochemical testing for BRAF is performed. The
MSI evaluation was performed on all the patients.

P53 immunohistochemical analysis was performed to infer P53
mutation. An expression of P53 in more than 75% of tumor cells was
considered overexpression and indicator of P53 mutations, as described
by Akshatha et al. [16].

The presence of cancer stem cells (CSCs) was assessed with im-
unohistochemical staining for CD44, CD133 and ALDH1. It was con-
sidered a high number of CSCs when one of the markers was expressed
in more than 50% of the tumor cells.

The presence of natural killer (NK) cells was evaluated as stated by
Schonoccia et al. [17]: number of NK cells were counted per mm2 and
tumors were considered positive when there were more than 4 NK
cells/mm2. The evaluation was only done in surgical specimens.

Programmed death-ligand 1 (PD-L1) expression was graded ac-
cording to the guidelines established for non-small cell lung cancer
[18–20]: absence of staining – score 0; membranous and/or cyto-
plasmic staining >1% and <50% of the tumoral cells – score 1;
staining in ≥50% of the tumoral cells – score 2. The staining was ac-
complished in all the patients.

Immunohistochemistry studies were performed on one 4 µm thick
tissue sections from a representative block of the tumor, in a Ventana
Marker Platform Bench Mark ULTRA IHC/ISH, resorting to an indirect
multimeric detection system, biotin-free and peroxidase conjugated,
with the following antibodies: CD68 (KP1, Ventana, Tucson, AZ-USA),
P53 (DO7, Ventana, Tucson, AZ-USA), PD-L1 (22C3, Dako, Denmark),
CD44 (SP37, Ventana, Tucson, AZ-USA), CD133 (17A6.1, Millipore,
Boston, MA-USA), ALDH1 (EP1933Y, AbCam, Cambridge, UK), MLH1
(M1, Ventana, Tucson, AZ-USA), MSH2 (G219-1129, Ventana, Tucson,
AZ-USA), MSH6 (44, Ventana, Tucson, AZ-USA) and PMS2 (EPR3947,
Ventana, Tucson, AZ-USA). Adequate controls for each antibody were
used, according to manufacturer instructions in order to achieve the
best signal-to-noise ratio.

All stained slides were observed under a light microscope—Nikon
Eclipse 50i—and images were obtained using a Nikon-Digital Sight DS-
Fi1 camera.

KRAS mutations were evaluated resorting to Polymerase Chain
Reaction (PCR) on a 10 μm thick cut section of paraffin-embedded
tumor ensuing an area of 25–300 mm2 with a minimum of 20% of
tumor cells. The genetic study was performed in all patients. If no KRAS
mutation was detected, sequencing for NRAS and BRAF mutations were
carried.

2.3. Statistical analysis

Metric variables were described by median± standard deviation
(SD), and mean values were compared using Student's t tests.
Categorical variables were described by absolute and relative fre-
quencies, and the distributions were compared using Chi square tests. A
two-sided p value <0.05 was considered representative of statistical
significance. Statistical calculations were performed with SPSS (Version
22.0, Chicago, IL).

3. Results

Twelve patients were identified, five previously subjected to hepatic
transplantation and 7 to renal transplantation. Colorectal cancer was
located at the right colon in five patients (41.7%) and in the left colon
in seven patients (58.3%); no tumor was located in the rectum. Two
(20%) patients did not undergo surgery for CRC – diagnosis confirmed
by endoscopic findings and tumor biopsy. Right hemicolectomy was
performed in five patients, left hemicolectomy in two, subtotal co-
lectomy in two and total proctocolectomy in one. Regarding histolo-
gical subtype, CRC were all low-grade adenocarcinomas, NOS, three of
them with mucin production but comprising less than 50% of tumor
volume (WHO 2010 Classification [21]). Three out of ten tumors did
not have lymph node invasion; the remaining six had a mean of
4.67±4.03 positive lymph nodes (range 1–11).

3.1. Liver transplantation cohort

Five patients, had been previously submitted to liver transplantation
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(period Jan/92-Dec/2016; 755 procedures – incidence of 1:151), all
male, with a mean age of 53.4 ± 8.08 years at transplantation (range
43–62). Four (83.3%) were cirrhotic due to alcohol consumption and
the remaining one (17.7%) was a secondary biliary cirrhosis due to
primary sclerosing cholangitis (PSC). One of the alcohol induced cir-
rhosis patient had a well differentiated hepatocellular carcinoma
(HCC), G1 by Edmonson [21], with 2 cm and without vascular invasion
(TNM – T1) and other had a necrotic nodule with 4 cm without residual
tumor (no records of previous treatment). The patient with PSC had
also a medical record of ulcerative colitis (UC), without signs of dys-
plasia on previous endoscopy and biopsies.

Of note, the patient with the HCC was submitted to renal trans-
plantation 8 months after liver transplantation, due to idiopathic
kidney failure.

All liver donors were AB0 compatible and deceased, with a median
age of 50±8.23 years (range 44–65), three male and two females.

All patients underwent immunosuppression with prednisolone, ta-
crolimus, everolimus and mycophenolate mofetil.

CRC was diagnosed after a median of 55.2 ± 26.13 months (range
16–77) after liver transplantation; patients had a median age of
58±10.19 years (range 44–69) – Fig. 1A.

Tumor was located in the right colon in two patients and in the left
colon in three. Four patients were submitted to surgery. On gross ex-
amination, two were ulcerated and two were circumferential and ste-
nosing. Two patients had advanced disease (Stage III/IV). Three CRC
were infiltrative. Two had a low inflammatory infiltrate and absent/low
number of eosinophils. Two CRC exhibited high necrosis.

The clinicopathological characteristics can be consulted on Table 1.

3.2. Kidney transplantation cohort

Seven patients had been previously submitted to kidney transplan-
tation (period Jan/92-Dec/2016; total of 2662 procedures) – incidence
of 1:380 patients; five were men (71.4%) and two women (28.6%) with
mean age of transplantation of 52.75± 17.57 (range 24–70). None of
the patients had smoking or alcoholic habits. Five patients had dysli-
pidemia, with one also affected by arterial hypertension. One patient
had diabetes mellitus. All of them did dialysis before transplantation
with a mean time of 45.43±25.55 months (range 9–84).

Regarding etiology of renal failure: two chronic glomerulonephritis,
two polycystic renal disease, and one was due to nephrotoxicity; two
patients had renal failure of undetermined cause. All kidneys provided
from a deceased male donor, AB0 compatible, with mean age
43.71±17.59 years (range 27–57).

All patients were under immunosuppression in a mean of
10.86±6.37 months (2–17) with combination of at least 3 agents: all
were under prednisolone and two patients were also taking aza-
thioprine and cyclosporine A; the remaining agents were rapamycin
(one patient), tacrolimus (four patients), mycophenolate mofetil (two
patients) and antithymocyte globulin (one patient).

None had records of Epstein Barr virus (EBV) infection and five had
cytomegalovirus infection (CMV). Only two had record of acute rejec-
tion and a different patient had episode of chronic rejection.

CRC developed after a mean of 117.85±76.97 months (range
14–197) after renal transplantation. At CRC detection patients pre-
sented a mean age of 61.43±16.65 years (range 34–78). Tumors had a
slight prevalence in the left colon vs. the right (4:3).

There was no statistical difference between the median ages of pa-
tients at the time of CRC development nor between the median time
from transplantation and CRC in both groups.

Regarding overall survival (OS), all of the patients were dead with a
mean survival of 135.28±67.74 months after renal transplantation
(range 36–204) and 117.86± 76.98 months after CRC diagnosis (range
14–197) – Fig. 1B.

The clinicopathological characteristics can be consulted on Table 1.

3.3. Immunohistochemical analysis

a) Microsatellite instability

MSI assessment revealed loss of expression for DNA mismatch repair
proteins in two patients from the hepatic transplantation cohort
(33.3%) and in two patients from the renal transplantation group
(28.6%). There was isolated loss of MSH6 in two patients, loss of MSH2
an MSH6 in one and loss of PMS2 in one patient – Fig. 2A.

b) P53 mutation status

Fig. 1. Kaplan-Meyer survival curves for the hepatic transplantation cohort (A) and renal transplantation cohort (B).
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P53 mutations, assessed by immunohistochemistry, was detected in
three (60%) patients of the hepatic transplantation group and in three
patients (42.9%) of the renal transplantation cohort. An example of P53
overexpression can be seen in Fig. 2B.

c) Cancer stem cells expression

CRC from both groups revealed high expression of cancer stem cells
markers with all tumors overexpressing CD133; and high expression of
CD44 (Fig. 2C) in 60% and 57.1%; and ALDH1 in 80% and 71.4%, at

the hepatic and renal transplantation cohort respectively.

d) NK cells assessment and PD-L1 expression

In all tumors there were no identifiable NK cells (CD56 positive),
with both external and intrinsic (neural components) positive controls –
Fig. 2D.

Regarding to PD-L1, none of the CRC specimens exhibited expres-
sion – score 0, both in tumor cells and tumor-infiltrating immune cells.

3.4. KRAS evaluation

Genetic study showed mutation on KRAS gene in three patients of
the hepatic transplantation cohort (60%) and in two patients from the
renal transplantation cohort (28.6%). In the non-RAS mutated patients,
genetic study also included NRAS and BRAF evaluation which was
negative.

The imunohistochemical and genetic results, together with the
clinical and pathological data can be consulted on Table 1.

4. Discussion

Our results confirm that CRC after solid organ transplantation is a
real challenge and has high mortality, as stated by our results with all
the patients in the renal transplantation cohort dead after eight months
(median time) after CRC diagnosis. Our cohorts had an increased in-
cidence – 1:151 in the hepatic transplantation cohort and 1:380 in the
renal transplantation cohort, when compared with the general popu-
lation [22,23]. Our patients presented with a median age inferior at the
time of CRC detection, namely 55 and 61 years in the hepatic and renal
transplantation cohort respectively, against the average of 67 years-old
stated in seer.cancer.gov [24] (accessed in February/2019).

Concerning CRC location, our cohorts exhibited a slight prevalence
for the left side of the colon; however, the low number of patients does
not allow taking conclusions. On a histological level, tumors had
characteristics of aggressive biological behavior with high amount of
necrosis in seven of the ten patients subjected to surgery, which has
been appointed as an indicator of poor prognosis in CRC [25]. Also the
vast majority of patients presented with advanced disease, namely stage
III/IV in seven out of ten patients, and nine had a infiltrative growth
pattern, associated with high tumor budding and tissue disruption and,
consequently, worse prognosis, as described by Koelzer et al. [11].

Tumor microenvironment showed that in 50% of the tumors, the
inflammatory infiltrate was of low grade and in the majority of the
patients (8 out of 10) the number of eosinophils was low or even absent.
These findings are in consonance with aggressive tumors, since a high
number of eosinophils is usually associated with a microenvironment
able of tumor modulation [26]. The density of the inflammatory in-
filtrate is also a good prognostic biomarker for favorable survival, with
longer overall survival and disease-free survival in patients with more
dense inflammatory infiltrate in the stroma [27]. Our patients pre-
sented with scarce inflammation, in relation with immunosuppressive
therapy and consequent microenvironment modulation.

In consonance with these findings, the number of NK cells in the
microenvironment was also diminished with no im-
munohistochemically-detected cells in the microenvironment. NK cells
have the ability of recognizing cancer cells and promote their de-
struction, especially the cancer promoting cells [28]. The ability of
tumor cells to escape this mechanism of defense has been recognized as
tumor promoting event and therapies for stimulating NK cells have
been described as effective in CRC treatment [29–31]. In our cohorts,
patients were depleted of NK cells, which may indicate that in these
situations NK cells based therapies are not effective.

Still on the microenvironment level, our patients did not expressed
PD-L1. PD-L1 has been recorded in the last years as a predictor marker
for checkpoint inhibitor therapy in CRC [32]. PD-L1 is expressed by

Table 1
Clinicopathological characteristics of the patients of the hepatic and renal
transplantation cohorts.

Hepatic
transplantation
cohort

Renal
transplantation
cohort

Number of patients N = 5 N = 7
Median age at transplantation±

standard deviation (years)
52± 8.08 52.75±17.57

Gender
Male 5 5
Female 2

Previous history of ulcerative
colitis

No 4 –
Yes 1

Median time of CRC development
after transplantation (months)
± standard deviation

55±10.19 117.85± 76.97

Median age at CRC detection±
standard deviation (years)

55.2 ± 26.13 61.43±16.65

Tumor location
Right colon 2 3
Left colon 3 4

Number of patients with surgical
CRC resection

4 6

Pathological staging (AJCC)
Stage II 2 1
Stage III/IV 2 5

Growth pattern
Infiltrative 3 6
Expansive 1 0

Lymph node metastases
No 2 2
Yes 2 4

Inflammatory infiltrate
Low grade 2 3
High grade 2 3

Number of Eosinophils
Low/Absent 2 6
Intermediate/High 2 0

Necrosis
Focal/Intermediate 2 1
High 2 5

Microsatellite instability
Unstable 2 2
Stable 3 5

P53 status
Wild type 2 4
Mutated 3 3

Cancer stem cells overexpression
CD44 3 4
ALDH1 4 5
CD133 5 7

Natural killer (NK) cells
Negative 4 6
Positive 0 0

PD-L1 expression
Negative 5 7
Positive 0 0

RAS status
Wild-type 2 5
Mutated 3 2
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tumor cells in order to suppress the PD1/PD-L1 axis, and over-
expression of PD-L1 by immunohistochemistry is a good surrogate
marker for checkpoints inhibitors that will provide the immune system
a boost in its capacity to interact with the tumor cells and induce their
destruction [33,34]. In patients under immunosuppression, as our pa-
tients, the immune system is on a low activity and every strategy is
useful against cancer, but none of the tumors expressed PD-L1, not
supporting this therapeutic approach. The immunosuppression is re-
lated with a low activity of the immune system, since in a low immune
activity the tumor cell does not need to express PD-L1; supporting this
theory is the fact that high levels of tumor infiltrating lymphocytes are
usually associated with upregulation and overexpression of PD-L1 [35].
Nevertheless, even in patients without expression of PD-L1, therapy
with checkpoint inhibitors may be possible, especially if other char-
acteristics are present, namely IMS and high tumor mutational burden
[36].

Regarding tumor proprieties, there was a relatively high frequency
of MSI – 40%, when compared to the 10–15% reported on the literature
on CRC [37]. This may represent a selection bias or may represent a
subgroup of CRC defined by molecular characterization [38], which
may benefit from a immunosuppression status. Nevertheless, the MSI
status may provide a therapeutic window with anti-PD-L1 agents, even
in the absence of PD-L1 expression [33,35,39]. An association with
Lynch syndrome in the patients was excluded by consultation of the

clinical information.
The CRC also overexpressed cancer stem cells markers, as assessed

by immunohistochemical evaluation of CD133, CD44 and ALDH1.
Cancer stem cells are a well-known factor of tumor aggressive potential
and resistance to therapy [40–43]. The overexpression in these parti-
cular cohorts may be related with a deficient microenvironment that
was not able to keep them under control with subsequent expansion.

P53 evaluation showed mutation in 50% of the patients, which was
in agreement with the reported in literature [44], also representing a
more aggressive behavior and resistance to conventional therapies [45].
Finally, concerning KRAS status, we found mutations in five patients
(41.7%), also in accordance with the literature [46]; KRAS mutations
are routinely screened in patients with advanced CRC since they predict
resistance to anti-EGFR agents and are associated with more aggressive
course of disease [47].

The study has limitations, namely the retrospective review of pa-
tients submitted to liver and kidney transplantation that subsequently
developed CRC and the fact that it was performed in a single institution.
Some patients that were transplanted in our institution are followed in
other hospitals and we lost record of them, meaning that our cohort
could even be bigger. However, there are not many single institutions
cohorts regarding this subject and, in case of liver transplantation, re-
vealed a focus on patients with PSC which represent a very specific sub
cohort of patients, usually with UC associated CRC cancer [8,48]. The

Fig. 2. Immunohistochemical studies: A – loss of MHS2 expression on tumor cells and positive staining in lymphocytes (internal control), 100x; B – overexpression of
P53 in almost all the tumoral cells, 100x; C – High expression of CD44 in tumor cells, presenting as a distinct membrane pattern, 200x; D – no evidence of Natural
Killer (NK) cells in the tumor microenvironment, assessed by CD56 immunostaining, with positivity in entrapped neural fibers (internal control), 100x.
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reported studies in the literature exhibited an incidence and number of
patients similar to ours cohort [48–54], however they only report in-
cidence, cancer location and staging, without approaching a detailed
classification of the tumor, namely MSI status, P53 mutations, presence
of cancer stem cells, and the tumor microenvironment characterization.

In conclusion, CRC after renal and hepatic transplantation is an
aggressive disease, with high mortality, and due to low activity of the
immune system, some therapies are limited. A better understanding of
the microenvironment may allow us to tailor some patients for in-
dividualized therapies. Despite being infrequent, the transplanted pa-
tient is a major investment of the health care system and efforts should
be made in order to improve their lifetime and diminish the associated
risks of transplantation. At the moment, the best option seems to be a
close follow-up of the patients with regular colonoscopies allowing
early detection and intervention.
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