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Abstract

Background: Multiple international guidelines have endorsed cancer
screening in renal transplant patients. This study aimed to describe a
series of patients with post-transplant cancer and to report physicians’
adherence to cancer screening guidelines.

Methods: This is a retrospective study of cancer patients who had a
history of renal transplant. Charts of patients who were treated at our
institution between 2012 and 2023 were reviewed, patients’ clinical
data were collected.

Results: Thirty-nine patients were identified. The most common
types of cancer were lymphoma (n = 9, 23%), squamous cell carci-
noma (SCC) of the skin (n =8, 20.5%), and breast (n =6, 15.4%). The
median age at diagnosis was 56.5 years (range: 16.9 - 70.2), family
history of malignancy was depicted in 18 (46.2%) cases. Chart review
and patients’ questionnaire revealed that increased risk of malignancy
was discussed in seven (18%) out of 39 recipients (P <0.001) at time
of transplant, and only three (7.7%, P < 0.001) patients were on post-
transplant age-matched cancer screening.

Conclusions: The increased risk of malignancy is a serious post-trans-
plant complication. Lymphoma and non-melanoma skin cancer were
the most common cancers. Most patients were not offered routine can-
cer screening; it is important to raise awareness among nephrologists
and caregivers regarding the risk of post-transplant malignancy.
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Introduction

Kidney transplantation is the best option for suitable candidates
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with end-stage renal disease (ESRD) [1] because it enhances
patients’ overall survival (OS) and quality of life [2]. Moreo-
ver, it is the most cost-effective treatment strategy for those
patients [3]. However, transplantation requires good allograft
function and lifelong immunosuppression. Cancer is one of
the most dreaded side effects of immunosuppression following
renal transplant [4]. It has been suggested that chronic use of
these drugs increases long-term risk of malignancy compared
with age-matched general population [5].

ESRD affects around 786,000 people in the USA, of
whom 29% have received renal transplant, and 71% are on
dialysis [6]. In Jordan, 7,747 are on dialysis according to the
Jordan Renal Registry by the end of 2020 [7]. A total of 1,882
patients (83%) had no available kidney donor, while 338 pa-
tients (15%) had an available donor, and 74 patients (2%) had
no data [8]. Further, according to the Directorate of the Jor-
danian Center of Organ Transplantation, the total number of
renal transplants in Jordan from 2017 to 2021 was 690 [8].

Cancer is the second most common cause of death among
transplant recipients, following cardiovascular illness [9,
10] Therefore, the increased risk for malignancy and cancer
screening strategies should be discussed with the patients.
Multiple professional bodies have published specific cancer
surveillance guidelines, such as American Society of Trans-
plantation (AST), European Best Practice Guidelines (EBPG)
and Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines [11-14]. These guidelines endorse site-specific rec-
ommendations that should be carried out periodically. In this
study, we aimed to report on a cohort of patients who devel-
oped malignancy post-renal transplant. Moreover, we provide
real-world data on cancer screening practice in these patients.

Materials and Methods

In this retrospective study, patients who developed malignan-
cy after renal transplant were reviewed. Data of patients who
were treated at King Hussein Cancer Center (KHCC) between
2012 and 2023, were consecutively retrieved from the elec-
tronic medical records.

Patients who had a history of cancer prior to renal transplant
were excluded. Extracted data from medical charts included:
age, sex, family history, dialysis prior to transplantation, and
cancer details. Moreover, details on cancer risk awareness pri-
or to transplant and post-transplant cancer screening protocols
were captured. The data were collected through reviewing old
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Figure 1. Screening and counselling regarding post-transplant cancer risk.

patients’ charts and verbal communication with patients during
their follow-up visits.

This study has followed the strengthening of the reporting
of cohort studies in surgery (STROCSS) guidelines [8]. Ethi-
cal approval was obtained from the Institutional Review Board
(IRB) at KHCC.

Statistical analysis

The data were analyzed using SPSS. Continuous and categori-
cal variables were described using mean and numbers (N) with
percentages (%), respectively. The Chi-square test assessed the
difference between two or more categorical data. The results
were considered significant when the P value was less than
0.05.

Results

In the final analysis, 39 kidney transplant recipients who de-
veloped post-transplant malignancy were identified. Only one
patient was excluded from analysis because of the history of
rectal cancer. The median age at diagnosis was 56.5 years
(range: 16.9 - 70.2), the patients were predominantly males
(69.2%), and the majority (n = 32, 82.1%) had comorbidities
like hypertension (HTN) and diabetes mellitus (DM) with P <
0.001. Moreover, 18 (46.2%) cases had a positive family his-
tory for malignancy, of which six were in first-degree relatives.

Twenty-three (59%) cases underwent dialysis before
transplant for a median time of 18 months (range: 6 - 59). Of
the whole cohort, five (12.8%) patients received induction
therapy before transplant; the immunosuppressive treatment

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

included azathioprine, mycophenolic acid (MPA) derivatives,
cyclosporine, and tacrolimus, thereafter all patients received
maintenance therapy of the same groups of medications. Most
of donors were first-degree relatives (n = 27, 69.3%), while
11 (28.2%) were second-degree relatives, and one (2.5%) was
nonrelative. Of note, two patients underwent a second trans-
plant after failure of the first transplant. Transplantation was
performed in diverse healthcare systems (universities, military
hospitals and private clinics).

Chart review and patients’ questionnaire showed that
counseling regarding the increased risk of malignancy was
performed in seven (18%) recipients, the risk of cancer was
not discussed at time of transplant in 32 (82%) cases (P <
0.001). Furthermore, only three (7.7%) of patients were of-
fered post-transplant age-matched cancer screening (P <
0.001). Numbers are shown in Figure 1. Early-screening test-
ing helped detection of two skin cancers and one case of co-
lon cancer, while the remaining 36 (92.3%) presented with
symptoms related to their primary cancer, such as skin le-
sions and breast masses.

At a median follow up of 11 years (range: 1.5 - 26 years)
post-transplant, 39 cases developed cancer. Lymphoma was
the most common in nine (23%) cases, followed by skin
squamous cell carcinoma (SCC) (n = 8, 20.5%), then breast
(n = 6, 15.4%), larynx (n = 4, 10.3%), gastrointestinal (n =
3, 7.7%), and one (2.5%) case of lung, cervix, ovary, brain,
liver, multiple myeloma, seminoma, sinonasal, and bladder.
Notably, five of the lymphoma patients were Epstein-Barr vi-
rus (EBV) positive. Table 1 illustrates patients and disease
characteristics.

At time of diagnosis, 16 (41%) patients were found to
have distant metastasis on staging workup. At a median fol-
low-up of 3 years (range: 1 - 11), 22 (56.4%) were alive and
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Table 1. Patients and Disease Characteristics

Characteristics Number Percentage (%) P value

Age at diagnosis
Median (range) 56.5(16.9 - 70.2)

Gender
Male 27 69.2% 0.02
Female 12 30.8%

Comorbidities
No 7 17.9% <0.001
Yes 32 82.1%

Dialysis before transplant
Yes 23 58.9% 0.2712
No 16 41.1%

Family history for malignancy
Yes 18 46.2% 0.6360
No 21 53.8%

Counseling on cancer risk prior to transplant
Yes 7 17.9% <0.001
No 32 82.1%

Initial cancer diagnosis
Through screening 3 7.7% <0.001
Symptoms related to primary disease 36 92.3%

Stage at diagnosis
Localized 23 58.9% 0.27
Metastatic 16 41.1%

Status at last follow-up
Alive 22 56.4% 0.42
Died 17 43.6%

the remaining were died. Table 2 shows patients characteristics
in regard to cancer-screening status.

Discussion

Increased risk of cancer is a well-known and serious post-
transplant complication [4, 5]. This study shed light on the
real-world practice regarding cancer education and screening.
To the best of our knowledge, this is the first study in literature
addressing this topic. Cancer surveillance has a crucial im-
pact on early diagnosis and influence outcomes of the disease.
Aforementioned, malignancy is the second most common
cause of death in these patients. Therefore, multiple guidelines
endorse site-specific screening tests, which recommend peri-
odical age-matched cancer surveillance, aiming to improve the
outcomes of these patients [11-13, 15]. Nevertheless, evidence
on the benefit of cancer screening is not consistent, a cost-ef-
fectiveness study revealed that screening of transplants might
not harbor survival benefit, and selective screening of patients
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at high risk could be the optimal approach [16].

In this study, we reviewed a cohort of patients who de-
veloped malignancy after renal transplant. Unfortunately, the
risk of cancer was not discussed in the majority of patients
at time of transplant; the risk of infection and rejection were
the main complications that were consented before the proce-
dure. After renal transplant, only three (7.7%) patients were on
regular cancer screening, while the vast majority of cases were
presented with symptoms related to their disease, this fact may
explain the high percentage of metastatic disease in this group.

The incidence of post-renal transplant malignancy in Jor-
dan is approximately 2.7%, which is similar to rates in Asian
population such as China (2.2%), and Korea (2.5%) [17]. In
contrast, higher rates were observed in North America, Eu-
rope, and Australia [18-20]. This discrepancy may be related
to the differences in cancer prevalence across different ethnic
groups, in addition to variation in treatment protocols and im-
munosuppressive agents.

Interestingly, the prevailing types of cancer after kidney
transplant vary across the geographic regions. In China for ex-
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Table 2. Patients Characteristics According to Age-Matched Screening

Characteristics

Patients on screening

Patients not on screening

Number of patients (%) 3
Age at diagnosis
Median (range)
Gender
Male 2
Female

Comorbidities

No 1

Yes 2
Family history for malignancy

Yes

No 2
Counseling on cancer risk prior to transplant

Yes 3

No 0
Stage at diagnosis

Localized

Metastatic 0

Status at last follow-up
Alive
Died 0

48.5 (16.9 - 58.3)

36

57.1 (18.1-70.2)

25
11

6
30

17
19

4
32

20
16

19
17

ample, urinary tract cancer was the most commonly reported
site, with an incidence ranging between 33% and 42% [17],
while skin cancer was the most frequently observed post-
transplant malignancy in North America and Europe, with an
incidence reaching 49% [18, 19]. On the other hand, Canada
reported lymphoma as the most common tumor (17%) [18].
Similarly, we found skin and lymphoma to be the most fre-
quently encountered malignancies.

The increased risk of cancer after kidney transplant is at-
tributable to several factors, the main theory is linked to im-
paired immune system due to immunosuppressive agents.
Several studies have investigated this association. Calcineurin
inhibitors (CNIs) like tacrolimus and cyclosporine have been
found to increase risk of malignancies, especially non-mela-
noma skin cancers and lymphomas. On contrary, other agents
such as mammalian target of rapamycin inhibitors (mTOR) in-
hibitors like sirolimus, demonstrated lower risk in comparison
to CNIs [21-23].

Another recognized risk factor is age, the median age in
our study was 56.5 years, which is notably higher than the
average age of kidney transplant recipients (37.9 years). This
finding aligns with published series by Kasiske et al [19],
Vajdic et al [20] and Acuna et al [24], all of which identified
increased age as a significant risk factor for developing malig-
nancies after transplantation.

In our cohort, 46.2% of patients had a family history of
malignancy. This fact emphasizes the importance of consider-
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ing genetic predisposition when assessing risk factors and de-
veloping personalized prevention strategies for post-transplant
cancer. The current body of evidence supports the association
between family history and increased cancer risk in transplant
recipients. For instance, studies by Sampaio et al and Kiberd
et al have shown that patients with a positive family history of
cancer have a higher risk of developing post-transplant malig-
nancies [25, 26].

The association between EBV and lymphoma is well es-
tablished, particularly in kidney transplant recipients. In our
study, approximately half of lymphoma cases were found to
be EBV positive. The mechanism of this association is linked
to immune suppression that results from medications used
in transplant. A study by Opelz et al [27] has demonstrated a
strong link between EBV infection and post-transplant lym-
phoproliferative disorder (PTLD), a group of conditions that
includes lymphomas. They found that EBV-seronegative pa-
tients who received a kidney from an EBV-seropositive donor
had the highest risk of developing PTLD. Similarly, a study by
Dharnidharka et al revealed a significant correlation between
EBYV infection and the development of PTLD in pediatric kid-
ney transplant recipients [28].

Bottom-line, despite multiple comprehensive guidelines
for cancer surveillance in transplant recipients, real-world data
indicate that clinical practice is still lagging behind. Many phy-
sicians do not discuss the risk of cancer with transplant candi-
dates, and many patients who undergo kidney transplants are
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not offered age-matched screening. It is paramount to increase
nephrologists’ awareness on this dreadful side effect. Nephrol-
ogists should be well informed regarding cancer predisposing
factors, screening guidelines for post-transplant patients, and
agents associated with lower risk of cancer. However, we ac-
knowledge that the value of cancer screening in this group has
not been proven yet, which raises questions about the benefit
and cost-effectiveness of this approach.

Educational seminars, workshops, webinars, and training
modules are important tools to increase awareness about these
risks. Furthermore, professional medical associations and or-
ganizations can help provide these educational materials to a
wider audience and enhance peer-to-peer education and em-
power patients’ advocacy groups.

We acknowledge the limitations of this study, the first is
the retrospective nature and associated selection bias, in par-
ticular, the fact that data counseling on cancer risks were col-
lected through questionnaires and verbal communications. The
second is the relatively small sample size, which limits the gen-
eralizability of the findings and reduces statistical power. The
third is the limited scope of our study, as it included transplant
recipients who developed post-transplant cancer exclusively,
because data on cancer screening in all transplant recipients
from our region are non-existent. Moreover, our hospital re-
ceives approximately 60% of new cancer cases in Jordan [29],
so0 a considerable portion of transplant patients who developed
cancer are not included in this analysis, and this might have
impact on the results and conclusions.

Despite these limitations, this study provides valuable
insights on post-transplant malignancy in our region. It shed
light on patients’ demographics and associated risk factors. To
the best of our knowledge, this is the first study in literature
addressing adherence of physicians to cancer screening guide-
lines.

Conclusions

In conclusion, this study illustrates a cohort of patients with
post-transplant malignancies. In a series of 39 patients, skin
and lymphoma were the most frequently encountered tumors,
and many of these patients had multiple comorbidities and
positive family history for malignancy. Despite the fact that
multiple guidelines endorse cancer screening in transplant re-
cipients, the majority of our patients were not offered malig-
nancy screening tests. Chart review and patients’ questionnaire
revealed that the risk of malignancy was underestimated, and it
was not adequately addressed by healthcare givers.

Our study demonstrated the gap between the guidelines
and the real-world practice. It is paramount to enhance the
knowledge and education about post-transplant malignancy
risk, which may positively impact the outcomes of these pa-
tients. Nevertheless, we acknowledge that effectiveness of
early cancer screening has not been proven in this group of
population, and another important limitation is the fact that
only patients who developed cancer were included in the anal-
ysis. Further studies are warranted to validate our findings and
overcome the limitations.
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