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ABSTRACT

Objectives The primary objective of our study was to
evaluate the effectiveness of renal cell carcinoma (RCC)
screening in renal transplant (RT) recipients.

Design Single-centre retrospective study.

Setting and participants 1998 RT recipients who
underwent RT at Memorial Hermann Hospital (MHH)
Texas Medical Center (TMC) between 1 January 1999 and
31 December 2019 were included and we identified 16
patients (0.8%) with RCC. An additional four patients with
RCC who underwent RT elsewhere but received follow-up
at MHH TMC were also included. Subject races included
white (20%), black (50%), Hispanic (20%) and Asian (10%).
Outcome measures The RCC stage at diagnosis and
outcomes were compared between patients who were
screening versus those who were not.

Results We identified a total of 20 patients with post-

RT RCC, 75% of whom were men. The median age at
diagnosis was 56 years. RCC histologies included clear cell
(75%), papillary (20%) and chromophobe (5%). Patients
with post-RT RCC who had screening (n=12) underwent
ultrasound or CT annually or every 2 years, whereas

eight patients had no screening. All 12 patients who had
screening had early-stage disease at diagnosis (stage |
(n=11) or stage Il (n=1)) and were cured by nephrectomy
(n=10) or cryotherapy (n=2). In patients who had no
screening, three (37.5%) had stage IV RCC at diagnosis
and all of whom died of metastatic disease. There was a
statistically significant difference in RCC-specific survival
in patients who were screened (p=0.01) compared with
those who were not screened.

Conclusion All RT recipients who had RCC diagnosed
based on screening had early-stage disease and there
were no RCC-related deaths. Screening is an effective
intervention in RT recipients to reduce RCC-related
mortality.

INTRODUCTION

Renal transplantation is the mainstay of treat-
ment for patients with end-stage renal disease
(ESRD). Better immunosuppressive strategies
have significantly improved renal allograft
survival, but post-transplant malignancies
remain a major obstacle to improving long-
term survival.' Renal transplant (RT) recipi-
ents have a fivefold to sixfold increased risk
of developing renal cell carcinoma (RCC)

," Harmanpreet Kaur,?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The key strength of this study is the large number of
patients who were screened for renal cell carcino-
ma (RCC) after renal transplant (RT), which is a topic
that is not well studied in existing literature.

= A major limitation of this study is the small number
of patients who developed RCC after an RT.

= There is a possibility of selection bias since certain
patients were omitted due to paucity of information
in medical records.

= Due to the retrospective nature of this study, con-
founding variables may exist which could lead to
bias.

= This study is susceptible to a time period bias due to
the long time period from which data were included.

compared with the general population.” The
risk factors for RCC in the general population
include smoking, male sex, hypertension,
family history, acquired cystic disease, longer
duration of dialysis and African American
race.”” The additional contributing factors in
RT recipients include immunosuppression,
oncogenic viruses and changes in immune
surveillance.' ** Most cases of RCC post-RT
arise in the native kidney; however, these
cancers also rarely arise from the allograft.
Modern immunosuppression has signifi-
cantly reduced the incidence of post-RT acute
and chronic rejections. Data also show that
60-80% of patients survive for >10 years after
their first transplant.” With the reduction in
mortality in RT recipients, the risk of devel-
oping malignancies associated with immuno-
suppression may increase.

The role of screening in reducing gastric
and colorectal cancer mortality in RT recipi-
ents has been clearly demonstrated; however,
the role of screening for RCC remains contro-
versial and is not incorporated into the stan-
dard of care for these patients.ﬁ_8 Moreover,
there have been very few studies examining
the effectiveness of RCC screening in RT
recipients. In this retrospective study, we
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evaluated the role of screening for early detection of RCC
in RT recipients at our institution.

METHODS

Design and setting

This is a retrospective observational study where we
reviewed the medical records of patients aged 18-75
years who underwent kidney transplantation at Memo-
rial Hermann Hospital (MHH), Texas Medical Center
between 1 January 1999 and 31 December 2019.

Exclusion criteria

Patients were excluded if they developed a malignancy
within 30 days of a transplant under the assumption that
the malignancy was present prior to transplantation.
Patients were also excluded if there was a pre-transplant
history of active malignancy within 5 years or if there was
a documented death of a patient from unknown cause
within 1year of transplant. Lastly, patients were excluded
if there were incomplete medical records for analysis
including unreported malignancy status or incomplete
information on immunosuppression. All clinical data for
the RT recipients were collected from our departmental
electronic database.

Data collection

The following data were collected: baseline demographic
variables, cause of ESRD, duration of dialysis prior to RT,
type of RT (cadaveric vs living donor), immunosuppres-
sion regimen, site of RCC (native kidney vs transplanted
kidney), time from RT to diagnosis of RCC, stage and
Fuhrman grade of RCC, tumour histology, RCC treat-
ment and RCCrelated mortality. Tumours were staged
according to the American Joint Committee on Cancer
Staging Manual, eighth edition. The histological diag-
nosis of the patients was based on the diagnosis made
during initial biopsy/resection.

The RT recipients who developed RCC were identified
and divided into two groups: those who received post-
transplant screening for RCC in the form of imaging
(ultrasonography or CT) and those who did not receive
any screening for RCC. The decision to pursue screening
and determining the frequency of screening for RCC was
based on the discretion of the provider caring for the
patient and there was no clear screening institutional
protocol implemented. The stage at diagnosis of RCC
and RCC-related mortality were compared between these
two groups. Patients with incomplete medical records or
follow-up were excluded from the data set.

Statistical analysis

Descriptive statistics are presented in percentages,
medians and IQRs. Continuous variable analysis was
performed with Kruskal-Wallis one-way analysis of vari-
ance and t-test for non-normal and normal distribution,
respectively. As for categorical variables, 2 or Fisher’s
exact test was used. The Kaplan-Meier method and the

log-rank test were used to compare survival rates between
the two groups. Statistical significance was set at a p<0.05.
Data were analysed using GraphPad Prism V.9.0.2.

Patient and public involvement
None.

RESULTS

A total of 1998 patients were identified who underwent
RT between 1 January 1999 and 31 December 2019.
Among the 1998 patients, 16 (0.8%) developed RCC after
RT. Baseline characteristics are provided in table 1. Forty-
seven patients with RCC in the setting of RT were identi-
fied and 22 patients were excluded due to their history of
pre-transplant RCC. Five patients without adequate data
were excluded. An additional four patients with post-RT
RCC who underwent transplantation elsewhere but
received follow-up at MHH were also included. There-
fore, a total of 20 patients with post-RT RCC were identi-
fied. Most of the patients had a cadaveric renal transplant
(74.3%). Among the 1998 patients, 1799 (90%) under-
went RT alone, and of those who underwent simultaneous
transplant, 146 (7.3%) received a pancreas, 41 (2.05%)
received a liver and 12 (0.60%) received a heart in addi-
tion to RT. Immunosuppressive regimens consisted of a
calcineurin inhibitor, mycophenolate mofetil, mamma-
lian target of rapamycin inhibitor and glucocorticoids. In
addition, antilymphocyte globulin was used for induction
until 2003; after that, this was replaced by basiliximab.

The median age of identified patients with RCC was 56
years. Subject races included white (20%), black (50%),
Hispanic (20%) and Asian (10%). The most common
causes of ESRD were diabetes and hypertension. Eight
patients (40%) received a second RT for initial graft
failure (mainly from chronic allograft nephropathy),
five of whom had a history of RCC after their first trans-
plant. The median duration of dialysis prior to RT was 36
months (range: 1-120 months).

The clinical profile of RT recipients with post-transplant
RCC is provided in table 2. For the 20 RT recipients
who developed RCC, the median time to RCC diag-
nosis post-RT was 96 months (range: 16-312 months). A
smoking history was noted in eight patients (40%), and
six patients (30%) were obese (body mass index >30);
four patients (70%) had a history of systemic hyperten-
sion. None of the patients had a family history of RCC.
RCC histologies included clear cell (75%), papillary
(20%) and chromophobe (5%) RCC. RCC after RT was
diagnosed in the native kidney in 12 patients (60%) and
in the allograft in 8 patients (40%). Table 3 compares the
histology of the tumours, immunosuppressive regimen
and the management of patients with native versus
allograft RCC.

Patients with post-RT RCC were divided into those
who underwent regular screening (n=12) and those
who did not (n=8). The regular screening group (n=12)
underwent ultrasound or CT annually or every 2 years
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Table 1 Baseline characteristics of renal transplant (RT)
recipients diagnosed with renal cell carcinoma (RCC)
Characteristic Value
Age, mean (range), years 52 (18-83)
Sex, n

Male 15

Female 5
Type of renal transplant

DDKT, n 2

LDKT, n

Both DDKT and LDKT 15
Patients who had more than one kidney 8

transplant, n

Patients who developed RCC after first kidney 2
transplant in native kidney

Patients who developed RCC after first kidney 3
transplant in allograft

Duration of dialysis prior to transplant, median 36 (1-120)
(range), months
Time from RT to diagnosis of RCC, median 96 (16-312)
(range), months
Site of RCC
Native kidney 12
Transplanted kidney 8
TNM staging of RCC
Stage | 14
Stage Il
Stage lll 2
Stage IV
Histology of RCC
Clear cell 15
Papillary 4
Chromophobe
Treatment for malignancy
Nephrectomy alone 18
Cryotherapy 2
Systemic chemotherapy/immunotherapy 3

DDKT, deceased donor kidney transplantation; LDKT, living donor
kidney transplantation; TNM, tumour, node, metastases.

(annual=9, every 2 years=3). All patients who received
regular screening had early-stage disease at presentation:
stage I (n=11) or stage II (n=1). All patients who had RCC
detected by screening underwent nephrectomy (n=10) or
cryotherapy (n=2). Dialysis was resumed in four patients
(20%) after definitive treatment for RCC. One patient
who underwent cryotherapy for RCC in the allograft
developed acute kidney injury requiring dialysis support
for a few weeks and then recovered renal function. Two
patients received a second RT and had no evidence of
RCC recurrence. There was no RCC-related mortality in

patients who underwent regular screening. One patient
diagnosed with stage I RCC in the native kidney was diag-
nosed simultaneously with early-stage bladder cancer
and underwent transurethral resection of the bladder
tumour. He was diagnosed with gastric cancer 6 months
later and was treated with immunotherapy. He developed
acute graft rejection and went back on dialysis. He later
died from metastatic gastric cancer.

In patients who had no screening after RT (n=8), three
(37.5%) had stage I, two (25%) had stage IIT and three
(37.5%) had stage IV RCC (figure 1). All three patients
with stage IV RCC died from metastatic disease. The
mean interval from diagnosis of metastatic RCC to death
was 7.3 months. One of the patients with metastatic RCC
was treated with carboplatin and paclitaxel, one received
sunitinib and the third was treated with immune check-
point inhibitors and a VEGF/TKI (vascular endothelial
growth factor/tyrosine kinase inhibitor) agent.

Patientswho received screening had earlier-stage disease
than those who were not screened (p=0.001). The mean
age in the screening group was 59.25 years compared with
41.38 in the no screening group (p=0.007). The mean
duration of dialysis in patients who received screening
was 43.5 months compared with 35.8 months in those
who were not screened (p=0.62). The mean time from RT
to diagnosis of RCC in patients who received screening
was 105.3 months compared with 102 months in those
who were not screened (p=0.9).

Among the 20 patients with post-RT RCC, 4 developed
second primary malignancies (breast cancer (n=1), pros-
tate cancer (n=1), post-transplant lymphoproliferative
disorder (n=1) and gastric cancer (n=1)). Except for the
patient with gastric cancer, the other three patients are
alive and in remission from their malignancies.

At 12 months from the time of diagnosis of RCC, the
RCC-related mortality was 0% in the screening group,
compared with 37.5% in patients who had no screening.
There was a statistically significant difference in RCC-
specific survival in patients who were screened (p=0.01)
when compared with those who did not receive screening
(figure 2). However, no statistically significant difference
was noted in the overall survival of the two groups (HR
for death: 0.32; 95% CI 0.05 to 2.09; p=0.11). No differ-
ence in RCC-related survival was noted between patients
with native versus allograft RCC (p=0.8).

DISCUSSION

The incidence of RCC has increased steadily over the past
three decades.”"! RCC is about twice as common in men
than in women, and it is more common in African Amer-
icans. The duration of dialysis prior to RT is an important
risk factor: 60-80% of patients undergoing renal replace-
ment therapy for >4 years develop acquired cystic kidney
disease, and 15-20% of these cases may transform into
multifocal RCC." Although clear cell RCC tends to be the
most common histology, the risk of papillary RCCis signifi-
cantly higher in RT recipients than in the non-transplant
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Table 3 Comparison of patients with RCC in the native
kidney versus allograft RCC

RCC in

native RCC in

kidney allograft

(n=12) (n=8) P value
Gender
Male, n 11 4 0.1089
Female, n 1 4
Histology
Clear cell 9 6 >0.9999
Papillary 2 2 >0.9999
Chromophobe 1 0 >0.9999
Type of immunosuppression
Tacrolimus, MMF, 9 B 0.6424
prednisone
Ciclosporin, prednisone S 3 0.6424
Sirolimus 2 4 0.1611
Treatment for malignancy
Nephrectomy alone 9 7
Cryotherapy
Systemic chemotherapy/ 2 0
immunotherapy

MMF, mycophenolate mofetil; RCC, renal cell carcinoma.

population.” Interestingly, an increased risk of RCC is
also observed in other solid organ transplant recipients
(SOTRs)." It is possible that in addition to immunosup-
pression and other risk factors, more frequent imaging in
SOTRs could also be contributing to the higher detection
rate of renal tumours.

The 5-year survival rate of stage 1 RCCis 93%."* However,
early detection of this malignancy is challenging since
early-stage RCC can remain relatively asymptomatic given
its retroperitoneal location. Most RCCs are slow growing
and have a preclinical phase lasting for 3.7-5.8 years.
When patients present with symptomatic disease such as
flank pain or haematuria, they often already have local
advanced or metastatic RCC.'* The proposed benefit of
screening is based on the hypothesis that early detection
and treatment of malignant kidney tumours within the
preclinical phase would lead to better survival outcomes.
Klein et al showed that routine ultrasound surveillance
of native kidneys in the pre-transplant population would
allow for early detection of RCC." Hence, screening can
potentially identify patients with early-stage disease, and
this has been identified by experts as an area of unmet
need.'

RCC in RT recipients poses unique challenges. Immu-
notherapy, one of the pillars of RCC treatment, carries
a significant risk of graft rejection. In the general popu-
lation, patients with intermediate or high risk of recur-
rence of RCC are treated with adjuvant pembrolizumab

after nephrectomy.'” However, it is important to note
that adjuvant immunotherapy is not an option in the
post-RT setting. Similarly, in RT recipients with meta-
static RCC, immunotherapy carries a similar risk of
graft rejection, and it is unclear whether immuno-
therapy provides a clear survival advantage.'® In this
study, among the three patients who were diagnosed
with metastatic RCC, one was treated with carboplatin
and paclitaxel, one received sunitinib and the third
was treated with immune checkpoint inhibitors and
a VEGF/TKI agent. All three patients eventually died
from metastatic cancer.

The treatment for RCC can adversely affect allograft
function. Screening may allow the identification of
smaller tumours that can be successfully treated with
minimally invasive nephron-sparing surgeries or cryo-
therapy, which would lead to less morbidity. In our study,
the two patients in the screening group who developed
RCC in their allografts were successfully treated with
cryotherapy.

There are conflicting recommendations from major
society guidelines on the role of screening in this popu-
lation. The European Association of Urologists recom-
mends annual screening for early detection of RCC."
However, the American Society of Transplantation and
Kidney Disease Improving Global Outcomes guidelines
do not recommend screening for RCC in RT recipients, as
itis not backed by high-quality evidence. Moreover, there
is no consensus on the optimum screening modality.
Ultrasound is an attractive, less expensive, easily avail-
able imaging modality with a sensitivity of 82-83% and
specificity of 98-99%. However, ultrasound is operator
dependent and may not be sensitive enough to detect
early lesions, especially in obese patients and those with
acquired cystic kidney disease.”” Contrast-enhanced CT
might be a better screening tool in kidneys with acquired
cysts, although the cost, risk of contrast nephropathy and
radiation exposure remain a major concern.'**! Similar
to lung cancer screening, the potential role of low-dose
CT scanning for screening purposes should be evaluated
further.

Given the escalating cost of healthcare delivery, the
cost-effectiveness of any screening modality should be
an important consideration. Wong et al compared the
cost versus benefit of ultrasound screening for RCC in
RT recipients (n=1000) and determined that although it
may reduce RCC-related mortality by up to 25%, routine
screening may not be cost-effective.”” However, two
recent studies have shown otherwise. Using the Markov
model, Roizman et al proposed that screening for RCC
in the general population using ultrasonography could
be a cost-effective option.”> Another study used a similar
model and suggested that RCC screening in the general
population may be cost-effective in males. This cost-
effectiveness was not demonstrated in females due to a
lower prevalence of RCC.** Additional research into the
cost-effectiveness of screening is important. However, the
cost-effectiveness of screening in post-RT patients has yet
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Figure 1
carcinoma.

to be evaluated at all, highlighting the need for prospec-
tive data evaluating the benefit of RCC screening in RT
recipients.

Another important consideration for RCC screening is
to follow an individualised approach focusing on certain
high-risk subgroups of RT recipients. Our study popu-
lation had several high-risk features for RCC: 75% were
men, 50% were African Americans, 40% had a smoking
history, 30% were obese, 70% had hypertension and
45% had acquired cystic kidney disease. All of these
factors are independently associated with a higher risk of
RCC.* * Some of the RCC cases were detected inciden-
tally on imaging done for other reasons. Although one
may argue that routine screening in all RT recipients may

RCC specific survival

—

5'0 1II)0 1;0 ZII)O 2;0

Elapsed time in months

Figure 2 RCC-specific survival by screening status post-
renal transplant. RCC, renal cell carcinoma.
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37.50%

No screening
Stage IV disease

RCC stage at the time of diagnosis in patients who underwent screening versus no screening. RCC, renal cell

not be feasible and cost-effective, we strongly believe that
screening is a highly effective strategy in reducing RCC-
related mortality in the high-risk RT population. The
optimal frequency of imaging is unknown; however, in our
study, it was clear that patients who had imaging annually
or every 2 years had a clear RCC-specific mortality benefit
compared with patients who had no screening.

The major strength of this study is the inclusion of a
large number of patients who underwent RT. Although
the sample size of patients who developed RCC after RT
was small, it is important to note that there was an RCC-
specific survival benefit noted in patients who underwent
screening for RCC compared with those who did not,
which was statistically significant. The incorporation of
routine screening resulted in the diagnosis of early-stage
RCC which did positively affect survival outcomes.

Given the non-randomised retrospective nature of this
study, a major limitation includes potential selection bias
as patients with incomplete key data recorded in medical
records were excluded. Given that data were collected for
a period of 20 years, the data are not immune to a period
time bias due to the development and changes in immu-
nosuppression regimens. This may have influenced the
long-term incidence of RCC in this group of patients. The
retrospective nature of this study also allows for the influ-
ence of potential confounding factors that could not be
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adequately measured which can also allow for a misclas-
sification bias. Our study may lack external validity given
that the sample size is not representative of the general
renal transplant population. Our study included 75%
men and 50% African Americans. Hence, the benefits
of screening in an ultra-high-risk population cannot be
generalised to all RT recipients.

Despite these limitations, we believe that this study
offers valuable insight into an aspect of the management
of RT recipients that has not been studied well. Given
improvement in immunosuppression regimens and
longer survival of patients who have undergone RT, it is
important to consider the potential for increasing inci-
dence of malignancies such as RCC in these patients. It
is important to further delve into research looking to
improve the outcomes of this cohort of patients.

Conclusion

RT recipients have a significantly increased risk of RCC.
Screening in the form of ultrasonography and/or CT
every year or every 2 years appears to be an effective tool
for early detection of RCC. Further research is required
to identify high-risk patients who will benefit from
screening, and prospective data are required to evaluate
the cost-effectiveness and utility of screening in patients
who have undergone RT.
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