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ABSTRACT

Background. Despite the higher risk of colorectal cancer
(CRC) in people with chronic kidney disease, it remains un-
certain whether early detection through screening is cost-ef-
fective in this setting. We aimed to determine the costs and
health benefits of CRC screening in people on dialysis or who
have received a kidney transplant.
Methods. Using a government health perspective, three prob-
abilistic Markov models were constructed to compare the
cost-effectiveness and cost-utility of annual immunochemical
faecal occult blood test (iFOBT) screening against no-screen-
ing in a cohort of 1000 patients (age 50–70 years) on dialysis
and with kidney transplants. A series of one-way, multi-way
and probabilistic sensitivity analyses were conducted to assess
the robustness of the model structure and the extent in which
the model’s assumptions were sensitive to the uncertainties
within the input variables.
Results. The incremental cost-effectiveness ratios (ICERs) of
CRC screening compared with no-screening were $138 828
per quality-adjusted life year [QALY; $122 977 per life year

saved (LYS)], $121 973 per QALY ($ 85 095 per LYS) and
$44 790 per QALY ($25 036 per LYS) for dialysis patients not
listed on the transplant waiting list, patients on the transplant
waiting list and patients with kidney transplants, respectively.
The test specificity of iFOBT, the starting age of screening
and cancer prevalence were influential factors that deter-
mined the overall cost-effectiveness of screening in this
setting.
Conclusion. Screening for CRC using iFOBT may reduce
cancer-specific mortality in patients on dialysis and with
kidney transplants. However, the benefits and costs of screen-
ing CRCs in patients on dialysis, especially for those deemed
not suitable for transplantation, greatly exceeded the typical
thresholds for acceptable cost-effectiveness.

INTRODUCTION

Colorectal cancer (CRC) will soon surpass lung cancer as the
leading cause of death due to cancer in the Western world
[1, 2]. Screening for CRC is now standard clinical practice in
most developed countries, because there is high quality
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evidence to suggest early cancer detection through screening
and the subsequent resection of pre-cancerous polyps reduces
cancer-specific mortality in the general population [3–5].
Faecal occult blood testing (FOBT) is the most commonly
used screening tool and has the strongest trial base for mor-
tality benefits in the general population [6–11]. Screening for
CRC using immunochemical FOBT (iFOBT) (also known as
faecal immunohistochemical test) is also cost-effective [3],
reasonably accurate [4, 5], well-tolerated and acceptable by
the general community [12, 13].

The costs and consequences of screening in people with
chronic kidney disease (CKD) is likely to be different. Screen-
ing using iFOBT in CKD may incur a greater risk of false-
positive results because of minute gastrointestinal bleeding
from dysfunctional platelets secondary to uraemia, a higher
risk of colonic angiodysplasia and the greater use of anti-
platelets and anti-coagulants during dialysis [14–16]. The
harms of subsequent testing may also be greater. People with
CKD may be more susceptible to electrolyte derangement
during bowel preparation, and more likely to have colono-
scopy- and polypectomy-related complications such as seda-
tion-related events, perforation and postpolypectomy
bleeding [17, 18]. In addition, over-detection of inconsequen-
tial disease may carry financial and health burdens, which
will adversely impact the patient’s quality of life.

Unlike for the general population, there are no random-
ized controlled trials of CRC screening in people with CKD,
and such trials will probably never be done because of
limited feasibility. Previous studies have examined the likely
impact of CRC screening in the transplanted setting using
modelled analyses [19, 20], but did not assess the benefits
and the quality of life impact of screening in other non-trans-
planted CKD populations. In this study, we aim to estimate
the health outcomes [in both life years and quality-adjusted
life years (QALYs)] and costs of screening CRC in the dialysis
and kidney transplant populations.

MATERIALS AND METHODS

Using a government payer perspective, three probabilistic
Markov models were constructed to simulate the natural
history of screening for CRC in hypothetical cohorts of
kidney transplant recipients, dialysis patients on the trans-
plant waiting list and dialysis patients who were not on the
transplant waiting list (n = 1000). The models included all
the potential consequences of screening, the diagnostic pro-
cedures and the treatment of CRC in kidney transplant reci-
pients and patients on dialysis. We populated the models
using the best available evidence and tested the uncertainties
within the input variables and the model structures using
one-way and probabilistic sensitivity analyses.

Model structure

Full details of the model structure are published elsewhere
[19]. In brief, three different analyses were conducted to
compare the health benefits and costs of iFOBT screening
with no screening in the three different populations: dialysis

patients not on the transplant waiting list, dialysis patients on
the transplant waiting and the kidney transplant populations.
Further refinements of the previously published models were
made [4] that took into consideration the events that followed
transplant failures such as returned to dialysis and the possi-
bility of receiving another live donor or deceased donor trans-
plant. A schematic representation of our model for the listed
dialysis population is shown in Figure 1. The screening and di-
agnostic pathways for dialysis patients not listed on the trans-
plant waiting list and kidney transplant recipients were similar
to those on the transplant waiting list. However, we assumed
that all dialysis patients not listed on the transplant waiting list
would not have the chance of receiving a transplant.

Patients had the choice of receiving screening or no
screening. Those who received screening and were screened
positive underwent colonoscopy. In the no-screening arm,
cancers could only be diagnosed clinically. Patients with un-
diagnosed cancers either survived with the disease undiag-
nosed, died with the disease undiagnosed or died from other
causes. Our model also took into consideration the potential
complications of diagnostic colonoscopies such as colonic
bleeding and perforations.

Of those diagnosed with CRCs, treatment modality was
dependent on the cancer stage at the time of diagnosis. Indi-
viduals with localized CRCs without lymph node involve-
ment received surgical management only, whereas those with
lymph node involvement received surgical and adjuvant
therapy. Adjuvant therapy included chemotherapy, radiother-
apy or a combination of both. Patients with widespread meta-
static disease received palliative care only.

Patients who were cured from their CRCs were shifted to
the surveillance pool, where annual colonoscopies were con-
ducted for the first 2-year post-operative period and then
every 5 years hence. Any cancer recurrences were detected
through surveillance colonoscopies or clinical diagnoses.
Dialysis patients on the waiting list with previously diagnosed
CRCs were eligible for transplantation after a cancer-free
period of 5 years. Patients without cancers and remained
alive at the end of year one returned to the beginning of the
screening/no-screening decision node. At the end of each
annual cycle, dialysis patients who were not on the waiting
list survived on dialysis with or without cancer, or died from
cardiovascular disease and/or other causes. Dialysis patients
who were on the transplant waiting list survived on dialysis
with or without cancers, received a transplant, or died from
cardiovascular disease and/or other causes.

Transplanted patients survived with or without cancers,
experienced transplant graft failure and returned to dialysis,
or died from cardiovascular disease and/or other causes. At
the end of each annual cycle, the costs and health benefits of
each individual were accrued for the specific health state and
the cumulative costs and health benefits were estimated over
the lifetime of the patients. We assumed screening stopped at
aged 74 years. The model terminated when all patients were
deceased. All future costs and benefits were discounted at a
rate of 5% per annum. Half-cycle corrections were used and
all modelling was conducted using TreeAge Pro Suite 2009
(TreeAge software, Williamstown, MA) and Excel Microsoft®.

O
R
IG

IN
A
L
A
R
T
IC

L
E
S

G. Wong et al.

918

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/28/4/917/1854286 by U

.S. D
epartm

ent of Justice user on 16 August 2022



Input parameters for the model
Clinical data (Appendix 1). Information on the age-
specific CRC prevalence for the general population [2] was
adjusted for dialysis and transplant patients by a factor of
1.25 and 2.5, respectively [21, 22]. The CRC stage distri-
butions at diagnosis [6, 8, 11, 23] and stage-specific survival
[7, 9, 23, 24] of screened and unscreened individuals, the in-
cidence of cancer relapse [25–27] and the iFOBT test per-
formance [4] for the transplanted and dialysis populations
were extrapolated from published data for the general popu-
lation. Information on all-cause mortality of dialysis patients,
probability of receiving transplant and graft loss were
extrapolated from the Australia and New Zealand Dialysis
and Transplant Registry (ANZDATA) [21]. Utility-based
quality-of-life estimates for the various stages of CRC in
CKD were based on a recently published study in the Austra-
lian CKD population [28]. The treatment and management
of stage-specific CRCs was sourced from current rec-
ommended clinical practice guidelines [29].

Costs data (Appendix 2). Only direct health care costs
were used in the analyses. Unit costs of CRC screening and
treatment were obtained from the Australian Refined Diagno-
sis Related Groups (AR-DRG), the Australian Medicare
Benefits Schedule, Cancer Institute of New South Wales and
the Australian Institute of Health and Welfare [3, 30–32].

Sensitivity analysis

Assumptions were tested over a range of plausible values
to assess the robustness of the uncertainties in the model’s
parameters using sensitivity analysis. Using one-way sensi-
tivity analysis, we identified all the influential variables within
the model. Probabilistic sensitivity analysis was also under-
taken. Instead of using point estimates for parameter values,
this approach assigns a distribution to each model parameter
and samples from that distribution using Monte Carlo simu-
lation to estimate the expected value of each option. We used
log-normal distributions for relative risks, beta distributions

for utility weights and gamma distributions for costs, and
sampled over 2000 iterations for each variable of interest.

Model outcomes

The model outcomes included the average and incremen-
tal costs and benefits of CRC screening, measured in life
years and QALYs, an estimate of the number of deaths
averted, the relative risk of mortality reduction and the incre-
mental cost-effectiveness ratio (ICER) of screening compared
with no-screening in all three subpopulations. ICERs are cal-
culated according the following formula:

CER ¼ cost new � cost comparator
ef fectiveness new � ef fectiveness comparator

:

Ethics

Ethics approval for this study was not required as no
patients directly participated. Clinical parameter estimates for
the model were sourced from published literature and from
de-identified data from existing data registry.

RESULTS

Base-case analysis

In the base-case analysis, we assumed that the screening
participation rate was 70% (but varied between a conservative
estimate of 40–80% in the sensitivity analysis), and the starting
age for screening was at 50 years. Table 1 shows the average,
and the incremental costs and benefits of screening CRC
among dialysis patients waiting for transplants, dialysis
patients not on the transplant waiting list and the kidney
transplant populations. A total of 2.62 days of life were saved
from screening for CRC compared with no screening in the
dialysis patients not on the transplant list. Among those
waiting for a deceased donor transplant and those who have
already received a kidney transplant, a total of 6.9 and 12.0
days of life, respectively, were saved through screening CRC

F IGURE 1 : Schematic diagram of screening CRC in dialysis patients on the transplant waiting list.
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compared with no screening. Compared with no screening, the
ICER for screening CRC in CKD were $138 828 per QALY
[$122 977 per life year saved (LYS)] among dialysis patients
not on the waiting list, $121 973 per QALY ($ 85 095 per LYS)
among patients listed on the transplant waiting list and
$44 790 per QALY ($25 076 per LYS) in transplanted patients.

Sensitivity analysis

The model was robust to changes in the following vari-
ables over the ranges tested in the sensitivity analysis: test
sensitivity, the participation rates of screening and the costs
of the screening tool. Figure 2 shows the variability of the
ICERs with the influential variables being tested over a
range of values in the one-way sensitivity analyses across the
three CKD populations. The direction of the arrows indi-
cates the direction in which the variables changed between
the lowest and the highest estimates shown on either side of
the bar. For example, if the prevalence of disease was varied
between 1.25 (base-case) to over 5-fold greater than that of
the general population, the ICER for screening (compared
with no screening) among the dialysis patients listed for
transplantation then reduced from $121 937/QALY gained
to less than $85 095/QALY gained. Test specificity (and not
test sensitivity) was the most influential variable on the
overall cost-effectiveness of screening, and was consistent
across the three CKD populations. If the test specificity was
varied between 99 and 70%, the ICER then varied between
$82 871/QALY to over $260 000/QALY. Other variables that
are considered to be influential include the discount rates of
costs and benefits, the prevalence of disease, the costs of the
screening tool (iFOBT) and the starting age of the screening
programme.

Table 2 shows the effects of age and the incremental costs,
benefits and the ICER between screening and no screening
for CRC among the listed dialysis patients. The apparent im-
provement in the ICERs comparing screening CRC and no
screening is driven predominately by a reduction in the incre-
mental costs rather than an increase in the incremental gains
in life years associated with the varying starting ages of
screening. Older dialysis patients are more likely to experi-
ence premature deaths from cardiovascular disease, resulting
in a reduction in the overall costs of maintenance dialysis in
both arms and the subsequent screening costs in the screened
arm. For example, the incremental costs comparing screening
and no screening varied between $1619 and $410, if the start-
ing age of screening was pushed back from 50 to 70 years of
age. On the contrary, the incremental gains in quality-ad-
justed life years varied between 0.013 and 0.0041 QALYs if
the starting age for screening was increased from 50 to 70
years.

Probabilistic sensitivity analysis

The scatter plots shown in Figure 3 illustrate the incre-
mental costs and health outcomes, and the uncertainties
surrounding the mean cost and effect estimates (represented
by the orange circles) associated with screening for CRC
and no screening among dialysis patients not listed on the
transplant waiting list, patients listed on the waiting list
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and the transplanted patients. The x-axis represents the in-
cremental gains in QALYs, and the y-axis represents the in-
cremental costs of screening over no screening in the three
different CKD populations. As would be expected, the cost
and effect pairs are located on the northeast (NE) quadrant
of the cost-effectiveness plane, with positive incremental
costs and effects, indicating that screening is more effective
but also more costly than no screening. Compared with no
screening, screening for CRC among patients on the trans-
plant waiting list gained on average, a total of 4.9 days of
QALYs, whereas screening in the transplanted populations
gained on average, a total of 6.9 days of QALYs. For

dialysis patients not on the transplant waiting list, a total
of 4.7 days of QALYs were gained through screening com-
pared with no screening.

Figure 4 shows the results of the probabilistic sensitivity
analyses in the form of the cost-effectiveness acceptability
curve (CEAC). A CEAC shows the probability that an in-
tervention is cost-effective compared with the alternative,
given the observed data, for a range of maximum monet-
ary values that a decision-maker might be willing to pay
for a particular unit change in outcome [33]. Using our
example in Figure 4, the CEAC indicates that there is a
90% likelihood that the cost-effectiveness of screening CRC

F IGURE 2 : One-way sensitivity analyses indicating the potential variation in ICER estimates by altering certain inputted variables for the
different subpopulations: (A) dialysis patients not on the waiting list, (B) listed dialysis and (C) transplanted patients.
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using iFOBT compared with no screening in kidney trans-
plant recipients, is less than $60 000 per QALY gained, i.e.
given a willingness to pay of $60 000/QALY, the probability
that screening CRC is cost-effective is 0.75. On the other
hand, if the willingness to pay threshold is $60 000/QALY,
screening for CRC in either group of dialysis patients is
not cost-effective. Screening for CRC is cost-effective
among dialysis patients on the transplant waiting list and
not on the transplant waiting list if the willingness to pay
threshold is at least $120 000/QALY and $130 000/QALY,
respectively.

DISCUSSION

Using the current available evidence from the general and the
CKD populations, our modelled analyses suggest that screen-
ing for CRC using annual iFOBT saves lives from cancer
across the various stages of CKD: dialysis patients not listed
on the transplant waiting list, dialysis patients on the waiting
list and the transplanted patients. However, the incremental
cost-effectiveness thresholds of screening compared with no
screening varied considerably between dialysis and

Table 2. The incremental costs, benefits and incremental cost-effectiveness ratios comparing
screening CRC and no screening among dialysis patients on the transplant waiting list with the
varying starting ages

Starting
ages

Strategies Average
costs ($)

Incremental
costs ($)

Average benefits
(QALYs)

Incremental
benefits (QALYs)

ICER
($/QALY)

50 No
screen

518 911 1619 6.1374 0.0133 121 973

Screen 520 531 6.1507

55 No
screen

514 737 1745 5.7528 0.0151 115 622

Screen 516 479 5.7679

60 No
screen

515 251 1627 5.3366 0.0133 122 498

Screen 516 878 5.3499

65 No
screen

508 610 1341 5.0235 0.0108 123 775

Screen 509 950 5.0434

70 No
screen

498 835 410 4.8217 0.0041 100 855

Screen 499 245 4.8258

F IGURE 3 : Probabilistic sensitivity analysis for (A) dialysis patients on waiting list, (B) dialysis patients not on waiting list and (C) trans-
planted patients.

O
R
IG

IN
A
L
A
R
T
IC

L
E
S

G. Wong et al.

922

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/28/4/917/1854286 by U

.S. D
epartm

ent of Justice user on 16 August 2022



transplanted patients. Assuming screening starts at age 50,
the cost-effectiveness of screening CRC varied from $45 000
per QALY gained in kidney transplant recipients to almost
$140 000 per QALY gained among patients on dialysis
deemed not suitable for transplantation.

The decision to recommend cancer screening in CKD
patients is complicated, owing to differences in patient
characteristics, patient preferences and also the test proper-
ties of the cancer-screening tool in relation to the non-CKD
setting. The incremental gains in life years and QALYs due
to screening in patients with CKD, particularly among those
on dialysis and not listed on the transplant waiting list, are
much lower than expected in the general population for a
number of reasons. Many people on dialysis will die prema-
turely from cardiovascular-related events before developing
cancer. The benefits gained through screening are driven
mainly by a reduction in cancer deaths through treatment
of less-advanced screen-detected disease [6, 8, 11, 23], and
the absolute risk of dying from competing cardiovascular
events among dialysis patients, who are deemed not suitable
for transplantation, is at least 5- to 10-fold greater than that
of those in the general population [34, 35]. However, for
those who have already received a kidney transplant, screen-
ing may be worthwhile, largely because of their relatively
preserved survival and the heightened risk of cancer owing
to on-going immunosuppression. Although our modelled
results showed that screening among dialysis patients listed
on the transplant waiting list achieved a greater gain in
QALYs compared with those not on the list, data of mor-
tality benefits supporting the role of early detection for
bowel cancer among dialysis patients whilst waiting for a
transplant is lacking and clinical practice guidelines gener-
ally do not specify the screening modality and the screening
frequency for cancer among those on the transplant waiting
list [36].

Besides the differences in life expectancy and prognoses of
patients with CKD, the diagnostic accuracies of the screening
tool are also likely to be different than in people without
CKD. Patients with CKD are more likely to experience gas-
trointestinal bleeding from dysfunctional platelets secondary
to uraemia, use of anti-coagulation during dialysis and anti-
platelet agents for primary and secondary cardiovascular risk
prevention, which then may affect the overall test specificity
of the screening tests [37–39]. We have demonstrated from
our decision analytical modelling that test specificity is the
most influential variable in the screening algorithm for CRC
in CKD. If the test specificity was assumed to be 50%, the
overall ICER for screening CRC in the listed dialysis popu-
lation compared with no screening was over $260 000/
QALYs. However, if the false-positive rates are negligible with
the test specificity assumed to be >99%, the overall ICER for
screening CRC in patients on dialysis waiting for a kidney
transplant was reduced to less than $80 000/QALYs. These
findings were similar in the transplanted population.

Estimates of the test performance characteristics for CRC
screening are well defined in the general population, but there
is limited information about the test accuracy of iFOBT screen-
ing in the CKD population. A single diagnostic test study eval-
uating the positive predictive value (PPV) of iFOBT for
clinically important colonic lesions in the pre-dialysis popu-
lation reported a favourable PPV estimate of 30.2%, and the
predictive value appeared to increase as the severity of CKD
increased. However, a single estimate of test performance such
as PPV is insufficient for decision-making. Estimation of other
characteristics such as test specificity, sensitivity and negative
predictive values were not obtained due to the lack of follow-
up to detect interval cancers and advanced neoplasia [40]. A
similar study was performed on maintenance dialysis patients
using guaiac faecal occult blood tests. The overall positivity
rate was at least 20% [41]. Gastritis, arteriovenous

F IGURE 4 : Cost effectiveness acceptability curve.
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malformations and colonic polyps were the most common
lesions on diagnostic gastroscopy and colonoscopy after posi-
tive screening tests. Similarly, the lack of adequate follow-up
time precluded an accurate estimation of the test performance
characteristics of the screening tests [41].

In addition to the physical and psychological harms
associated with screening CRC in CKD, including anxiety
created from knowledge of positive screen results, over diag-
nosis is a major issue in CRC screening [42]. In our current
model, we assumed that the natural history of CRC in CKD
follows the typical adenoma-dysplasia and carcinoma se-
quence as observed in the general population. Previous obser-
vational studies and randomized, controlled trials of
screening in the general population suggested that the
removal of adenomatous polyps using colonoscopic polypec-
tomies reduces the cumulative incidence of CRC by at least
66% [43, 44]. Among those with CKD, the clinical signifi-
cances of adenomatous and non-adenomatous lesions are
unclear. It is likely that long-term immunosuppressant use
may accelerate the progression of pre-malignant adenomatous
lesions to cancer, but so far, no published evidence has
shown convincing and definitive causative effects of immuno-
suppressant use and cancer risks of the gastrointestinal tracts.
Removing polyps in patients with CKD increases the costs
and risks (particularly bleeding) of colonoscopy, potentially
without genuine clinical benefit. Instead of affecting cancer
mortality, such interventions may only benefit an intermedi-
ate outcome which does not have the same prognostic signifi-
cance, particularly in patients with co-existing co-morbidities
and reduced expected life expectancies.

Our study has several strengths. To our knowledge, this is
the first modelled analysis, using prospectively collected
utility-based quality-of-life data from patients with CKD who
valued the quality of life of having cancers [28], to assess the
direct health care costs and benefits of CRC screening in
patients on dialysis and with kidney transplants. Using prob-
abilistic sensitivity analyses, we have taken into consideration
the joint uncertainties surrounding the distribution of indi-
vidual parameter estimates. Our study does have some poten-
tial limitations. First, in the absence of trial-based data in the
CKD population, the test performance characteristics of the
screening tool, the stage distribution of disease and the
cancer-specific mortality risks in the screened and
unscreened arms were sourced from the general population.
Therefore, estimates used in the current model may over-esti-
mate the benefits experienced by our patients, especially
those with more severe co-morbid diseases. Given the lack of
cancer-specific mortality data among the dialysis patients not
on the transplant waiting list, we have extrapolated mortality
information from all dialysis patients. We may have overesti-
mated the gains in life expectancy associated with screening
among the dialysis populations deemed not suitable on the
waiting list. We have also not taken into consideration patient
preferences and perspectives in our modelling. Understand-
ing patients’ preferences in shared-decision making for inter-
vention such as cancer screening is particularly relevant for
our CKD population. In the absence of trial-based evidence
of harms and benefits of early detection for cancer in CKD,

patients’ preferences for the outcomes of treatment are
central to determining the optimal screening strategies. Re-
cently published surveys and reviews reported that CKD
patients may be aware of the heightened risk of cancer after
transplantation and on dialysis, but early detection of the
disease through screening is not a major health priority
because of their pre-occupation with other more imminent
issues such as their graft function [45, 46]. Finally, we had
not allowed co-morbidities such as cardiovascular and dia-
betes with cancer in the model, which may potentially affect
the overall mortality benefits through screening in the dialysis
and transplant populations.

CONCLUSIONS

Although screening using iFOBT in kidney transplant
patients and those on dialysis appeared to save lives from
cancers, the benefits, harms and costs of screening in patients
with CKD are subject to variability of the test specificity of
screening iFOBT, life expectancy of the patients, patients’ pre-
ferences for screening and the prevalence of cancer in CKD.
Future studies should be conducted to address these major
evidence gaps to ensure screening CRC is effective, efficient
and safe in patients with CKD.
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