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ABSTRACT
Background In patients with CKD, the risk of developing colorectal cancer is high and outcomes are poor.
Screening using fecal immunochemical testing (FIT) is effective in reducing mortality from colorectal cancer, but performance characteristics of FIT in CKD are unknown.
Methods To determine the detection rates and performance characteristics of FIT for advanced colorectal
neoplasia (ACN) in patients with CKD, we used FIT to prospectively screen patients aged 35–74 years with
CKD (stages 3–5 CKD, dialysis, and renal transplant) from 11 sites in Australia, New Zealand, Canada, and
Spain. All participants received clinical follow-up at 2 years. We used a two-step reference standard approach to estimate disease status.
Results Overall, 369 out of 1706 patients who completed FIT (21.6%) tested positive; 323 (87.5%) underwent colonoscopies. A total of 1553 (91.0%) completed follow-up; 82 (4.8%) had died and 71 (4.2%)
were lost. The detection rate of ACN using FIT was 6.0% (5.6%, 7.4%, and 5.6% for stages 3–5 CKD,
dialysis, and transplant). Sensitivity, speciﬁcity, and positive and negative predictive values of FIT for ACN
were 0.90, 0.83, 0.30, and 0.99, respectively. Of participants who underwent colonoscopy, ﬁve (1.5%)
experienced major colonoscopy-related complications, including bowel perforation and major bleeding.
CLINICAL RESEARCH

Conclusions FIT appears to be an accurate screening test for patients with CKD, such that a negative test
may rule out the diagnosis of colorectal cancer within 2 years. However, the risk of major complications
from work-up colonoscopy are at least ten-fold higher than in the general population.
JASN 30: 1061–1072, 2019. doi: https://doi.org/10.1681/ASN.2018121232

Colorectal cancer is common in patients with CKD,
with an excess risk of at least 1.5 times that of the
age-matched population.1,2 Colorectal cancer also
occurs at a much younger age in patients with
CKD, particularly for those with a kidney transplant. The risk of colorectal cancer is increased by
about 2–10 times in transplant recipients, depending upon the age at transplantation.3 The increased
risk of colorectal cancer in transplant recipients is
largely attributed to altered T cell immunity and
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loss of cancer immune editing resulting from chronic immunosuppression.4 Cancer outcomes are poor in those with
CKD.5 Five-year survival after a colorectal cancer diagnosis
is ,50% for kidney transplant recipients and ,30% for patients on dialysis.6,7
Early detection and subsequent management of treatmentresponsive colorectal cancer through screening is a major
cancer control strategy that is widely implemented. Fecal immunochemical testing (FIT) is an acceptable, accurate, and
cost-effective strategy for screening for colorectal cancer in
average-risk populations,8–10 but this may not be the case in
the setting of CKD. The perceived harms associated with
screening and downstream diagnostic procedures, such as colonoscopy, are expected to be higher in people with kidney
disease.11 Occult gastrointestinal bleeding from dysfunctional
platelets secondary to uremia, anticoagulation during dialysis,
and antiplatelet agents for cardiovascular risk prevention, may
also increase the false-positive rate.12 The risk of cardiovascular disease and the competing risk of death from cardiovascular causes are also very high, so the beneﬁts of early detection
and treatment of colorectal cancer may not accrue.13 Consequently, the Choosing Wisely campaign, initiated by the
American Society of Nephrology in 2012, recommended
against routine cancer screening among patients receiving
maintenance dialysis with limited life expectancy,14 but a
recent observational study in the United States indicated
patients undergoing dialysis (with expected overall survival
of ,10 years) are receiving screening tests at a much higher
rate relative to their life expectancy than their counterparts
without ESKD.15
Given the uncertainty regarding the potential harms as well
as the accuracy of the screening test, the aim of this study was to
determine the consequences of a one-time screening for advanced colorectal neoplasia using FIT in patients with a broad
spectrum of CKD. In particular, it was designed to determine
the detection rates and the test performance characteristics for
advanced colorectal neoplasia (i.e., colorectal cancer and advanced adenomas) in patients with CKD stages 3–5, patients
on dialysis, and kidney transplant recipients.

METHODS
Study Design

From June 2010 to November 2015, we enrolled consecutive
participants with CKD (CKD stages 3–5, patients on dialysis,
and transplant recipients), aged 35–74 years, at 11 sites
throughout Australia, New Zealand, Spain, and Canada, including hospital, academic, and private practice clinics. Baseline recruitment was completed in December 2015 and the
last work-up colonoscopy was carried out in April 2016. The
study protocol16 was approved by the Human and Research
Ethics Committee of all participating centers (Westmead,
Gosford, Royal North Shore, Blacktown, Nepean, Sir Charles
Gairdner, Concord, Royal Prince Alfred, Toronto General, and
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Signiﬁcance Statement
Colorectal cancer screening using fecal immunochemical testing
(FIT) is recommended for patients with CKD, whose risk of developing and dying from this malignancy is at least 1.5 times higher
than that of the sex- and age-matched general population. However,
FIT accuracy in this setting is unknown and is likely to be affected by
occult gastrointestinal bleeding from dysfunctional platelets and
increased bleeding sensitivity to aspirin. In a large, multinational
study, the authors found that FIT appears to be an accurate
screening test for patients with CKD, but the risk of major complications from work-up colonoscopies (1.5%) is high compared with
this risk in the general population. These ﬁndings provide useful
estimates of harms and test accuracies to inform colorectal cancer
screening decisions across the full spectrum of CKD.

Christchurch Hospitals, and the Hospital Clinic of Barcelona).
All participants provided written informed consent. The design, conduct, and reporting are in accordance with the Standards for Reporting of Diagnostic Accuracy Studies.17
Study Population and Screening Protocol

Asymptomatic patients with CKD (CKD stages 3–5, dialysis,
and transplant) were assessed for eligibility across all sites.
Patients were excluded if they had a ﬁrst-degree relative with
colorectal cancer, a prior history of colorectal cancer and/or
inﬂammatory bowel disease, were medically unﬁt for a colonoscopy, pregnant, had FITs within 1 year, or had a colonoscopy performed within the past 2 years. Compared with the
standard starting age threshold used in the general population
for screening using FIT (50 years), a lower starting age threshold (35 years) was used, reﬂecting epidemiologic data demonstrating that prevalence of colorectal cancer in people with
CKD is equivalent to those who are about 20 years older.3
Screening and Diagnostic Procedures

Participants underwent screening using standard methods,18
with FIT applied to two consecutive fecal samples per single
test kit. Test positivity was deﬁned as $10 mg of hemoglobin
per gram of feces in either or both of the two stool samples
collected using the automated semiquantitative OC-Sensor
(Eiken Chemical) without dietary or mediation restrictions.
Samples were sent to a central laboratory at the corresponding sites (Australia, Canada, New Zealand, and Spain). All participants with positive FITs were invited to undergo colonoscopy. A combination of sodium picosulfate and GlycoPrep-C
(Macrogol 3350) were used as routine preparation for the
work-up colonoscopies. Serum electrolytes were obtained
from participants the day before and within 1 week after bowel
preparation for monitoring of electrolytes and metabolic disturbances. Experienced colonoscopists (who performed over
400 colonoscopies per year) performed the colonoscopies at
each site. It was a requirement for all colonoscopists
to describe the location and record the size of the lesions.
If polyps were found, polypectomies were performed where
possible.
JASN 30: 1061–1072, 2019
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Histologic assessment of the biopsies and surgical specimens
were performed by a designated and experienced histopathologist at each study site. Colonic polyps were considered as growths
arising from the intestinal epithelium of the colon and/or rectum. Polyps were categorized as non-neoplastic or neoplastic.
Advanced colorectal neoplasia was deﬁned in accordance with
accepted international standards as any colorectal adenoma with
at least one of the following features: $10 mm in size, villous
component ($25%) or high-grade dysplasia; or any serrated
lesion $10 mm in size, or with a dysplastic component; or
any invasive colorectal cancer.19 All cancers identiﬁed were
staged and participants were referred to the colorectal surgical,
gastroenterology, or oncology team, depending upon the stage
of initial diagnoses. Tumor staging was determined using the
American Joint Committee on Cancer staging system.20 Patients
were classiﬁed according to the most advanced lesion. Results
of the FIT screens as well as the colonoscopy ﬁndings were reported to their treating nephrologists and general practitioners.
Reference Standard

To overcome the issue of differential veriﬁcation bias, a twostep reference standard approach was used.21 Participants, irrespective of the test screen results, received clinical follow-up
at 2 years. Participants were asked whether they had any unusual bowel symptoms, such as rectal bleeding or changes in
bowel motions, and whether they had additional bowel investigations, such as colonoscopies and repeat FIT as part of the
National Bowel Cancer Screening Programs in Australia and
Spain,22,23 during the follow-up period.
Outcomes

The primary outcome was test speciﬁcity of FIT (number of
participants without advanced colorectal neoplasia divided by
the number of participants without advanced colorectal neoplasia and those with false-positive results). The other outcomes
measured were positivity rate (number of individuals with
positive FIT divided by the number of screened participants),
detection rate (number of individuals in whom an advanced
colorectal neoplasia was detected divided by the number of
individuals who had received FIT), test sensitivity (number
of participants with advanced colorectal neoplasia detected
through initial screens divided by the total number of participants with advanced colorectal neoplasia detected through
initial screens and the total number of participants with
advanced colorectal neoplasia diagnosed during the 2-year
follow-up period after negative FIT), and positive (proportion
of all participants with positive FITwho had advanced colorectal
neoplasia) and negative (proportion of all participants with
negative FIT who did not have the disease within the 2 years
of follow-up) predictive values for advanced colorectal neoplasia, and all major adverse events associated with colonoscopies.
Sample Size Calculation

We estimated a minimum sample size of 1700 on the basis of a
positivity rate of 20%, a prevalence of advanced colorectal
JASN 30: 1061–1072, 2019
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neoplasia between 3.1% in CKD stages 3–5 and 4.2% among
transplant recipients, with test sensitivity and test speciﬁcity of
FITof 75% and 80%, and the maximally acceptable half-width
of the 95% conﬁdence interval (95% CI) for the primary outcome speciﬁcity as 2.5%.
Statistical Analyses

Baseline demographic characteristics were analyzed using
standard methods, with continuous variables presented as
means with SD or medians (interquartile range), if not normally distributed and binary variables reported as percentages.
Differences between CKD stages were determined by chisquared test or ANOVA where appropriate. Test sensitivity,
speciﬁcity, and positive and negative predictive values were
expressed as proportions and their 95% CIs were constructed
using binomial distribution to reach an exact estimate. Post hoc
analyses of the subgroups were conducted to account for possible differences in age, sex, and use and nonuse of antiplatelet
agents or anticoagulants in the test performance characteristics of FIT. To compare the test sensitivity and speciﬁcity between subgroups (CKD stage, age group, use and nonuse of
anticoagulants and antiplatelets), two-sample tests for binomial proportions were used to compute the exact P values and
the conﬁdence intervals. Sensitivity analyses (best and worst
case scenarios) were conducted to determine whether the test
performance characteristics would be affected by veriﬁcation
biases because of missing data on those that did not complete
the 2-year follow-up. For the best case scenario, we assumed all
nonveriﬁed cases did not have advanced colorectal neoplasia.
For the worst case scenario, all nonveriﬁed cases were
assumed to have advanced colorectal neoplasia. Additional
analyses were also conducted for the assessment of the test
performance characteristics of colorectal cancers (excluding
colorectal adenomas). All analyses were undertaken using SAS
(version 9.4; SAS Institute Inc., Cary, NC). P values ,0.05 in
two-tailed testing were considered statistically signiﬁcant.

RESULTS

A total of 2988 patients with CKD were screened for study
eligibility. Of these, 2167 (72.5%) were eligible and 1707
(78.8%) completed FIT. One withdrew consent after screening,
leaving 1706 in the ﬁnal analyses. A total of 460 (21.2%) eligible
patients did not undergo screening because of death, refusal,
or medical reasons including hospitalization after screening
kits were given (Figure 1). Compared with nonparticipants,
participants were older (mean age of 58.7 versus 56.2 years;
P,0.001), more likely to be white (71.2% versus 43.0%;
P,0.001), had received tertiary education (56.1% versus
55.8%; P=0.03), were engaged in full-time or part-time employment (12.7% versus 5.7%; P,0.001), had a prior cancer
diagnosis (20.6% versus 10.7%; P,0.001), had diabetes mellitus (34.0% versus 32.2%; P,0.001), had cardiovascular disease (23.3% versus 18.7%; P,0.001), were less likely to have
Bowel Cancer Screening in CKD
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Patients assessed for eligibility
(n = 2988)

Ineligible (n = 821)
Colonoscopy within 2 years (n = 406)
Recent screening last 12 months (n = 141)
First degree relatives (n = 61)
Medical reasons (n = 83)
Personal history (n = 74)
Current active bleeding (n = 24)
Inflammatory bowl disease (n = 29)
Pregnant (n = 3)

Patients who had received the FIT kits
(n = 2167)
Reasons for non-completion (n = 460, 21,2%)
Medical (n = 46)
Deceased (n = 8)
Others (n = 57)
Uncontactable (n = 42)
Refused to complete (n = 307)

Completed FIT kits
(n = 1707)

Withdrew consent = 1

Included in the analyses
(n = 1706)

FIT negative
(n = 1337, 78.4%)
CKD stages III – V (n = 643, 81.3%)
Dialysis (n = 308, 73.3%)
Transplant (n = 386, 77.7%)

FIT positive
(n = 369, 21.6%)
CKD stages III – V (n = 148, 18.7%)
Dialysis (n = 110, 26.3%)
Transplant (n = 111, 22.3%)

Received work-up colonoscopy
(n = 323, 87.5%)

Lost to follow-up
(n = 42, 3.2%)
Died
(n = 69, 5.2%)

Clinical Follow-up
(n = 1226, 91.6%)

Advanced neoplasia
(n = 12)

Lost to follow-up
(n = 14, 4.3%)
Died
(n = 9, 2.8%)

Lost to follow-up
(n = 15, 32.6%)
Died
(n = 4, 7.4%)

Clinical Follow-up
(n = 27, 58.7%)

Clinical Follow-up
(n = 300, 92.9%)

Advanced neoplasia
(n = 1)

Did not receive work-up
colonoscopy
(n = 46, 12.5%)

Advanced neoplasia
(n = 103)

Advanced neoplasia
(n = 1)

Figure 1. Study ﬂow.
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cerebrovascular disease (6.6% versus 7.8%; P,0.001), and were
less likely to be on dialysis (24.5% versus 31.5%; P,0.001).
There were no signiﬁcant differences in sex, marital status,
obesity or other comorbidities (including hypertension and
dyslipidemia) between participants and nonparticipants.

(n=46, 44.7%), followed by cecum (n=27, 26.2%) and the
ascending colon (n=16, 15.5%). The overall detection rates
of advanced colorectal neoplasia for participants aged ,50
years and $50 years were 2.3% (95% CI, 1.1% to 4.5%) and
7.2% (95% CI, 5.7% to 8.6%), respectively.

Baseline Characteristics

Adverse Effects and Harms

Of the 1706 participants, 791 (46.4%) were CKD stages 3–5, 418
(24.5%) were on dialysis, and 497 (29.1%) were kidney transplant recipients (Table 1). Overall, 1032 (60.5%) were men,
with a median age of 59.9 years. The majority were white
(71.2%); 63.7% had at least one of the comorbidities diabetes
mellitus, cardiovascular disease, and cerebrovascular disease;
20.6% had a history of prior cancer (skin and nonskin cancers);
and 52.5% were either ex- or current smokers. Of the 418
patients on dialysis, 69.9% were on hemodialysis, and 62.2%
of all kidney transplant recipients (309 out of 497) had received
deceased donor organs. The majority of kidney transplant recipients were maintained on prednisone (90.7%), tacrolimus
(61.4%), and mycophenolate mofetil (77.1%).

Major colonoscopy-related complications occurred in ﬁve
(1.5%) participants: postpolypectomy bleeding requiring arterial
embolization in two participants, peritonitis in two participants,
and large bowel perforation in one participant (Table 3). Of
these, 40% (n=2) occurred in patients on dialysis. No signiﬁcant metabolic and/or electrolyte disturbances were observed,
and no AKI related to the bowel preparation were documented.
No participant died as a consequence of the screening program.
Clinical Follow-Up

Of the 323 participants who tested positive and received colonoscopy, 223 (69.0%) had colorectal polyps (CKD stages 3–5:
n=95, 42.6%; dialysis: n=66, 29.6%; and transplant: n=62,
27.8%) (Table 2). On average, two colorectal polyps were
found per patient. The average size of the largest polyp was
5.8 (SD 4.3) mm in diameter and did not differ by CKD stage
(P=0.09). Approximately 70% of all participants with polyps had
neoplastic lesions. The distribution of the neoplastic lesions by
type was as follows: tubular adenomas (n=149, 66.8%), tubulovillous adenomas (n=62, 27.8%), sessile serrated adenomas/
polyps (n=10, 4.5%), and villous adenomas (n=3, 1.3%).

A total of 1553 (91.0%) participants completed the 2-year
clinical follow-up (82 [4.8%] died and 71 [4.2%] were lost)
(Figure 2). A total of 359 participants (23.1%) received bowel
examinations during the follow-up period. Among those with
positive FIT screens at baseline (n=78), 14 (17.9%) participants had repeat FIT as part of the bowel cancer screening
programs, 18 (23.1%) participants experienced symptoms
(such as change in bowel motions) and underwent diagnostic
colonoscopies, 38 (48.7%) participants underwent endoscopic mucosal resection as a second procedure to remove
the large superﬁcial spreading adenomas diagnosed at baseline, and eight participants (10.2%) did not provide reasons
for the bowel examinations. Among those with negative FIT
screens at baseline (n=281), 90 (32.0%) received repeat FIT as
part of the bowel cancer screening programs in Australia and
Spain, 78 (27.8%) self-funded their annual FITscreens, and 95
(33.8%) participants had bowel symptoms and underwent
colonoscopies. Eighteen participants (6.4%) did not provide
reasons for the bowel examinations.
During clinical follow-up, advanced colorectal neoplasia
were identiﬁed in 12 patients who had colonoscopies but did
not receive FIT. Of those with positive FIT (n=35, 17.8%) at
follow-up, 24 (68.6%) had work-up colonoscopies and advanced colorectal neoplasia was found in one patient. Of those
with negative FITat follow-up, 21 (13.7%) participants received
colonoscopies and a single advanced neoplasia was identiﬁed.

Detection of Advanced Colorectal Neoplasia

Test Performance Characteristics of FIT

Seven colorectal cancers (CKD stages 3–5: n=2, 2.1%; dialysis:
n=3, 4.5%; and transplant: n=2, 3.2%) and 96 advanced colorectal adenomas (CKD stages 3–5: n=42, 44.2%; dialysis:
n=28, 40.9%; and transplant: n=26, 41.9%) were detected
(Table 2). The overall detection rate of advanced colorectal
neoplasia in CKD was 6.0% (95% CI, 5.0% to 7.2%) (CKD
stages 3–5: n=44, 5.6% [95% CI, 4.2% to 7.4%]; dialysis:
n=31, 7.4% [95% CI, 5.1% to 10.1%]; and transplant: n=28,
5.6% [95% CI, 3.9% to 8.1%]). These advanced colorectal
neoplasia were most commonly located in the sigmoid colon

The overall test sensitivity, speciﬁcity, and positive and negative
predictive values of FIT for advanced colorectal neoplasia were
0.90 (95% CI, 0.84 to 0.95), 0.83 (95% CI, 0.81 to 0.85), 0.30
(95% CI, 0.25 to 0.35), and 0.99 (95% CI, 0.98 to 1.0),
respectively (Figure 3). The test sensitivity did not differ by
CKD stage (CKD stages 3–5 versus dialysis P=0.69; CKD
stages 3–5 versus transplant P=0.15; dialysis versus transplant
P=0.76), use and nonuse of antiplatelets (P=0.76) or anticoagulants (P=0.39), or age group (,50 versus $50 years)
(P=0.97). However, there were differences in test speciﬁcity

Test Positivity Rate

All participants with positive FIT (369/1706, 21.6%) were invited to undergo colonoscopy. Forty-six of these participants
declined for medical reasons, with 323 (87.5%) proceeding to
colonoscopy. The median time between FIT results and colonoscopy was 2.7 months (interquartile range, 2.0 months). A
total of 32 (9.9%) participants had inadequate/poor bowel
preparation at initial work-up colonoscopy, but all underwent
repeat examination.
Characteristics of Colorectal Polyps

JASN 30: 1061–1072, 2019
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Table 1. Baseline characteristics of the study participants (n=1706)
Characteristics
Age, yr
35–49
50–64
$65
Sex
Women
Men
Race or ethnic groups
White
Asian
Middle eastern
Aboriginal/Torres Strait Islander/
Maori/Paciﬁc Islanders
Other
Education level
High school graduate or less
College/university
Unknown
Marital status
Single
Married/partnered
Divorced/separated
Unknown
Smoking status
Current
Ex-smoker
Never
Unknown
Diabetes mellitus
Yes
No
Cardiovascular disease
Yes
No
Cerebrovascular disease
Yes
No
Body mass index, kg/m2
,20
20–25
25–30
.30
Unknown
Prior cancer
Yes
No
Prior lower gastrointestinal
endoscopy
Yes
No
Unknown
Daily use of antiplatelet agents
Yes
No
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CKD Stages 3–5
(n=791, 46.4%)

Dialysis
(n=418, 24.5%)

Transplant
(n=497, 29.1%)

All
(n=1706)

116 (14.7)
278 (35.1)
397 (50.2)

85 (20.3)
228 (54.5)
105 (25.1)

184 (37.0)
240 (48.3)
73 (14.7)

385 (22.6)
746 (43.7)
575 (33.7)

337 (42.6)
454 (57.4)

153 (36.6)
265 (63.4)

184 (37.0)
313 (63.0)

674 (39.5)
1032 (60.5)

547 (69.2)
81 (10.2)
30 (3.8)
18 (2.3)

277 (66.3)
60 (14.4)
16 (3.8)
22 (5.3)

390 (78.5)
44 (8.9)
18 (3.6)
13 (2.6)

1214 (71.2)
185 (10.8)
64 (3.8)
53 (3.1)

115 (14.5)

43 (10.3)

32 (6.4)

190 (11.1)

318 (40.2)
458 (57.9)
15 (1.9)

161 (38.5)
245 (58.6)
12 (2.9)

240 (48.3)
250 (50.3)
7 (1.4)

719 (42.1)
953 (55.9)
34 (2.0)

64 (8.1)
567 (71.7)
157 (19.8)
3 (0.4)

62 (14.8)
279 (66.7)
74 (17.7)
3 (0.7)

74 (14.9)
372 (74.8)
48 (9.7)
3 (0.6)

200 (11.7)
1218 (71.4)
279 (16.4)
9 (0.5)

83 (10.5)
357 (45.1)
341 (43.1)
10 (1.3)

26 (6.2)
198 (47.4)
187 (44.7)
7 (1.7)

18 (3.6)
215 (43.3)
256 (51.5)
8 (1.6)

127 (7.4)
770 (45.1)
784 (46.0)
25 (1.5)

320 (40.5)
471 (59.5)

151 (36.1)
267 (63.9)

109 (21.9)
388 (78.1)

580 (34.0)
1126 (66.0)

209 (26.4)
582 (73.6)

113 (27.0)
305 (73.0)

73 (14.7)
424 (85.3)

395 (23.2)
1311 (76.8)

58 (7.3)
733 (92.7)

30 (7.2)
388 (92.8)

24 (4.8)
473 (95.2)

112 (6.6)
1594 (93.4)

20 (2.5)
155 (19.6)
281 (35.5)
302 (38.2)
33 (4.2)

33 (7.9)
126 (30.1)
127 (30.4)
110 (26.3)
22 (5.3)

18 (3.6)
157 (31.6)
181 (36.4)
123 (24.7)
18 (3.6)

71 (4.2)
438 (25.7)
589 (34.5)
535 (31.4)
73 (4.3)

149 (18.8)
642 (81.2)

83 (19.9)
335 (80.1)

119 (23.9)
378 (76.1)

351 (20.6)
1355 (79.4)

281 (35.5)
505 (63.8)
5 (0.6)

112 (26.8)
306 (73.2)
0

134 (27.0)
362 (72.8)
1 (0.2)

527 (30.9)
1173 (68.8)
6 (0.4)

241 (30.5)
550 (69.5)

148 (35.4)
270 (64.6)

137 (25.6)
360 (72.4)

526 (30.8)
1180 (69.2)
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Table 1. Continued
Characteristics
Daily use of anticoagulation
Yes
No
Types of dialysis
Hemodialysis
Peritoneal dialysis
Donor types
Deceased
Living
Daily immunosuppression use
Prednisone
Azathioprine
Mycophenolate mofetil
Tacrolimus
Cyclosporine
Regular use of erythropoiesisstimulating agents
Yes
No

CKD Stages 3–5
(n=791, 46.4%)

Dialysis
(n=418, 24.5%)

Transplant
(n=497, 29.1%)

All
(n=1706)

67 (8.5)
724 (91.5)

65 (15.6)
353 (84.4)

26 (5.2)
471 (94.8)

158 (9.3)
1548 (90.7)

—
—

291 (69.6)
127 (30.4)

—
—

291 (69.6)
127 (30.4)

—
—

—
—

309 (62.2)
188 (37.8)

309 (62.2)
188 (37.8)

40 (5.1)
9 (1.1)
9 (1.1)
1 (0.1)
5 (0.6)

29 (6.9)
4 (1.0)
3 (0.7)
3 (0.7)
1 (0.2)

451 (90.7)
52 (10.5)
383 (77.1)
305 (61.4)
105 (21.1)

520 (30.5)
65 (3.8)
395 (23.2)
309 (18.1)
111 (6.5)

38 (4.8)
753 (95.2)

203 (48.6)
215 (51.4)

31 (6.2)
466 (93.8)

272 (15.9)
1434 (84.1)

All data are displayed as n (%). —, not applicable.

between regular use and nonuse of anticoagulants (P,0.001)
and antiplatelet agents (P=0.002), and participants on dialysis
(versus those with CKD stages 3–5; P=0.003).

For colorectal cancer (excluding advanced colorectal adenoma), the overall test sensitivity, speciﬁcity, and positive and
negative predictive values FIT were 1.0 (95% CI, 0.59 to 1.0),

Table 2. Characteristics of colonic polyps in screen positive participants who underwent work-up colonoscopy (n=223)
Characteristics

All

CKD Stages 3–5

Dialysis

Transplant

P Valuea

Participants with polyps
Polyps per patientb
1 polyp
2–3 polyps
.3 polyps
Location of the largest polyp
Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon/rectum
Other
Size of the largest polyp, mm
,5
5–10
.10
Neoplastic lesionsc
Tubulovillous adenomas
Tubular adenomas
Villous adenomas
Sessile serrated adenomas/polyps
Non-neoplastic lesionsc
Inﬂammatory polyps
Hyperplastic/others
Advanced neoplasiab
Colorectal cancers

223 (100)

95 (42.6)

66 (29.6)

62 (27.8)

0.03

83 (37.2)
90 (40.4)
50 (22.4)

34 (35.8)
38 (40.0)
23 (24.2)

17 (25.8)
29 (43.9)
20 (30.3)

32 (51.6)
23 (37.1)
7 (11.3)

0.01
0.7
0.03

36 (16.1)
35 (15.7)
33 (14.8)
22 (9.9)
95 (42.6)
2 (0.9)

23 (24.2)
18 (18.9)
9 (9.5)
7 (7.4)
37 (38.9)
1 (1.1)

4 (6.1)
11 (16.7)
17 (25.8)
9 (13.6)
24 (36.4)
1 (1.5)

9 (14.5)
6 (9.7)
7 (11.3)
6 (9.7)
34 (54.8)
0

0.01
0.3
0.01
0.4
0.07
0.6

40 (17.9)
124 (55.6)
59 (26.5)

17 (17.9)
53 (55.8)
25 (26.3)

10 (15.2)
39 (59.1)
17 (25.8)

13 (21.0)
32 (51.6)
17 (27.4)

0.7
0.7
0.9

62 (27.8)
149 (66.8)
3 (1.3)
10 (4.5)

30 (31.6)
62 (65.3)
2 (2.1)
6 (6.3)

16 (24.2)
46 (69.7)
0
1 (1.5)

16 (25.8)
41 (66.1)
1 (1.6)
3 (4.8)

0.5
0.8
0.5
0.6

7 (3.1)
44 (19.7)
103 (46.1)
7 (3.1)

1 (1.1)
16 (16.8)
44 (46.3)
2 (2.1)

3 (4.5)
18 (27.3)
31 (47.0)
3 (4.5)

3 (4.8)
10 (16.1)
28 (45.2)
2 (3.2)

0.3
0.5
0.9
0.7

a

P values are on the basis of chi-square analyses for comparison between the three groups (CKD stages) in each row.
Advanced colorectal neoplasia was deﬁned as any colorectal adenoma with at least one of the following features: $1 cm in size, villous component ($25%) or highgrade dysplasia; or any serrated lesion $1 cm in diameter, or with dysplastic component; or any invasive colorectal cancer.
c
Participants can have more than one of the neoplastic and non-neoplastic lesions.
b
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Table 3. Complications associated with work-up colonoscopies
Complications
Anesthetic complications
Aspiration
Minor intraprocedural bleed
Minor postprocedural bleed
Major postprocedural bleed requiring hospital admission
Inadequate bowel preparation requiring repeat colonoscopies
Perforation
Peritonitis

0.79 (95% CI, 0.77 to 0.81), 0.02 (95% CI, 0.01 to 0.04), and 1.0
(95% CI, 0.99 to 1.0), respectively.
Sensitivity Analyses

Under the worst case scenario, test sensitivity of FITreduced to
0.50 (95% CI, 0.44 to 0.56), but no difference in speciﬁcity was
observed (0.83; 95% CI, 0.81 to 0.85). In the best case scenario,
the test performance characteristics of FIT remained largely
unchanged (Tables 4 and 5).
DISCUSSION

This multinational prospective study in patients across the
spectrum of CKD demonstrated a very high screen positivity

rate of 21.6%, approximately four times
higher than in the general population.24,25
Total, n (%), n=323
The participation rate was also high (79%),
6 (1.9)
although patients on dialysis were less
2 (0.6)
likely to participate compared with trans6 (1.9)
26 (8.0)
plant recipients and those with earlier stage
2 (0.6)
CKD. The detection rate of advanced colo32 (9.9)
rectal neoplasia after FIT was 6.0% and was
1 (0.3)
consistent across all stages of CKD. The
2 (0.6)
overall test sensitivity and speciﬁcity estimates were favorable (over 90% and 80%,
respectively), with a negative predictive value of 99%. Although
the test sensitivity did not differ by subgroups, regular use of
antiplatelet agents and anticoagulants and dialysis appeared to
give higher false-positive rates compared with nonuse of antiplatelet agents and anticoagulants and CKD stages 3–5.
Patients with kidney disease are expected to receive routine
colorectal cancer screening,26 but data on the screening patterns, harms, and efﬁciency of colorectal screening across the
spectrum of CKD stages are lacking. There are concerns about
the higher risk of gastrointestinal bleeding from uremic platelets and anticoagulation use, and its effect on the frequency of
false-positive results, as well as potential adverse renal and
metabolic effects such as dehydration, volume depletion, hypernatremia, and hyperphosphatemia associated with the

Clinical follow-up (n = 1553)

Reasons for bowel investigations (FIT negative
at baseline)
National Bowel screening program n = 90
Self-funded screening = n = 78
Symptoms n = 95
Did not provide reasons n = 18

Bowel investigations
(n = 359, 23.1%)
FIT positive at baseline
(n = 78, 21.7%)
FIT negative at baseline
(n = 281, 78.3%)

Reasons for bowel investigations (FIT positive
at baseline)
National Bowel screening program n = 14
Symptoms n = 18
Did not provide reasons n = 8
Endoscopic mucosal resection = 38

Colonoscopy during follow-up
(n = 162, 45.1%)
(FIT negative at baseline n = 98
FIT positive at baseline n = 64)

FIT during follow-up
(n = 197, 54.9%)
(FIT negative at baseline n = 183
FIT positive at baseline n = 14)

FIT positive
(n = 35, 17.8%)

FIT negative
(n = 153, 77.7%)

Indeterminant
(n = 9, 4.6%)

Diagnostic
Colonoscopy
(n = 24, 68.6%)

Diagnostic
Colonoscopy
(n = 21, 13.7%)

Diagnostic
Colonoscopy
(n = 3, 33.3%)

Advanced neoplasia
(n = 1)

Advanced neoplasia
(n = 1)

Advanced neoplasia
(n = 0)

Diagnostic
colonoscopy
(n = 124, 76.5%)

Endoscopic
mucosal
resection
(n = 38, 23.4%)

Advanced neoplasia
(n = 12)

Figure 2. Two-year clinical follow-up.
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Group

TP

TN

All

105

1213 246

FP

FN

Sensitivity (95% Cl)

Specificity (95% Cl)

PPV (95% Cl)

NPV (95% Cl)

12

0.90 (0.84 - 0.95)

0.83 (0.81 - 0.85)

Sensitivity (95% Cl)

Specificity (95% Cl)

0.30 (0.25 - 0.35)

0.99 (0.98 - 1.00)

PPV (95% Cl)

92
74
80

8
3
1

0.85 (0.76 - 0.95)
0.91 (0.76 - 0.98)
0.97 (0.91 - 1.00)

0.86 (0.84 - 0.89)
0.79 (0.75 - 0.83)
0.82 (0.78 - 0.88)

0.33 (0.25 - 0.41)
0.30 (0.21 - 0.39)
0.26 (0.18 - 0.35)

0.99 (0.98 - 1.00)
0.99 (0.98 - 1.00)
1.00 (0.99 - 1.00)

CKD Stage
CKD 3-5
Dialysis
Transplant

46
31
28

Anticoagulants
Yes
No

10
95

90 33
1123 213

0
12

1.00 (0.69 - 1.00)
0.89 (0.81 - 0.94)

0.73 (0.65 - 0.81)
0.84 (0.81 - 0.86)

0.23 (0.10 - 0.36)
0.31 (0.26 - 0.36)

1.00 (0.95 - 1.00)
0.99 (0.98 - 1.00)

Antiplatelets
Yes
No

45
60

332 95
881 151

4
8

0.92 (0.84 - 0.99)
0.88 (0.81 - 0.96)

0.78 (0.74 - 0.82)
0.85 (0.83 - 0.87)

0.32 (0.24 - 0.39)
0.28 (0.22 - 0.35)

0.99 (0.99 - 1.00)
0.99 (0.98 - 1.00)

Age
Age < 50
Age ≥ 50

10
95

309 49
904 197

1
11

0.91 (0.74 - 1.00)
0.90 (0.84 - 0.95)

0.86 (0.82 - 0.90)
0.82 (0.80 - 0.84)

0.17 (0.07 - 0.27)
0.33 (0.27 - 0.38)

1.00 (0.99 - 1.00)
0.99 (0.98 - 1.00)

577
279
357

0.0

0.2

0.4

0.6

0.8

1.0

0.0

0.2

0.4

0.6

0.8

1.0
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0.0

0.2

0.4

0.6

NPV (95% Cl)

0.8

1.0

0.0

0.2

0.4

0.6

0.8

1.0

*TP – true positives, TN – true negatives, FP – false positives, FN – false negatives, PPV – positive predictive values, NPV – negative predictive values

Figure 3. Test performance characteristics of fecal immunochemical test for advanced colorectal neoplasia stratiﬁed by CKD stage,
age, and medication use. FN, false negative; FP, false positive; NPV, negative predictive value; PPV, positive predictive value; TN, true
negative; TP, true positive.

bowel preparation.12 This study has provided reliable evidence
suggesting FIT is an accurate screening tool for advanced
colorectal neoplasia in patients with CKD, but the major
complication rates associated with work-up colonoscopies
performed consequent to a positive FIT were at least tenfold higher compared with the incidence of colonic perforation and major bleeding reported in the general population.27
This is an important consideration for patients on dialysis and
those on regular dosage of anticoagulants and antiplatelet
agents, given the slightly higher false-positive and complication rates observed in these participants. False-positive tests
may lead to unnecessary invasive tests and unintended
psychologic harm, including anxiety and fear associated
with the work-up colonoscopies.
Using a threshold hemoglobin concentration cut-off value of
10 mg/g of stool, the pooled test sensitivities and speciﬁcities
of one-time FIT in the general population were reported to
be approximately 89% and 90%, respectively, for the detection of colorectal cancer in a recent systematic review and
meta-analysis.28 Our study ﬁndings are reassuring, suggesting
the false-positive and false-negative rates in the overall CKD
setting are comparable to the general population. Although the
risk of harms associated with the work-up colonoscopies may be
higher than in the general population, clinicians and patients
should be mindful that a positive FIT screen should not be ignored and further investigations are required to delineate important and precancerous pathologies. On the contrary, a negative
test may potentially rule out a diagnosis of colorectal cancer.
The high positive predictive values (around 30%) and detection rates for premalignant advanced colorectal neoplasia

in the CKD population warrants consideration as a cancercontrol strategy. The World Health Organization (WHO)
stated objective of mass screening for advanced colorectal neoplasia is to detect 50 prevalent cases among 10,000 people aged
.50 years.29 The present ﬁndings have exceeded this goal (estimated 310 prevalent cases per 10,000 people aged .50 years
and 130 prevalent cases per 10,000 people aged between 35
and 49 years), highlighting the efﬁciency of FIT in CKD in
comparison with the general population. Although the detection rate was lower among younger participants, our ﬁndings
suggest that screening on the basis of presence of CKD in 34to 49-year-olds may be considered, because the estimated
prevalence in this study was similar to the WHO recommendations for people aged .50 years.
The decision to screen in patients with chronic illness such as
those with CKD is complex. Many have advocated against routine screening because of the lack of beneﬁts from the reduced
life expectancy.2 Others have refuted and suggested early detection for cancer should be considered as part of standard
clinical care because of the higher incidence of certain types
of cancer in those with chronic illnesses such as
kidney disease.30 Screening decisions should therefore be a
shared-informed process,31 and involves bidirectional ﬂow of
information about the cost-beneﬁts of the screening services,
potential harms, and elucidation of patients’ preferences, priorities, and values. Our prior modeling analyses and qualitative
work have indicated the test performance characteristics of the
screening tool (i.e., FIT) is a key determinant of the cost-beneﬁt
ratio of routine screening in this population,32 and have identiﬁed the fear and anxiety of a positive test and the invasiveness

Table 4. Best case scenario: assuming all nonveriﬁed cases did not have advanced colorectal neoplasms
Population

Test Sensitivity

Test Speciﬁcity

Positive Predictive Value

Negative Predictive Value

CKD stages 3–5
Dialysis
Transplant
All

0.85 (0.76–0.95)
0.90 (0.76–0.98)
0.97 (0.82–0.99)
0.89 (0.84–0.95)

0.86 (0.83–0.89)
0.79 (0.75–0.83)
0.82 (0.79–0.86)
0.83 (0.81–0.85)

0.31 (0.24–0.39)
0.27 (0.19–0.36)
0.25 (0.17–0.33)
0.28 (0.24–0.33)

0.98 (0.97–0.99)
0.99 (0.97–0.99)
0.99 (0.98–1.00)
0.99 (0.98–0.99)

Data are deﬁned as point estimate (95% CI).
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Table 5. Worst case scenario: assuming all nonveriﬁed cases had advanced colorectal neoplasms
Population

Test Sensitivity

Test Speciﬁcity

Positive Predictive Value

Negative Predictive Value

CKD stages 3–5
Dialysis
Transplant
All

0.46 (0.37–0.55)
0.57 (0.45–0.69)
0.52 (0.39–0.64)
0.50 (0.44–0.56)

0.86 (0.84–0.88)
0.75 (0.79–0.84)
0.82 (0.78–0.85)
0.83 (0.81–0.85)

0.38 (0.30–0.46)
0.33 (0.24–0.42)
0.28 (0.20–0.36)
0.33 (0.29–0.38)

0.90 (0.87–0.91)
0.91 (0.88–0.94)
0.92 (0.90–0.95)
0.90 (0.89–0.92)

Data are deﬁned as point estimate (95% CI).

of the work-up colonoscopies as key barriers to screening.33
Although our study was not designed to generate data regarding the marginal health beneﬁts associated with screening in
patients with reduced kidney function and comorbidities, it has
provided precise estimates of the test performance characteristics and potential harms to guide decision making.
To our knowledge, this is the largest diagnostic test accuracy
study of FIT screening for advanced colorectal neoplasm in
CKD, with sufﬁcient participation rates to provide precise estimates of the test performance of FITscreening. Our study was
conducted prospectively in 11 centers across four countries in a
routine screening setting. The study population is therefore
representative of the general CKD population and the results
are generalizable to diverse CKD groups. However, our study
has a number of potential limitations. First, direct comparisons
of harms and beneﬁts between screen and clinically detected
disease was not feasible within a similar timeframe, given the
delays in clinical diagnosis and infrequency of outcome. Second, selection bias may occur in any screening study as a limited
range of participants will consent to screening. Patients with
CKD may be more likely to elect to participate than those in the
general population, possibly because of their increased exposure to, and experience with, the health care system. Third, the
diagnostic test accuracy of the reference standard (colonoscopy) was assumed to be the same across centers but this may
vary with operator experience. We sought to limit this variability by using the same experienced and qualiﬁed colonoscopist within each participating site. It is also important to
note that this study was not powered to examine the differences
in test performance characteristics between subgroups. Caution should be taken when interpreting the ﬁndings of the post
hoc analyses. Finally, despite the low attrition rates, partial
veriﬁcation bias may still occur. Given the average time of
disease progression from adenoma to carcinoma takes approximately 5–10 years,34 the 2-year follow-up time may not
be sufﬁcient to rule out the presence of advanced colorectal
adenoma at baseline, leading to overestimation of the test sensitivity. However, progression from adenoma to carcinoma
may be hastened in the context of immunosuppression (as
in the case of kidney transplantation) and persistent inﬂammation associated with uremia.4 Performing work-up colonoscopies in all participants regardless of the index test results
may mitigate the issue of differential veriﬁcation bias, but it
would be unethical to conduct potentially harmful and unnecessary investigations in individuals who are at risk of serious complications. Nevertheless, to overcome this limitation,
1070
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performance characteristics of FIT to detect colorectal
cancer, a more robust indicator, have been reported separately.
In conclusion, a high detection rate of advanced colorectal
neoplasia is observed in patients with CKD. FITappears to be an
accurate screening test, such that a negative result may ultimately rule out the diagnosis of colorectal cancer (but not
advanced adenoma) during the ensuing 2 years, and a positive
result should necessitate colonoscopy to conﬁrm or exclude the
diagnosis of relevant and important colonic pathologies. Patients and clinicians should also be cognizant of the potential
harms associated with routine screening.
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