
Received: 2 December 2022 Revised: 14 April 2023 Accepted: 25 May 2023

DOI: 10.1002/cac2.12448

LETTER TO TH E EDITOR

A single measurement of fecal hemoglobin concentration
outperforms polygenic risk score in colorectal cancer risk
assessment

Dear Editors,
Large-scale genome-wide association studies have iden-

tified an increasing number of single nucleotide polymor-
phisms (SNPs) that are associated with colorectal cancer
(CRC) risk [1]. Polygenic risk scores (PRS) based on all
established SNPs enable clinically relevant risk assessment
that may help to develop novel risk-adapted prevention
and screening strategies.
Most CRCs develop slowly from advanced adenomas

(AAs). Biomarkers indicating the presence of such precur-
sorsmay be promising candidates for CRC risk assessment.
We compared a fecal immunochemical test (FIT) with
PRS for predicting the presence of preclinical CRC or
AA in participants undergoing screening colonoscopy in
Germany.
The analyses were based on the BliTz study, an ongo-

ing study on novel approaches to CRC screening con-
ducted among screening colonoscopy participants [2]. We
included participants recruited between November 2008
and January 2019. Stool samples were analyzed at a cen-
tral laboratory with a commercial FIT (see Supplementary
Methods for details) [3].
Genotyping was performed in all participants with

advanced neoplasms (advanced neoplasms [ANs], CRC
or AA) and a random sample of age- and sex-matched
participants without AN (Supplementary Methods). For
PRS, we considered 140 common risk variants that were
associated with higher CRC risk in the world’s largest
CRC genome-wide association studying populations of
European descent [1]. A weighted PRS was constructed,
accounting for the numbers of risk alleles and beta-
coefficients with CRC risk (Supplementary Table S1).

Abbreviations: AN, advanced neoplasia; AUC, area under the curve;
FIT, fecal immunochemical test; PRS, polygenic risk score; ROC,
receiver operating characteristics; CRC, colorectal cancer; SNP, single
nucleotide polymorphism.
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Colonoscopy and histology reports were used to extract
information on the colonoscopy findings. Most advanced
colonoscopic findings were classified into CRC, AA, non-
advanced adenoma (NAA), and other/no findings. We
assessed the ability of FIT and PRS to predict the pres-
ence of AN using receiver operating characteristics (ROC)
curves. Areas under the curves (AUCs) were compared by
DeLong’s test [4] (Supplementary Methods).
Of 5,368 participants with FIT and genotyping results,

2,343 were excluded because of age (< 50 or ≥ 80 years,
n = 190), history of CRC or inflammatory bowel dis-
ease (n = 43), colonoscopy in the previous 5 years (n =

359), inadequate bowel preparation (n = 535), incomplete
colonoscopy (n = 39), only NAA (n = 1,010) or undefined
polyp(s) found (n = 167) (Supplementary Figure S1). In
sensitivity analyses, participants with NAAs only, whose
relevancewith respect to CRC risk is less certain, were kept
in the group of participants not carrying AAs. Among par-
ticipantswithAN (n= 523), themean agewas 63 years, 61%
were men, 13% had a family history of CRC, and 22% had
a previous colonoscopy. Of the 2,502 participants without
neoplasm, themean age was 61 years, 44%weremales, 12%
had a family history, and 34% had a previous colonoscopy.
FIT distinguished between participants with CRC and

healthy participants with high accuracy (AUC = 0.982, P
< 0.001) (Figure 1A). Despite a lower AUC for AA (0.703,
Figure 1B), FIT outperformed PRS (AUCs for CRC and AA
= 0.615 and 0.589, respectively, P < 0.001). Both FIT and
PRS hardly discriminated between participants with NAA
and those with no findings (AUCs 0.555 each, P = 0.960,
Figure 1C). ROC curves for any AN vs. no neoplasms indi-
cated the superiority of FIT over PRS (Figure 1D,AUC0.721
vs. 0.591, P < 0.001). Combining both tests did not sig-
nificantly improve AUCs for AN compared to FIT alone
(0.742 vs. 0.721, P = 0.258). FIT was superior to PRS in
younger (50-59 years) and older (60-79 years) participants
(Figure 1E-F, difference inAUCs [ΔAUC]= 0.110 and 0.141,
P = 0.001 and < 0.001, respectively), men and women
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F IGURE 1 ROC curves, AUCs and p values for the difference in AUCs between fecal immunochemical test (FOB Gold) and weighted
polygenic risk score for prediction of colorectal neoplasia, for colorectal cancer (A), advanced adenoma (B), non-advanced adenoma (C), any
advanced neoplasm (D), and for any advanced neoplasia in subgroups stratified by age 50 - 59 years (E) and 60 - 79 years (F), male (G),
female (H), presence (I) or absence (J) of family history of CRC, and with (K) or without (L) a history of colonoscopy.
Abbreviations: AUC, area under the curve; FIT, fecal immunochemical test; PRS, polygenic risk score; ROC, receiver operating
characteristics. P values for comparison of AUCs for detection of any advanced neoplasm were 0.258 (FIT+PRS vs. FIT), <0.001 (FIT vs. PRS),
and <0.001 (FIT+PRS combined vs. PRS).
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(Figure 1G-H, ΔAUC = 0.127 and 0.118, P < 0.001 and P <
0.001, respectively). Furthermore, FIT outperformed PRS
in participants with and without a family history of CRC
(Figure 1I-J, ΔAUC = 0.186 and 0.120, P = 0.004 and P <
0.001, respectively), and those with and without previous
colonoscopy (Figure 1K-L, ΔAUC = 0.091 and 0.144, P =
0.030 and P < 0.001, respectively). Including participants
with only NAAs in the group without AN did not change
the results materially (AUC FIT: 0.710, AUC PRS: 0.574, P
< 0.001) (data not shown).
In this study, FIT, a well-established strong indicator

for estimating CRC risk, consistently outperformed PRS
in predicting the presence of AN across both sexes, older
and younger participants, those with and without a family
history and those with and without previous colonoscopy.
FIT is widely employed as a dichotomous test for annual

or biennial CRC screening. Clearly, positive FIT results
need to be timely followed up by colonoscopy. However,
as we demonstrated, in agreement with results for quanti-
tative FITs with a similarly wide analytical range [2], FIT
values below the cutoff (i.e., the vast majority) provide
important risk information that is essentially discarded
when using FIT as a dichotomous test. Such informa-
tion could be useful (even more so than risk information
from PRS) for deciding on future screening by either
colonoscopy or FIT or for defining personalized screen-
ing intervals such as one year for “high-negative FIT
results” (e.g., 10-15 µg/g) and ≥2 years for “low-negative
FIT results” (e.g., 0-10 µg/g) [5]. For example, a quantita-
tive “risk assessment FIT” could be offered every five years,
with transition to annual or biennial FIT once a certain
hemoglobin concentration, such as 10 µg/g, is exceeded.
More refined approaches could be based on longitudinal
FIT measurements from repeat screening rounds [6]. The
shape of the ROC curves could help identify suitable cut-
offs for defining “high-negative” and “low-negative” FIT in
subgroups specified, e.g., by age or sex, using the Youden
index as an indicator.
FIT possesses further advantages over PRS in risk assess-

ment. It can be done in most standard laboratories and is
substantially cheaper than PRS. In the US, FIT costs∼$24-
40 [7, 8], whereas PRS was offered at ∼$200 in 2019 [9].
Genetic data are more sensitive than FIT data and require
consulting of screenees by qualified personnel for test
interpretation. However, unlike FIT, array-based genotyp-
ing could enable simultaneous risk assessment for various
diseases.
Comparing the one-time use of PRS and FIT has its

merits. First, the discovery of new SNPs might warrant
an updated PRS, and second, performing a single FIT
with subsequent risk-adapted screening intervals might
improve adherence rates to regular FIT screening.
The large sample size of our study enabled precise esti-

mation of AUCs even within subgroups. This study was

conducted in a screening setting, with a colonoscopy per-
formed in all participants. However, participants aged<50
years were not included because CRC screening is not
offered for them. Results might differ from other FITs and
PRSs. Our studywas restricted to a population of European
ancestry. Lastly, the risk of developing CRC could not be
directly determined. However, observed AUCs of PRS for
CRCwere comparable to those from large-scale cohort and
case-control studies with CRC endpoints[1, 10].
In conclusion, a single FIT outperformed PRS in risk

assessment for the presence of AN, a strong indicator
for those with a substantial risk of developing CRC in
the following years who would most likely benefit from
screening. Applying a quantitative FIT, paying atten-
tion to hemoglobin concentrations below the commonly
employed cutoffs, might be more informative, economical
and feasible for CRC risk assessment than genetic test-
ing with currently available PRS. Further research should
evaluate refined strategies of risk assessment for CRC
screening.
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