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Abstract

Objective: (1) To determine whether the prevalence of Gl cancer in adults presenting with
IDA is continuing to fall, and (2) to identify clinical variables with the potential to improve the

accuracy of an established system for predicting cancer risk in IDA - the IDIOM score.

Method: (1) An audit of 1253 consecutive adults to the IDA service of a single general hospital
in 2022/23, with analysis of outcome of investigation for Gl cancer, and the relationship
between this outcome a series of eight clinical variables. (2) Refinement of the IDIOM score

using an imputation method to combine the development and new predictor datasets.

Results: The prevalence of Gl cancer in those undergoing full investigation for IDA was 5.6%
(52/934). On univariate logistic regression analysis there were strong negative associations
between Gl cancer risk and (a) previous colonic imaging within the last five years (OR 0.31,
95% Cl 0.08-0.87), and (b) long-term exposure to PPl therapy (OR 0.18, 95% CI 0.09-0.34).
Model extension analysis suggested that adding PPl exposure status could improve the

accuracy of the IDIOM score : c-statistic - 0.84 v 0.77, calibration slope - 1.01 v 1.05.

Conclusion: The prevalence of Gl cancer in adults presenting with IDA continues to fall,
strengthening the case for risk stratification and targeting of invasive investigation at those
at higher risk. Adding PPl exposure status may improve the value of the IDIOM score, though

this requires confirmation in prospective studies.



Key messages

What is already known on this topic
The prevalence of underlying Gl cancer in subjects presenting with IDA has been gradually
falling over the last 20 years. Age, sex, Hb and MCV are independent predictors of Gl cancer

risk in the IDA cohort.

What this study adds
The prevalence of underlying Gl cancer in subjects with IDA continues to fall, and is very low
in those with colonic imaging within the previous 5 years. Long-term PPI therapy is strongly

associated with a low Gl cancer risk, and may be additional independent predictor.

How this study might affect research, practice or policy
The falling cancer prevalence in the IDA cohort strengthens the argument for risk
stratification. Prospective studies are required to determine the place of long-term PPI

therapy as an indicator of cancer risk.



Introduction

Iron deficiency anaemia (IDA) is the consequence of impaired bone marrow production of
erythrocytes due to depletion of body iron stores. It is a major global healthcare issue, with
multiple causes primarily relating to reduced assimilation and / or enhanced loss of iron 2.
Around 30% of adult males and non-menstruating females presenting with IDA in the UK
prove on investigation to have an underlying mucosal lesion due to inflammatory, vascular or
neoplastic pathology in the upper or lower gastrointestinal (Gl) tract, which share the

common final pathway of chronic Gl blood loss *-°.

Gl cancer however is by far the most significant cause °. It is estimated from population
studies in the UK that anaemia with a haemoglobin concentration of less than 100 g/I (of
which iron deficiency is the commonest cause) carries a likelihood ratio for underlying
colorectal cancer of greater than 10 °. In historical case-series, about 10% of IDA referrals to
secondary care prove to have underlying Gl malignancy 34, though whilst referral numbers
have risen over the last 20 years, increasing demand on hard-pressed investigation services,

the percentage with cancer has gradually fallen 7.

A rising referral rate and falling cancer prevalence strengthen the case for risk stratification
of IDA referrals 8. The perfect risk stratification tool should be based on clinical parameters
that are objective and readily available for all subjects at low cost. It should provide complete
discrimination between those with cancer anywhere in the Gl tract, and those without. The
IDIOM (Iron Deficiency as an Indicator Of Malignancy) score is based on the observation that
four objective clinical variables - age, sex, Hb (haemoglobin concentration) and MCV (mean
red cell volume) - are independent predictors of Gl cancer risk in IDA %2, It is a validated

estimator of the likelihood of underlying Gl cancer in the individual case, giving the



percentage probability of GI malignancy ranging from <2% to >20%, with an area under the

receiver operated curve (AUROC) of 70 - 77% ° — leaving room for improvement.

The primary aim of the current study was to undertake an audit of the outcome of
investigation of serial referrals to a single IDA service, focussing particularly on the prevalence
and distribution of underlying GI cancer, to determine whether the percentage with
underlying cancer continues to fall. The secondary aim was a hypothesis-generating exercise,
to assess whether a further eight universally available clinical variables (detailed in the

Method section) might show potential for improving the IDIOM scoring system.



Method

Clinical aspects

Clinical information was recorded at the time of initial assessment for consecutive new adult
cases attending the IDA Clinic at Poole Hospital between 1.1.22 and 31.8.23. All had
documentary evidence of underlying iron deficiency, defined as a serum ferritin below the
lower limit of normal (30 ug/| for males, 13 ug/I for females) and / or a transferrin saturation

of < 15% °.

The data collected included information regarding the four variables contributing to the
original IDIOM score (sex, age, Hb and MCV) plus eight new variables. These eight were
selected on the grounds that they were universally available and relatively objective, with

reason for supposing that they might be markers of underlying Gl malignancy. They were :

Laboratory parameters (continuous variables) :
a. Platelet count — normal range : 150 — 400 x107/I

b. Mean cell haemoglobin concentration (MCHC) — normal range : 320 — 360 g/I

Clinical history (binary variables) of :

c. Unintentional weight loss of > % stone over the preceding year.

d. Colonic imaging in the last five years - colonoscopy or CT colonography - regardless of
indication, study quality or findings.

e. Hollow-organ Gl cancer in the index case or any first degree relative.

Pharmacological exposure (binary variables) regularly for 21 year to :
f.  Aspirin and/or a non-steroidal anti-inflammatory drug (NSAID)

g. A proton pump inhibitor (PPI)



h. An oral anticoagulant (OAC) — vitamin K antagonist or direct-acting.

The completeness and outcome of Gl investigation was subsequently recorded. Our standard
practice for confirmed IDA is to advise examination of the upper and lower Gl tract unless a

study of adequate quality has been done within two years.

Subjects were excluded from the analysis if they were unwilling or insufficiently fit to
complete appropriate investigation for IDA, if iron deficiency was not felt to be the major

cause of their anaemia, or if their clinical information dataset was incomplete.

Statistical aspects

The secondary aim of this analysis was to assess whether incorporating new predictors of Gl
cancer risk could improve the performance of a previously developed prediction model, the
IDIOM score. This original model was built using an entirely independent dataset, published

as IDIOM 111 ? - the development dataset.

As the new dataset reported here contained only 52 cases of Gl cancer, it wasn’t feasible to
evaluate the impact of all new variables on Gl cancer risk. So instead, we focused on one
clinical variable — exposure to proton pump inhibitor (PPI) therapy - as this showed by far the
strongest association with Gl cancer risk on univariate logistic regression (Table 2). It should
be stressed that we had no a priori hypothesis linking PPl therapy to the risk of finding Gl
cancer on investigation of IDA, so this part of the analysis should be regarded as exploratory

- and hypothesis-generating.

To extend the prediction model, we used the imputation method **. We combined the new
dataset and the development dataset to produce a prediction model containing the original

predictors of the IDIOM score plus PPI status. Since values for PPI status were systematically



missing from the development dataset, we used multiple imputation with chained equations
to impute missing PPl values ten times 2. In each of the completed datasets, we fitted a
logistic regression model and obtained an overall estimate of the regression coefficient using

Rubin’s rules - averaging the estimates across the ten completed datasets 3.

The combined dataset included 252 Gl cancer cases. Merging the two datasets was
appropriate, as there was no overlap in patient data between them. This approach allowed

us to leverage all available data to evaluate the effect of PPI status on Gl cancer risk.

We assessed the discrimination and calibration of the extended model. Discrimination refers
to the model’s ability to differentiate between patients with and without Gl cancer, measured
by the concordance statistic (c), which is equivalent to the area under the ROC curve in binary
logistic regression. A c-statistic of 0.5 indicates random chance, while a value of 1.0 represents
perfect discrimination. Calibration measures the agreement between predicted probabilities

and observed outcomes, assessed using the calibration slope, where an ideal value is 1.0.

As an audit of outcome involving the analysis of fully anonymised data with no interventional
element and using data collected as part of routine clinical practice, ethics approval was not

required. The STROBE guidelines were followed in the reporting of this study 4.

Results

A total of 1253 cases were assessed during the study period, although 239 were unwilling and
/ or insufficiently fit to complete full investigation for IDA, as defined in the Method section.
This relatively high figure reflects the recent trend towards referral of cases with greater
morbidity, and the degree of nosocomephobia that persists in the aftermath of the pandemic

- particularly in those with major co-morbidities. The wide range of co-morbidities



encountered included failure of one or more major organ, obesity, frailty and old age - often
in combination. The other reasons for exclusion were anaemia not felt to primarily reflect iron

deficiency (n=59), duplicate entries (n=17) and incomplete datasets (n=4).

Data for 934 investigated cases were therefore available for analysis, and descriptive statistics
for this cohort are shown in Table 1, along with baseline data for the 239 who were excluded
because investigation was incomplete. Of the 934, a total of 52 (5.6%) proved on investigation
to have an underlying malignant neoplasm in the upper (12) or lower (40) Gl tract. One case

with ileal adenocarcinoma was included in the lower Gl category for the purposes of analysis.

The crude prevalence of the eight candidate variables is shown in Table 2, along with the
results of univariate logistic regression analysis. A history of colonic examination in the
previous five years was significantly lower in those with Gl cancer (4/52 - 7.7%) than in those
without (186/882 —21.1%), giving an OR (odds ratio) of 0.31 (95% confidence interval : 0.08-
0.87). Put another way, only 4 of 190 (2.1%) of cases with prior colonic imaging had Gl cancer
— and three of these were in the upper Gl tract (2) or ileum (1), so would not have been
expected to be revealed by colonic imaging. The one colon cancer diagnosed was a small

lesion found 43 months after a colonoscopy of satisfactory quality.

Perhaps the most striking finding of this study was for exposure to long-term PPI therapy,
which was far higher in those without Gl cancer (69.7%) than in those with (28.8%) - giving
an OR of 0.18 (95% CI 0.09-0.34). The remaining variables assessed showed no more than
marginal differences between the study groups, with confidence intervals close to or crossing

unity (Table 2).



Table 1 Descriptive statistics for the full study cohort, broken down by the presence /

absence of underlying Gl cancer for those who were fully investigated (NA - information

not available).

Gl Investigation :

Complete (n=934)

Incomplete (n=239)

Gl cancer found :

No (n=882)

Yes (n=52)

NA

Age — median [IQR] yrs

71.1[61.0, 78.0]

78.3[72.9, 83.5]

74.5[58.5, 84.9]

Sex— F : M ratio 1.56 0.68 1.66
Hb — median [IQR] g/I 110 [99, 118] 94 [81, 109] 104 [93, 115]
MCV — median [IQR] fl 80 [75, 85] 78 (72, 84] 80 [74, 86]

Table 2 The crude prevalence of the eight candidate variables in the study cohort, broken

down by the presence / absence of underlying Gl cancer, with the results of univariate

logistic regression analysis.

Gl cancer? Logistic regression

No (882) Yes (52) OR 95% ClI P value
Platelets — median [IQR] x10%/I | 294 [237,356] | 312 [262,391] | 1.002 | 0.999, 1.004 143
MCHC - median [IQR] g/I 318 [311, 325] | 314 [306, 322] 0.978 0.959, 0.999 .032
Weight loss — n (%) 117 (13.3%) 12 (23.1%) 1.959 | 0.909, 3.948 .060
Prior colonic imaging — n (%) 186 (21.1%) 4 (7.7%) 0.312 | 0.081, 0.869 .019
PH/FH GI Cancer —n (%) 176 (20.0%) 10 (19.2%) 0.955 | 0.419, 1.983 .999
Aspirin/NSAID - n (%) 267 (30.3%) 9 (17.3%) 0.482 | 0.204,1.022 | .059
PPl —n (%) 615 (69.7%) 15 (28.8%) 0.176 | 0.088,0.336 | <0.001
OAC-n (%) 203 (23%) 16 (30.8%) 1.486 | 0.753,2.814 .237




As shown in Table 3, the updated model using the imputation method described retained the
same predictors as the original IDIOM model, with a higher c-statistic. It also had a calibration
slope closer to 1. Therefore - pending further studies - PPl exposure appears to be a promising

candidate for incorporation into the IDIOM scoring system.

Table 3 A comparison of IDIOM score coefficients, c-statistics and calibration slopes for the

original model versus the imputation model (** : p-value <0.01, *** : p-value<0.001)

Original model Imputation model

Intercept -1.84 *** -2.36 ***
Sex = male 0.94 *** 0.95 ***
Age 0.06 *** 0.07 ***
MCV -0.03 ** -0.03 **
Hb -0.03 *** -0.02 ***
PPI = yes - 1,84 **x*
c-statistic 0.77 0.84

Calibration slope 1.05 1.01




Discussion

This study confirms that the prevalence of underlying Gl cancer in the cohort of IDA referrals
to secondary care has continued to fall over the last 20 years, from a figure of around 10% 3*
710 5.6% in the current study. Whilst not designed to identify the cause, the reasons are likely
to include a greater proportion of IDA referrals with milder anaemia, recurrent anaemia or a
previous colonic examination (not necessarily for IDA) — all of whom are likely to have a
relatively low risk of underlying Gl cancer. The introduction of FIT over recent years may also
be a contributory factor, with diversion of IDA patients with a positive result to the colorectal

service.

This falling prevalence strengthens the argument for routine risk stratification in IDA 8, the
aim being to identify a sub-group at very low predicted risk of malignancy who might with
appropriate counselling, non-invasive testing and safety-netting avoid invasive investigation.
This would allow stretched investigational resources to be more usefully targeted at those at

predicted higher risk.

Whilst the IDIOM score has been validated as an estimator of the likelihood of underlying Gl
cancer in the individual case with IDA ° 19, the AUROC is currently sub-optimal. The question
is whether additional clinical variables — meeting the criteria of immediate and universal
availability, objectivity and cost outlined above — can be usefully added to it. We explored the

potential of eight candidates in this study, selected for the reasons outlined below.

Recognised predictors of visceral malignancy in general include platelet count *°, weight loss
16 and a personal or family history 7, whilst the history of a previous colonic examination
might be expected to be associated with a reduced risk of colon cancer !, the commonest

cancer underlying IDA. The MCHC is an objective marker of hypochromia, and therefore falls



with increasing severity of iron deficiency - Hb and MCV behave in the same way, and both

have proved to be independent predictors of Gl cancer risk in the IDIOM studies *°.

The contribution of pharmacological agents to the development of IDA is an under-
researched area, but long-term therapy with a PPl or OAC may have a significant role — the
latter particularly in those with haemorrhagic lesions, such as cancers in the Gl tract %22, The
mechanism by which PPI therapy might contribute to the development of IDA also needs to
be clarified, but interference with enteric iron absorption has been proposed as the

explanation 2323,

There is some evidence that aspirin and NSAID therapy may be associated with a reduced risk
of underlying Gl malignancy in IDA 26, Again the mechanism is uncertain, but suppressing the
development of colon cancer 27 and / or predisposing to other causes of IDA - notably peptic

ulceration and NSAID enteropathy 2 — may have a role.

In the event, our results on simple logistic regression analysis suggest that any trend towards
an association between Gl cancer risk and platelet count, MCHC, weight loss, cancer history
and exposure to aspirin / NSAIDs or anticoagulants in the IDA cohort is at most weak.

Therefore, none of these variables are likely to be useful in a clinical risk prediction system.

The association between Gl cancer risk and previous colonic imaging appears to be
considerably stronger (OR 0.31). Our findings would suggest in particular that the colon
cancer risk in IDA is very low within 5 years of a previous examination of adequate quality.
This has resource implications, as many units including our own currently use an arbitrary cut-
off of 2 - 3 years. However, the observation is only of relevance to the 20% of the IDA cohort

with this history.



The striking - and unexpected - finding in this study is the strong negative association between
long-term PPI therapy in the IDA cohort and the presence of Gl cancer (OR 0.18). This builds
on previous work 2! and reflects the high prevalence (almost 70% in this study) of long-term
PPI therapy in those with IDA who prove not to have underlying malignancy. In those with Gl
malignancy, the prevalence of long-term PPI treatment (just under 29% in this study) is
actually similar to that in general population %! 2%, One interpretation of this observation is
that PPl exposure is a major contributor to the development of IDA, but only in those without
an underlying Gl malignancy. The possible role of confounding always needs to be considered
in association studies of course, and PPl exposure may simply be a marker of healthcare
exposure or some other selection bias - though the strength of the association might argue

against this explanation 3°,

The imputation approach to update the original IDIOM score suggests that the addition of PPI
status might improve the predictive value of the model, and the demonstrated improvement
in the c-statistic is promising. However, it remains to be seen whether this translates into any
meaningful reclassification of risk in clinical practice. We feel strongly that revision of the
IDIOM risk score needs validation by analysis of a larger dataset with sufficient Gl cancers,

particularly as there was no a priori hypothesis.

Additional weaknesses of this study include firstly the high exclusion rate due to incomplete
investigation, and the lower than anticipated prevalence of Gl cancer in those who were fully
investigated. As a result, the number of cancers identified was insufficient for multivariate
analysis without an imputation approach. Secondly as a single centre study, the findings may
not be more widely applicable. Finally, the analysis does not include results of Faecal

Immunochemical Testing (FIT) for haem. The primary reason for this was that whilst FIT is



undoubtedly useful for colon cancer screening in the symptomatic population, a result was
not universally available in our cohort due to limited requesting and patient compliance 3.

The place of FIT in risk stratification of the IDA cohort remains to be established 33!

In summary, this study confirms that the prevalence of underlying Gl cancer continues to fall
in adults with unexplained IDA, and that the yield of colon cancer in the IDA cohort is very low
in those with a colonic examination of adequate quality within the previous 5 years. It also
suggests a strong negative association between long-term PPl exposure and Gl cancer risk in
the IDA cohort. Whilst independent confirmation of this is clearly required, this may provide

an additional term that can be usefully integrated into the IDIOM scoring system.
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