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Summary

Background: Delayed patient recruitment is
a common problem in clinical trials. According
to the literature, only about a third of medical
research studies recruit their planned number
of patients within the time originally speci-
fied.

Objectives: To provide a method to estimate
patient accrual rates in clinical trials based on
routine data from hospital information sys-
tems (HIS).

Methods: Based on inclusion and exclusion
criteria for each trial, a specific HIS report is
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Introduction

Delays in patient recruitment are a common
problem in clinical trials. Charlson [1] ana-
lyzed trials listed in the 1979 inventory of the
National Institute of Health. He found that
only 14 of 38 (37%) trials reached planned re-
cruitment. Twenty-three years later a review
of 114 trials between 1994 and 2003 held by
the Medical Research Council and Health
Technology Assessment Programmes found
that less than one-third recruited their orig-
inal target within the time originally specified
[2]. There is a variety of reasons, such as fewer

generated to list potential trial subjects. Be-
cause not all information relevant for assess-
ment of patient eligibility is available as coded
HIS items, a sample of this patient list is re-
viewed manually by study physicians. Propor-
tions of matching and non-matching patients
are analyzed with a Chi-squared test. An esti-
mation formula for patient accrual rate is de-
rived from this data.

Results: The method is demonstrated with
two datasets from cardiology and oncology.
HIS reports should account for previous dis-
ease episodes and eliminate duplicate per-
sons.

Conclusion: HIS data in combination with
manual chart review can be applied to esti-
mate patient recruitment for clinical trials.
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patients eligible than expected, staff prob-
lems, limited funding, complexity of trial
design, length of recruitment procedure and
others. A recent Cochrane review [3] ana-
lyzed strategies to improve recruitment to
research studies. Monetary incentives, an
additional questionnaire at invitation and
treatment information on the consent form
demonstrated benefit; the authors concluded
that these specific interventions from indi-
vidual trials are not easily generalizable.
Therefore from a methodological point of
view, methods are needed to estimate patient
accrual rates in clinical trials more precisely.

Hospital information systems (HIS) contain
data items, which are relevant for inclusion
and exclusion of patients to clinical trials. For
instance, diagnosis information is coded in
HIS for billing purposes, but can also be ana-
lyzed to screen for potential trial subjects [4].

However, electronic patient records contain
a lot of unstructured text information, there-
fore automated data analysis has limitations
and expert review of records is needed to assess
patient eligibility. In this context, we propose a
method to estimate patient accrual rates based
on HIS reports in combination with manual
review of a sample of HIS records.

Methods

Because not all information relevant for as-
sessment of patient eligibility is available as
coded HIS data items, a two-stage process to
estimate patient accrual rates is applied: First,
a list of matching patients is generated with a
specific HIS report for a given time span T
(forinstance, T = [January 1,2007; December
31,2007] ). Second, a sample of these patient
records is reviewed manually by an expert to
assess eligibility and thereby estimate patient
accrual rate.

HIS reports are database queries which
can be generated using reporting tools of the
HIS (HIS report generator) or by data queries
from a data warehouse. These reports can ac-
cess all structured data elements within the
HIS. Typical examples of HIS data items are
admission and discharge diagnoses (primary
as well as secondary diagnoses, coded accord-
ing to international classification of diseases),
patient age, patient gender and routine lab
values. Depending on inclusion and exclu-
sion criteria of each trial, all suitable HIS
items should be considered for this HIS re-
port to provide high recall and precision.
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HIS documentation is focused at a “case”,
i.e.a certain episode of care in a hospital with
related clinical and administrative data; trials
are addressing individual patients. For this
reason HIS reports for patient accrual should
analyze all HIS cases of a patient to avoid
duplicate persons and to account for pre-
existing diseases. We propose a stepwise ap-
proach for those HIS reports: First, select all
HIS cases matching inclusion and exclusion
criteria; second, remove duplicate persons;
third, identify all HIS cases for each matching
patient and retrieve data on pre-existing dis-
eases to check inclusion and exclusion criteria
for each patient. For instance, many trials re-
cruit patients with initial diagnosis, therefore
it needs to be verified whether this diagnosis
was established in the past.

Output of this report should be pseudo-
nymized to protect patient data. The number
of patients on this HIS report for time span T
is denoted as ny. Under the assumptions that
average patient accrual rate does not change
over time and the HIS report identifies
exactly all eligible patients, estimated patient
accrual rate would be ny/|T| , where |T| de-
notes the length of time span T.

However, typically only a subset of infor-
mation required for inclusion and exclusion
is available as coded HIS data items. There-
fore only a subset of ny matches all inclusion
and exclusion criteria for a specific trial. A
manual expert review of a sample with s} pa-
tient records from the HIS report results in
my matching patients.

Table 1

Manual review of HIS patient records
requires access to identifiable patient data,
therefore it needs to be compliant with data
protection laws. Physicians with direct in-
volvement into patient care are allowed to ac-
cess records of their patients. Therefore these
physicians get a list of pseudonyms from the
HIS report, which enables them to access
those patient records. They report for each
pseudonym, whether this patient is eligible
for the trial without disclosure of the person’s
identity. In general, data access policies must
be approved by the responsible data protec-
tion officer.

Before patient accrual rate is estimated, we
propose to assess, whether the probability of
HIS patients actually matching to the trial is
constant over time. Therefore the number of
matching and non-matching patients is fig-
ured out in a contingency table for a set of
predefined sub-intervals t of time span T. Our
null hypothesis states that the proportion of
matching patients among all reviewed sample
patients m,/s, is constant for all sub-intervals
tand is tested by Pearson’s Chi-squared test. If
the null hypothesis is not rejected (p >0.05),
we conclude that the probability of HIS pa-
tients matching to the trial is constant in time
and estimate patient accrual rate (PAR) in the
total time span T as follows:

PAR = (mT/ST) * (nT/|T|) (1)

A confidence interval for the expected PAR
can be calculated according to Clopper [6], as

A HIS report generates monthly lists of potential trial patients for an atrial fibrillation trial

(second column). Experts reviewed manually medical records from these persons and identified match-
ing patients for the trial (third column). Overall, 304 of 544 (56%) of HIS report patients were suitable

for the trial.
month number of patients number of matching patients
in HIS report per month from manual expert review
(n;=sy) per month (m,)
November 2007 79 71
December 2007 60 55
January 2008 76 62
February 2008 90 71
March 2008 70 21
April 2008 96 21
May 2008 73 3
total n; = s; = 544 m; =304
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implemented in R-function binom.test [5].
Specifically, we assume a fixed rate n/|T|. The
supposed rate is multiplied by the calculated
confidence interval of the probability of HIS
patients actually matching to the trial.

Results

We use datasets from ongoing Miinster atrial
fibrillation trials [7] and leukemia trials 8, 9]
to demonstrate this method of patient ac-
crual rate estimation. A HIS-based notifi-
cation system generated HIS reports for study
physicians, who manually reviewed patient
records to assess trial eligibility [4].

Example 1: Atrial Fibrillation Trial

P Table 1 presents number of patients iden-
tified by a HIS report and number of match-
ing patients identified by manual expert re-
view. The HIS report queried diagnosis code
(148.11 or 148.0) for the department of
cardiology. In this example, all patients listed
on the report were analyzed manually,
i.e. Sy =ng.

Within seven months (November 2007 to
May 2008) 544 patients were found in the HIS
report; all these patients were reviewed
manually and 304 matching patients were
found, i.e. T = [November 2007; May 2008],
np = 544, my = 304, sp = 544.

Whenlooking at data values of Table 1, it is
striking that the number of matching patients
is very low in March, April and May 2008.
Pearson’s Chi-squared test to compare pro-
portions of my/(s; — my) by t results in a
highly significant p-value (p <2.2E-16),
therefore our estimation formula 1 cannot be
applied in this example.

Example 2: Leukemia Trial

In analogy to example 1, »Table 2 presents
number of patients identified by HIS re-
port-1 and associated number of matching
patients. This report queried diagnosis code
(C92.0-, C92.00 or €92.01) for the depart-
ment of oncology. Again, all patients were
analyzed manually. Within six months (April
2008 to September 2008) 283 patients were
listed in HIS report-1. Twenty-eight match-
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ing patients were identified by manual re-
view, i.e. T = [April 2008; September 2008],
np = 283, mp = 28, sy = 283.

Pearson’s Chi-squared test to compare
proportions of my/(sy — my) by t results in a
non-significant p-value (p = 0.60), therefore
our estimation formula 1 can be applied.

Formula 1 yields an estimated patient ac-
crual rate PAR = 4.67/month with a 95% con-
fidence interval (3.15/month; 6.59/month).

When comparing Table 1 and Table 2 it is
striking that the overall proportion of match-
ing patients is much lower in Table 2. There-
fore we applied an improved HIS report-2
which eliminated persons with previous
leukemia episodes as well as duplicate per-
sons (P Table 3). With this improved report,
ny was reduced (ny = sp = 53) for the same
number of matching patients (my = 28), i.e.
53% of HIS report-2 patients were suitable
for the trial. Again, Pearson’s Chi-squared test
to compare proportions of m/(sy —my) by t
results in a non-significant p-value (p=0.13),
therefore our estimation formula 1 can be
applied. Formula 1 yields an estimated pa-
tient accrual rate PAR = 4.67/month with a
95% confidence interval (3.41/month;
5.89/month).

Discussion

In Germany and many other countries, elec-
tronic HIS are available in almost all hospi-
tals. Initially, they were implemented for ad-
ministrative purposes (billing, DRG system),
but in recent years more and more clinical in-
formation is available in these systems. Due to
deficiencies in data monitoring and software
validation they are at present not suited for
documentation of clinical trials, but they
contain relevant information, such as diag-
nosis codes, which can be used to support
patient recruitment [4].

Estimation of realistic patient accrual
rates is important for planning of clinical
trials, but quite difficult. The phenomenon
that patient recruitment often takes much
more time than investigators expected is
called “Lasagna’s Law” [10] (Louis Lasagna,
clinical pharmacologist, investigator of the
placebo response). Collins [11] wrote about
“fantasy and reality” of patient recruitment
and concluded “we cannot overemphasize the
importance of paying adequate attention to

© Schattauer 2009

Table 2 Leukemia trial. HIS report-1 selects potential trial patients based on ICD codes (second col-
umn). Matching patients were identified by manual review of medical records (third column). Overall,
only 28 of 283 (9.9%) of HIS report-1 patients were suitable for the trial.

month number of patients number of matching patients
in HIS report-1 per month from manual expert review
(n,=sy) per month (m,)

April 2008 49 2

Mai 2008 30 5

June 2008 52 5

July 2008 63 6

August 2008 47 5

September 2008 42 5

total n; =s; = 283 m; =28

Table 3  Leukemia trial. In contrast to Table 2, HIS report-2 eliminates persons with previous leukemia
episodes as well as duplicate persons (second column). Matching patients were identified by manual re-
view of medical records (third column, same as in Table 2). Overall, 28 of 53 (53%) of HIS report-2 pa-

tients were suitable for the trial.

month number of patients number of matching patients
in HIS report-2 per month from manual expert review
(n,=s,) per month (m,)

April 2008 6 2

Mai 2008 10 5

June 2008 13 5

July 2008 6 6

August 2008 1 5

September 2008 7 5

total n;=s;=53 m; =28

sample size calculations and patient recruit-
ment during the planning process. A sample
size that is too small may turn a potentially
important study into one that is indecisive or
even an utter failure”. There is a lot of evi-
dence that many clinical trials failed be-
hind their recruitment objectives [1, 2]. Data
monitoring committees must frequently de-
cide about actions in trials with lower-than-
expected accrual [12]. Carter [13] stated “the
most complicated aspect pertaining to the
estimation of accrual periods is the deter-
mination of the expected rate”.

HIS statistics can be used to estimate an-
nual case numbers for a specific disease.
However, this approach lacks precision, be-
cause due to specific inclusion and exclusion
criteria only a subset of these patients is

eligible for a certain trial. Depending on these
criteria, the rate of suitable patients within a
certain disease may vary considerably. For
this reason we combine a HIS report with
manual expert review of patient records to
estimate possible accrual rates more precisely.
Manual chart review is labor-intensive; es-
pecially when n is large, analysis of a sample
st (st << np) may provide an acceptable
estimation of accrual rate.

Our second example (P Table 2) demon-
strates that simple HIS statistics like annual
case numbers for a certain disease can sub-
stantially overestimate patient accrual rates.
HIS are case-centric, not patient-centric: For
example, an AML patient with six chemo-
therapy cycles may be represented in six HIS
cases. Therefore it is necessary to design HIS
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reports that aggregate information on several
cases by patient. Appropriate HIS reports for
clinical data retrieval are non-trivial, in par-
ticular if temporal relations are taken into ac-
count [14]. »>Table 3 presents output from a
more complex HIS report, which provides
more accurate data.

Patient lists from HIS reports can be pseu-
donymized easily, for instance using reference
numbers instead of patient names. In con-
trast, manual expert review of individual pa-
tient records implicates access to identifiable
data, because these patient charts contain a
large proportion of unstructured text ele-
ments (e.g. physician letters). Therefore data
protection rules need to be applied. According
to German law, a physician at a university
hospital who is involved in care for a specific
patient, is allowed to analyze this data for
scientific purposes. In general, the data access
policy for patient data needs to be approved
by the responsible data protection officer.

Our approach does not take into account
that only a subset of eligible patients decide to
participate in a trial. This rate also depends on
many factors, which are difficult to be quanti-
fied, such as assessment of risks and benefits,
motivation and beliefs of physician, as well as
organizational infrastructure of a specific
trial. Our method depends on quality of HIS
data. Complete and correct HIS data is
needed for precise accrual rate estimations.
Diagnosis codes play a key role for inclusion
and exclusion of patients in clinical trials. The
same data is very relevant for billing purposes
in a DRG system, therefore — at least in Ger-
many — these data items are monitored inten-
sively by physicians, hospital administration
and health insurances.

For various reasons — for instance change
of healthcare service structures or disease
incidence — patient accrual rates can change
over time. Therefore we propose to assess
proportions of matching and non-matching
patients over time by means of Pearson’s Chi-

Methods Inf Med 3/2009

squared test. Our first dataset was not appro-
priate for patient accrual rate estimation be-
cause of outliers, while our second example
was suitable for this procedure.

Secondary use of routine HIS data for
scientific purposes becomes attractive, be-
cause systems get mature and the amount of
available data is growing over time. A recent
study reports that a large proportion of data
for trials can be derived from routine data
[15], leading to the visionary concept of
“single source”, i.e. using HIS data directly for
clinical trials [16].

Conclusion

HIS-based estimation of patient accrual rates
is feasible and should be applied to improve
planning of clinical trials.
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