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Abstract As breast cancer is a diverse disease, clinical

trials are becoming increasingly diversified and are con-

sequently being conducted in very small subgroups of

patients, making study recruitment increasingly difficult.

The aim of this study was to assess the use of data from a

remote data entry system that serves a large national reg-

istry for metastatic breast cancer. The PRAEGNANT net-

work is a real-time registry with an integrated biomaterials

bank that was designed as a scientific study and as a means

of identifying patients who are eligible for clinical trials,

based on clinical and molecular information. Here, we

report on the automated use of the clinical data docu-

mented to identify patients for a clinical trial (EMBRACA)

for patients with metastatic breast cancer. The patients’
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charts were assessed by two independent physicians

involved in the clinical trial and also by a computer pro-

gram that tested patients for eligibility using a structured

query language script. In all, 326 patients from two study

sites in the PRAEGNANT network were included in the

analysis. Using expert assessment, 120 of the 326 patients

(37 %) appeared to be eligible for inclusion in the

EMBRACA study; with the computer algorithm assess-

ment, a total of 129 appeared to be eligible. The sensitivity

of the computer algorithm was 0.87 and its specificity was

0.88. Using computer-based identification of patients for

clinical trials appears feasible. With the instrument’s high

specificity, its application in a large cohort of patients

appears to be feasible, and the workload for reassessing the

patients is limited.

Keywords Breast cancer � BRCA1 � BRCA2 � PARP
inhibitors � Talazoparib � Clinical trial eligibility

Introduction

Although treatments and health care in general have

improved tremendously for breast cancer patients over the

last decade, there are a few obstacles that persist and some

new ones that still need to be overcome to allow scientific

research to be conducted efficiently and to maintain the

quality of health care, despite the increasing number of

subtypes of the disease identified and increasing numbers

of treatment concepts that are in use. It seems that medicine

has developed to a point at which a disease thought to be

relatively common, such as breast cancer, appears to have

as many treatment concepts as would be needed for several

different rare diseases.

One example of this type of situation is the treatment

available for triple-negative breast cancer (TNBC). TNBC

only occurs in about 10 % of all breast cancers [1, 2]. The

tumors respond relatively well to chemotherapy in the

neoadjuvant setting, and there are some data suggesting

that carboplatin may be highly effective in this molecular

subtype of breast cancer [3]. With the development of new

drugs such as polyadenosine diphosphate ribose poly-

merase (PARP) inhibitors, attention naturally turned

toward patients with TNBC, as BRCA1 mutations occur

with a high frequency in this subgroup of patients [2].

However, in these patients it is not the BRCA1 mutation,

but rather impaired homologous repair that is the reason to

select them for a study involving PARP inhibitor treatment.

The common selection criterion for PARP inhibitor therapy

is therefore not triple negativity, but a BRCA1 or BRCA2

mutation, which can occur in any molecular subtype, such

as luminal A or luminal B, or even HER2-positive. Some

study approaches using PARP inhibitors have therefore

amended the study protocols from TNBC patients for

hormone receptor–positive patients, as in the OlympiA

study (NCT02032823) [4].

This treatment could therefore result in an application

that would not depend on the classical molecular subtypes,

but might include several molecular subtypes. However,

the size of the patient population suitable for therapy with a

PARP inhibitor in the metastatic setting is only about

5–6 %, and many of the relevant mutations are missed

because there are no indications for genetic testing in

patients who have no additional risk factors and do not

have a triple-negative tumor.

An effective infrastructure therefore needs to be pro-

vided within research networks in order to keep study sites,

hospitals, and patients informed about clinical and molec-

ular eligibility for a study treatment such as a PARP

inhibitor in the framework of a clinical trial.

Several clinical trials in the metastatic setting including

a PARP inhibitor are currently in progress. This paper

reports on the EMBRACA trial (NCT01945775) [5], which

includes patients in earlier lines of treatment for HER2-

negative breast cancer when a BRCA1 or BRCA2 mutation

was found. Ideally, therefore, all patients with HER2-

negative breast cancer in the metastatic stetting ought to be

screened for the trial. This is not only time-intensive and

requires large numbers of patients in each study site, but

the procedure is also cost-intensive. It might therefore be

useful to employ data and biomaterials from a breast cancer

registry. One of these registries is the PRAEGNANT

network.

The PRAEGNANT network [6] is a real-time registry

for advanced breast cancer in which the patients provide

informed consent to allow their biomaterials and data to be

used to screen them for novel treatment strategies,

including participation in clinical trials. The registry can

therefore be used as a support system for clinical trial

recruitment. The patients are followed up for their lifetime

or until withdrawal of consent.

Electronic systems to support the recruitment of trial

subjects have previously been implemented by comparing

electronic data with eligibility criteria to provide candidate

lists for subsequent physician review [7–11]. Such systems

have so far been based on the secondary use of data cap-

tured in electronic health records (EHRs) during the pro-

vision of routine clinical care. The performance of these

systems has thus been limited by the availability of the

required data elements as well as their semantic match with

the eligibility criteria [9, 12].

The aim of this study was therefore to determine whe-

ther the data documented in the PRAEGNANT network,

designed to address the requirements of clinical trials, are

sufficiently accurate for large-scale identification of

patients eligible for inclusion in the EMBRACA study.
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Methods

The PRAEGNANT network

The PRAEGNANT study [6] is a breast cancer registry that

serves not only to collect and analyze data, but also as a

health-care tool for identifying patients who may be eli-

gible for inclusion in clinical trials. A total of 1014 patients

were included in the PRAEGNANT study between July

2014 and November 2015. All of the patients provided

informed consent to contribute data to the PRAEGNANT

network, and 907 consented to the use of their biomaterials

as well. The patient information provided explains that

clinical or molecular data might suggest that the patient

could be eligible for a specific form of treatment or for

participation in a clinical trial and that the treating physi-

cian at the study site may contact her to inform her if this is

the case. The study was approved by all of the relevant

ethics committees and institutional review boards.

Data collection

The data were collected by trained and dedicated staff at

the study sites participating in the prospective PRAEG-

NANT study [6]. The data for the study are monitored

using automated plausibility checks. Data that are routinely

documented in the patient charts or electronic medical

records are transcribed into electronic case report forms

designed for the purpose. In addition, data that are not

usually documented as part of routine clinical work are

collected prospectively using structured paper question-

naires, once the patient has been registered in the study.

The data comprise epidemiological data such as family

history, cancer risk factors, quality of life, nutrition and

lifestyle items, and psychological health. The data are

transcribed into electronic case report forms as well.

Documentation in the PRAEGNANT trial is similar to

the type of documentation used in standard phase III reg-

istration trials. However, the database was developed

without any knowledge about the requirements for the

EMBRACA study. All of the data are pseudonymized, and

only the treating physician at the respective study site is

aware of the patient’s identity. For systematic data queries,

the datasets are additionally anonymized. Supplementary

Table 1 provides an overview of the data collected in the

PRAEGNANT study.

Histopathological data

Hormone receptors, grading, and HER2 status were used to

categorize patients into molecular subgroups. Triple-neg-

ative patients were those who had no expression of

estrogen receptor (ER), progesterone receptor (PR), or

HER2. Luminal A–like tumors were defined as tumors that

were negative for HER2 and positive for ER or PR, with a

grading of 1 or 2, while luminal B–like tumors had to have

a grading of 3. Patients with HER2-positive tumors were

the last molecular subgroup defined. For each patient, the

most recent assessment of molecular markers was used—

i.e., if molecular markers had been reassessed from a recent

metastasis, those results were used for this analysis.

The EMBRACA trial

The EMBRACA study (NCT01945775) [13] is a prospec-

tive and randomized phase III trial comparing the PARP

inhibitor talazoparib with standard-of-care chemotherapy in

patients with advanced breast cancer in early therapy lines.

Detailed inclusion and exclusion criteria are listed in Sup-

plementary Table 2 [13]. The inclusion and exclusion cri-

teria include, for example, no more than two chemotherapy

lines in the advanced disease setting, a requirement for

previous anthracycline or taxane treatment, and the exclu-

sion of prior platinum use if not given in the neoadjuvant or

adjuvant therapy situation.

Determining the factors for patient identification

The data variables that are being collected prospectively in

the PRAEGNANT study were compared with the inclusion

and exclusion criteria for the EMBRACA trial (Supple-

mentary Table 2).

Patient chart assessment

Each clinical routine patient chart was assessed by trained

study staff who were taking part in the EMBRACA clinical

trial and were actively involved in the ongoing patient

recruitment. Two members of the team independently

assessed the patient charts for eligibility for the

EMBRACA trial when patients were included in the

PRAEGNANT study. If the assessments were not consis-

tent, the charts were reviewed and a joint decision was

taken on clinical eligibility (n = 12 discordant patient

charts). The result of this review process established

whether the patient was eligible for the EMBRACA trial,

regardless of BRCA mutation status.

Computerized phenotyping of patients

from the PRAEGNANT database

For the patient data in the PRAEGNANT database, a

Visual Basic script was created that extracted all the nec-

essary variables using structured query language (SQL)
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statements from the original database and determined eli-

gibility status when executing this script.

Use of data in the PRAEGNANT network

At this point, the aim of this study was to assess the

accuracy of the utilization of the electronic health record

for study identification purposes. Results of the computer

algorithm screening were not returned to the respective

doctors. There was neither communication with the study

sites, nor were there any triggers for repeated patient

phenotyping, which gives this study a cross-sectional

character.

Statistical considerations

All of the data presented here are descriptive and are pre-

sented as means with standard deviation, or as numbers

with percentages. Sensitivity and specificity were calcu-

lated, with the assessment by the two independent

reviewers being used as the gold standard for determining

eligibility. All of the eligibility criteria in the study pro-

tocol were taken into consideration in the process. Com-

puter phenotyping classified patients as either ‘‘eligible’’ or

‘‘not eligible’’ on the basis of whether they met all of the

prespecified inclusion and exclusion criteria, regardless of

inclusion or exclusion criteria that were not part of the

computer patient selection. IBM SPSS Statistics for Win-

dows, version 22.0 (Armonk, New York: IBM Corpora-

tion) was used for statistical analysis.

Results

A total of 326 patients from two study sites participating in

the PRAEGNANT study network were included in the

study, with 226 patients from one study site (site 1) and 100

from the other (site 2).

The patient characteristics in relation to molecular

subtype are shown in Table 1. The patients’ mean age was

61 years (± 12.7 years). The distribution of molecular

subtypes is also shown in Table 1. The rarest subtype was

patients with triple-negative tumors (n = 33; 10.96 %),

while luminal A–like tumors (n = 150; 49.83 %) and

HER2-positive tumors (n = 71; 23.59 %) were the most

frequent tumor subtypes.

Most of the patients were included in the PRAEGNANT

study in the first line of metastatic therapy (n = 180;

55.56 %). However, a substantial number of patients

(n = 24; 7.41 %) were included in the fifth line or higher.

A total of 21 patients (6.48 %) had locally advanced dis-

ease without metastases that was not amenable to surgical

treatment.

All inclusion and exclusion criteria (supplementary

Table 2) were available in the PRAEGNANT database.

Some of the data had to be transformed, especially treat-

ment related inclusion and exclusion criteria.

In the expert assessment, a total of 120 of the 326

patients (37 %) appeared to be eligible for inclusion in the

EMBRACA study. In the computer algorithm assessment,

a total of 129 appeared to be eligible for inclusion. The

sensitivity of the computer algorithm was 0.87 and its

specificity was 0.88. The sensitivity and specificity were

0.87 and 0.87 at study site 1, and 0.86 and 0.89 at study site

2.

Table 2 shows a cross-tabulation of the patients who

were found to be eligible using expert assessment and

computer assessment. There were 16 patients who were

found to be eligible on expert assessment but were not

detected by the computer algorithm, and there were 25

patients who were identified as eligible using the computer

algorithm but not in the expert assessment. Of the 16

patients not detected by the computer algorithm, four were

wrongly assessed by the experts: a review of the patient

charts showed that the experts had missed the fact that two

patients had received too many courses of chemotherapy in

the metastatic setting, and that two of the patients had

received previous platinum chemotherapy in the metastatic

setting. The other 12 patients were missed by the computer

algorithm because certain parameters had not been docu-

mented in the remote data entry system—namely, no pre-

vious anthracycline/taxane chemotherapy (n = 6) and

missing HER2 status in the remote data entry system.

Among the 25 patients who were thought not to be

eligible on expert assessment but were identified as eligible

by the computer algorithm, 15 of the expert assessments

were reviewed and the patients were reassessed as eligible.

With regard to six patients, it was found that there had been

documentation errors when the patients’ data were being

entered into the remote data system; four patients were not

eligible due to concomitant diseases that were not included

in the computer’s selection algorithm.

Overall, for the 41 patients in whom there was a dis-

agreement between the two eligibility assessments, the

computer was correct in 19 cases and the experts were right

in 22 cases, resulting in a corrected gold standard, to

determine which patients are eligible and which ones are

not.

If this corrected gold standard would have been taken as

the gold standard, it would have meant that 131 patients

(120-4 ? 15) are eligible for the clinical trial based on the

clinical parameters. The computer algorithm would have

identified 119 (104 ? 15) of those correctly. This would

mean a corrected sensitivity of 91 %. Also the corrected

specificity would then refer to 195 patients not being eli-

gible, yielding a specificity of 95 %.
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Discussion

This study shows that using a breast cancer registry (the

PRAEGNANT network) that was also designed to serve as

a real-time health-care tool, it was possible to identify

patients eligible for inclusion in the EMBRACA clinical

phase III study with sensitivity and specificity levels of 87

and 88 %. The computer algorithm identified a substantial

number of patients (n = 15) who had not been identified

by the experts. On the other hand, the computer algorithm

also missed a total of 12 patients who would have been

eligible.

Many possible reasons have been suggested to explain

the slowness of patient recruitment for research studies

[14–19]. These include inaccurate feasibility assessments

before the study; changes in treatment patterns while the

study is being conducted; problems in motivating physi-

cians to approach patients; a lack of time in the clinical

practice setting; and complicated screening procedures. It

therefore seems reasonable to try to support every aspect of

recruitment for clinical trials using systematically captured

real-life data. This could benefit not only the study

recruitment, but also the design of studies at the moment

when inclusion and exclusion criteria are being defined.

A variety of reports have been published on support

systems for clinical trial recruitment, and these are

reviewed by Köpcke and Prokosch [11] as well as Cuggia

et al. [10]. Although the recruitment support system was

not the primary aim in the development of the PRAEG-

NANT study, it was used for this purpose in the analysis

presented here. Instead of relying on data routinely docu-

mented in an electronic health record, in this study a spe-

cial purpose documentation focusing on the same clinical

area as the EMBRACA trial was leveraged. The remote

data entry system provided a comprehensive recording of

relevant patient, disease, and treatment characteristics. The

variables included in the design thus cover most of the

usual inclusion and exclusion criteria required for typical

clinical trials on breast cancer treatment. With electronic

case report forms explicitly designed for research use, data

capture by dedicated study nurses and the application of

Table 1 Tumor characteristics for determining molecular subtypes

Characteristics N or Mean % or SD

Total (n) 325

Age 61 12.7

pT

Not available 52

0 10 3.94

is 7 2.76

1 90 35.43

2 102 40.16

3 34 13.39

4 11 4.33

pN

No surgery 52

0 100 42.92

1 133 57.08

Laterality

Unilateral 288 88.62

Bilateral 37 11.38

cM

0 192 60.19

1 95 29.78

Therapy situation

Locally advanced 19 5.86

Local recurrence 2 0.62

Metastatic 1st line 180 55.56

Metastatic 2nd line 54 16.67

Metastatic 3rd line 32 9.88

Metastatic 4th line 13 4.01

Metastatic 5th line or more 24 7.41

Grading

G1 15 4.97

G2 180 59.6

G3 107 35.43

Estrogen receptor

Negative 56 18.06

Positive 254 81.94

Progesterone receptor

Negative 96 30.97

Positive 214 69.03

HER2

Negative 222 77.62

Positive 64 22.38

Molecular subtype

TNBC 33 10.96

Luminal A–like 150 49.83

Luminal B–like 49 16.28

HER2-pos 71 23.59

TNBC Triple-Negative Breast Cancer

Table 2 Accuracy of expert assessment versus computer assessment

Expert assessment Automated computer assessment

Not eligible Eligible Total

Not eligible 181 25 206

Eligible 16 104 120

Total 197 129 326
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plausibility checks, a higher completeness and quality of

data could be achieved than is usually possible in routine

clinical documentation. Conversely, an EHR-based sec-

ondary-use approach is less resource-intensive and pro-

vides a broader base of data elements spanning multiple

clinical disciplines. Further research comparing recruit-

ment support from dedicated and routine datasets should be

carried out.

There were no aspects of the inclusion and exclusion

criteria that could not have been implemented in a struc-

tured questionnaire to identify patients eligible for inclu-

sion in the EMBRACA clinical trial. There did not appear

to be any problems in extracting data on the inclusion and

exclusion criteria from the database. One of the reasons for

this might be the design approach used in the PRAEG-

NANT registry, which basically collects data very similar

to those needed for a clinical trial, including all of the usual

inclusion and exclusion criteria used for clinical trials in

the metastatic setting.

A trade-off between sensitivity and specificity has often

been discussed in connection with support systems for

clinical trial recruitment [7, 8, 20, 21]. It is usually assumed

that including more patients on the basis of less strict

inclusion criteria would lead to poorer specificity. How-

ever, the selection of patients for a clinical trial is not a

diagnostic test that needs to have a certain level of diag-

nostic accuracy, but instead describes patients in a such

way that it is usually easy to decide whether the patient is

eligible for the study or not. The accuracy does not involve

the accuracy of a diagnostic method, but is a consequence

of the completeness of the variables that are known about

the patient. Establishing the registry in such a way that it

captures the usual variables needed for an actual clinical

trial appears to provide sufficient information to allow a

high sensitivity level. As computerized screening tools will

make it possible to assess large patient populations within a

short time and provide suggestions concerning clinical

trials, low specificity would mean that excluding patients—

with reassessment by the local investigator responsible for

the clinical trial at the study site—would involve a high

workload. Support systems for clinical trial recruitment

should therefore focus equally on high specificity and high

sensitivity. From the patient’s perspective being missed for

clinical trials could mean a lower standard of care and

lacking access to novel drugs. Therefore, a sensitivity of

100 % should be the aim of a patient identification system.

If a tiered assessment including computerized selection and

human assessment could increase the sensitivity further, a

computer system might not only select patients based on a

dichotomized decision but even describe the extent of

match. This would enable trained staff to integrate

this measure of a match for a tiered assessment of their

patients including computerized mechanisms and human

assessment. These considerations might be the objective of

future studies.

This study only describes the sensitivity and specificity

of using the support system for patient identification and

does not measure the actual impact of the system on

recruitment in the EMBRACA trial. However, the study

sites participating in the PRAEGNANT network were

informed about the possible identification of eligible

patients by the computer system and agreed to follow-up

on such patients, including initiating BRCA1 and BRCA2

mutation testing to complete screening for the EMBRACA

study. In addition, the study only used the publicly avail-

able inclusion and exclusion criteria (Supplementary

Table 2), representing those most commonly used.

In conclusion, the development and application of a

registry designed to identify patients for inclusion in clin-

ical trials in the metastatic breast cancer setting appears to

be feasible. With the EMBRACA study as an example, it

was found that patients can be identified with high levels of

sensitivity and specificity. Specificity in particular will be

an important aspect of support systems for clinical trial

recruitment, in order to keep the workload within a prac-

ticable range after screening of large patient populations.
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Supplementary Table 1. Data categories captured in the PRAEGNANT study 

Data continuously 
captured if applicable 

Data assessed at study entry 
Data assessed at follow-up 
care appointments 

Concomitant diseases Life status, ECOG Life status, ECOG 

Concomitant medication Quality of life Quality of life 

Cancer systemic therapies 
Breast cancer risk factor 
questionnaire 

Breast and axilla evaluation 

Cancer radiotherapy Breast and axilla evaluation Distant metastasis evaluation 

Cancer surgery Distant metastasis evaluation Biomaterial ascertainment 

Breast cancer right side Biomaterial ascertainment PRO questionnaires 

Breast cancer left side PRO questionnaires  

ECOG, Eastern Cooperative Oncology Group (performance status); PRO, patient-reported outcome. 

 
Supplementary Table 2. Inclusion and exclusion criteria* 

Inclusion criteria 

#1 Histologically or cytologically confirmed carcinoma of the breast 

#2 Locally advanced and/or metastatic disease appropriate for systemic single 
cytotoxic chemotherapy 

#3 No more than two prior chemotherapy-inclusive regimens for locally advanced 
and/or metastatic disease 

#4 Prior treatment with a taxane and/or anthracycline in the adjuvant or metastatic 
setting 

#5 ECOG performance status ≤ 1 

#6 Adequate organ function 

  

Exclusion criteria 

#1 Prior treatment with a PARP inhibitor 

#2 Prior platinum treatment for metastatic disease. Subjects who have received 
platinum in the adjuvant or neoadjuvant setting are eligible 

#3 CNS metastasis, except adequately treated brain metastasis documented by baseline 
CT or MRI scan that has not progressed since previous scans and that does not 
require corticosteroids for management of CNS symptoms 



#4 Prior malignancy, except for prior BRCA-associated cancer, as long as there is no 
current evidence of the prior cancer, carcinoma in situ of the cervix or 
nonmelanoma skin cancer, and a cancer diagnosed and definitively treated 
≥ 5 years prior to study enrollment with no subsequent evidence of recurrence 

#5 Known to be HIV-positive, active hepatitis C virus, or active hepatitis B virus 

#6 Known hypersensitivity to any of the components of talazoparib 

CNS, central nervous system; CT, computed tomography; ECOG, Eastern Cooperative Oncology Group; HIV, 
human immunodeficiency virus; MRI, magnetic resonance imaging; PARP, polyadenosine diphosphate ribose 
polymerase. 

* In accordance with https://clinicaltrials.gov/ct2/show/NCT01945775; accessed on December 14, 2015. 
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