BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydesbollqig soushy re GZoz ‘0T sunr uo /wod fwg uadolwa//:diy woly papeojumod "€20zZ AeIN 8 UO ¥TZ690-2202-uadolwa/oeTT 0T Se paysiignd 1si1) :uado rINg


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Assessment of bone-targeting agents use in patients with
bone metastasis from breast, lung, or prostate cancer using
structured and unstructured electronic health records from

a regional UK-based hospital

Journal:

BMJ Open

Manuscript ID

bmjopen-2022-069214

Article Type:

Original research

Date Submitted by the
Author:

19-Oct-2022

Complete List of Authors:

Seesaghur, Anouchka; Amgen Ltd Uxbridge, Centre for Observational
Research

Egger, Peter; IQVIA Europe

Warden, Joshua; IQVIA Europe

Abbasi, A; Amgen Ltd Uxbridge, Centre for Observational Research
Levick, Bethany; IQVIA Europe

Riaz, Majid; IQVIA Europe

McMahon, Peter; IQVIA Europe

Thompson, Matthew; IQVIA Europe

Cheeseman, Sue; The Leeds Teaching Hospitals NHS Trust, REAL
Oncology

Keywords:

Breast tumours < ONCOLOGY, ONCOLOGY, Urological tumours <
ONCOLOGY, Respiratory tract tumours < ONCOLOGY, Epidemiology <
ONCOLOGY

o

SCHOLARONE™

CHOLA
SCHUOLA

Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ®p anbiydeiboiqig 8ausby 1e Gzoz ‘0T aunc uo jwod fwg uadolwa//:dny woly papeojumoqd "€20z AN 8 UO ¥TZ690-2Z0zZ-uadolwg/9eTT 0T Se paysiignd sy :uado CING


http://bmjopen.bmj.com/

Page 1 of 27

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug

e ¥

Y e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Assessment of bone-targeting agents use in patients with bone metastasis from breast, lung, or
prostate cancer using structured and unstructured electronic health records from a regional

UK-based hospital

Author Affiliations

Anouchka Seesaghur, MBBS MPH', Peter Eqger, PhD?, Joshua Warden, MSc?, Ali Abbasi, PhD', Bethany

Levick, PhD?, Majid Riaz, BSc?, Peter McMahon, MSc?, Matthew Thompson, BSc?, Sue Cheeseman

MBChB, FRCP3.

Name and Address of corresponding author: Peter Eqger (peter.egger@iqgvia.com)

" Centre for Observational Research, Amgen Ltd, 4 Uxbridge Business Park, Sanderson Road, Uxbridge
UB8 1DH

21QVIA, The Point, 37 North Wharf Road, Paddington, London, W2 1AF
3Leeds NHS Teaching Hospitals Trust, St. James’s University Hospital, Beckett Street, Leeds LS9 7TF

Manuscript Word Count: 2978 words (excluding abstract, tables, figures, acknowledgments, references,

and online-only material)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 27

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydesbollqig soushy re GZoz ‘0T sunr uo /wod fwg uadolwa//:diy woly papeojumod "€20zZ AeIN 8 UO ¥TZ690-2202-uadolwa/oeTT 0T Se paysiignd 1si1) :uado rINg


http://bmjopen.bmj.com/

Page 3 of 27 BMJ Open

Abstract: 300 words
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Objective: To assess use of bone-targeting agents (BTA) in patients with confirmed bone metastases (BM)

10 from breast cancer (BC), non-small cell lung cancer (NSCLC) or prostate cancer (PC)
13 Design: Retrospective cohort study
Setting: Regional hospital-based oncology database of approximately 2 million patients in England

18 Participants: Patients aged 218 years with a diagnosis of BC, NSCLC or PC as well as BM between
20 January 1, 2007 to December 31, 2018, with follow-up to June 30, 2020 or death; BM diagnosis ascertained

22 from recorded medical codes and unstructured data using natural language processing (NLP).

Main Outcomes Measures: Initiation or non-initiation of BTA following BM diagnosis, time from BM

diagnosis to BTA initiation, time from first to last BTA, time from last BTA to death

29 Results: This study included 559 BC, 894 NSCLC and 1013 PC with BM; median age (Q1, Q3) was 65
31 (52-76), 69 (62-77) and 75 (62-77) years respectively. NLP identified BM diagnosis from unstructured data
33 for 92% BC, 92% NSCLC and 95% PC patients. Among patients with BC, NSCLC and PC with BM, 47%,

35 87% and 88% did not receive a BTA, and 53%, 13% and 12% received at least one BTA, starting a median
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37 65 (27, 167), 60 (28, 162) and 610 (295, 980) days after BM respectively. Median (Q1, Q3) duration of BTA
treatment was 481 (188, 816), 89 (49, 195) and 115 (53, 193) days for patients with BC, NSCLC and PC.
For those with a death record, median time from last BTA to death was 54 (26-109) for BC, 38 (17, 98) for

42 NSCLC, and 112 (44, 218) days for PC.

45 Conclusion: In this study identifying BM diagnosis from both structured and unstructured data, a high
47 proportion of patients did not receive a BTA. Unstructured data provide new insights on the real-world use

49 of BTA.
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Our study is the first attempt to characterize bone-targeting agents (BTA) use in clinical practice
using both structured and unstructured data on a large sample of patients with solid tumors within
England

Our study uses natural language processing techniques to identify patients with bone metastasis
from unstructured data within multiple electronic medical records

In this study, prescribing data originates from multiple data sources, and includes both inpatient
and outpatient data

This study relies on the quality and completeness of data collected from hospital records

Insights from this study are limited to the routine practice in one regional area in the UK
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INTRODUCTION

Bone is a frequent site of metastasis for breast cancer (BC), non-small cell lung cancer (NSCLC) and

oNOYTULT D WN =

9 prostate cancer (PC), occurring in approximately 70% of patients with advanced BC -2, in 30-40% of all
patients with NSCLC 2 4 and in 80% of patients with advanced PC 5 6. Bone metastasis (BM) is a major
cause of morbidity leading to severe pain, mobility difficulties, and bone complications, also known as
skeletal-related events (SRE) 7-°. Bone-targeting agents (BTAs) reduce skeletal morbidity from metastatic
bone disease and are used in patients with BMs across several tumour types. For most patients, whether
18 symptomatic or not, clinical guidelines recommend starting a BTA as soon as bone metastases (BMs) are

20 diagnosed 1012,

23 Records of BM depend on imaging practices in routine clinical practice. Imaging at baseline is performed
25 to stage the patient and define the patient’s ongoing management. Throughout a patient’s disease journey,
other imaging assessments may occur but repeat scans are not routinely performed unless clinically
indicated. In electronic medical records (EMR), BM diagnoses are often not coded using medical codes 3
4 and may be captured in unstructured free text. Studies relying solely on BM diagnosis identified via
structured data, may therefore, lead to an incomplete picture of the management of patients with cancer

34 and BM.
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37 To address these gaps in evidence on BM ascertainment, we used novel techniques to identify BMs in both
39 structured medical code-based data, and unstructured free text data from the hospital-based EMR database
41 of the largest integrated regional cancer center in the UK. This allowed us to identify a comprehensive BM
patient population to better understand the management of BM in cancer patients. The current study aims

to evaluate the real-world use and non-use of BTAs in patients with BC, NSCLC or PC with a BM diagnosis.
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METHODS

Data source

This hospital-based cohort study used EMR data from the REAL-Oncology database of Leeds NHS
teaching hospital trust (LTHT). REAL-Oncology receives patient-level data directly from various clinical
information systems, and each data source is linked at the patient-level via the patient’s unique identifier.
(Figure 1)

A two-phase approach was adopted to assess BTA use in patients with cancer and BM using secondary
and tertiary care data. In Phase |, we applied novel techniques to identify patients with confirmed BM
across all existing EMRs, whether structured or unstructured. In Phase Il, we evaluated the use of BTAs

within the identified study cohort.

Phase I: Identification of BM diagnosis

Adult patients (aged =18 years at the date of primary cancer diagnosis) with a primary diagnosis of BC, PC
and NSCLC (index date) were identified through International Classification of Diseases (ICD)-10 codes
(Appendix A) (and additionally ICD-O-3 morphology codes for NSCLC, Appendix B) during the study period
from January 1, 2007 to December 31, 2018. Patients with other primary malignancies prior to the index
date or enrolled in a randomized controlled trial on BTA were excluded.

We included patients who had a BM either at their first diagnosis of primary cancer or developed BM at any
time after initial primary cancer diagnosis. The BM diagnoses were identified via a BTA record, direct coding
of BM, and query of unstructured text from imaging, pathology, and clinical summary reports using a Natural
Language processing (NLP) approach. Linguamatics I2E, an NLP platform, was used to automate
reviewing of unstructured text by looking for inbuilt and predefined keywords and phrases defined by clinical
physicians with experience in diagnosing and treating patients with BM. To confirm all cases, all identified

BM cases were manually reviewed by a senior physician and a data quality officer.
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Study population

From Phase |, all adult patients with BC, NSCLC or PC and a confirmed diagnosis of BM (identified from
January 1, 2007 to December 31, 2018) were followed from BM diagnosis date to June 30, 2020 or

14 death.

17 BTA treatment

20 BTA treatment was determined through patients EMRS linked to the hospital pharmacy dispensing
22 database JAC covering both in-patient and out-patient prescriptions, and the treatment prescribing
database ChemoCare. We reported three phases of medication adherence (initiation, implementation, and
persistence) as recommended by the European Society for Patient Adherence, COMpliance, and
27 Persistence (ESPACOMP)'®. BTAs included two different classes of anti-resorptive agents:

29 bisphosphonates (both IV and oral) and the RANKL inhibitor denosumab.

Statistical analysis
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Primary cancers, BM cases, and BTA use, including type of BTA and switches between BTAs, were

37 reported as counts and percentages. Patient characteristics were reported as percentages for categorical
39 variables and medians (Q1, Q3) for continuous variables. The Kaplan Meier method was applied to

41 analyze time-to-event data of BTA records, such as time to first BTA, duration of BTA, and time from last

43 BTA to death. Counts of <6 were marked as such in all results to protect patient privacy. The SAS version
45 9.4 (SAS, CARY, NC, USA) and R version 3.2'% was used for all data management and statistical

47 analyses.
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49 Patient and public involvement

52 Patients were not involved in this study.
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RESULTS

Phase I: Identification of BM diagnosis

In Phase |, we identified a total of 6,142 BC, 5,202 NSCLC and 5,382 PC primary cancer patients. Table 1
shows a summary of the different approaches and corresponding results for identifying BM diagnoses. Each
of these approaches were reviewed to ascertain confirmation of a BM diagnosis: direct identification by
NLP, identification by proxy based on a record of BTA treatment, identification by proxy based on a record

of spinal cord compression, and direct identification via diagnosis codes in structured EMR.

Table 1 shows the numbers and percentages of the three different methods of BM identification: NLP of
unstructured data, evidence of spinal cord compression and BM in coded EMR fields. For BC, 573
patients were identified, with 527 (92%) via NLP-based querying of unstructured data. For NSCLC the
total was 899, with 829 (92%) from unstructured data. For PC the total was 1017 and the results for
unstructured data were 963 (95%). Further clinical expert review of all resulting cases detected additional
false positives and yielded a final study cohort for BC, NSCLC and PC: 559 (9% of all primary cancer

cases), 894 (17%) and 1013 (19%) BM patients, respectively.

Table 1 Attrition table of study patient population in phase |

Breast Cancer NSCLC Prostate Cancer

Patient size by BM Method N % N % N %
Eligible Cohort at feasibility stage 6142 100 5202 100 5382 100
Patient cohort identified with BM in the medical records 573 9.3 899 17.3 1017 18.9
Patients identified by NLP of reports * 527 92.0 829 92.2 963 94.7
Patients identified as receiving BTA treatment * 309 53.9 118 13.1 129 12.7

Patients identified as patient having SCC * 19 3.3 41 4.6 42 41
Patients identified in coded EMR field * 49 8.6 <75 - 55 5.4
Final cohort of patients with BM after further clinical review 559 9.0 894 17.0 1013 18.8

*Number of patients identified as BM by each method of the overall eligible cohort and confirmed after review by two clinical physicians

(patient can be identified in multiple methods)

Abbreviations: BM: Bone metastasis; BTA: Bone-targeting agents; EMR: Electronic medical record; NLP: Natural language
processing; NSCLC: Non-small cell lung cancer; SCC: Spinal cord compression.
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Phase IlI: Assessment of BTA use
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Table 2 shows the patient demographic and clinical characteristics as well as the treatment histories of

the final study cohort stratified by tumour type, and by BTA use/non-use. BTA initiation, implementation

and persistence are shown in Figure 2, followed by further details of the two most frequent BTAs

in Table 3.

Table 2 Patient characteristics of final BM patient cohort

N
Follow-up: median days (Q1-Q3)
Age at BM diagnosis, median
(Q1-Q3)
Stage IV at primary cancer
diagnosis

History of SRE at BM diagnosis
In the 56-day pre-BM-diagnosis
period
Less than 16 days before BM
diagnosis
Within 16-32 days before BM diagn

N
Sex-female
Primary Cancer stage IV
CRPC diagnosis
At BM diagnosis
ECOG present
ECOG 0-2
eGFR** median (Q1-Q3)

eGFR** <60
Hypercalcaemia classification at
BM diagnosis
<2.75 mmol/L
Mild
Moderate
Severe
Missing/Unknown
Renal disease
Yes
missing
CcCl
0
1
2
3+
missing
Estrogen receptor status
Positive
Missing
Progesterone receptor status
Positive
Missing
HR/HER2 status
HR-/HER2-
HR-/HER2+
HR+/HER2-
HR+/HER2+
missing

559
458 (128-933)
65 (52-76)
30%
35%
1%
3%

BTA no BTA
294 265
100% 100%
29% 30%
NA* NA*
NA NA
64% 39%
94% 81%
81 (67-90) 83 (60-90)
15% 22%
90.51% 88.33%

3.05% NA
NA NA
NA 0.00%
NA 8.95%
NA 3.4%

70.4% 56.6%

21.4% 31.3%

5.4% 4.2%
NA 4.9%
NA 3.0%

70.4% 56.6%

84.4% 72.1%
NA 3.0%

65.0% 55.1%

6.1% 6.4%

10.0% 17.0%

3.4% 6.8%

58.2% 46.4%

5.8% 5.3%

22.8% 24.5%

894
87 (37-205)
69 (62-77)
86%
94%
3%
8%
BTA no BTA
117 777
45% 45%
85% 86%
NA* NA*
NA NA
86% 82%
67% 49%
90 (72-90) 86 (66-
90)
14% 17%
82.20% 94.27%
6.78% 2.00%
6.78% NA
NA NA
NA 2.40%
NA 3.6%
23.1% 21.5%
57.3% 51.1%
14.5% 16.6%
NA 6.8%
NA 4.0%
23.1% 21.5%
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

1013
682 (357)
75 (62-77)
72%
25%
1%
5%
BTA no BTA
121 892
0% 0%
74% 71%
82% 56%
NA* NA*
30% 19%
27% 18%
82 (65-90) 73 (57-90)
17% 26%
75.21% 71.65%
0.00% NA
0.00% NA
0.00% 0.00%
24.79% 27.76%
0.8% 3.8%
57.0% 47.2%
33.1% 39.4%
4.1% 5.9%
5.0% 4.9%
0.8% 2.6%
57.0% 47.2%
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
8
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EGFR mutation NA NA
Pathogenic NA NA 9.4% 5.2% NA NA
Wildtype NA NA 45.3% 29.6% NA NA
missing NA NA 45.3% 65.3% NA NA

ALK mutation NA NA NA NA
Pathogenic NA NA NA 2.2% NA NA
Wildtype NA NA 41.0% 21.8% NA NA
missing NA NA 55.6% 76.1% NA NA

PDL1 mutation NA NA NA NA
High (>=50%) NA NA NA 4.1% NA NA
Intermediate (1-49%) NA NA 10.3% NA NA NA
Low (<1%) NA NA 13.7% 5.0% NA NA
Not done NA NA 25.6% 19.1% NA NA
missing NA NA 44.4% 68.5% NA NA

Histopathological stage NA NA NA NA NA NA
Squamous-cell carcinoma NA NA 23.1% 15.6% NA NA
Other specified NSCLC NA NA NA 2.7% NA NA
NSCLC NOS NA NA 12.0% 16.6% NA NA
Non-squamous NSCLC NA NA 49.6% 39.6%
missing 11.1% 25.5%

Therapy before BTA NA NA NA NA NA NA

administration***
None 12.9% 10.6% 59.8% 68.5% 63.6% 72.9%
RT NA NA* NA 2.3% 8.3% 6.1%
RT & Surgery 15.0% 11.7% NA 1.9% 5.8% 4.2%
SACT NA 0 7.7% 2.3% NA NA*
SACT & RT NA 0 NA 2.1% NA 0.8%
SACT & Surgery 11.9% 7.9% NA 3.5% NA NA
SACT, RT & Surgery 32.7% 33.2% 6.8% 3.2% NA NA
Surgery 25.9% 34.7% 13.7% 16.2% 16.5% 14.6%

Page 10 of 27

* NA means <6 patients

** eGFR units: ml/min/1.73m2)

*** The time period for these therapies includes the time from primary cancer to BM diagnosis

Abbreviations: ALK: anaplastic lymphoma kinase; BM: Bone metastasis, BTA: Bone-targeting agent; CCl: Charlson Comorbidity
Index; CRPC: castration-resistant prostate cancer; eGFR: Estimated glomerular filtration rate; ECOG: Eastern Cooperative
Oncology Group; HER: Human Epidermal Growth Factor Receptor; HR: hormone receptor; NA: Not available; NOS: Non-otherwise
specified; NSCLC: Non-small cell lung cancer; PD-L1: Programmed cell death receptor ligand-1; RT: radiotherapy; SACT: Systemic
anticancer therapy

Breast Cancer

Among 559 patients with BC and BM, 47% (n=265) did not have a BTA prescription, and 53% (n=294)
received at least one BTA prescription, starting a median (Q1, Q3) of 65 (27, 167) days from their BM
diagnosis date (inclusive) to their first BTA initiation date (excludes 9 patients with a BTA before BM).
Median (Q1, Q3) duration of BTA therapy from first to last BTA record was 481 (188, 816) days and median
(Q1, Q3) time from last BTA to death was 54 (26, 109) days (Figure 2) . Most patients (86%, n= 254)
received only one type of BTA. Table 3 provides details of two specific BTAs of different classes that were
administered, the RANKL inhibitor denosumab (n=56, 19.1%) and the bisphosphonate zoledronic acid
(n=229, 77.9%), both with the most frequent cycle duration of 28 days. During the follow-up period, a total

of 52 switches were observed between BTAs. Of those, switches between denosumab and zoledronic acid
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were the most frequent: 30% (17/56) of all denosumab administrations ended in a switch to zoledronic acid,
within a median (Q1, Q3) time to switch of 32 (28, 57) days, and 5% (11/229) of all zoledronic acid

administrations ended in a switch to denosumab, within a median (Q1, Q3) time of 78 (35, 216) days.

oNOYTULT D WN =

9 Patients with BTAs had a numerically higher percentage of oestrogen receptor status positive, progesterone
11 receptor status positive, human epidermal growth factor receptor (HR+/HER)- status as well as a history of

13 surgery compared to patients without a BTA (Table 2).
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NSCLC

Among the 894 patients with NSCLC and BM, 87% (n=777) did not receive a BTA prescription and 13%
(n=117) received at least one BTA prescription, starting a median (Q1, Q3) of 60 (28, 162) days from their
BM diagnosis date (inclusive) to their BTA initiation date (excludes 8 patients with a BTA before BM).
Median (Q1, Q3) duration of BTA therapy from first to last BTA record was 89 (49, 195) days and median
(Q1, Q3) time from last BTA to death was 38 (16, 98) days (Figure 2) . A total of 12 patients with NSCLC
received denosumab and 93 patients received zoledronic acid (Table 3), both with the most frequent
cycle duration of 28 days. The median number of administrations per patient was 2 (Q1,Q3: 1,11) for
denosumab, and 1 (Q1,Q3: 1,3) for zoledronic acid. A total of 114 (97%) patients received only one type
of BTA and <6 switches occurred between BTAs. Patients with BTAs had a numerically higher
percentage of estimated glomerular filtration rate (eGFR), anaplastic lymphoma kinase (ALK) and PD-L1
mutation data missing as well as a higher percentage of a history of systemic anticancer therapy (SACT)

compared to patients without a BTA (Table 2).

Prostate Cancer

Among the 1013 patients with PC and BM, 88% (n=892) did not receive a BTA prescription and 12%
(n=121) received at least one BTA prescription, starting a median (Q1, Q3) of 611 (295, 980) days from
their BM diagnosis date (inclusive) to their BTA initiation date (excludes 1 patient with a BTA before BM).
Median (Q1, Q3) duration of BTA therapy from first to last BTA record was 115 (53, 193) days and
median (Q1, Q3) time from last BTA to death was 112 (44, 218) days (Figure 2) There were no patients
on denosumab while 113 patients received zoledronic acid (Table 3), with the most frequent cycle
duration of 28 days. The median number of administrations per patient was 2 (Q1, Q3: 1, 4) for zoledronic
acid. PC BTA patients only had a record of one unique BTA with no switching recorded. Patients with
BTA prescriptions had a numerically higher percentage of history of RT, SACT or surgery compared to

patients without a BTA prescription (Table 2).

11
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registry (Schroder et al.'8) reported a BTA treatment of 89% in BC patients with BM with a median time to
treatment from BM diagnosis of 3 weeks. Data collection was prospective and focused on an anticancer
treated cohort, including out-patient treatment data. In contrast, our study obtained treatment data
retrospectively from potentially incomplete hospital treatment databases and did not include treatment
outside the hospital. Furthermore, there may be genuine differences in the use of BTAs in cancer patients
with BM between the UK and other European countries. Determinants of BTA prescribing in cancer patients
with BM were evaluated in several studies 17 1° 20, Findings from Von Moos et al.'” indicate that some
physicians base their BTA treatment decisions not only on clinical guidelines but also consider patients’
Eastern Cooperative Oncology Group (ECOG) performance score, disease burden, and the presence of
other sites of metastatic disease. For example, a patient with an ECOG performance score of 0-2 is
considered fit enough to receive BTA treatment, but in the presence of extensive liver disease and low
burden of bone disease, may not routinely receive a BTA. Our study showed a numerical difference in
ECOG scores between patients with BTA and without BTA: 94% of patients with a BTA and 81% without a
BTA had an ECOG score of 0-2. These findings suggest that BTA treatment is determined on a case-by-

case basis within this setting and is not solely reliant on BTA guidelines.

BTA usage in patients with NSCLC and BM

Diel et al.2! investigated 242 lung cancer patients with a diagnosis of BM and who received at least one
BTA treatment in Germany from 2011 to 2015. Of these patients, 15% received denosumab and 63%
zoledronic acid, while our study observed 10% of NSCLC BM patients receiving denosumab and 80%
zoledronic acid. The probability of patients still on denosumab after 6 months was 87% in Diel et al.,
compared to 13% in our study. The 2014 European Society for Medical Oncology (ESMO) bone health
guidelines, which cover some of the German study time period recommend zoledronic acid or denosumab
in patients with a life expectancy of greater than 3 months'0. The NSCLC patients within our study had a

median follow-up time of 87 (Q1, Q3: 37,205) days.

The low proportion of patients receiving BTA within the current study is likely due to the poor prognosis of
these patients. Overall, survival data published by LTHT on advanced non-squamous NSCLC patients

(stage 1lIB-IV) showed patients had a median survival of 4.1 months between 2007-2012 and 5.0 months

13
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treatment is not always recorded within ChemoCare, especially for patients who receive a BTA during an
in-patient admission. Hence, medications that were not prescribed using ChemoCare, including hormone
therapy, and that were prescribed more than 5 years ago (not included in JAC), are not captured in this
study. However, an assessment of BTA prescribing before and after the period of JAC availability showed
only a marginal difference in BTA prescribing between the two periods. In addition, insights from this study
are limited to the routine practice in the UK and reflect existing restrictions in reimbursement and access to

BTA therapy within the country.

15
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CONCLUSION

oNOYTULT D WN =

To our knowledge, this is the first study that retrospectively identified BM patients using both structured and
10 unstructured data within England to characterize BTA use in clinical practice. Applying NLP to unstructured
12 data should be considered as a useful additional strategy to identify BM and ascertain cases which would
14 have been missed if only structured data were used. This study provided a different picture to existing
literature on BTA use in Europe and the US, highlighting the underuse of BTA treatment within patients with
metastatic bone disease from BC, NSCLC or PC. These findings point to a complex decision-making
process to prescribe bone protection therapy to cancer patients. Further work is warranted to better
21 understand individual patient medical need and treatment benefit, including repeating this work in other

23 data sources to assess the benefit of using unstructured data.
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Figures

Figure 1 Leeds NHS Teaching Hospitals Trust (LTHT) data sources and linkages to create study

dataset
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Figure 2 BTA adherence: initiation, implementation, and persistence
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Leeds NHS Teaching Hospitals Trust (LTHT) data sources and linkages to create
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Figure 2

BC: 10 weeks
NSCLC: 9 weeks
PC: 87 weeks

BMJ Open

BC: 68 weeks
NSCLC: 13 weeks
PC: 16 weeks

BTA adherence: initiation, implementation, and persistence

BC: 8 weeks
NSCLC: 5 weeks
PC: 16 weeks

Start of therapy

Time from BM to first record of BTA

Duration of therapy

End of therapy

Time from start of BTA therapy to end

Time from last BTA to death (days)

BTA >0 from BM 109 (12.2%)

Therapy (days) of BTA Therapy (days)

Breast Cancer _ Breast Cancer ey Breast Cancer _
Patients N=559 Patients N=294 Patients N=2947
BTA >0 from BM 285(51.0%) 1> BTA* 250(84.8%) Deaths 225(76.3%)
Median (Q1-Q3) 65 (27-167) Median (Q1-Q3) 481 (188-816) Median (Q1-Q3) 54 (26-109)

1> BTA™ 54 (46.2%)

Deaths 111 (94.9%)

Median (@1-Q3) 60 (28-162)

BTA >0 from BM 120 (11.9%)

Median (Q1-Q3)

1> BTA*™ 63 (52.1%)

89 (49-195)

Median (Q1-Q3)

Deaths 107 (88.4%)

38 (17-98)

Median (Q1-Q3) 611 (295-980)

Median (@1-Q3) 115 (53-192)

Median (@1-Q3) 112 (44-218)

* includes patients who had the BTA before their BM diagnosis
** number of patients with a duration of at least one day
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Title : Assessment of bone-targeting agents use in patients with bone metastasis from breast,
lung, or prostate cancer using structured and unstructured electronic health records from a
regional UK-based hospital

Appendix A
ICD-10 diagnosis codes for the primary cancers
Condition ICD10 code | ICD10 Description
Breast Cancer (BC) C50 Malignant neoplasm of breast
Non-small cell lung cancer C34 Malignant neoplasm of lung + morphology codes to

(NSCLC)

identify NSCLC subgroups in Appendix B below

Prostate Cancer

C61 Malignant neoplasm of prostate

Appendix B

ICD-10 Morphology codes for Adenocarcinoma (NON-Squamous NSCLC, Squamous-cell Carcinoma and

NSCLC NOS)

ICD-0-2 Morphology codes

Adenocarcinoma
(non-squamous
NSCLC)

Adenocarcinoma UNS 81403

Enteric adenocarcinoma 81443

Solid adenocarcinoma with mucin production 82303

MANEC mixed adenoneuroendocrine carcinoma 82443

Adenocarcinoma, bronchiolo-alveolar (BAC), bronchiolar carcinoma, (incl
pathologic in situ-variant) 82503

Alveolar adenocarcinoma 82513

Bronchio-alveolar carcinoma 82523

Adenocarcinoma in situ, mucinous 82532

Adenocarcinoma, mucinous bronchiolo-alveolar (BAC) 82533
Bronchio-alveaolar carcinoma, mixed mucinous and non-mucinous 82543
Adenocarcinoma, mixed with other types of carcinoma incl. squamous cell and
small-cell carcinoma 82553

Minimally invasive adenocarcinoma, nonmucinous 82563

Minimally invasive adenocarcinoma, mucinous 82573

Papillary adenocarcinoma, NOS 82603

Micropapillary adenocarcinoma 82653

Clear cell adenocarcinoma 83103

Fetal adenocarcinoma 83333

Mucinous cystadenocarcinoma 84703

Mucinous adenocarcinoma 84803

Mucin-producing adenocarcinoma 84813

Signet ring cell carcinoma 84903

Acinar cell carcinoma 85503

Acinar adenocarcinoma 85513

Squamous-cell
carcinoma

Papillary squamous cell carcinoma 80523

Keratinizing squamous cell carcinoma 80713
Non-keratinizing squamous cell carcinoma 80723
Squamous cell carcinoma, small cell nonkeratinizing 80733
Squamous cell carcinoma, spindle cell 80743
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Basaloid squamous cell carcinoma 80833
Squamous cell carcinoma, clear cell type 80843

NSCLC NOS

Carcinoma, NOS 80103

Carcinoma, undifferentiated NOS 80203
Carcinoma, anaplastic NOS 80213

Carcinoma, non-small cell unspecified 80463
Large cell carcinoma with rhabdoid phenotype 80143
Sarcomatoid carcinoma, pleomorphic 80223
NUT carcinoma 80233

Spindle cell and giant cell carcinoma 80303
Giant cell carcinoma 80313

Spindle cell carcinoma, NOS 80323
Pseudosarcomatous carcinoma 80333
Basaloid carcinoma 81233

Adenocystic carcinoma 82003

Mucoepidermoid carcinoma 84303
Adenosquamous carcinoma 85603
Epithelial-myoepithelial carcinoma 85623
Blastoma, pulmonary (pneumoblastoma) 89723
Carcinosarkoma, NOS 89803

Myoepithelial carcinoma 89823

Large cell carcinoma | Large-cell carcinoma, unspecified 80123

(Non-squamous
NSCLC)
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Objective: To assess use of bone-targeting agents (BTA) in patients with confirmed bone metastases (BM)

10 from breast cancer (BC), non-small cell lung cancer (NSCLC) or prostate cancer (PC)
13 Design: Retrospective cohort study
Setting: Regional hospital-based oncology database of approximately 2 million patients in England

18 Participants: Patients aged 218 years with a diagnosis of BC, NSCLC or PC as well as BM between
20 January 1, 2007 to December 31, 2018, with follow-up to June 30, 2020 or death; BM diagnosis ascertained

22 from recorded medical codes and unstructured data using natural language processing (NLP).

Main Outcomes Measures: Initiation or non-initiation of BTA following BM diagnosis, time from BM

diagnosis to BTA initiation, time from first to last BTA, time from last BTA to death

29 Results: This study included 559 BC, 894 NSCLC and 1013 PC with BM; median age (Q1, Q3) was 65
31 (52-76), 69 (62-77) and 75 (62-77) years respectively. NLP identified BM diagnosis from unstructured data
33 for 92% BC, 92% NSCLC and 95% PC patients. Among patients with BC, NSCLC and PC with BM, 47%,

35 87% and 88% did not receive a BTA, and 53%, 13% and 12% received at least one BTA, starting a median
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37 65 (27, 167), 60 (28, 162) and 610 (295, 980) days after BM respectively. Median (Q1, Q3) duration of BTA
treatment was 481 (188, 816), 89 (49, 195) and 115 (53, 193) days for patients with BC, NSCLC and PC.
For those with a death record, median time from last BTA to death was 54 (26-109) for BC, 38 (17, 98) for

42 NSCLC, and 112 (44, 218) days for PC.

45 Conclusion: In this study identifying BM diagnosis from both structured and unstructured data, a high
47 proportion of patients did not receive a BTA. Unstructured data provide new insights on the real-world use

49 of BTA.

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

52 Strengths and Limitations

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Our study uses both structured and unstructured patient medical history data to address the study
aims

The unstructured data is evaluated through Natural Language Processing techniques

Prescribing data originates from multiple data sources, and includes both inpatient and outpatient
data

This study relies on the quality and completeness of data collected from hospital records

Insights from this study are limited to the routine practice in one regional area in the UK
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INTRODUCTION

Bone is a frequent site of metastasis for breast cancer (BC), non-small cell lung cancer (NSCLC) and

oNOYTULT D WN =

9 prostate cancer (PC), occurring in approximately 70% of patients with advanced BC -2, in 30-40% of all
patients with NSCLC 2 4 and in 80% of patients with advanced PC 5 6. Bone metastasis (BM) is a major
cause of morbidity leading to severe pain, mobility difficulties, and bone complications, also known as
skeletal-related events (SRE) 7-°. Bone-targeting agents (BTAs) reduce skeletal morbidity from metastatic
bone disease and are used in patients with BMs across several tumour types. For most patients, whether
18 symptomatic or not, clinical guidelines recommend starting a BTA as soon as bone metastases (BMs) are

20 diagnosed 1012,

23 Records of BM depend on imaging practices in routine clinical practice. Imaging at baseline is performed
25 to stage the patient and define the patient’s ongoing management. Throughout a patient’s disease journey,
other imaging assessments may occur but repeat scans are not routinely performed unless clinically
indicated. In electronic medical records (EMR), BM diagnoses are often not coded using medical codes 3
4 and may be captured in unstructured free text. Studies relying solely on BM diagnosis identified via
structured data, may therefore, lead to an incomplete picture of the management of patients with cancer

34 and BM.
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37 To address these gaps in evidence on BM ascertainment, we used novel techniques to identify BMs in both
39 structured medical code-based data, and unstructured free text data from the hospital-based EMR database
41 of the largest integrated regional cancer center in the UK. This allowed us to identify a comprehensive BM
patient population to better understand the management of BM in cancer patients. The current study aims

to evaluate the real-world use and non-use of BTAs in patients with BC, NSCLC or PC with a BM diagnosis.
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METHODS

Outcomes Measures

The main outcome measures were initiation or non-initiation of BTA following BM diagnosis, time from BM
diagnosis to BTA initiation, time from first to last BTA and time from last BTA to death. Further details on
BTAs used including extent of use were provided. Patient demographic and clinical characteristics as well

as the treatment histories by tumour type, and by BTA use/non-use were also described.

Data source

This hospital-based cohort study used EMR data from the REAL-Oncology database of England National
Health Service (NHS) Leeds NHS teaching hospital trust (LTHT). REAL-Oncology receives patient-level
data directly from various clinical information systems, and each data source is linked at the patient-level
via the patient’s unique identifier. (Figure 1)

A two-phase approach was adopted to assess BTA use in patients with cancer and BM using secondary
and tertiary care data. In Phase |, we applied novel techniques to identify patients with confirmed BM across
all existing EMRs, whether structured or unstructured. In Phase I, we evaluated the use of BTAs within the
identified study cohort. The study complied with the Hospital Trust’s Information Governance requirements.
All data was fully anonymized and patients who had opted out of data sharing were removed from the study.
Researchers do not work with identifiable data and work within a secure environment on a secure NHS

network.

Phase I: Identification of BM diagnosis

Adult patients (aged 218 years at the date of primary cancer diagnosis) with a primary diagnosis of BC, PC
and NSCLC (index date) were identified through International Classification of Diseases (ICD)-10 codes

(Appendix A) (and additionally ICD-O-3 morphology codes for NSCLC, Appendix B) during the study period
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from January 1, 2007 to December 31, 2018. Patients with other primary malignancies prior to the index
date or enrolled in a randomized controlled trial on BTA were excluded.

We included patients who had a BM either at their first diagnosis of primary cancer or developed BM at any

oNOYTULT D WN =

9 time after initial primary cancer diagnosis. The BM diagnoses were identified via a BTA record, direct coding
11 of BM, and query of unstructured text from imaging, pathology, and clinical summary reports using a Natural

13 Language processing (NLP) approach. The NLP platform Interactive Information Extraction (I12E), that was

15 developed by the company Linguamatics (https://www.linguamatics.com/products/i2e), was used to
17 automate reviewing of unstructured text by looking for inbuilt and predefined keywords and phrases defined
by clinical physicians with experience in diagnosing and treating patients with BM. A large percentage of
the NLP-identified BM cases were manually checked by the data review team consisting of a senior
physician and a data quality officer, and the information from this was used to improve the NLP query in a
continuous feedback loop of checking and adjusting. Finally, all identified BM cases were manually

26 reviewed by the data review team to provide final confirmation.
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Phase IlI: Assessment of BTA use

Study population

From Phase |, all adult patients with BC, NSCLC or PC and a confirmed diagnosis of BM (identified from
January 1, 2007 to December 31, 2018) were followed from BM diagnosis date to June 30, 2020 or

death.

BTA treatment

BTA treatment was determined through patients EMRS linked to the hospital pharmacy dispensing
database JAC covering both in-patient and out-patient prescriptions, and the treatment prescribing
database ChemoCare. We reported three phases of medication adherence (initiation, implementation, and
persistence) as recommended by the European Society for Patient Adherence, COMpliance, and
Persistence (ESPACOMP)'®. BTAs included two different classes of anti-resorptive agents:

bisphosphonates (both IV and oral) and the RANKL inhibitor denosumab.

Statistical analysis

Primary cancers, BM cases, and BTA use, including type of BTA and switches between BTAs, were
reported as counts and percentages. Patient characteristics were reported as percentages for categorical
variables and medians (Q1, Q3) for continuous variables. The Kaplan Meier method was applied to
analyze time-to-event data of BTA records, such as time to first BTA, duration of BTA, and time from last
BTA to death. Counts of <6 were marked as such in all results to protect patient privacy. The SAS version
9.4 (SAS, CARY, NC, USA) and R version 3.2'% was used for all data management and statistical

analyses.

Patient and public involvement

Patients were not involved in this study.
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9 Phase I: Identification of BM diagnosis o
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12 In Phase |, we identified a total of 6,142 BC, 5,202 NSCLC and 5,382 PC primary cancer patients. Table 1 E =
w
13 g &
14 shows a summary of the different approaches and corresponding results for identifying BM diagnoses. Each g g
15 8 o
16 of these approaches were reviewed to ascertain confirmation of a BM diagnosis: direct identification by 2 E
17 a n
18 NLP, identification by proxy based on a record of BTA treatment, identification by proxy based on a record = E
19 5 o
20 of spinal cord compression, and direct identification via diagnosis codes in structured EMR. s %
o
2 g3
22 Table 1 shows the numbers and percentages of the three different methods of BM identification: NLP of o} go
23 -
c =
24 unstructured data, evidence of spinal cord compression and BM in coded EMR fields. For BC, 573 ‘é ("::&
25 =08
26 patients were identified, with 527 (92%) via NLP-based querying of unstructured data. For NSCLC the %‘:SD N
27 839
28 total was 899, with 829 (92%) from unstructured data. For PC the total was 1017 and the results for g2
29 oW %
30 unstructured data were 963 (95%). Further clinical expert review of all resulting cases detected additional 5% 2
@ @
31 =1
32 false positives and yielded a final study cohort for BC, NSCLC and PC: 559 (9% of all primary cancer Zg 3
Q
33 $53
34 cases), 894 (17%) and 1013 (19%) BM patients, respectively. 332
35 EA
36 i . . Q- o
Table 1 Attrition table of study patient population in phase | > 3
37 = °
38 s 2
39 . | 2 5
40 Patient size by BM Method N % N % N % a 3
41 Eligible Cohort at feasibility stage 6142 100 5202 100 5382 100 2 8
42 Patient cohort identified with BM in the medical records 573 9.3 899 17.3 1017 18.9 % §
43 Patients identified by NLP of reports * 527 92.0 829 92.2 963 94.7 3 3
44 Patients identified as receiving BTA treatment * 309 53.9 118 13.1 129 12.7 2 <
45 Patients identified as patient having SCC * 19 3.3 41 4.6 42 41 § 2
46 Patients identified in coded EMR field * 49 8.6 <75 - 55 5.4 =N
o
173 Final cohort of patients with BM after further clinical review 559 9.0 894 17.0 1013 18.8 o 9
Q v
49 . o iy . : . . 3 &
Number of patients identified as BM by each method of the overall eligible cohort and confirmed after review by two clinical physicians : >
50 (patient can be identified in multiple methods) ‘-g
o1 Abbreviations: BM: Bone metastasis; BTA: Bone-targeting agents; EMR: Electronic medical record; NLP: Natural language §
52 processing; NSCLC: Non-small cell lung cancer; SCC: Spinal cord compression. w
53 =
54 E
55 =
56 §
57 g
58 8 a
59 )
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Phase IlI: Assessment of BTA use

Table 2 shows the patient demographic and clinical characteristics as well as the treatment histories of

the final study cohort stratified by tumour type, and by BTA use/non-use. BTA initiation, implementation

and persistence are shown in Figure 2, followed by further details of the two most frequent BTAs

in Table 3.

Table 2 Patient characteristics of final BM patient cohort

Characteristics BC NSCLC
N 559 894
Follow-up: median days (Q1-Q3) 458 (128-933) 87 (37-205)
Age at BM diagnosis, median 65 (52-76) 69 (62-77)
(Q1-Q3)
Stage IV at primary cancer 30% 86%
diagnosis
History of SRE at BM diagnosis
In the 56-day pre-BM-diagnosis 35% 94%
period
Less than 16 days before BM 1% 3%
diagnosis
Within 16-32 days before BM diagn 3% 8%
BTA no BTA BTA no BTA
N 294 265 117 777
Sex-female 100% 100% 45% 45%
Primary Cancer stage IV 29% 30% 85% 86%
CRPC diagnosis #* #* #* #*
At BM diagnosis # # # #
ECOG present 64% 39% 86% 82%
ECOG 0-2 94% 81% 67% 49%
eGFR** median (Q1-Q3) 81 (67-90) 83 (60-90) 90 (72-90) 86 (66-
90)
eGFR** <60 15% 22% 14% 17%
Hypercalcaemia*** classification
at BM diagnosis
<2.75 mmol/L 90.51% 88.33% 82.20% 94.27%
Mild 3.05% # 6.78% 2.00%
Moderate # # 6.78% #
Severe # 0.00% # #
Missing/Unknown # 8.95% # 2.40%
Renal disease
Yes # 3.4% # 3.6%
missing 70.4% 56.6% 23.1% 21.5%
CClI
0 21.4% 31.3% 57.3% 51.1%
1 5.4% 4.2% 14.5% 16.6%
2 # 4.9% # 6.8%
3+ # 3.0% # 4.0%
missing 70.4% 56.6% 23.1% 21.5%
Estrogen receptor status
Positive 84.4% 72.1% # #
Missing # 3.0%
Progesterone receptor status
Positive 65.0% 55.1% # #
Missing 6.1% 6.4%
HR/HER2 status
HR-/HER2- 10.0% 17.0% # #
HR-/HER2+ 3.4% 6.8% # #
HR+/HER2- 58.2% 46.4% # #
HR+/HER2+ 5.8% 5.3% # #
missing 22.8% 24.5% # #

1013
682 (357)
75 (62-77)
72%
25%
1%
5%
BTA no BTA
121 892
0% 0%
74% 71%
82% 56%
#* #
30% 19%
27% 18%
82 (65-90) 73 (57-90)
17% 26%
75.21% 71.65%
0.00% #
0.00% #
0.00% 0.00%
24.79% 27.76%
0.8% 3.8%
57.0% 47.2%
33.1% 39.4%
4.1% 5.9%
5.0% 4.9%
0.8% 2.6%
57.0% 47.2%
# #
# #
# #
# #
# #
# #
# #
9
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Characteristics BC NSCLC
EGFR mutation
Pathogenic # # 9.4% 5.2% # #
Wildtype # # 45.3% 29.6% # #
missing # # 45.3% 65.3% # #
ALK mutation
Pathogenic # # # 2.2% # #
Wildtype # # 41.0% 21.8% # #
missing # # 55.6% 76.1% # #
PDL1 mutation
High (>=50%) # # # 4.1% # #
Intermediate (1-49%) # # 10.3% # # #
Low (<1%) # # 13.7% 5.0% # #
Not done # # 25.6% 19.1% # #
missing # # 44.4% 68.5% # #
Histopathological stage
Squamous-cell carcinoma # # 23.1% 15.6% # #
Other specified NSCLC # # # 2.7% # #
NSCLC NOS # # 12.0% 16.6% # #
Non-squamous NSCLC # # 49.6% 39.6%
missing 11.1% 25.5%
Therapy before BTA
administration***
None 12.9% 10.6% 59.8% 68.5% 63.6% 72.9%
RT # #* # 2.3% 8.3% 6.1%
RT & Surgery 15.0% 11.7% # 1.9% 5.8% 4.2%
SACT***** # 0 7.7% 2.3% # #*
SACT & RT # 0 # 2.1% # 0.8%
SACT & Surgery 11.9% 7.9% # 3.5% # #
SACT, RT & Surgery 32.7% 33.2% 6.8% 3.2% # #
Surgery 25.9% 34.7% 13.7% 16.2% 16.5% 14.6%

* # means <6 patients

** eGFR units: ml/min/1.73m2)

*** The level of hypercalcemia was based on the following serum calcium levels (mm/L): mild 2.75-3.00; moderate 3.00-3.40; severe
3.40+

**** The time period for these therapies includes the time from primary cancer to BM diagnosis

***** SACT was cancer-specific and included chemotherapy, endocrine therapy and targeted therapy.

Abbreviations: ALK: anaplastic lymphoma kinase; BM: Bone metastasis, BTA: Bone-targeting agent; CCl: Charlson Comorbidity
Index; CRPC: castration-resistant prostate cancer; eGFR: Estimated glomerular filtration rate; ECOG: Eastern Cooperative
Oncology Group; HER: Human Epidermal Growth Factor Receptor; HR: hormone receptor; NA: Not available; NOS: Non-otherwise
specified; NSCLC: Non-small cell lung cancer; PD-L1: Programmed cell death receptor ligand-1; RT: radiotherapy; SACT: Systemic
anticancer therapy

Breast Cancer

Among 559 patients with BC and BM, 47% (n=265) did not have a BTA prescription, and 53% (n=294)
received at least one BTA prescription, starting a median (Q1, Q3) of 65 (27, 167) days from their BM
diagnosis date (inclusive) to their first BTA initiation date (excludes 9 patients with a BTA before BM).
Median (Q1, Q3) duration of BTA therapy from first to last BTA record was 481 (188, 816) days and median
(Q1, Q3) time from last BTA to death was 54 (26, 109) days (Figure 2) . Most patients (86%, n= 254)
received only one type of BTA. Table 3 provides details of two specific BTAs of different classes that were
administered, the RANKL inhibitor denosumab (n=56, 19.1%) and the bisphosphonate zoledronic acid

(n=229, 77.9%), both with the most frequent cycle duration of 28 days. During the follow-up period, a total

10
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of 52 switches were observed between BTAs. Of those, switches between denosumab and zoledronic acid
were the most frequent: 30% (17/56) of all denosumab administrations ended in a switch to zoledronic acid,
within a median (Q1, Q3) time to switch of 32 (28, 57) days, and 5% (11/229) of all zoledronic acid
administrations ended in a switch to denosumab, within a median (Q1, Q3) time of 78 (35, 216) days.
Patients with BTAs had a numerically higher percentage of oestrogen receptor status positive, progesterone
receptor status positive, human epidermal growth factor receptor (HR+/HER)- status compared to patients

without a BTA (Table 2).

11
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7 Among the 894 patients with NSCLC and BM, 87% (n=777) did not receive a BTA prescription and 13% =2
8 =
9 (n=117) received at least one BTA prescription, starting a median (Q1, Q3) of 60 (28, 162) days from their 2
10 o &
11 BM diagnosis date (inclusive) to their BTA initiation date (excludes 8 patients with a BTA before BM). s 5
D =
12 o
13 Median (Q1, Q3) duration of BTA therapy from first to last BTA record was 89 (49, 195) days and median g Q
> O
E (Q1, Q3) time from last BTA to death was 38 (16, 98) days (Figure 2) . A total of 12 patients with NSCLC 5 %-
o -
S o
1? received denosumab and 93 patients received zoledronic acid (Table 3), both with the most frequent E S;
> o
12 cycle duration of 28 days. The median number of administrations per patient was 2 (Q1,Q3: 1,11) for ; E
o o
;‘1) denosumab, and 1 (Q1,Q3: 1,3) for zoledronic acid. A total of 114 (97%) patients received only one type 5 §
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22 of BTA and <6 switches occurred between BTAs. Patients with BTAs had a numerically higher s 2
23 c

=
24 percentage of estimated glomerular filtration rate (eGFR), anaplastic lymphoma kinase (ALK) and PD-L1 ‘é é”@
25 S o
26 mutation data missing as well as a higher percentage of a history of overall RT or SACT or surgery %‘?D N
27 8309
28 compared to patients without a BTA (40.2% (=100%-59.8%) vs 31.5% (=100%-68.5%)) (Table 2). S g%
% 528
31 Prostate Cancer 229

>
34 Among the 1013 patients with PC and BM, 88% (n=892) did not receive a BTA prescription and 12% ;. ©z
35 =R
36 (n=121) received at least one BTA prescription, starting a median (Q1, Q3) of 611 (295, 980) days from 8 . g
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;73 their BM diagnosis date (inclusive) to their BTA initiation date (excludes 1 patient with a BTA before BM). ;:J %
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5
23 Median (Q1, Q3) duration of BTA therapy from first to last BTA record was 115 (53, 193) days and 3 _%
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I
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48 Q
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Table 3 BTA administration in BM patients across the 3 cancers
I :C NSCLC
N 295 117 121
Total unique agents Median 1.0 1.0 1.0
Min-Max 1.0-3.0 1.0-2.0 1.0-1.0
N 56 (19.1%) 12 (10.3%) 0 (0.0%)
Denosumab Only received once 11 <6 -
Administrations Median 6.50 2.0 =
Min-Max 1.0-61.0 1.0-14.0 -
N 229 (77.9%) 93 (79.5%) 113 (93.4%)
. . L i Only received once 32 52 51
Zoledronic acid administrations Median 9.0 10 20
Min-Max 1.0-50.0 1.0-21.0 1.0-34.0

Abbreviations: BC: breast cancer; NSCLC: non-small cell lung cancer; PC: prostate cancer
The remaining %s that add up to the total 100% in the table include BTAs other than denosumab or zoledronic acid.

DISCUSSION

Use of structured and unstructured data to identify BM patients within LTHT

In this study, over 90% of all BM cases were identified through NLP-based querying of unstructured data
HealthCare professionals typically record BM detected during different diagnostic procedures in both
structured and unstructured formats. Restricting the analysis to structured medical codes would have
significantly underestimated the occurrence of BM in the three cancer cohorts in this hospital-based setting.
Hence, use of NLP greatly enhanced the efficiency of the identification of BM cases from multiple
unstructured data sources. The need for clinical review to eliminate false positive cases shows that further

refinement of NLP models is still required.

BTA usage in patients with BC and BM

A European multi-country study (Von Moos et al.'”) found that 88% of BC patients with BM received BTA
treatment, while 53% of BC patients with BM received BTA treatment in our study. There are key differences
between the studies. The Von Moos et al. study collected data in a cross-sectional survey of physicians
that were treating BM patients who were actively receiving treatment for their cancer. In contrast, 57% of
all BM patients in our study did not have a record of SACT, even though some of it may be a result of

prescribing recorded outside the available data systems. A prospective study using a German tumour

13
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3 registry (Schroder et al.'8) reported a BTA treatment of 89% in BC patients with BM with a median time to S
4 =
5 treatment from BM diagnosis of 3 weeks. Data collection was prospective and focused on an anticancer @
6 2
7 treated cohort, including out-patient treatment data. In contrast, our study obtained treatment data %
8 =
9 retrospectively from potentially incomplete hospital treatment databases and did not include treatment g
10 o &
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©
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EN
B Eastern Cooperative Oncology Group (ECOG) performance score, disease burden, and the presence of é g
=y O
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o052
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27 839
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ji compared to 13% in our study. The 2014 European Society for Medical Oncology (ESMO) bone health 3 .
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between 2013-2017 22. The ECOG score further reflects the burden of disease in this population: 67% of

BTA patients with a score of 0-2 and 49% in non-BTA patients.

BTA usage in patients with PC and BM

The European multi-country study (von Moos, et al. '7) included an evaluation of castrate-resistant prostate
cancer (CRPC) patients and reported that 77% of CRPC patients received at least one BTA. The von Moos
et al. study included patients who were actively receiving anticancer therapy. In our study, over 71% were
diagnosed at stage IV and had BM at the time of PC diagnosis and 72% had no record of any other
treatment such as SACT or surgery. A US-based study using claims and commercial databases,
(Hernandez, et al 7) identified BTA use in 52% of PC patients with BM in 2012. Median time to first BTA
was 35 and 37 days, respectively for the claims and commercial databases. In our study we observed that
12% of BM patients received a BTA, with a median time to first BTA of 610 days. While the National Institute
for Health and Care Excellence (NICE) guidelines do not recommend denosumab for PC patients with BM

in the UK 12, it is approved for use in PC patients in the US 23.

STRENGTHS AND LIMITATIONS

A key strength of the current study is the use of extensive unstructured data from multiple EMR sources
and application of NLP techniques to identify patients with BM. Leveraging unstructured data is especially
important because bone metastases are likely identified at different diagnostic investigations and reported
in different medical records. Access to multiple data sources and linkage within the LTHT database and the
application of NLP methods enabled a more comprehensive account of the patient’'s medical record data.
Our findings show that the vast majority of BM cases would have been missed without evidence from
unstructured medical record data, as BMs are typically not recorded through structured medical codes in
this particular setting. In addition, the availability of both in-patient and out-patient prescribing data from

multiple data sources is a strength of the study.

Nevertheless, the study has some limitations due to the capture and documentation of in-patient BTA
prescribing information. The comprehensive hospital drug dispensing data (JAC) is only available for the

last 5 years. Although BTA treatment is also included in the oncology treatment database ChemoCare, BTA
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treatment is not always recorded within ChemoCare, especially for patients who receive a BTA during an
in-patient admission. Hence, medications that were not prescribed using ChemoCare, including hormone

therapy, and that were prescribed more than 5 years ago (not included in JAC), are not captured in this

oNOYTULT D WN =

9 study. However, an assessment of BTA prescribing before and after the period of JAC availability showed
11 only a marginal difference in BTA prescribing between the two periods. In addition, insights from this study
13 are limited to the routine practice in the UK and reflect existing restrictions in reimbursement and access to

15 BTA therapy within the country.
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CONCLUSION

To our knowledge, this is the first study that retrospectively identified BM patients using both structured and
unstructured data within England to characterize BTA use in clinical practice. Applying NLP to unstructured
data should be considered as a useful additional strategy to identify BM and ascertain cases which would
have been missed if only structured data were used. This study provided a different picture to existing
literature on BTA use in Europe and the US, highlighting the underuse of BTA treatment within patients with
metastatic bone disease from BC, NSCLC or PC. These findings point to a complex decision-making
process to prescribe bone protection therapy to cancer patients. Further work is warranted to better
understand individual patient medical need and treatment benefit, including repeating this work in other

data sources to assess the benefit of using unstructured data.
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Figures

Figure 1 Leeds NHS Teaching Hospitals Trust (LTHT) data sources and linkages to create study
dataset

Figure 2 BTA adherence: initiation, implementation, and persistence
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Figure 1 Leeds NHS Teaching Hospitals Trust (LTHT) data sources and linkages to create study
dataset
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Some of the LTHT systems are specific to LTHT and some of them are commercially available. Further references: Mosaig®
28 (https://www.elekta.com/products/oncology-informatics/mosaig-plaza/) and EPRO (https://epro.com/).

* (s3gv) Jnauadns juswaublasug
| @p anbiydesbollqig soushy re GZoz ‘0T sunr uo /wod fwg uadolwa//:diy woly papeojumod "€20zZ AeIN 8 UO ¥TZ690-2202-uadolwa/oeTT 0T Se paysiignd 1si1) :uado rINg

N
©
'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.elekta.com/products/oncology-informatics/mosaiq-plaza/
https://epro.com/
http://bmjopen.bmj.com/

oNOYTULT D WN =

ocouuuuuuuuuuud,DdDDDBDDAMDMDMNDAEDANEDNWWWWWWWWWWNNNNNNNNNDN=S =2 @2 a@Qaaa0
VWO NOOCULLhAWN-_rOCVONOOCTULDWN—_,rOCVOONOOCULDDWN=—_,rOUOVUONOOCULPMNWN—_ODOVUONOUVPSD WN =0

Figure 2
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BTA adherence: initiation, implementation, and persistence
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* includes patients who had the BTA before their BM diagnosis
** number of patients with a duration of at least one day
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