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ABSTRACT
Objectives Patients with multiple myeloma (MM) 
experience significant delays in diagnosis due to non- 
specific symptomatology. The aim of this study was to 
characterise the frequency and timing of clinical features 
in the primary care setting prior to MM diagnosis.
Design Population- based cohort study.
Setting Electronic health records data of approximately 
17 million patients (2006–2016) within the UK Clinical 
Practice Research Datalink.
Participants Patients aged ≥18 years with newly diagnosed 
MM (NDMM), no history of solid tumours and ≥2 years 
registration in a primary care practice prior to MM diagnosis.
Main outcome measures Clinical features and 
symptoms including bone pain, skeletal- related events 
(SREs), investigation and confirmation of MM diagnostic 
CRAB criteria (hyperCalcaemia, Renal impairment, 
Anaemia, Bone lesions) during the 2 years prior to MM 
diagnosis; time between symptom manifestation and/or 
relevant investigation and diagnosis of MM.
Results Among 2646 patients with NDMM, 47.5% had 
a bone pain record during the 2- year period prior to MM 
diagnosis, mainly affecting the back. Regardless of baseline 
bone pain, investigations for serum calcium level were 
used in 36.4% of patients prior to MM diagnosis, followed 
by haemoglobin (65.6%) or renal function (74.1%). Median 
(Q1, Q3) time from first- recorded bone pain to MM diagnosis 
was 220 (80, 476) days. Median (Q1, Q3) time from first- 
recorded hypercalcaemia, renal impairment or anaemia to MM 
diagnosis was 23 (12, 46), 58 (17, 254) and 73 days (28, 232), 
respectively. An imaging investigation or referral for imaging 
was recorded for 60.0% of patients with bone pain/SRE and 
32% without.
Conclusions Nearly half of patients diagnosed with 
NDMM presented with bone pain approximately 7 months 
prior to MM diagnosis. Investigations to evaluate all CRAB 
criteria, including targeted imaging, were underused. Early 
recognition of myeloma clinical features and optimised use 
of investigations in primary care may potentially expedite 
MM diagnosis.

INTRODUCTION
Multiple myeloma (MM) is the second most 
common haematological malignancy in 
Europe, with an estimated age- standardised 
incidence of 9.6 per 100 000 people in the UK 
for the year 2017, projected to increase to 12 

per 100 000 people by 2035.1 2 The UK- based 
Haematological Malignancy Research 
Network (HMRN) raised awareness on 
potential diagnostic delays in primary care, 
recognising non- specific symptomatology as 
a main barrier to MM diagnosis.3 4 Patients 
with myeloma have one of the longest time- 
to- diagnosis intervals among cancers, with 
an average time between symptom onset and 
MM diagnosis of 99 days.5 6 Compared with 
patients with other cancers, they also have 
the most repeated consultations occurring 
in primary care before referral to a specialist, 
with 50% experiencing three or more repeat 
consultations.7 While 57% of patients are 
ultimately diagnosed through general practi-
tioner (GP) referral, timely recognition and 
diagnosis of MM are challenging;8 patients 
typically present to their GPs or family physi-
cians with a myriad of non- specific symp-
toms such as bone pain or aches occurring 
at multiple sites, and fatigue.9 Because the 
average age of MM presentation is 70 years,10 

Strengths and limitations of this study

 ► Our study provides more clarity to the occurrence 
and timing of key myeloma clinical features and use 
of diagnostic investigations prior to the diagnosis of 
multiple myeloma (MM).

 ► Our study is the first attempt to provide key diag-
nostic information such as patient symptoms and 
laboratory testing on a large representative sample 
of patients who are newly diagnosed with MM in pri-
mary care over a 10- year period.

 ► Demographic characteristics, comorbidities, symp-
toms, clinical events, drug exposures and laboratory 
investigation definitions have been validated during 
a reproducibility study and published separately.

 ► This study relies on the quality and completeness 
of data collected in the Clinical Practice Research 
Datalink database.

 ► In this study, medications, investigations or events 
occurring typically within the hospital settings may 
be under- reported.
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these clinical signs may be overlooked as gradual ageing. 
Furthermore, the average primary care physician in 
an individual clinical practice may see fewer than ten 
patients with MM throughout their career given the rare 
cancer status of MM.

Despite the presentation of non- specific symptoms, MM 
causes disabling complications including skeletal- related 
conditions (destructive lytic lesions, osteoporosis and 
hypercalcaemia, skeletal- related events (SREs)), renal 
impairment, infection, neurological complications and 
anaemia.9 11 12 The 1- year survival of patients diagnosed 
through GP referral or emergency presentation after MM 
diagnosis was 70% and 42%, respectively.13 Early detection 
is a high priority for patients and improves survival; 84% 
of patients with myeloma survive for >5 years if diagnosed 
at the earliest stage, compared with only 26% if diagnosed 
at advanced stage.14 Early diagnosis and subsequent 
management of myeloma improve patients’ quality of life 
and reduce symptom burden and serious complications of 
the disease.15 The International Myeloma Working Group 
(IMWG) recommends a series of laboratory and imaging 
investigations to evaluate patients with a suspected diag-
nosis of MM, namely diagnostic imaging and blood tests 
to assess the CRAB (hyperCalcaemia, Renal impairment, 
Anaemia, Bone lesions) diagnostic criteria for MM.8 In 
the primary care setting, access to laboratory testing (eg, 
haemoglobin, calcium levels, kidney function, parapro-
tein and light chains) is readily available and diagnostic 
testing can identify underlying cause of clinical features 
following evidence gained through the physical examina-
tion (signs and symptoms). The presence of bone pain 
in combination with laboratory abnormalities, such as 
anaemia, hypercalcaemia or unexplained renal impair-
ment, have a high diagnostic certainty for MM.16

The extent to which these common clinical features 
have been used to diagnose MM in the primary care setting 
has not been widely investigated. Most existing studies on 
MM have represented a population with more advanced 
disease in clinical secondary care settings.9 As the first 
point of contact for patients, primary care practices 
provide an opportunity to investigate patients presenting 
with clinical features underlying MM and direct the diag-
nostic pathway for patients with suspected MM. In our 
study, we used primary care electronic medical records 
(EMRs) to characterise early clinical features of patients 
newly diagnosed with MM in the UK and describe inves-
tigations for the diagnostic CRAB criteria undergone by 
patients prior to MM diagnosis.

METHODS
Study design and data source
This study was a population- based cohort study of newly 
diagnosed MM (NDMM) patients using the UK Clin-
ical Practice Research Datalink (CPRD) GOLD data-
base. The CPRD is based on standardised EMR systems 
in UK primary care.17 The database contains routinely 
collected GP data from patients registered in over 600 

primary care practices. The geographical distribution of 
GP practices has been shown to be representative of the 
UK and the patients are broadly representative of the UK 
general population in terms of age and sex distributions 
as reported by the national population census.18

Study population
The study population included NDMM patients over the 
age of 18 at diagnosis who were registered with GP prac-
tices across the UK and contributed to the CPRD database. 
Patients who were continuously registered with GP practices 
during a minimum 2- year baseline period prior to (and not 
including) the MM diagnosis date (index date) were included 
in the cohort on their first record of MM diagnosis between 1 
January 2006 and 31 December 2016. Patients were eligible 
for inclusion if their record was labelled as acceptable by 
CPRD quality control. Patients were excluded if they had one 
or more record of a solid tumour (including skin cancer) 
diagnosis during any time prior to (and including) the index 
date to avoid the inclusion of patients experiencing bone 
pain due to metastases of their tumour to the bone. Figure 1 
presents the study design diagram.19

Defining MM and clinical features
Primary care Read codes were used to identify MM diag-
nosis, comorbidities, bone pain and SREs from clinical 
and referral records.20 Product codes were used to iden-
tify prescribed medications. Laboratory investigations 
and confirmation of the CRAB criteria, including serum 
calcium, haemoglobin and creatine level, were identified 
using Read codes from clinical and referral records and 
Entity type from Test records. Investigation and confir-
mation of bone lesions was identified through Read 
codes from clinical and referral records, Entity type and 
Medcodes from Test records (figure 2). Testing of interest 
included haemoglobin level, blood calcium level, serum 
creatinine level and diagnostic imaging (bone scan, CT 
scan, MRI scan, positron emission tomography scan and 
any X- ray). Reasons for imaging procedures were not 
available and patients may have received those for reasons 
not related to the CRAB criteria work- up. Details and lists 
of Read code have been previously described.21

Symptoms of MM, including bone pain and SREs prior 
to diagnosis, and clinical features of the CRAB criteria 
during the baseline period were retrieved.

Statistical analysis
Patients were described in terms of demographic char-
acteristics at baseline, prevalent comorbidities, clinical 
features and symptoms. Prescribed medications related 
to bone health and pain management including bisphos-
phonates, considered standard of care for bone disease, 
were also described.22 Summary statistics included 
frequencies (%) for categorical variables and mean (SD) 
and median (Q1, Q3) for continuous variables such as 
time of the diagnostic interval from first recorded bone 
pain, SRE and CRAB investigations. Time of symptom 
presentation or relevant diagnostic CRAB criteria to the 
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diagnosis of MM were also evaluated. Results were strat-
ified by the presence of a record for bone pain and/or 
SRE at baseline (symptomatic) or absence of bone pain 
and/or SRE at baseline (asymptomatic).

All analyses were conducted using the Aetion Evidence 
Platform (V.3.12), a rapid- cycle analytic tool which has 

been validated in a range of studies and therapeutic areas 
including oncology.23

Patient and public involvement
Although, there has been no specific patient or public 
involvement (contact) in this retrospective database study, 

Figure 1 Study design. The study design diagram visually displays study design implementation. The vertical line represents 
the cohort entry date (index date), which is the first- order temporal anchor. The boxes represent second- order temporal anchors 
(time windows). The brackets in the boxes show time intervals anchored on day 0. Dx, diagnosis; EXCL, exclusion; MM, multiple 
myeloma.

Figure 2 CRAB criteria for multiple myeloma investigation and confirmation. *Plain radiographs coded as a record of X- ray; 
other imaging studies coded as a record of bone scan or CT scan or MRI or positron emission tomography scan; diagnostic 
imaging investigations.
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CPRD works diligently and independently with contrib-
uting practices to ensure patients are aware of how their 
anonymised data are used and of their right to opt out of 
their data being shared for research (https://www.cprd. 
com/public).

RESULTS
Study population
At the time of analysis, the CPRD database contained 
17 756 119 patients. Among 4823 patients with NDMM, 
2177 patients were excluded for not meeting the eligi-
bility criteria, leading to a total of 2646 NDMM patients 
between 2006 and 2016 included in our analysis (online 
supplemental figure S1). Among all patients with NDMM, 
the median (Q1, Q3) age was 71 (63, 79) years and 54.7% 
were men. On average, patients were observable in the 
CPRD database for 11.5 years prior to their initial MM 
diagnosis and for 2.7 years post MM diagnosis. Overall, 
43.8% of patients with NDMM had at least one muscu-
loskeletal comorbid condition (29.2% with osteoarthritis 
and 10.8% with osteoporosis); 45.0% of all patients had 
hypertension, 21.2% chronic kidney disease, 20.2% 
cardiovascular disease.

Figure 3 shows the baseline demographic and clinical 
characteristics of the NDMM patients by the presence 
(symptomatic) or absence (asymptomatic) of bone pain/
SREs at baseline. Musculoskeletal comorbidities were 
observed among symptomatic patients and asymptomatic 
patients, including osteopenia (6.2% and 4.7%), osteo-
porosis (14.8% and 7.0%) and osteoarthritis (32.8% and 
25.7%), respectively. Both symptomatic and asymptom-
atic patients frequently received analgesics during base-
line, including non- opioid analgesics (88.1% and 62.4%, 
respectively), weak opioid (73.4% and 40.9%) and strong 
opioid use (41.8% and 14.6%). A prescription for bisphos-
phonates was observed for 17.3% of symptomatic patients 
during baseline (online supplemental table S1). Among a 
subgroup of 361 patients with NDMM and a prescription 
of oral bisphosphonates in the 2 years prior to MM diag-
nosis, 62.3% (n=225) had a record of bone pain or SRE 
and 37.7% (n=136) did not.

Clinical features and CRAB investigation
Overall, 49.1% of the patients with NDMM were symp-
tomatic with either bone pain and/or SRE during base-
line. Among patients with NDMM, 47.5% of patients had 
a baseline bone pain record, mainly affecting the back 

Figure 3 Baseline clinical characteristics and CRAB- related presentation prior to multiple myeloma (MM) diagnosis among 
patients with symptomatic and asymptomatic MM. Percentage of patients for each characteristic is shown among symptomatic 
patients with bone pain and/or SRE (red bars) and asymptomatic patients without bone pain and/or SRE (orange bars). For 
CRAB diagnostic investigations, the percentages of patients tested for hypercalcaemia, renal impairment, anaemia and bone 
lesions are shown for symptomatic patients (red bars) and asymptomatic patients (orange bars). Percentages of patients with 
confirmation are shown for symptomatic (pink bars) and asymptomatic patients (light orange bars). CRAB criteria investigations 
and confirmations prior to MM diagnosis between 2006 and 2016. A maximum of 2 years minus 90 days before (and not 
including) the MM index date was used. Patients were required to be continuously enrolled throughout each time window to be 
included into these subgroups. CRAB, hyperCalcaemia, Renal impairment, Anaemia, Bone lesions; NDMM, newly diagnosed 
MM; SRE, skeletal- related event.
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(33.7%) or other joints (17.3%). Only 4.8% of patients 
with NDMM had a record of an SRE, mostly captured 
as pathological fracture (3.7%). Records of spinal cord 
compression and surgery to bone were rare (<1%) 
(online supplemental table S2). An imaging investiga-
tion or referral for an imaging investigation was recorded 
for 60.0% of symptomatic bone pain/SRE and 31.7% 
of asymptomatic patients. Among NDMM patients who 
had an imaging investigation, 19.0% had an MRI and 
22.1% had a CT scan (online supplemental table S3). 
Confirmed bone lesions were recorded in 8.1% of symp-
tomatic patients and 2.2% of asymptomatic patients 
(online supplemental table S4).

During the baseline period, most patients with NDMM 
received a laboratory investigation for renal impair-
ment (approximately 74%) or anaemia (approximately 
65%), regardless of being symptomatic or asymptomatic 
(figure 3, online supplemental table S4). Confirmation 
of hypercalcaemia was infrequently observed prior to 
MM diagnosis regardless of the presence or absence of 
bone pain/SRE (figure 3, online supplemental table S4). 
The proportion of patients who met any one of the CRAB 
criteria was 0.8% and 0.7% for hypercalcaemia, 3.4% 
and 7.3% for renal impairment, 11.9% and 15.6% for 
anaemia among symptomatic and asymptomatic patients, 
respectively (online supplemental table S4).

During the 12 months prior to MM diagnosis, the 
proportion of CRAB- related diagnostic test combinations 

received by patients were 75.7% for renal impairment and 
anaemia, 50.4% for hypercalcaemia and renal impair-
ment, 50.2% for hypercalcaemia and anaemia, and 48.9% 
for hypercalcaemia, renal impairment and anaemia. Only 
18.9% of all patients with NDMM underwent investiga-
tions for all four CRAB criteria (figure 4, online supple-
mental table S5). We observed complete CRAB criteria 
testing with all four components in 26.7% of symptom-
atic patients and 11.5% of asymptomatic patients (online 
supplemental table S5).

Timing of clinical features and CRAB investigation
Among all patients with NDMM, the median time (Q1, 
Q3) between MM diagnosis and the initial laboratory diag-
nostic workup to ascertain renal impairment or anaemia 
were 488 (203, 626) and 380 (95, 594) days, respectively. 
We observed a 6- month interval between MM diagnosis 
and the initial investigation for hypercalcaemia (median 
(Q1, Q3) of 176 (44, 507) days) (online supplemental 
table S6). The median time (Q1, Q3) between date of 
ascertainment of renal impairment or anaemia (via the 
first record of a confirmed abnormal test result) and date 
of MM diagnosis were 58 (17, 254) and 73 (28, 232) days, 
respectively. The median (Q1, Q3) diagnostic interval 
between a confirmed hypercalcaemia and the MM diag-
nosis was only 23 (12, 46) days (figure 5, online supple-
mental table S7).

Figure 4 Combination of CRAB investigations for hypercalcaemia, renal impairment, anaemia and diagnostic imaging for bone 
lesion. The frequency of CRAB criteria testing was assessed in the 12 months prior to and not including the cohort entry date. 
The testing includes laboratory tests only; total tests measure the number of patients who had the specific test or combination 
of tests, alone or with additional tests. CRAB investigation categories are not mutually exclusive. Patients included in each 
category were required to have, at minimum, the tests indicated by the black circles; they may or may not have had the tests 
indicated by the white circles. CRAB, hyperCalcaemia, Renal impairment, Anaemia, Bone lesions.
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Overall, we observed a 6- month interval between the 
initial investigation for bone lesion (median (Q1, Q3) of 
195 (59, 452) days) and MM diagnosis (online supple-
mental table S6), and a median (Q1, Q3) diagnostic 
interval of 105 (30, 346) days between confirmed imaging 
results for bone lesions and the MM diagnosis. Among 
symptomatic patients, the median (Q1, Q3) time from 
the initial bone pain record to MM diagnosis was 220 (80, 
476) days. The median (Q1, Q3) time from bone pain to 
investigations with bone X- ray, MRI scan, bone scans or 
CT scan was 34 (8, 175) days, 93 (38, 256) days, 112 (44, 
259) and 181 (58, 406) days, respectively (online supple-
mental table S8).

DISCUSSION
This population- based cohort study using real- world data 
revealed that nearly half of 2646 patients with NDMM 
had a record of symptomatic bone pain, approximately 7 
months prior to MM diagnosis in primary care. Approx-
imately 71% of symptomatic patients presented with 
back pain. Diagnostic intervals (ie, the time from inves-
tigation to MM diagnosis) ranged from 6 months to over 
12 months among both symptomatic and asymptom-
atic patients. Abnormal laboratory results for the CRAB 
criteria were observed closer to MM diagnosis time, with 
a median time of 1–2 months. Investigations for hypercal-
caemia were uncommon in patients presenting with bone 
pain, and diagnostic tests to identify CRAB criteria were 
underused. Among symptomatic patients (with bone 
pain/SRE), advanced bone imaging investigation recom-
mended by IMWG and National Institute for Health 
and Care Excellence (NICE)24 with MRI or CT scan was 
limited; 20% of symptomatic patients had a record of 
MRI or CT imaging.

Strengths and limitations
The main strength of our study is that it fills the knowl-
edge gap about key clinical features and diagnostic timing 
leading up to the diagnosis of myeloma in a primary 
care setting by providing a comprehensive picture for 
both symptomatic and asymptomatic patients. Our 
study is based on electronic health records data from a 
large representative sample of the UK population regis-
tered with GPs in the primary care setting with a wide 

geographic coverage.16 Over a 10- year study period, 
our study captured a large number of newly diagnosed 
patients with MM. Additionally, to minimise misclassifica-
tion, a group of clinical experts and epidemiologists devel-
oped algorithms to identify conditions of interest. We also 
investigated the frequency of bone pain recording on an 
annual basis over the study period and found consistency 
in recording of the symptom across the different years.

The study also has some limitations. First, since our study 
relies on recorded diagnoses in electronic health records, 
conditions or comorbidities not reported to the GPs might 
not be captured. Similarly, CPRD data are collected at the 
time of GP clinical care and not for research purposes; 
therefore, the completeness of medical information from 
specialists and inpatient care, is not known. Our study 
only focused on the CRAB diagnostic criteria and did 
not investigate other relevant tests such as protein elec-
trophoresis, Bence- Jones protein urine test, serum free 
light chain test or erythrocyte sedimentation rate, which 
may also be conducted to assess myeloma. In addition, 
plain radiographs and other imaging studies were part of 
the CRAB criteria for bone lesions; however, patients may 
have received a chest X- ray for other reasons not related 
to the CRAB criteria work- up. Reasons for imaging proce-
dures were not available and patients may have received 
those for reasons not related to the CRAB criteria work- 
up. Finally, the study only looked at bone pain in the 2 
years prior to diagnosis and patients may have had bone 
pain prior to the start of the baseline assessment period.

Comparison with existing literature
Previous studies have reported that most patients with 
MM complained about their bone pain at presentation. 
In a comprehensive review of the literature, Nador et al 
showed that 59% of patients with MM presented with 
bone pain.11 Goldschmidt et al conducted an analysis 
using EMRs and Israeli Health Maintenance Organization 
data and reported that back pain was the most common 
complaint during the 2 years before MM diagnosis.25 In 
our study, the frequency of bone pain recorded in primary 
care was consistent with these studies despite differences 
in geographic region and data source. As previous studies 
highlighted, findings about diagnostic delays in MM can 
vary from one study to another due to differences in data 
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sources, data collection methods, study design and study 
periods. For example, Howell et al, used data from the 
UK- based HMRN, and estimated that the total interval 
between time to help- seeking (self- reported symptoms) 
was 163 days.4 In a systematic review and meta- analysis 
of seven studies, Koshiaris et al reported that the median 
diagnostic interval between first presentation to primary 
care and MM diagnosis was approximately 109 days.26 Our 
observational findings support substantial delays between 
recorded symptoms and MM diagnosis in a primary care 
setting. However, there is considerable heterogeneity in 
symptoms (patient- reported vs predefined symptoms) 
and time periods reported in previous studies,26 which 
makes comparing findings across studies difficult.4

Clinical and policy implications
The current pathway to diagnosing myeloma is recognised 
as being complex, with multiple GP appointments 
and significant delay before diagnosis. There is limited 
evidence regarding the clinical scenarios in which MM 
should be suspected.13 16 Our study provides more clarity 
on the occurrence and timing of key clinical features and 
diagnostic investigations leading to the diagnosis of MM.

Our findings suggest that GPs could have significant 
input in improving the time to diagnosis of MM. The 
first National Audit of Cancer Diagnosis in Primary Care 
collected data on primary care referrals submitted volun-
tarily by GPs on their patients diagnosed with cancer in 
England. This audit showed avoidable delays in 27% of 

patients with MM receiving their diagnosis in primary 
care in England.5 During the COVID- 19 pandemic, there 
have been additional delays in myeloma diagnosis due to 
markedly reduced CT and MRI imaging, longer waiting 
times for investigations, and a fall in urgent cancer refer-
rals.27 28 At the end of September 2020, there were a total 
of 215 463 patients waiting for a diagnostic MRI, and the 
number of patients waiting 6 weeks or more for an MRI 
increased by 20% compared with September 2019.29 30 
Further research is warranted to quantify the impact of 
delays in MM diagnosis and treatment on patient quality 
of life and outcomes.

To reduce delays in diagnosing of MM in the primary 
care, there is a need for improved diagnostic safety 
netting, that is, the process of managing diagnostic uncer-
tainty during the GP consultation and communicating to 
patients when and how to follow- up on potential symp-
toms.31 Various stages of the pathway to MM diagnosis 
would benefit from tailored safety nets to manage diag-
nosis uncertainty and timely evaluation. Reflecting on 
insights from our study and other published studies, we 
propose a plethora of actions in different settings to be 
undertaken by both the patient and the GPs, using the 
action, actor, context, target, time framework (figure 6).32

One aspect of safety netting is to provide advice on 
potential red- flag symptoms and on accessing further 
medical care. Targeted awareness campaigns co- pro-
duced with patients and the public on the clinical 

Figure 6 Proposed action, actor, context, target, time specification to improve diagnosis of multiple myeloma (MM) (adapted 
from Presseau et al).32 CRAB, hyperCalcaemia, Renal impairment, Anaemia, Bone lesions; GP, general practitioner.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052759 on 6 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


8 Seesaghur A, et al. BMJ Open 2021;11:e052759. doi:10.1136/bmjopen-2021-052759

Open access 

features and symptom profiles of MM may help reduce 
delays in MM diagnosis in primary care. Tailored GP 
education programmes on MM diagnosis through their 
regular channels would be an enabler for early diagnosis. 
Back pain combined with other symptoms such as fatigue 
and weight loss, or back pain combined with abnormal 
blood tests warrant definitive investigation for MM.33 34 
Such focused approach may be more impactful to address 
the delays in seeking help, representation and diagnosis. 
Such delays, with myeloma patients taking half a month 
to 7 months from initial symptom/health change to first 
seeking help, were recently reported.35

In the case of patients without bone pain and/or SRE 
(asymptomatic), further research is required (figure 6)36 
to identify biomarkers/precursors of MM, and to help 
identify those who may benefit from early screening 
haematological investigations. For example, Koshiaris 
et al used CPRD data to develop a prediction tool based 
on patient characteristics, symptoms and blood tests to 
identify patients at risk of MM in primary care.37 Patients 
with monoclonal gammopathy of unknown significance 
(MGUS), however, were excluded from the analysis. 
Since premalignant plasma cell disorders such as MGUS 
often precedes MM, research is currently underway to 
monitor MGUS in community or secondary care, iden-
tify biomarkers and better predict patients who progress 
from MGUS to myeloma.

Another aspect of safety netting includes the follow- up 
and management of investigations. Improved access to 
diagnostic facilities may enable GPs to request timely 
laboratory and advanced imaging investigations, thereby 
accelerating the time to MM diagnosis. There is already a 
call for one stop shop diagnostic services directly within 
the community, closer to patients’ homes.38 39 This 
cross- collaboration aligns with efforts across the UK, as 
outlined in the National Health Service Long Term Plan, 
to focus on a radical overhaul of services for the diagnosis 
of suspected cancer, including the introduction of Rapid 
Diagnostic Centres, and the organisation of imaging 
networks with better access to MRI and CT scanners.40 41

Early recognition of red- flag symptoms and self or 
GP referral to these diagnostic services with rapid turn-
around time for results will result in early diagnosis and 
prompt treatment. Further research, in close partnership 
with the patient, their support networks and the public, is 
required on the development, implementation and effec-
tiveness of these potential safety netting.42

CONCLUSION
Nearly half of patients with NDMM presented with a bone 
pain symptom in primary care, approximately 7 months 
prior to MM diagnosis. Diagnostic tests to explore 
evidence of the CRAB criteria were underused. Investiga-
tions for hypercalcaemia and advanced imaging were not 
frequent in patients presenting with bone pain. Increased 
awareness of clinical features of MM, including its early 
presentation as bone pain, may lead to early recognition 

and testing of MM in primary care, thereby potentially 
accelerating disease diagnosis and timely medical care.
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SUPPLEMENTAL MATERIAL 

Algorithm development 

Codes for inclusion in the study-specific algorithms were identified by searching the published 

literature and a proprietary algorithms library for CPRD-specific algorithms, and by entering 

description(s) associated with each variable was(were) in a proprietary Medical Code Lookup 

Tool querying CPRD. The list of potentially relevant codes identified via a combination of these 

methods, for each variable was then reviewed and assessed for inclusion in the corresponding 

algorithm. Clinical knowledge and/or cross-tabulation of available data in CPRD was used to 

design the study-specific algorithms. All algorithms were clinically- and/or data-driven, with no 

gold standard for comparison. Although no algorithm is definitive per se, the data identified 

using the study-specific algorithms were assumed to be definitive cases on the basis of a record 

entry by the GP.  

For the bone pain algorithm, a feasibility study, using a broad set of codes for bone pain 

originating from a validated symptoms list1 and a more restricted set limited to the generic ‘bone 

pain code’, was conducted in a newly diagnosed MM patient population within CPRD. 

Following the results of the feasibility study and in alignment with a published CPRD study2  on 

multiple myeloma, a composite definition of bone pain was chosen for the current study to 

maximise capture of all possible bone pain events.  

  

 
1 Din, N. U., Ukoumunne, O. C., Rubin, G., Hamilton, W., Carter, B., Stapley, S. & Neal, R. D. 

2015. Age and Gender Variations in Cancer Diagnostic Intervals in 15 Cancers: Analysis of Data 

from the UK Clinical Practice Research Datalink. PLoS One, 10, e0127717. 
2 Raluy-Callado M, L. D., Decosta L, Gonzalez-Mcquire S 2015. Retrospective Cohort Study 

Using Data From The Uk Clinical Practice Research Datalink and Hospital Episode Statistics to 
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SUPPLEMENTAL TABLES AND FIGURES 

Figure S1. Patient flow chart 
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Table S1. Baseline characteristics of newly diagnosed multiple myeloma patients identified 

in the CPRD data between 2006-2016. 

 

All newly  

diagnosed MM 

No bone pain and no 

SRE in baseline 

Bone pain and/or 

SRE 

in baseline 

N (%) 2,646 1,348 1,298 

Gender    

Male 1,448 (54.7%) 761 (56.5%) 687 (52.9%) 

Female 1,198 (45.3%) 587 (43.5%) 611 (47.1%) 

Age (years) at MM diagnosis, Median 

[Q1,Q3] 
71  [63 , 79 ] 72  [64 , 80 ] 70  [61 , 77 ] 

Comorbidities [1]    

Any musculoskeletal conditions  1,159 (43.8%) 521 (38.6%) 638 (49.2%) 

…Osteopenia 143 (5.4%) 63 (4.7%) 80 (6.2%) 

…Osteoporosis 287 (10.8%) 95 (7.0%) 192 (14.8%) 

…Osteoarthritis 773 (29.2%) 347 (25.7%) 426 (32.8%) 

…Gout 196 (7.4%) 97 (7.2%) 99 (7.6%) 

Rheumatoid arthritis 76 (2.9%) 43 (3.2%) 33 (2.5%) 

Chronic Kidney Disease 557 (21.1%) 321 (23.8%) 236 (18.2%) 

Cardiovascular Disease 534 (20.2%) 284 (21.1%) 250 (19.3%) 

Hypertension 1,190 (45.0%) 624 (46.3%) 566 (43.6%) 

Baseline medications for bone health and 

pain management among NDMM patients 

[2] 

   

Denosumab    

Prolia 2 (0.1%) 1 (0.1%) 1 (0.1%) 

Xgeva 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Bisphosphonates    

Any bisphosphonates  361 (13.6%) 136 (10.1%) 225 (17.3%) 

   Alendronic acid 275 (10.4%) 96 (7.1%) 179 (13.8%) 

   Etidronate 5 (0.2%) 2 (0.1%) 3 (0.2%) 

   Ibandronic acid 12 (0.5%) 5 (0.4%) 7 (0.5%) 

   Pamidronic acid 0 (0.0%) 0 (0.0%) 0 (0.0%) 

   Risedronic acid 47 (1.8%) 19 (1.4%) 28 (2.2%) 

   Sodium clodronate 44 (1.7%) 24 (1.8%) 20 (1.5%) 

   Strontium ranelate 13 (0.5%) 4 (0.3%) 9 (0.7%) 

   Zoledronic acid 1 (0.0%) 1 (0.1%) 0 (0.0%) 

Analgesics    

   No analgesics 441 (16.7%) 383 (28.4%) 58 (4.5%) 

   Non-opioid analgesics 1,984 (75.0%) 841 (62.4%) 1,143 (88.1%) 

   Weak opioids 1,504 (56.8%) 551 (40.9%) 953 (73.4%) 

   Strong opioids 740 (28.0%) 197 (14.6%) 543 (41.8%) 

Abbreviations: CRAB, hypercalcaemia, renal impairment, anaemia, bone lesions; Q, quartile ; MM, multiple 

myeloma; SD, standard deviation; SRE, skeletal-related events 

Notes: [1] Comorbidities were assessed in all available data prior to and including cohort entry date; medication use 

was assessed in the 2 years prior to and not including cohort entry date; cardiovascular disease included angina, 

coronary artery disease, heart failure, myocardial infarction, cerebrovascular disease, and peripheral vascular disease 

(see full list of Read codes in the supplementary appendix); medications were assessed during the 2 years prior to 

and not including the cohort entry date. [2] Medication administered outside of the primary care settings (e.g., 

hospital) were not fully captured in the data. 
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Table S2. Bone pain and SRE in newly diagnosed multiple myeloma patients identified in 

the CPRD data between 2006-2016. 

 

All newly  

diagnosed MM 

No bone pain or no 

SRE in baseline 

Bone pain and/or 

SRE 

in baseline 

N (%) 2,646 1,348 1,298 

A record of bone pain 1,256 (47.5%) 0 (0.0%) 1,256 (96.8%) 

Type of bone pain    

Combined bone pain 1,256 (47.5%) 0 (0.0%) 1,256 (96.8%) 

Site specific bone pain    

   Rib pain 93 (3.5%) 0 (0.0%) 93 (7.2%) 

   Chest pain 76 (2.9%) 0 (0.0%) 76 (5.9%) 

   Back pain 892 (33.7%) 0 (0.0%) 892 (68.7%) 

   Joint pain 457 (17.3%) 0 (0.0%) 457 (35.2%) 

    

A record of SRE 126 (4.8%) 0 (0.0%) 126 (9.7%) 

Type of SRE    

Any pathological fracture 97 (3.7%) 0 (0.0%) 97 (7.5%) 

Pathological fracture: non-vertebral 

(excluding skull, face, fingers, toes) 
16 (0.6%) 0 (0.0%) 16 (1.2%) 

Pathological fracture: non-vertebral 

(skull, face, fingers, toes) 
0 (0.0%) 0 (0.0%) 0 (0.0%) 

Pathological fracture: not specified 56 (2.1%) 0 (0.0%) 56 (4.3%) 

Pathological fracture: vertebral 35 (1.3%) 0 (0.0%) 35 (2.7%) 

Radiation therapy to bone 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Spinal cord compression 19 (0.7%) 0 (0.0%) 19 (1.5%) 

Surgery to bone 15 (0.6%) 0 (0.0%) 15 (1.2%) 

Abbreviations: SRE, skeletal-related events 

Notes: Bone pain and SREs were assessed in the 2 years prior to and not including cohort entry date; patients may 

have had bone pain reported in multiple sites (see full list of Read codes in the supplementary appendix). Patients 

may have had a record of bone pain and a record of SRE. 
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Table S3. Type of imaging investigation for bone lesions among patients with MM 

identified in CPRD between 2006-2016. 

 

All newly  

diagnosed MM 

No bone pain or 

no SRE in baseline 

Bone pain and/or 

SRE 

in baseline 

N (%) 2,646 1,348 1,298 

NDMM patients with at least one imaging 

investigation specific to bone lesions [2] 
1,206 (45.6%) 427 (31.7%) 779 (60.0%) 

    Bone x-ray 959 (79.5%) 316 (74.0%) 643 (82.5%) 

    Vertebral (spine, neck) x-ray 392 (32.5%) 82 (25.9%) 310 (48.2%) 

    Non-vertebral x-ray 757 (62.8%) 272 (86.1%) 485 (75.4%) 

    MRI scan (inc. NMR) 229 (19.0%) 72 (16.9%) 157 (20.2%) 

    CT (CAT) scan 266 (22.1%) 110 (25.8%) 156 (20.0%) 

    PET Scan - - - 

    Bone scan 135 (11.2%) 32 (7.5%) 103 (13.2%) 

    Other imaging investigations[3] - - - 

Abbreviations: CAT, computerized axial tomography; CT, computerised tomography; MRI, magnetic resonance 

imaging; NDMM, newly diagnosed multiple myeloma; PET, positron emission tomography 

 

Notes: Imaging investigation tests were assessed in the 2 years prior to and not including cohort entry date.  
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Table S4. CRAB investigations prior to MM diagnosis[1] among patients with MM 

identified in CPRD between 2006-2016. 

 

All newly  

diagnosed MM 

No bone pain or no 

SRE in baseline 

Bone pain and/or 

SRE 

in baseline 

All patients newly diagnosed with MM [2] 2,646 1,348 1,298 

Hypercalcaemia    

Any investigation 933 (36.4%) 469 (34.8%) 494 (38.1%) 

Any confirmation 20 (0.8%) 9 (0.7%) 11 (0.8%) 

Renal impairment    

Any investigation 1,963 (74.2%) 1,348 (74.3%) 962 (74.1%) 

Any confirmation 142 (5.4%) 98 (7.3%) 44 (3.4%) 

Anaemia    

Any investigation 1,736 (65.6%) 880 (65.3%) 856 (65.9%) 

Any confirmation 365 (13.8%) 210 (15.6%) 155 (11.9%) 

Bone lesions    

Any investigation 827 (31.3%) 295 (21.9%) 532 (41.0%) 

Any confirmation 135 (5.1%) 30 (2.2%) 105 (8.1%) 

Notes: [1] A maximum of 2 years minus 90 days before MM index date (excluding the 90 days before (and 

including) the MM index date [2] Patients are required to be continuously enrolled throughout each time window to 

be included into these subgroups. 
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Table S5.  Frequency of CRAB criteria testing by component in the 12 months prior to 

diagnosis among patients with MM identified in CPRD between 2006-2016.  

 

All newly  

diagnosed MM 

No bone pain or no 

SRE in baseline 

Bone pain and/or 

SRE 

in baseline 

N 2,646 1,348 1,298 

At least one test     

Hypercalcaemia 1,371 (51.8%) 647 (48.0%) 724 (55.8%) 

Renal impairment 2,192 (82.8%) 1,117 (82.9%) 1,075 (82.8%) 

Anaemia 2,112 (79.8%) 1,058 (78.5%) 1,054 (81.2%) 

Diagnostic imaging 886 (33.5%) 274 (2.3%) 612 (47.1%) 

Combination of any 2 tests       

Hypercalcaemia + Renal impairment  1,334 (50.4%) 636 (47.2%) 698 (53.8%) 

Hypercalcaemia + Anaemia 1,327 (50.2%) 626 (46.4%) 701 (54.0%) 

Hypercalcaemia + Diagnostic imaging 534 (20.2%) 163 (12.1%) 371 (28.6%) 

Renal impairment + Anaemia 2,004 (75.7%) 1,017 (75.4%) 987 (76.0%) 

Renal impairment + Diagnostic 

imaging 
764 (28.9%) 244 (18.1%) 520 (40.1%) 

Anaemia + Diagnostic imaging 762 (28.8%) 235 (17.4%) 527 (40.6%) 

Combination of any 3 tests       

Hypercalcaemia + Renal impairment + 

Anaemia 
1,295 (48.9%) 616 (45.7%) 679 (52.3%) 

Hypercalcaemia + Renal impairment + 

Diagnostic imaging 
513 (19.4%) 158 (11.7%) 355 (27.3%) 

Hypercalcaemia + Anaemia + 

Diagnostic imaging 
519 (19.6%) 159 (11.8%) 360 (27.7%) 

Renal impairment + Anaemia + 

Diagnostic imaging  
721 (27.2%) 226 (16.8%) 495 (38.1%) 

Combination of any 4 tests       

Hypercalcaemia + Renal impairment + 

Anaemia + Diagnostic imaging 
501 (18.9%) 155 (11.5%) 346 (26.7%) 

Abbreviations: CRAB, hypercalcaemia, renal impairment, anaemia, bone lesions; MM, multiple myeloma 

Notes: The frequency of CRAB criteria testing was assessed in the 12 months prior to and not including the cohort 

entry date. The testing includes laboratory tests only; total tests measure the number of patients who had the specific 

test or all the tests within each unique combination. CRAB investigation categories are not mutually exclusive; 

patients included in each category were required to have ‘at least one investigation.’ 
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Table S6. Time from first investigation for CRAB criteria to MM diagnosis among patients 

newly diagnosed with multiple myeloma identified in CPRD data between 2006-2016. 

 All newly 

diagnosed MM 

No bone pain or 

no SRE in 

baseline 

Bone pain and/or 

SRE in baseline 

N 2646 1,348 1,298 

Hypercalcaemia, n (%) 1568 (59.3%) 753 (55.9%) 815 (62.8%) 

Days between first investigation and MM 

diagnosis, Median [Q1,Q3] 
176 [44, 507] 192 [48, 512] 171 [40, 500] 

Renal impairment, n (%) 2361 (89.2%) 1196 (88.7%) 1165 (89.8%) 

Days between first investigation and MM 

diagnosis, Median [Q1,Q3] 
488 [203, 626] 477 [210, 624] 497 [190, 630] 

Anaemia, n (%) 2294 (86.7%) 1154 (85.6%) 1140 (87.8%) 

Days between first investigation and MM 

diagnosis, Median [Q1,Q3] 
380 [95, 594] 379 [99, 587] 381 [93, 603] 

Imaging investigations for bone lesions, n (%) 1243 (47.0%) 433 (32.1%) 810 (62.4%) 

Days between first investigation to MM 

diagnosis, Median [Q1,Q3] 
195 [59, 452] 211 [63, 478] 187 [57, 435] 

Abbreviations: CRAB, hypercalcaemia, renal impairment, anaemia, bone lesions; Q, quartile; MM, multiple 

myeloma; RA, rheumatoid arthritis; SD, standard deviation; SRE, skeletal related event. 

Notes: The timing and event occurrence were measured during baseline period, 730 days to 1 day prior to the MM 

diagnosis date; the time periods were counted starting from the first ever laboratory investigation or diagnosis during 

the 730 days prior to and including the cohort entry date.  
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Table 7S. Timing of positive CRAB criteria and bone pain relative to new multiple 

myeloma diagnosis among patients identified in CPRD data between 2006-2016. 

 
All newly 

diagnosed 

MM 

No bone pain 

or no SRE in 

baseline 

Bone pain and/or 

SRE in baseline 

N  2646 1,348 1,298 

Hypercalcaemia, n (%) 146 (5.5%) 50 (3.7%) 96 (7.4%) 

Days between first record of hypercalcaemia and MM 

diagnosis, Median [Q1,Q3] 
23 [12, 46] 24 [9, 45] 22 [13, 47] 

Renal Impairment, N (%) 358 (13.5%) 208 (15.4%) 150 (11.6%) 

Days between first record of renal impairment and MM 

diagnosis, Median [Q1,Q3] 
58 [17, 254] 82 [24, 320] 39 [14, 127] 

Anaemia, n(%) 829 (31.3%) 437 (32.4%) 392 (30.2%) 

Days between first record of anaemia and MM 

diagnosis, Median [Q1,Q3] 
73 [28, 232] 83 [35, 253] 65 [23, 196] 

Bone pain, n (%) 
1256 

(47.5%) 
0 (0.0%) 1256 (96.8%) 

Days between first record of bone pain and MM 

diagnosis, Median [Q1,Q3] 

220 [80, 

476] 
- 220 [80, 476] 

Bone lesion, n (%) 255 (9.6%) 46 (3.4%) 209 (16.1%) 

Days between first record of bone lesion and MM 

diagnosis, Median [Q1,Q3] 

105 [30, 

346] 
252 [36, 503] 97 [29, 305] 

Abbreviations: CRAB, hypercalcaemia, renal impairment, anaemia, bone lesions; Q, quartile; MM, multiple 

myeloma; RA, rheumatoid arthritis; SD, standard deviation; SRE, skeletal related event. 

Notes: The timing and event occurrence were measured during baseline period, 730 days to 1 day prior to the MM 

diagnosis date; the time periods were counted starting from the first ever laboratory investigation or diagnosis during 

the 730 days prior to and including the cohort entry date.  
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Table S8. Timing of bone pain to imaging investigations to MM diagnosis for patients 

newly diagnosed with multiple myeloma identified with CPRD data with a record of bone 

pain in CPRD data between 2006–2016. 

 

All newly diagnosed MM 

N 2646 

NDMM patients with a record of bone pain 1256 

Imaging investigation, n 610 

Days between first ever record of bone pain to first ever imaging 

investigation for bone lesions, Median [Q1, Q3] 

41 [10, 177] 

MRI, n 118 

Days between first ever record of bone pain to first ever MRI scan, Median 

[Q1,Q3] 93 [38, 256] 

CT scan, n 107 

Days between first ever record of bone pain to first ever CT scan, Median 

[Q1,Q3] 181 [58, 406] 

Bone x-ray, n 495 

Days between first ever record of bone pain to first ever bone x-ray, 

Median [Q1,Q3] 34 [8, 175] 

Bone scan, n 79 

Days between first ever record of bone pain to first ever bone scan, 

Median [Q1,Q3] 112 [44, 259] 

Notes: The timing and event occurrence were measured during baseline period, 730 days to 1 day prior to the MM 

diagnosis date; the time periods were counted starting from the first ever laboratory investigation or diagnosis during 

the 730 days prior to and including the cohort entry date.  
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