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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 

Assess Unplanned Hospitalisation In Patients With Multiple Myeloma. . Value in health : the 

journal of the International Society for Pharmacoeconomics and Outcomes Research, 18, A672. 
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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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