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Purpose: Linked health-care registries and high coverage in Nordic countries lend themselves well to epidemiologic research. Given
its relatively high incidence in Western Europe, complexity in diagnosis, and challenges in registration, multiple myeloma (MM) was
selected to compare registries in Denmark, Finland, and Sweden.

Patients and Methods: Data were obtained from four archetypal registries in each country (spanning January 2005—October 2018):
National Patient Registry (NPR), Prescribed Drug Registry (PDR), Cancer Registry (CR), and Cause of Death Registry. Patients newly
diagnosed with MM who received MM-specific treatment were included. PDR/NPR treatment records were used to assess incident
NPR cases. The registration quality of MM-specific drugs in the PDR of each country was also evaluated.

Results: In Denmark, only 6% of patients in the NPR were not registered in the CR; in Sweden, it was 16.9%. No systematic
differences were identified that could explain this discrepancy. In Denmark, lenalidomide and bortezomib were registered in the NPR
with high coverage, but less expensive drugs typically given in combination with bortezomib were not covered in any of the registries.
In Finland and Sweden, bortezomib records were not identified in the PDR, but some were in the NPR; other drugs had good coverage
in the PDR.

Conclusions: The registries evaluated in this study can be used to identify the MM population; however, given the gaps in MM
registration in the Finnish and Swedish CRs, Danish registries provide the most comprehensive datasets for research on treatment
patterns for MM.

Plain Language Summary: National patient registries collect observational data on populations of patients and are often used for
research. In this study, we investigated how complete the national patient registries were for Denmark, Finland and Sweden when
recording the number of patients with multiple myeloma (MM; a type of bone marrow cancer) between 2005 and 2018. We also
investigated the completeness in registration of given treatments during the study period in the national registries. Overall, the Danish
national patient registries had the most comprehensive information on patients with MM. Registry data from Denmark could therefore
be useful for conducting further research into the characteristics, treatment patterns, and outcomes of patients with MM.
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Introduction

National registries are important sources of clinical information'-* that can help to estimate incidence, prevalence, and
patient survival for a disease, identify and quantify risk factors, and evaluate treatment patterns and outcomes.' * Nordic
countries have a long history of collecting registry data covering births, deaths, diseases, migration, and various social
issues for administrative purposes.”’ Denmark, Finland, Iceland, Norway, and Sweden all have registries covering
almost their entire population, and these have been reviewed previously.®’

The key to unlocking the use of large administrative databases for research purposes is the availability of unique personal
identifiers, which allows linkage of registries.>> ! It is possible, therefore, to retrieve linked data for each individual, ranging
from sociodemographic characteristics, medical diagnoses, and surgical procedures, to dispensing of prescriptions.®'*!?

Registry coverage of hematologic cancers is challenging. Notably, in the absence of a solid tissue diagnosis,
registration of a hematologic cancer requires data on blood, bone marrow, flow cytometry, molecular and cytogenetic
tests from various laboratories, in addition to histopathology and clinical records.'? In a study conducted in Finland, over
50% of hematologic cases identified in the National Patient Registry (NPR) were not included in the Cancer Registry
(CR)." In multiple myeloma (MM), a B-cell malignancy that accounts for 15-20% of all hematologic cancers,'
diagnosis is further complicated by the need for biochemical data and imaging findings.'®'’

The objective of this report is to provide an overview of the different Nordic registries, and their suitability for
research on MM in terms of patient identification, estimation of disease incidence/prevalence, and ascertainment of drug
regimens. The study was part of the Health outcomes and Understanding of Myeloma: A multi-National (HUMAN)
study, which was conducted to gain further insight into the treatment patterns and outcomes of patients with newly
diagnosed MM (NDMM) in Nordic countries. Full results of the HUMAN study, including real-world treatment

outcomes and healthcare resource use, will be presented in a separate article.

Materials and Methods

The HUMAN study was observational, using secondary data from a variety of national health registers. Patient consent
was not required for this was registry-based study. Use of data was approved by the data holders of each registry, the
ethics committee in Sweden (DNR 2017/2355-31), the Danish Data inspection board (Syddanmark 2012-58-0018), and
the Finnish Institute for Health and Welfare (THL/415/5.05.00/2018). Requests for access to data in Norway were also
submitted; however, approval was not granted in time for analysis and inclusion in the study. All data accessed complied
with relevant data protection and privacy regulations.

Patient Identification

Data were obtained from three national health-care registries in each country, from January 1, 2005, to October 31, 2018
(Figure 1). To identify the MM population diagnosed in 2010 or later (International Classification of Diseases 10th Revision [ICD-
10] code C90.0), a 5-year period from 2005 to 2009 was included as wash-out period to ensure that patients registered in 2010
were not diagnosed before 2010. In Denmark, first MM diagnoses up to 2016 were identified in the NPR and in the CR. In Finland
and Sweden, only the NPR was used for patient identification; in Finland, first MM diagnoses up to 2016 were identified; in
Sweden, it was up to 2017 (CR was checked if the diagnosis date was missing from the NPR).

In addition, patients in the NPR who had been prescribed MM-specific treatment in the Prescribed Drug Registry
(PDR), and had a diagnosis registered in the Cause of Death Registry (CDR) in Denmark and Sweden (from 2010 to
2018), and in Finland (from 2010 to 2016) were also included. MM-specific treatment could be autologous stem cell
transplantation (ASCT), prescription drugs identified in the PDR, or hospital-administrated drugs in the NPR. These
drugs included bortezomib (Anatomical Therapeutic Chemical [ATC] code LO1XX32), carfilzomib (L01XX45), daratu-
mumab (L01XC24), elotuzumab (L01XC23), ixazomib (LO1XC23), melphalan (LO1AAO03), panobinostat (L01XX42),
lenalidomide (L04AX04), thalidomide (L04AX02), and pomalidomide (L04AXO06).

To create a more homogenous analytical dataset, and to prevent potentially confounding outcomes, patients diagnosed
with any other type of cancer were excluded.
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Figure | Identification of the multiple myeloma population who were diagnosed from 2010 to 2018 using national registries in Denmark, Finland, and Sweden.

Notes: Data were obtained from national healthcare registries between January |, 2005, through October 31, 2018. However, 2005 to 2009 was a washout period to
ensure patients registered in 2010 were not diagnosed before 2010. Dotted lines represent the timeframe for identification of patients with an MM diagnosis within each
country’s registries. *CR checked if diagnosis date was missing from NPR.

Abbreviations: CDR, cause of death registry; CR, cancer registry; NPR, national patient registry; PDR, prescribed drug registry.

Registries Evaluated in the Study

The characteristics of the four registry archetypes (NPR, CR, CDR, and PDR) are summarized in Tables 1-3. An additional
subanalysis was performed of patient records from three hospitals in Southern Sweden to validate the findings of the
exploratory analysis regarding the inclusion and exclusion criteria for the Swedish CR.

Table | Comparison of the National Patient Registries for Denmark, Finland, and Sweden

Denmark Finland Sweden
Name Landspatientregisteret'® HILMO'? Patientregistret®'
AvoHILMO?
Start date Founded in 1977, complete HILMO founded in 1967, Founded in 1964, complete
nationwide coverage reached in complete nationwide coverage nationwide coverage reached in
1978 since inception 1997

AvoHILMO founded in 201 |

Data owner Sundhedsdatastyrelsen (National THL (National Institute for Socialstyrelsen (National Board of
Board of Health Data) Health and Welfare) Health and Welfare)
Healthcare department Secondary care Secondary care (HILMO) Primary | Secondary care

care (AvoHILMO)

Definition of observation One treatment episode One visit One visit

Coding nomenclature ICD-10/ICPC-2 for diagnoses/reason | ICD-10/ICPC-2 for diagnoses/ ICD-10 for diagnoses/reason for
for visit reason for visit visit
NCSP for medical procedures, NCSP for medical procedures KVA for medical procedures
includes hospital-administered drugs DRG for reimbursement DRG for reimbursement

DRG/DAGS for reimbursement

Abbreviations: AvoHILMO, National Care Registry for Primary Healthcare Institutions; DAGS, Danish Outpatient Grouping System; DRG, Diagnosis Related Groups;
HILMO, National Care Registry for Health Care Institutions; ICD-10, International Classification of Diseases 10th Revision; ICPC-2, International Classification of Primary
Care 2nd Edition; KVA, Koder ur Klassifikation av vardatgirder (classification of care measures); NCSP, Nordic Classification of Surgical Procedures.
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Table 2 Comparison of the Prescription Drug Registries for Denmark, Finland, and Sweden

Denmark

Finland

Sweden

Name

Lagemiddelstatistikregisteret™

Sairasvakuutuksesta korvattavat

lsaketoimitukset®

Likemedelsregistret®

Data owner

Sundhedsdatastyrelsen

Kela (National Social Insurance

Institution)

Socialstyrelsen

Start date

1994

1994

2005

Pharmaceuticals included

Nationally reimbursed
medications prescribed through
community pharmacies
Primarily inexpensive

medications; hospital drugs not

Prescription drugs purchased
within the reimbursement
scheme

OTC drugs and hospital drugs
not included

All prescriptions picked up in all
pharmacies
OTC drugs and hospital drugs not

included

included

Abbreviation: OTC, over the counter.

Table 3 Comparison of the Cancer Registries for Denmark, Finland, and Sweden

Denmark Finland Sweden

Name Cancerregisteret® Suomen Sydpirekisteriz® Socialstyrelsen?’

Data owner Sundhedsdatastyrelsen THL Socialstyrelsen

Founded in 1942
Reporting mandatory
since 1987

Founded in 1953
Reporting mandatory
since 1961

Founded in 1958
Reporting mandatory from

Start date

the start

Abbreviation: THL, Terveyden ja hyvinvoinnin laitos.

Determining Population Size

To assess the true population of patients with MM in each respective country, different criteria were used to assess range (ie, upper
and lower boundary of the population estimation), as well as assessing whether CRs should be used for ascertaining diagnosis of
MM. Since all patients should receive MM-specific treatment, prescriptions were also used to further identify patients with
a diagnosis of MM. In the most conservative estimate, patients were required to have an MM diagnosis in NPR and CR, and
a record of MM-specific treatment in the PDR. At the very minimum, to be considered as having MM, patients were required to
have at least an NPR diagnosis and a record of MM-specific treatment.

Prevalence of MM was then estimated as the cumulative number of patients with MM identified as per criteria in each
respective country during a 12-month calendar year, divided by the average population size (identified from available
national population statistics data from the respective countries) during that calendar year. Prevalence was calculated for
each calendar year during the study follow-up. Incidence of MM was estimated by recording only patients with NDMM
in the year of first diagnosis registration at the start of each calendar year (average population size and subtracting
prevalent patients). Incidence and prevalence were reported per 100,000 individuals. A best estimate of incidence and
prevalence is also provided, which was calculated by adding the number of treated and untreated patients in both the
NPR and CR (NPR+/CR+) to the number of treated patients in the NPR who are not found in the CR (NPR+/CR-).

Statistical Analysis

Continuous variables were summarized using descriptive statistics, and categorical variables were presented as frequencies and
percentages (%) by category. Analyses were performed using SAS®™ 9.3 or higher (SAS Institute, Cary, NC, USA), Stata v11 or
higher (StataCorp, College Station, TX, USA) and R v3.1.0 (R Core Team, R Foundation for Statistical Computing, Vienna,
Austria), or higher.
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Results
The MM population for each country is presented in Figure 2.

Raw dataset Raw dataset Raw dataset
(C90.0 registered in NPR and/or CR) (C90.0 registered in NPR and/or CR) (C90.0 registered in NPR and/or CR)
N = 6331 N = 6559 N =13,523
Patients receiving MM treatment Patients receiving MM treatment Patients receiving MM treatment
n = 3680 n=1987 n = 5356
Final analytical dataset Final analytical dataset Final analytical dataset
n = 2451 n=1585 n =4823

Figure 2 Patient cohorts with newly diagnosed multiple myeloma across Denmark, Finland, and Sweden from 2010 to 2018.
Notes: Includes patients with a diagnosis of NDMM identified in the raw dataset with C90.0 recorded in the NPR and/or the CR, and who were prescribed MM-specific

treatment recorded in the PDR.
Abbreviations: CR, Cancer Registry; MM, multiple myeloma; NPR, National Patient Registry.

Evaluation of Cancer Registries

Treated patients registered in the NPR, but not in the CR (NPR+/CR—), were compared with treated patients registered in both
(NPR+/CR+) to assess any systematic reasons for lack of CR registration. A small proportion of patients (<1%) who were
recorded in the CR were not found in the NPR (NPR—/CR+); no further analyses were conducted on patients who fell into this
category.

In Denmark, 3680 patients met inclusion criteria for NPR+/CR+, and 233 for NPR+/CR—; therefore, only 6% of patients
in the NPR were not registered in the CR. There was no difference between NPR+/CR+ and NPR+/CR— patients in terms of
whether the diagnosis was established at a hematology or other clinic (96% and 95% of patients, respectively, were
diagnosed in a hematology clinic). Given the small proportion of NPR+/CR— patients, no further analyses were conducted.

In Sweden, 3254 patients formed the MM cohort; 16.9% of those registered in the NPR were not registered in the CR
(Figure 3). Various analyses revealed no systematic difference that could explain the discrepancy between patients registered

Patients with multiple myeloma recorded in NPR or CR between 2010-2016*
N = 3551

N =297 excluded**
—»{ n = 216, other hematologic cancer record in CR
n =191, 2 2 other hematologic cancer records in NPR

MM cohort
N = 3254
I
| | |
NPR-/CR+ NPR+/CR- NPR+/CR+
N =9 (0.3%) N =573 (17.6%) N = 2672 (82.1%)
N = 23 excluded
Had only one multiple myeloma diagnosis in NPR
v
NPR+/CR-

N = 550 (16.9%)

Figure 3 Identification of patients with MM in Sweden. Patients identified in the NPR or CR are designated “+” and those not identified *“-”.

Notes: *After discussions with the therapy experts a restriction of the time period for data collection from 2010 to 2016 was agreed upon in order to capture the relevant
follow-up time. The investigation of NPR+/CR— cohort was continued on this new cohort. **The two groups are not mutually exclusive; some patients could be excluded
for both reasons.

Abbreviations: CR, Cancer Registry; MM, multiple myeloma; NPR, National Patient Registry.
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Table 4 First-Line Treatment and Diagnostic Characteristics of Patients in Sweden ldentified as Being Registered in Both the NPR and
CR (NPR+/CR+) and Those Being Registered in Only the NPR (NPR+/CR-)

NPR+/CR+ NPR+/CR-
Total ASCT Non-ASCT Total ASCT Non-ASCT
(N =2672) (n = 588) (n = 2084) (N =550) (n=103) (n = 447)
Bortezomib
Patients, n (%) 335 (12.5) 110 (18.7) 225 (10.8) 79 (14.4) 20 (19.4) 59 (13.2)
Registrations, n 2568 744 1824 657 108 549
Lenalidomide®
Patients, n (%) 1428 (53.4) 457 (77.7) 971 (46.6) 256 (46.5) 79 (76.7) 177 (39.4)
LenDex patients, n (%) 787 (29.5) 303 (51.5) 484 (23.2) 154 (28.0) 51 (49.5) 103 (23.0)
LenDex registrations, n 6454 2611 3843 1144 381 763
Diagnosis location
Inpatient visit, n (%) 966 (36.2) - - 168 (30.5) - -
Outpatient visit, n (%) 1706 (63.8) - - 382 (69.5) - -

Notes: *LenDex, combination of lenalidomide and dexamethasone.
Abbreviations: ASCT, autologous stem cell transplantation; CR, Cancer Registry; NPR, National Patient Registry.

in the CR (NPR+/CR+) and those who were not (NPR+/CR—). In terms of treatment, the proportion of patients receiving
ASCT after the first MM diagnosis was similar in both groups: 22% in the NPR+/CR+ group; 19% in the NPR+/CR— group.
There were no differences between the two patient groups in terms of the clinical departments where they were treated (eg,
hematology, oncology, or internal medicine clinic; data not shown), or where they were diagnosed (eg, in the in- or outpatient
setting) (Table 4). Further analyses, to determine whether CR— patients received drugs indicative of not having MM, revealed
no differences in the drugs used to treat the two patient groups (Table 4).

In Finland, 3759 patients were NPR+/CR+, whereas 2820 were NPR+/CR— (Figure 3). It can therefore be assumed
that only 57% of patients with MM are represented in the Finnish NPR and CR. Underrepresentation of hematologic
cancers in the Finnish CR has been described previously.'* Based on this, a decision was made to cease any further
analyses on the registration quality of MM in the Finnish CR.

Validation of the MM Population in the Swedish CR
A subanalysis was carried out to validate the findings of the HUMANS study with regard to the MM patients included
in the Swedish CR. To do this, patient records from three hospitals in Skane, Sweden (Kristianstad sjukhus,
Helsingborgs lasarett, and Ské&nes universitetssjukhus Lund) were analyzed. Of 317 individuals who had a registered
C90.0 ICD-10 code in the NPR and a record of MM-specific treatment from these hospitals, 257 patients (81%) had
a registered diagnosis in the Swedish CR (NPR+CR+) while 60 (19%) were not reported to the CR (NPR+CR-).
Medical records were available for 55/60 CR— patients and analyzed by a clinical investigator, who extracted detailed
information about patients’ clinical characteristics, treatment, and outcomes from electronic medical records (EMR)
(Supplementary Data Box 1).

The EMR review determined that 38/55 patients (69%) with a diagnosis of MM were not reported to the Swedish CR while the
remaining 17/55 (31%) did not have MM, despite having been assigned a C90.0 ICD-10 code and prescribed medications used in
MM. Thus, the rate of reporting to the CR for these three hospitals during this period was 87% (257/295).
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Figure 4 Bortezomib registration pattern in Denmark based on days of registration.

Notes: Bortezomib should be administered once weekly (7 days between administrations) for 4 weeks with a |-week gap (7-7-7 [14] 7-7-7 cycle). There is also a scheme to
administer (and register) bortezomib twice weekly, ie, 3 to 4 days between treatments and a gap of 10 to || days. In most cases, bortezomib was administered at 3, 4, 10, I I,
or 14 days between registrations.

Registration of MM Drugs in PDR
In Denmark, hospital-administered drugs such as bortezomib are not prescribed through the pharmacy and are therefore not
captured in the e-pharmacy IT system. Instead, these drugs must be registered manually in the NPR as part of the patient
visit to the clinic. Thus, bortezomib use was determined by the length in days between bortezomib registrations from the
NPR (Figure 4). However, it is unknown whether bortezomib was registered with a similar frequency across all sites.
Less expensive drugs that are typically given in combination with bortezomib (ie, thalidomide and melphalan) were not well
registered (Table 5). Only 39% of patients on bortezomib had registered combination treatment (defined as registration within 30
days of first bortezomib registration). Lenalidomide was also found to be well registered with prescriptions 30 days apart.

Table 5 Registration of Drugs Commonly Prescribed with
Bortezomib in Denmark

Patients
Bortezomib 838 (100%)
Bortezomib and >1 melphalan 182 (21.7%)
Bortezomib and >1 cyclophosphamide 87 (10.4%)
Bortezomib and >1 thalidomide 48 (5.7%)
Bortezomib and >1 lenalidomide 14 (1.7%)

In Finland, medication data are not usually included in the NPR (HILMO National Care Registry for Health Care Institutions
[HILMOY]) based on the ATC code (Table 6); however, it was revealed that hematologists used the medical procedure code to
register bortezomib based on the last letters of the ATC code (1XX32) in a subset of the population. Although the PDR contains
information on drugs for MM that are purchased on a national level from pharmacies (ie, melphalan, thalidomide, and
lenalidomide), it does not include bortezomib, which is prescribed and administered within hospitals.

Results of the analysis in Sweden showed that melphalan, thalidomide, and lenalidomide registrations were available
in the PDR. As expected, bortezomib had poor representation. While the NPR had very few bortezomib registrations, the
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Table 6 MM-Specific Drug Registrations in Finnish Registries

Drug National Patient Registries Prescription Drug Registry®
HILMO AvoHILMO
Number of Distinct Number of Distinct Number of Distinct
Registrations Patients (n) Registrations Patients (n) Registrations Patients (n)
(=Frequency) (=Frequency) (=Frequency)
LOIAAO3 0 0 430 176 2187 604
Melphalan
LOIXX32 0 0 242 135 0 0
Bortezomib
L04AX02 0 0 323 99 1987 381
Thalidomide
L04AX04 0 0 1135 339 7760 953
Lenalidomide

Notes: *Prescription Drug Registry contains reimbursed purchases, not limited by reimbursement code.
Abbreviations: AvoHILMO, National Care Registry for Primary Healthcare Institutions; HILMO, National Care Registry for Health Care Institutions;
MM, multiple myeloma.

numbers remained insufficient for studying persistence of bortezomib or bortezomib, melphalan, and prednisone
combination therapy. In Sweden, as in Finland, bortezomib therefore was studied by weekly or twice-weekly visits as
proxies. In this time period bortezomib was the only drug given with this frequency.

Incidence and Prevalence of MM

In Denmark, MM incidence and prevalence calculations were based on the number of treated or untreated patients registered
in the NPR and CR (NPR+/CR+) given that the CR was considered to have high coverage of the population. In Sweden and
Finland, as the CR was considered to have full coverage, the population size was calculated based on the number of patients
registered in the NPR and CR (treated or untreated) plus the number of treated patients in the NPR not found in the CR; ie,
NPR+/CR+ (treated and untreated) and NPR+/CR— (treated) (Table 7 and Table 8). As bortezomib is underreported in these

Table 7 Determining Incidence and Prevalence of Newly Diagnosed Multiple
Myeloma in Finland from 2010 to 2016 per 100,000 Individuals: NPR and CR.
Results are Provided Separately for Treated and Untreated Patients Who Were
Identified in Both Registries (NPR+/CR+) and for Treated Patients Who Were
Identified in the NPR but Not in the CR (NPR+/CR-)

Treated and Untreated Treated
NPR+/CR+ NPR+/CR-
Incidence Prevalence Incidence Prevalence
2016 5.4 27.7 29 24.9
2015 5.1 27.4 37 25.6
2014 6.0 27.3 43 25.6
2013 53 26.8 4.5 24.9
2012 57 26.4 4.5 239
2011 59 254 4.7 223
2010 6.9 237 5.5 19.7

Abbreviations: CR, Cancer Registry; NPR, National Patient Registry.
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Table 8 Determining Incidence and Prevalence of Newly Diagnosed Multiple
Myeloma in Sweden from 2010 to 2016 per 100,000 Individuals: NPR and CR.
Results are Provided Separately for Treated and Untreated Patients Who Were
Identified in Both Registries (NPR+/CR+) and for Treated Patients Who Were
Identified in the NPR but Not in the CR (NPR+/CR-)

Treated and Untreated Treated
NPR+/CR+ NPR+/CR-
Incidence Prevalence Incidence Prevalence
2016 5.8 38.1 1.8 72
2015 6.6 378 1.3 6.2
2014 6.7 36.9 I.1 5.6
2013 6.4 354 I.1 5.5
2012 6.3 34.6 0.9 5.2
2011 6.5 332 I.1 5.4
2010 6.7 31.9 0.9 5.2

Abbreviations: CR, Cancer Registry; NPR, National Patient Registry.

Table 9 Best Estimate of Incidence and Prevalence of NDMM in Denmark, Finland, and Sweden from 2010
to 2016 per 100,000 Individuals

Denmark Finland Sweden
Incidence Prevalence Incidence Prevalence Incidence Prevalence
2016 7.3 37.1 6.4 35.2 7.6 45.2
2015 7.3 35.6 6.2 343 7.8 44.0
2014 6.9 337 7.1 33.6 7.7 42.5
2013 72 31.7 6.5 32.1 74 40.9
2012 6.3 29.8 6.9 311 72 39.8
2011 6.3 28.3 7.1 29.2 7.6 385
2010 5.8 26.9 79 26.5 7.6 37.1

Notes: Best estimate is calculated using CR and NPR. Finland: CR+ and NPR+ (treated and untreated) + NPR+ and CR- (treated).
Denmark: CR+ and NPR+ (treated and untreated). Sweden: “CR+ and NPR+ (treated and untreated)” + NPR+ and CR- (treated).
Incidence and prevalence rates were calculated as crude numbers divided by the total national population retrieved from Statistics
Sweden, Statistics Denmark, and Statistics Finland. The best estimate of incidence and prevalence is considered to be sum of NPR+/CR+
treated and untreated + NPR+/CR- treated as shown in Table 7. Best estimate was calculated by adding patients found in both the NPR
and CR - both treated and untreated patients with number of treated patients in the NPR who are not found in the CR.
Abbreviations: CR, Cancer Registry; NDMM, newly diagnosed multiple myeloma; NPR, National Patient Registry.

two countries, the NPR+/CR— (treated) group would be dominated by patients treated with other drugs. A summary of the
incidence and prevalence of NDMM in the three countries, based on calculation of best estimate, is presented in Table 9.
In Denmark, an increase was observed in both the incidence and prevalence of MM from 2010 to 2016. In Finland,
the prevalence of MM increased steadily, while the incidence showed a downward trend, from a high of 7.9/100,000 in
2010, to a low of 6.2/100,000 in 2015, and subsequently 6.4/100,000 in 2016. In Sweden, a steady increase in the
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prevalence of MM was also observed, while the incidence remained relatively stable (ranging from 7.2 to 7.8/
100,000).

Discussion

The results of this study indicate that, for research on MM, Danish registries provide the most comprehensive data,
especially in terms of treatment patterns, and highlight the limitations of the Swedish and Finnish CRs in the registration
of MM, and more broadly, hematologic cancers.

The Danish CR was found to have good coverage of MM, due to better integration of the CR with the EMR system;
therefore, the CR was used to identify the patient population. In Denmark, the CR is automatically connected to the NPR,
which means that physicians must register whether a diagnosis is confirmed and reported to the CR when the first NPR
ICD-10 code registration of a cancer diagnosis is generated. Coverage of MM in the Swedish CR was not as complete as
in the Danish CR, and 16.9% of patients with NDMM in Sweden who were identified in the NPR were not registered in
the CR. Our further analyses revealed that in that the CR had 87% coverage for the three Skéne sites; however, if using
MM registration in NPR and MM prescribed drug in PDR could overestimate the population with 5%. Thus, depending
on the research question, epidemiology studies should consider whether to use CR+ for MM case inclusion.

In Finland, completeness of registration for nonsolid tumors has been shown to be lower than that of all solid tumors (86%
versus 96%), with underreporting most prominent for tumors that are not typically histologically verified, such as hematologic
malignancies and nonmalignant central nervous system tumors.”® While the CR in Finland provides overall accurate and close
to complete national cancer data for solid malignant tumors, registration of tumors with no histology is still compromised.*®
Given this known limitation, inclusion in the Finnish CR was not used in this study other than for estimating incidence/
prevalence. In a personal communication, the head of the Finnish CR noted that “Shortcomings have been noted in the cancer
registry regarding the coverage of hematological malignancies. Multiple myeloma is one of the difficult entities, especially
since information on the start of the disease may be lacking, and the time of diagnosis can be incorrect”.

In Denmark, bortezomib was found to be well registered, even though hospital-administrated drugs are not prescribed
through the pharmacy and therefore not captured in the e-pharmacy’s IT system. Lenalidomide was also found to be well
registered, while less expensive drugs that are typically given in combination with bortezomib were not (ie, melphalan, or
melphalan in combination with thalidomide). Danish national MM guidelines during 2010-2018 stipulate that, at least in
the late study period, bortezomib is co-prescribed with other drugs, mainly melphalan in the elderly patients and
cyclophosphamide in younger patients. However, our study found that only 39% of patients receiving bortezomib had
a co-medication registered.

In Finland, some medication data were available in the HILMO registry. While melphalan, thalidomide, and
lenalidomide prescriptions had good coverage in the PDR (as expected, since bortezomib is not prescribed, but
administered by the physician in the clinic), bortezomib was not covered. Therefore, proxies or other data sources are
required for any analysis on bortezomib use. In Sweden, use of melphalan, thalidomide, lenalidomide, but not
bortezomib, was registered in the PDR. Furthermore, very few bortezomib registrations were identified in the NPR,
since bortezomib is typically administered during nurse visits, and the NPR only contains data on physician visits, not
nurse visits. Therefore, neither the PDR nor the NPR can be used for studying persistence of bortezomib or bortezomib-
based combination therapy.

Registries in the Nordic countries offer numerous benefits for epidemiologic research, including: large sample sizes
allowing for the study of rare exposure and outcome measures, complete, prospective, and independent data collection,
and limited or no selection and attrition bias.> Important outcomes such as OS can be assessed from Cause of Death
registers, drug outcomes from the PDRs and treatments such as stem cell transplantation can be derived from the NPRs.
However, certain limitations must be considered. First, since the data have not been collected primarily for the purposes
of addressing a given research question, their quality for the intended research purpose is unknown and the variables are
limited to those used in the registry.>*° Furthermore, coded diagnoses might not always be relevant, and there can be
variation in coding practice between departments or institutions or over time (such as when new coding systems are
introduced) or incomplete coding for seriously ill patients.> Another important limitation is the process for obtaining data
from the registries, which can be complex and time consuming due to the requirement for numerous applications and
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approvals from data owners.>’ Indeed, although Norway was included in the study protocol, data were not available for
this analysis owing to a delay in approvals.

The current study explored combined use of the NPR, CR, PDR, and CDR in the Nordic countries. However, other
registries are available as data sources, namely the specific national MM registries in Denmark®' and Sweden.** The Danish
National Multiple Myeloma Registry (DMMR) was established in 2005, aiming primarily to collect clinical data including
complications, prognostic staging, and first and second lines of therapy in all newly diagnosed patients with symptomatic and
smoldering MM, and to support research. Data are validated and completeness is above 98%.>' Similarly, in 2008, the Swedish
Myeloma Registry was established, which records data in newly diagnosed patients with myeloma.** The Individual Patient
Overview (IPO), which was developed in Sweden, collects data from patients with cancer and creates individual patient-visual
summaries. The data are accessible and developed on the same technical platform used for all national quality registers in the
field; data can be transferred from the IPO to a quality register, which improves data in the national research catalog.*

Evidence suggests that the incidence and prevalence of MM are increasing globally, not just in Scandinavia.'’** In
a global burden-of-disease study, published in 2016, the incidence of MM was shown to have increased 126% between
1990 and 2016.'7 In this study, an increase in both the incidence and prevalence of MM, from 2010 up to 2016, was
noted in Denmark. In Finland and Sweden, the prevalence showed a steady increase; however, while the incidence
remained relatively stable in Sweden (ranging from 7.2 to 7.8/100,000), it showed a downward trend in Finland. The
2016 incidence was 7.3, 6.4, and 7.6/100,000 in Denmark, Finland, and Sweden, respectively. This aligns closely with
the 2020 age-adjusted incidence provided by the European Cancer Information System (https://ecis.jrc.ec.europa.cu/),

which showed incidence of 8.8, 7.0, and 7.8 in Denmark, Finland, and Sweden, respectively. In other recent reports, the
incidence was 6.8/100,000 in Sweden based on the MM registry data®* and 6.09/100,000 in Finland.*

The observation that prevalence is increasing while incidence is unchanged in Sweden or maybe even decreasing in
Finland suggests improved MM survival. Improved MM survival, including among more elderly patients (aged over 80
years) and generally for those treated with options other than ASCT, has been described recently in studies conducted in
Denmark,’® Norway, and Sweden.>’® However, it is also important to note that diagnoses were evaluated from 2005 to
2016, while medications were evaluated from 2010 to 2016, potentially introducing a selection bias with more patients in
the earlier years. Furthermore, differences in the trends in the three countries could be due to the differences in the quality
of MM registration in the cancer registries and in the registration of MM-specific drugs.

Conclusion

National registries are a rich resource for researchers aiming to examine the epidemiology, treatment patterns, health-care
utilization, and treatment outcomes for specific diseases. The registries evaluated in this study allowed identification of
the MM population across the three Nordic countries, although gaps were identified in the Swedish and Finnish CRs. The
main drugs used for the treatment of patients with MM within the study period, lenalidomide, and bortezomib, had good
coverage in Danish registries but not in Finnish or Swedish registries, indicating that, for studying treatment patterns in
MM based on use of NPRs and PDRs, researchers are best served by Danish registries. Future research into the MM
population using data from these registries will enable in-depth epidemiologic analyses, such as those relating to the
patient characteristics, overall survival, and healthcare resource utilization for these patients.
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