bjhEErr—

Incidence and survival of multiple myeloma: a population-
based study of 10 524 patients diagnosed 1982-2017
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Summary

Population-based studies from high-quality nationwide cancer registries
provide an important alternative to clinical trials in the assessment of the
impact of modern myeloma treatment. Based on data from the Cancer
Registry of Norway, we investigated trends in incidence and relative sur-
vival (RS) for 10 524 patients in three age groups diagnosed between 1982
and 2017. Nationwide myeloma drug consumption statistics were obtained
from the Norwegian Institute of Public Health. Patients aged <65 years
had a steady increase in both 5- and 10-year RS across all calendar periods
from 1982. For patients aged 65-79 years, RS was stable until the calendar
period 1998-2002, followed by an improvement in both 5- and 10-year RS.
The 5-year RS for patients aged >80 years also increased significantly
between the first and the last calendar period. In conclusion, we demon-
strate a significant improvement in 5-year RS in all age groups. Improved
RS in patients aged >80 years at the time of diagnosis is only rarely
described in other population-based studies. For patients aged >65 years,
the improvement in RS coincides with the introduction of modern drugs,
whereas patients aged <65 years had an ongoing improvement before the
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introduction of autologous stem-cell transplant.

Keywords: epidemiology, haematological malignancies, multiple myeloma,

cancer, myeloma therapy.

Multiple myeloma (MM) is a malignant B-cell disorder charac-
terised by the clonal proliferation of plasma cells and the pres-
ence of monoclonal protein in the serum and/or urine, and is
the second most common haematological malignancy following
Non-Hodgkin lymphoma.'” The median age at diagnosis is
~70 years and reported incidence rates vary world-wide. The
highest incidence rates are found in Australasia, North America
and Western Europe, with age-standardised incidence rates at
approximately five per 100 000 persons in 2016.* During the
second half of the 20th century, melphalan and prednisone
remained the mainstay of myeloma treatment, but since the
1990s the treatment landscape has evolved remarkably.” High-
dose melphalan followed by autologous stem-cell transplant
(HDM-ASCT) became the standard of care for patients aged
<65 years in the mid-1990s.°” Since the year 2000, numerous
drugs have been added to the treatment armamentarium.®
Despite a rapidly growing number of available treatment
options, MM is still considered an incurable disease.” How-
ever, several population-based studies have described an
increase in long-term relative survival (RS) during recent
decades. This improved survival is most evident for younger

© 2020 The Authors. British Journal of Haematology published by British Society for Haematology

and John Wiley & Sons Ltd.

patients, and the introduction of HDM-ASCT is suggested as

the most likely explanation.'®™?

For patients aged >75 years
at diagnosis, the improvement in RS is less pronounced and
absent in most studies.”” In randomised controlled trials
(RCTs), the inclusion and exclusion criteria are typically
strict and older and co-morbid patients are often under-rep-
resented. Population-based studies from high-quality cancer
registries thus provide an important source for the assess-
ment of changes in survival in a patient population.'>'*!

In the present study, we provide up-to-date real-world
observations on changes in incidence and RS in patients with
MM diagnosed between 1982 and 2017, based on data from
the Cancer Registry of Norway (CRN) along with nationwide

drug consumption statistics.

Patients and methods

Cancer registration and study population

The CRN contains nationwide cancer statistics from 1953
based on compulsory reporting of cancer cases by all
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hospitals, laboratories and general practitioners.'®'” All cases
of MM (International Classification of Diseases for Oncology
[ICD-O]-3 code 9732/xx) in patients aged >18 years,
between 1 January 1982 and 31 December 2017, were
retrieved from the registry. Follow-up ended at death by any
cause, emigration or the end of study at 31 December 2017,
whichever occurred first. Age at diagnosis was divided into
three categories: <65 years (transplant eligible), 65-79 years
(youngest transplant ineligible) and >80 years (oldest trans-
plant ineligible). We split the calendar periods of MM diag-
nosis into seven categories with respect to historical
treatment standards, 1982-1987 and 1988-1992 (melphalan-
prednisone), 1993-1997 (early HDM-ASCT), 1998-2002 (in-
troduction of thalidomide), 2003-2007 (early thalidomide
upfront, introduction of bortezomib), 2008-2012 (thalido-
mide and bortezomib upfront, introduction of lenalidomide),
and 2013-2017 (lenalidomide upfront, early pomalidomide,
daratumumab, panobinostat and carfilzomib). We present
crude and age-standardised incidence rates during the study
period.

Nationwide consumption of myeloma drugs

To obtain information on the time of the actual introduction
for the different drugs used in myeloma treatment, drug con-
sumption data were retrieved from the Norwegian Prescrip-
tion Database and The Norwegian Drug Wholesales
Statistics, Norwegian Institute of Public Health. We present
the amount in grammes of active ingredient per year in
order to illustrate trends in the consumption of nine differ-
ent drugs used in myeloma treatment. We chose to use
grammes as the common unit of measurement because the
number of prescriptions or the number of ‘defined daily
doses’ were not available for all drugs. The Norwegian Pre-
scription Database contains data on prescription drugs dis-
pensed through pharmacies since 2004. We retrieved the
number of users (patients with at least one prescription dis-
pensed) for the immunomodulatory agents (IMIDs) thalido-
mide, lenalidomide and pomalidomide from the online
database (http://norpd.no). When the number of users is less
than five, the database returns ‘<5’ as the number of users.
In these cases, we set the number of users to one to achieve
uniformity. We identified the number of patients in three
age groups; <65, 65-79 and >80 years, being alive at the
beginning of each calendar year, and compared the fractions
of myeloma drug users in each age group with respect to the
development in consumption of thalidomide, lenalidomide
and pomalidomide.

Statistical analyses

We present RS ratios (RSRs) with 95% confidence intervals
(Cls) estimating the ratio between the observed and expected
survival. Expected survival was estimated from a national
population table stratified by year, sex and age by the

Ederer-II method.'® RS is the preferred approach to address
trends in cancer survival to account for competing causes of
death.” For the calendar periods up to 2007, we applied the
cohort method, as every patient will have 10 years of follow-
up. For the period 2008-2012, the RSR up to 5 years was
estimated by the cohort method, and the 10-year RSR was
predicted by the period approach.* In the most recent calen-
dar period 2013-2017, no patients had 5 or 10 years of fol-
low-up. To provide up-to-date estimates on long-term
survival, 5- and 10-year RSRs were predicted by the period
approach for this calendar period. Additionally, excess mor-
tality during the first 5 years after diagnosis was modelled
using a generalised linear model, assuming a Poisson distri-
bution for the number of deaths with the log of the person
time at risk as offset.'”*” We performed all statistical analyses
in STATA-MP, version 15.1 (Statacorp, College Station, TX,
USA).

This study was approved by the Regional Ethics Commit-
tee of Central Norway (reference number 2014/1453). As we
only had access to unidentifiable data and no contact with
the study subjects, written consent was by law deemed
unnecessary.

RESULTS

Patients and incidence of multiple myeloma 1982—-2017

Between 1 January 1982 and 31 December 2017, 11 764 cases
of MM were reported to the CRN. We excluded patients
with a MM diagnosis based on incidental finding at autopsy
or death certificate only (15 and 422 patients, respectively).
Patients with 0 days of follow-up were also excluded (799
patients), as well as four patients listed as emigrated before
the date of MM diagnosis, leaving 10 524 patients available
for analysis. During the study period, 8458 deaths occurred,
and the median (interquartile range) follow-up was 2-4 (0-8—
4.-9) years. In all, 10 patients emigrated and were censored at
the date of emigration. The median age at diagnosis was
71 years and 53-7% were males. The distribution of patients
within calendar period of diagnosis and age group is pre-
sented in Table S1. Between 1982 and 2017, the age-stan-
dardised incidence rate was stable until approximately the
year 2000, whereupon an increase was observed. The inci-
dence rate standardised to the Norwegian population in 2014
rose from 7-3 in 1999 to 84 in 2017, and the incidence rate
standardised to the world population®' increased from 3-6 to
4-2 (Fig 1). As MM is mainly a disease of the elderly, the dif-
ference between these two rates is explained by a larger pro-
portion of older people in the Norwegian 2014 population
than in the world standard population.

Myeloma drug consumption

There was an increasing use of thalidomide from the intro-
duction in 2001 until 2008, whereupon there was a steady
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Fig 1. Crude and age-standardised incidence rates in Norway 1982-2017. Standardised to the population in Norway in 2014 and to the world
population. Actual values in dots. Locally weighted scatterplot smoothed (LOWESS) curves in solid. Data collected from the Cancer Registry of

Norway, the Statistics Bank. Abbreviations: p.y, person years.

decline, coinciding with the introduction of lenalidomide
(Fig 2). Bortezomib was introduced in 2005 and lenalido-
mide in 2008, both drugs with a steady increase in con-
sumption in the following years. Lenalidomide was until
2015 only approved for second-line treatment or later. For
melphalan, there was a slight decrease from 1987 to the
mid-1990s followed by a moderate increase. The latter is
probably due to the introduction of HDM-ASCT. The sec-
ond-generation proteasome inhibitors, carfilzomib and ixa-
zomib, were introduced in 2016 and 2017, respectively.
Pomalidomide came into use in 2014, daratumumab and
panobinostat in 2016.

Figure 3 shows the development of the estimated fraction
of patients in the three age groups that were treated with
thalidomide, lenalidomide and pomalidomide. In patients
aged >65 years, thalidomide was the most frequently used
IMID until 2014, followed by a decline in the use of thalido-
mide and a rapid increase in the use of lenalidomide. There
was also a steady increase in the use of pomalidomide since
2014, exceeding the use of thalidomide in 2017. The pattern
of IMID use was similar for the age groups 65-79 and
>80 years, but lenalidomide was taken into use in the
>80 years group 2 years later than the 65-79 years group
(2010 vs. 2008). A similar delay was seen for pomalidomide.
In 2017, 40% of patients aged 65-79 years had at least one
prescription dispensed for lenalidomide (468 users), 4% (42
users) had at least one prescription for thalidomide and 9%
(106 users) had at least one prescription for pomalidomide.
The corresponding numbers for patients aged >80 years were
27% (138 users), 3% (16 users) and 5% (25 users), respec-
tively.

Relative survival (RS)

Patients diagnosed aged <65 years had a steady and near lin-
ear increase in both 5- and 10-year RSR across all calendar
periods under study. Between 1982-1987 and 2013-2017, the
5-year RSR improved from 0-36 (95% CI 0-31-0-41) to 0-67
(95% CI 0-63—0-71). The 10-year RSR improved from 0-18
(95% CI 0-15-0-22) to 0-44 (95% CI 0-40-0-49) (Fig 4,
Table 1).

For patients aged 65-79 years, the 5- and 10-year RSRs
were stable at approximately 0-3 and 0-1, respectively, until
the calendar period 1998-2002. In the following calendar
periods, an improvement in both 5- and 10-year RSR was
observed. The 5-year RSR improved significantly from 0-31
(95% CI 0-27-0-35) in the first calendar period of diagnosis
to 0-42 (95% CI 0-38-0-46) during 2008-2012, which is the
last calendar period with complete 5-year follow-up. The
predicted 5-year RSR for the last calendar period was 0-46
(95% CI 0-42—-0-50). There were also signs of improved 10-
year RSR, at 0-20 (95% CI 0-16-0-24) during 2013-2017
compared to 0-11 (95% CI 0-08-0-14) during 1982—1987.

The 5-year RSR for patients aged >80 years was 0-11 (95%
CI 0-07-0:-17) during 1982-1987 and the 10-year RSR was
0-03 (95% CI 0-01-0-11). In the following four calendar peri-
ods the RSR estimates fluctuated before a rising tendency
during the last two periods. The 5-year RSR improved signif-
icantly to 0-24 (95% CI 0-19-0-30) during 2008-2012 and
further rose to a predicted value of 0-28 (95% CI 0-22-0-34)
during 2013-2017. There were also signs of improvement in
10-year RSR for this age group, but no significant change
was observed.

© 2020 The Authors. British Journal of Haematology published by British Society for Haematology

and John Wiley & Sons Ltd.



0. O. Langseth et al.

Lenalidomide Bortezomib Thalidomide
2000
D 1000
0
N
Q Q
S
Year Year Year
Melphalan Carfilzomib Pomalidomide

200 100 60
© 100 © 50 © 30 J
0 0 0

T T T T T
© 3 Q Q D © Q 3 )
& & & S g S
Year Year Year
Ixazomib Daratumumab Panobinostat
20 500 10
o 10 o 250 o 5
0 0 0
S F & 0 & S F O O & S F & & &
Q Q
M M M © S P S M
Year Year Year

Fig 2. Annual drug consumption in Norway 2000-2017. The amount of active ingredient in grammes consumed per year is presented for nine mye-
loma drugs. Data collected from the Norwegian Drug Wholesales Statistics and the Norwegian Prescription Database. Abbreviations: g, grammes.
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Fig 3. Development of treatment with thalidomide, lenalidomide and pomalidomide between 2004 and 2017 in three age groups. The ratio
between the number of users of a drug and the number of patients at the actual time points is presented. Based on data from the Norwegian Pre-
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Fig 4. Five- and 10-year relative survival ratios with 95% confidence intervals by age group and calendar period of diagnosis.

Results from the model-based approach for the first
5 years after diagnosis is shown in Table S2. The model fit
was assessed by the ratio of deviance to residual degrees of
freedom, equal to 0-95, 0-93 and 1-27, respectively. Using the
calendar period 1982-1987 as reference, we found a statisti-
cally significant reduction in excess mortality during 1993—
1997 for the age group <65 years (excess mortality rate
[EMR] 0-79, 95% CI 0-65-0-96). In the age groups 65-79
and >80 years, a statistically significant reduction in excess
mortality was observed during 20082012 (EMR 0-71 95%
CI 0-62-0-82) and 0-66 (95% CI 0-54-0-81), respectively. In
the age group 65-79 years, female sex was associated with
reduced excess mortality (EMR 0-90, 95% CI 0-83-0-97). We
found very low estimates for the 5-year RSR during 1982—
1987 and 2003-2007 in the group of patients aged >80 years
at diagnosis. To confirm our results for this group, we
repeated the regression model using the calendar period
1993-1997 as reference and found a statistically significant
reduced EMR during 20082012 (EMR 0-74, 95% CI 0-60—
0-91) and 2013-2017 (EMR 0-67, 95% CI 0-54-0-83), data
not shown.

Discussion

In this population-based study on 10 524 patients with MM,
we have provided real-world and up-to-date observations of
incidence and changes in RS during the past three decades.

We found an increasing long-term RS in patients aged
<65 years across all calendar periods. In Norway, HDM-
ASCT became the standard treatment for this age group in
1994.72 Our present data show that the improvement in both
the 5- and 10-year RSR had already began approximately
10 years before the introduction of HDM-ASCT. In a study
from the Swedish Cancer Registry, a similar pattern for
patients aged 51-60 years at the time of diagnosis can be
observed. Across four 10-year calendar periods between 1973
and 2013, the improvement in the 5-year RSR was near lin-
ear from the first calendar period.”® These observations from
two independent cancer registries in comparable countries
suggest that factors other than HDM-ASCT have contributed
to the improved outcome for the youngest patients with MM
up to the mid-1990s.
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In addition to the development in myeloma-specific treat-
ment, alternative explanations to the improved survival may
exist. The data in the CRN do not differentiate between
smouldering and active MM. An improvement in survival
over time may also be attributable to a growing proportion
of patients with smouldering MM. For example, the number
of serum electrophoreses carried out at our centre, a univer-
sity clinic with a population base of approximately 600 000,
has had a steady incline from 1997 analyses in 2000 to 3853
in 2017. A more liberal use of this analysis will lead to an
increasing number of incidentally diagnosed smouldering
MM cases introducing a lead-time bias. The measurement of
serum free light chains has been used in Norway since
2004.%% The ready availability of this analysis, as compared to
24-h urine collection, may also have contributed to more
incidental diagnoses of smouldering MM. Similar to most
large studies from cancer registries, the lack of individual
information regarding treatment, clinical features and
biomarkers is also a limitation to our present study.

In conclusion, we demonstrate an improvement in the 5-
year RS across all age groups in patients with MM diagnosed
between 1982 and 2017, including patients aged >80 years.
This improvement can be explained by the introduction of
new treatment, although additional aspects may have con-
tributed, especially for patients aged <65 years for who the
improvement started a decade prior to the introduction of
HDM-ASCT.
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