
OR I G I N A L A R T I C L E

Treatment sequences and drug costs from diagnosis
to death in multiple myeloma

M. R. Seefat1 | D. G. J. Cucchi1,2 | K. Groen1 | M. L. Donker1 |

K. G. van der Hem3 | M. Westerman4 | A. M. Gerrits5 | A. Beeker6 |

N. W. C. J. van de Donk1 | H. M. Blommestein7 | S. Zweegman1

1Department of Hematology, Amsterdam

University Medical Centers, Vrije Universiteit

Amsterdam, Cancer Center Amsterdam,

Amsterdam, The Netherlands

2Department of Internal Medicine, Franciscus

Gasthuis & Vlietland, Rotterdam,

The Netherlands

3Department of Internal Medicine, Zaandam

Medical Center, Zaandam, The Netherlands

4Department of Internal Medicine, Northwest

Clinics, Alkmaar, The Netherlands

5Department of Internal Medicine, OLVG,

Amsterdam, The Netherlands

6Department of Internal Medicine, Spaarne

Gasthuis, Hoofddorp, The Netherlands

7Erasmus School of Health Policy and

Management, Erasmus University Rotterdam,

Rotterdam, The Netherlands

Correspondence

M. R. Seefat, Department of Hematology,

Amsterdam University Medical Centers, Vrije

Universiteit Amsterdam, Cancer Center

Amsterdam, Amsterdam, The Netherlands.

Email: m.seefat@amsterdamumc.nl

Abstract

Novel therapies for multiple myeloma (MM) have improved patient survival, but their

high costs strain healthcare budgets. End-of-life phases of treatment are generally the

most expensive, however, these high costs may be less justifiable in the context of a

less pronounced clinical benefit. To manage drug expenses effectively, detailed infor-

mation on end-of-life drug administration and costs are crucial. In this retrospective

study, we analysed treatment sequences and drug costs from 96 MM patients in the

Netherlands who died between January 2017 and July 2019. Patients received up to

16 lines of therapy (median overall survival: 56.5 months), with average lifetime costs

of €209 871 (€3111/month; range: €3942–€776 185) for anti-MM drugs. About 85%

of patients received anti-MM treatment in the last 3 months before death, incurring

costs of €20 761 (range: €70–€50 122; 10% of total). Half of the patients received

anti-MM treatment in the last 14 days, mainly fully oral regimens (66%). End-of-life

treatment costs are substantial despite limited survival benefits. The use of expensive

treatment options is expected to increase costs further. These data serve as a refer-

ence point for future cost studies, and further research is needed to identify factors

predicting the efficacy and clinical benefit of continuing end-of-life therapy.
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Novelty Statement

What is the new aspect of your work?

While treatment patterns in multiple myeloma (MM) have been reported previously, a complete

and detailed overview for all patients (i.e., follow-up until death for all patients)—and the corre-

sponding drug costs—is absent.
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What is the central finding of your work?

We found that drug costs are substantially higher during the end-of-life phase compared with

earlier treatment phases, which may be disproportionate given the limited survival and quality

of life benefits of treatment during the end-of-life.

What is (or could be) the specific clinical relevance of your work?

Our data can serve as a reference and enable comparison within future cost studies, while we

also discuss several opportunities to lower drug expenses aiming for future affordability of

health care.

1 | INTRODUCTION

Novel drugs for multiple myeloma (MM) meaningfully improve dura-

tion and quality of life, but are associated with high drug costs. With

combination regimens being the cornerstone of MM treatment, these

drug costs now represent the most important component of overall

healthcare expenses in MM treatment.1 This increasingly puts pres-

sure on healthcare budgets,2–8 and potentially endangers (future)

access to health care.9 Thus, sensibly utilising (expensive) drugs and

applying these agents in the right patient at the appropriate time—

including timely cessation of treatment—is crucial to ensure afford-

ability, which supports the goal of achieving and retaining global drug

access for MM patients.

Several studies examined treatment and the associated costs in

MM patients in clinical practice,10–12 identifying the initial ‘post-diag-
nosis’ phase and ‘end-of-life’ phase as being the costliest.10,11 High

drug costs during early phases are justified given that treatment effi-

cacy is most pronounced during initial lines of therapy.2,13–15 How-

ever, over time and especially during end-of-life, the anticipated

outcomes on length and quality of life are diminished,10,11,16–19 ren-

dering high treatment expenses in this phase less justifiable.20–22

Thus, adopting a prudent strategy for utilising healthcare resources

during the end-of-life phase could be a helpful approach to control

drug expenses in MM.

To effectively manage drug expenses, information regarding

drug administration and associated drug costs during end-of-life

treatment—in the context of the overall treatment trajectory—is cru-

cial. Healthcare utilisation in MM patients during end-of-life has been

studied to some extent, showing that a substantial number of patients

receive chemotherapy in the last 14 days and are hospitalised in the

last 30 days before dying.23 However, data on which medications are

administered and the corresponding drug costs are lacking.10,11,23,24

In addition, while treatment patterns in daily clinical practice have

been reported previously, a complete overview for all patients

(i.e., follow-up until death for all patients) is absent. Finally, the defini-

tion of the end-of-life phase is not well-established and varies from

the last 14 days to 12 months among studies,10,11,23,24 providing an

opportunity to explore end-of-life costs in a broader context.

To identify opportunities to optimise the end-of-life phase treat-

ment, we systematically assessed drug usage in clinical practice for

MM treatment and drug costs in a cohort of 96 MM patients from

diagnosis to death. We specifically focused on drug costs in the end-

of-life treatment phase, exploring various definitions of this time

period. With this, we provide a platform for future studies to guide

sensible medical decision-making during the end-of-life phases in

particular.

2 | METHODS

2.1 | Inclusion

Adults ≥18 years with a confirmed diagnosis of MM25 who underwent

(a part of) their anti-MM treatment at Amsterdam UMC, the

Netherlands, and who died between 1 January 2017 and 1 July 2019

were eligible for inclusion (Figure 1). Since this is a retrospective

cohort study and no comparison is made with another cohort, we

chose a uniform time period in which patients died to be able to

investigate end-of-life costs. We identified patients via electronic

medical records (n = 97) and through the Netherlands Cancer

Registry (n = 31). Patients with missing treatment data and patients

diagnosed with plasma cell leukaemia and smouldering MM were

excluded (n = 32).

2.2 | Treatment

We extracted all sequential anti-MM treatments from diagnosis to

death, including dose adjustments and start and stop dates. We strati-

fied first-line treatment regimens based on whether patients under-

went stem cell transplantation (SCT; autologous or allogeneic) in first

F IGURE 1 Inclusion criteria.

2 SEEFAT ET AL.

 16000609, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejh.14119 by C

ochrane N
etherlands, W

iley O
nline L

ibrary on [25/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



line or not. We considered induction therapy, followed by SCT and

maintenance therapy, as one line of therapy. Drug treatments that

were administered as part of clinical trials were included in this analy-

sis if available.

2.3 | Costs of treatment

Drug resource use was calculated using the duration of

treatment (stop date minus start date), dose adjustments, preliminary

stops and temporary stops. Drug costs were calculated using fixed

prices from the Z-index (which includes the publicly available list

prices in the Netherlands).26 As guidelines for economic evaluations

stipulate, we chose one reference time point for list prices in this

study (i.e., August 2020).27,28 Costs of drugs that were administered

as part of clinical trials were included when prices were available. For

iberdomide (n = 4) and teclistamab (n = 1), no costs were yet avail-

able. Since we solely focused on drug costs, related costs of, for exam-

ple, admissions, blood products and imaging are not included.

2.4 | Analyses

We analysed patient characteristics and all treatment sequences from

diagnosis to death. Drug costs are reported as mean, median and

range of costs from diagnosis to death, costs per treatment line

and costs during various end-of-life phases (3 months, 30 days,

14 days and 7 days before death). Patients with an overall survival

(OS) of less than 30 days were excluded from end-of-life analyses.

The length of time of a particular treatment line was defined as the

time from the start of treatment to the next treatment or death. All

costs are expressed in euros per month during each line of therapy or

within a specific time period before death, with reference year 2020.

R-studio version 4.2.1 and packages ‘highcharter’ and ‘ggplot2’ were

used for data visualisation.

3 | RESULTS

3.1 | Cohort characteristics

We identified 96 eligible patients. These patients were diagnosed with

MM between 2001 and 2019. The median age at diagnosis was

63 (range: 40–83) years. Patients received a median of 5 lines of ther-

apy (range: 1–16), regardless of whether they underwent SCT (64%;

Table S1). Within the entire cohort, the median OS was 56.5 months

(95% confidence Interval [CI]: 44.9–68.1 months; Table S1).

3.2 | Time to next treatment or death

The median time to the next treatment or death decreased over the

lines of treatment: from 20 months between the first and second line

of therapy to a median of 3.2 months from the start of the last line of

therapy to death (Figure 2). Times to next treatment were comparable

for patients who underwent SCT and those who did not, except for

the first line of treatment (median 24.0 vs. 12.0 months).

3.3 | Overview of treatment regimens

Overall, the 96 patients received a total of 489 lines of therapy,

including two-drug regimens in 200 (41%) and three-drug regimens in

270 (55%). Lenalidomide was prescribed in 173 out of 489 lines of

therapy (35%), whereas pomalidomide was used in 72 of 489 lines

of therapy (15%). Bortezomib was used in 136 lines of therapy (28%),

carfilzomib in 37 lines of therapy (8%) and ixazomib in 6 lines of ther-

apy (1%). Daratumumab was used in 28 out of 96 patients (29%),

which occurred mostly in later lines of therapy. Of those 28 patients,

16 (57%) received daratumumab as part of clinical trial medication, of

whom 9 before reimbursement in the Netherlands. Daratumumab

was mainly used in combination with dexamethasone alone in 20 of

28 patients (71%), while 8 received daratumumab as part of a three-

drug regimen. Sequential treatment regimens are summarised in

Figure S1.

Fifty-six patients (58%) participated in at least one clinical trial.

Eighty-one out of 489 (17%) lines of therapy were part of a clinical

trial. In later lines of therapy, relatively more patients participated in

clinical trials; from 20% (19/96 patients) in the first line of therapy to

35% (6/17 patients) in the eighth line of therapy. However, a smaller

fraction of patients participated in clinical trials in the last line of ther-

apy (9/96 patients; 9%).

3.4 | Lifetime anti-MM drug costs

The mean lifetime anti-MM drug costs—from diagnosis to death—

were €209 871 (range: €3942–€776 185), equivalent to €3111 per

month. First-line drug costs were similar for SCT and non-SCT

patients, but as a consequence of the longer time to the next treat-

ment, costs per month were lower: €1548 (SCT) versus €2645 (non-

SCT). The mean anti-MM drug expenses per month of time to the

next treatment were the lowest in the first line (€2073). However,

these costs more than doubled in the second line (€4767, n = 89) and

increased further to €8295 in the eighth line of treatment and was

€6708 in the line of therapy prior to death (n = 95, one patient

received iberdomide for which the price was not yet available)

(Figure 3).

3.5 | Treatment during the end-of-life phase

Eighty-five percent of patients (80/94) received anti-MM drugs in the

last 3 months preceding death. With increasing proximity to death,

the proportion of patients receiving anti-MM treatment declined:

68%, 50% and 33% of patients in the last 30, 14 and 7 days preceding

SEEFAT ET AL. 3
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death, respectively (Table 2). Within the last 3 months, 30 patients

(32%) initiated a new treatment regimen, with 7 of 30 (23%) switching

to a second regimen within this period. Of the patients who started a

new anti-MM treatment within 3 months preceding death, 13 patients

(13/30; 43%) initiated a new treatment within the last 30 days, and

7 of those (7/30; 23%) started within the last 14 days. No new regi-

mens were initiated within 7 days preceding death. The median time

between the last day of anti-MM treatment and death was 14 days

(range: 0–3087) (Table 1). The median duration of the last anti-MM

treatment regimen was 74 days (2.4 months, range: 1–2050 days).

Of the patients who received therapy in the last 3 months

(N = 80), 58% (N = 46) received parental drugs and 42% (N = 34)

received a fully oral treatment regimen. Treatment regimens in the last

7 days preceding death were mostly fully oral regimens (70%

[24/31]). Oral regimens in the last 3 months and 7 days consisted

of lenalidomide (38% [30/80] and 13% [4/31], respectively), pomali-

domide (46% [37/80] and 42% [13/31], respectively) and cyclophos-

phamide (61% [49/80] and 65% [20/31], respectively). Parenteral

drugs bortezomib, carfilzomib and daratumumab in the last period

before death were 11% (9/80), 24% (19/80) and 23% (18/80) in the

last 3 months to 0% (0/31), 13% (4/31) and 3% (1/31), respectively,

in the last 7 days (Table S2).

3.6 | Drug costs during end-of-life

During the last 3 months before death, mean anti-MM drug costs

were €20 761 (range: €70–€50 122), accounting for 10% of total

mean drug costs, whereas the last 3 months accounted for 4% of the

mean OS (67.4; range: 58.1–76.7 months) (Table S1). Drug costs per

month remained approximately similar during end-of-life phases,

F IGURE 2 Time to next treatment or death (TTNT) for each line of therapy for all patients.

F IGURE 3 Mean costs per patient per month per line of therapy.

TABLE 2 Overview of treatment regimens in second and

third line.

Treatment Second line (n = 89) Third line (n = 80)

SCT 19 (21.4%) 7 (8.8%)

Single-drug regimen 3 (3.4%) 2 (2.5%)

Two-drug regimen 55 (62.9%) 37 (46.2%)

Three-drug regimen 30 (33.7%) 41 (51.3%)

Lenalidomide 58 (65.2%) 43 (53.8%)

Pomalidomide 3 (3.4%) 10 (12.5%)

Bortezomib 23 (25.8%) 23 (28.8%)

Carfilzomib 14 (15.7%) 3 (3.8%)

Daratumumab 1 (1.1%) 3 (3.8%)

Abbreviation: SCT, stem cell transplantation.

TABLE 1 First-line treatment regimens.

SCTa

(n = 50) No SCT (n = 46)

Single-drug regimen 0 (0%) 1 (2.2%)

Two-drug regimen 2 (4%) 10 (21.7%)

Three-drug regimen 48 (96%) 35 (76.1%)

Bortezomib induction/

regimen

27 (54%) 28 (60.9%)

MPV 0 9 (19.6%)

Vd 2 (4%) 6 (13%)

VCD 19 (38%) 6 (13%)

VTD 4 (8%) 6 (13%)

Others 23 (46%) 18 (39.1%)

Maintenance therapy

containing

13 (26%)

Lenalidomide 7 (14%) 1 after VCD/MPV

(2.2%)

Thalidomide 4 (8%)

Abbreviations: MPV, melphalan–prednisone–bortezomib; SCT, stem cell

transplantation; VCD, bortezomib–cyclophosphamide–dexamethasone;

VD, bortezomib–dexamethasone; VTD, bortezomib–thalidomide–
dexamethasone.
aIn first line of treatment.

4 SEEFAT ET AL.
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ranging from €6295 to €7131 per month (Table 3). The highest drug

costs in the last 3 months were associated with more recently intro-

duced drugs (i.e., daratumumab or pomalidomide). The mean drug

costs in the final 7 days were €1642, ranging from €3 to €4757.

4 | DISCUSSION

With this study, we provide unique clinical practice data on the use

and cost of anti-MM drugs from diagnosis to death, with emphasis

on ‘end-of-life’ treatment. Unlike previous studies, which relied on

health insurance databases, our study used patient-level health

record data, and specifically focused on drug costs. We found that

a notably higher percentage of patients received active treatment

in the last 30, 14 and 7 days before death (68%, 50% and 33%,

respectively) compared with previous studies (in which 23% of

patients received chemotherapy during the last 14 days).23 This is

important, as monthly drug costs of this limited extension of life-

span (extension) were twice as high as the average monthly overall

lifetime drug costs, with the last 3 months constituting 10% of the

total lifetime drug costs.

We found that anti-MM drug costs were markedly higher than

previously reported: the monthly drug costs were €6920 in the final

3 months of life, compared with $1847 (€1729; using the SDR per

currency unit on 1 March 2023, International Monetary Fund29)

attributed to ‘prescription drugs’ by a previous study.10 The mean

costs in the last 30 days of €6212 were also higher than recently

reported in a (non-academic) monocentral study in the Netherlands

(€1614).24 All of our patients received treatment (in part) within an

academic hospital, which may have contributed to a higher number of

patients receiving active treatment during end-of-life. It is possible

that the selection of patients treated within an academic hospital

resulted in a higher preference for extending life compared with

patients in non-academic regional hospitals. In addition, our study

included patients who were treated in clinical trials. These clinical

trials involved the use of non-reimbursed drugs, and the estimated

costs of such drugs, if used in clinical practice, were included in our

analysis.

One might argue that newer and costlier drugs—such as daratu-

mumab and carfilzomib—were prescribed only limitedly in our cohort,

and therefore, our cost analysis does not reflect the current treatment

landscape. Indeed, we anticipate that such costlier drugs will be used

increasingly extensively, as well as in earlier lines of therapy. Subse-

quently, the cost of drugs for MM treatment will increase far beyond

what we outlined in this study. However, we anticipate that the cost

distribution, with higher costs in later lines of therapy, will remain sim-

ilar. If there are any differences, we expect the costs of later lines of

therapy to increase rather than decrease. As an example, novel T-cell

immunotherapies, such as T-cell redirecting bispecific antibodies and

CAR-T cells, are currently being used in later lines of therapy, with

considerable costs.30–33 Therefore, our findings can serve as a refer-

ence which will enable comparisons with future cost studies in order

to follow-up on the budget impact of novel drug development on a

national level.

Our data indicate that monthly anti-MM drug costs increase with

subsequent lines of therapy, with end-of-life costs constituting 10%

of the total drug costs. Importantly, the cost of orally dispensed drugs

during end-of-life might be even higher since more oral drugs might

have been prescribed than captured: we only included costs of drugs

that patients could have used in their lifespan. The significant financial

burden of active anti-MM treatment during end-of-life may not be

justifiable as we presume that the gain in quality of life is minimal dur-

ing end-of-life: disease control will be limited, and MM-related symp-

toms negatively affect the quality of life.21,22,34,35 Thus, our data

stress the necessity to discuss whether active treatment during end-

of-life is desirable, and hint at several opportunities to optimise drug

treatment during end-of-life and mitigate associated drug costs.

In general, physicians should prescribe active anti-MM treatments

cautiously during the end of life, only in the presence of sufficient evi-

dence that such drugs will provide benefits for both quantity and

TABLE 3 Drug costs of myeloma treatment per treatment phase.

Treatment phase

Patients receiving

treatment (% of total)

Mean costs of treatment

(range; % of total costs)

Mean relative costs

per montha

Diagnosis to death 96 €209 871 (€3942–€776 185; 100) €3111b

First line of treatment 96 €38 770 (€70–€497 637; 18.5) €2073

SCT 50 (52.0) €37 262 (€2226–€242 721; 17.8) €1548

No SCT 46 (48.0) €40 410 (€70–€497 637; 19.3) €2645

Second line until death 89 (92.7) €184 558 (€3873–€751 849; 87.9) €5180

3 months before death 80 (85.1c) €20 761 (€70–€50 122; 9.9) €6920

30 days before death 64 (68.1c) €6212 (€10–€17 444; 3.0) €6295

14 days before death 47 (50.0c) €3006 (€9–€9512; 1.4) €6527

7 days before death 31 (33.0c) €1642 (€3–€4757; 0.8) €7131

aOne month is defined as 30.4 days.
bMean total costs divided by mean OS in months.
cNinety-four patients were included in end-of-life analysis, two patients were excluded because of a survival of less than 30 days from diagnosis.

SEEFAT ET AL. 5
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quality of life. In line with this, beginning at an early stage, physicians

should continuously assess the patient's preference for sustained

treatment in case the end-of-life approaches, especially as we and

others showed that the time to the next treatment generally

decreases with each new line of therapy.2,36 Such advanced care plan-

ning improves quality of life and reduces symptom burden in cancer

patients—independently of active treatment—while it reduces overall

cost.37 Specific to the use of oral drugs—although challenging from a

logistical and regulatory perspective—the redistribution of unused oral

drugs is feasible and could result in substantial cost savings and is

desirable from a sustainability perspective.38

Perhaps most importantly, physicians need tools to predict the

approach of end-of-life and help them differentiate between patients

who will benefit from continued active treatment and those

patients who would be better served by supportive care. Our data

indicate that a substantial percentage of patients receive active treat-

ment in close vicinity of death, and although previous studies identi-

fied predictors for early mortality,39,40 data to predict death at later

stages are lacking. Therefore, future studies investigating predictive

factors for death during end-of-life treatment are eagerly needed as

these can aid in preventing the administration of non-beneficial treat-

ments for patients and society as a whole. National and international

population-based registries should collect real-world data on length

and quality of life in combination with drug use to facilitate such ana-

lyses. To analyse the costs of drug treatment, the use of true prices

instead of list prices is essential for data accuracy. The latter is only

possible if complete transparency is provided by negotiating parties,

which will remain a hurdle for future studies. We anticipate that inte-

grative analyses of drug cost and effectiveness will furnish valuable

instruments for enhancing cancer care and quality of life while reduc-

ing the financial impact of MM treatment.

5 | CONCLUSION

Active treatment is prescribed to half of all MM patients in this study

in the last 2 weeks before death, and the associated drug costs may

not be justified by the resulting clinical benefit. A proper balance

between clinical benefit, patient preferences and economic sustain-

ability can only be achieved when there is sufficient evidence to iden-

tify those patients who will benefit from continued treatment and

taking into account the relation between the benefits and costs

(i.e., cost-effectiveness) of such treatment into account. Future stud-

ies require detailed data from real-world registries to combine

patient-level characteristics, survival and quality of life data with true

drug prices and usage, to inform physicians and healthcare policy-

makers. Such studies are urgently needed to ensure access and sus-

tainability to health care in the future.
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