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Abstract Multiple myeloma (MM) is a neoplastic disor-
der, which accounts for 13% of all hematological malig-
nancies globally. While, conventional chemotherapy used
to be the mainstay treatment for the disease, the landscape
of treatment witnessed a paradigm shift with the intro-
duction of high-dose chemotherapy and autologous stem
cell transplant (ASCT). In this paper, we present a cost
analysis of various services provided to multiple myeloma
patients, using either of the two modalities of treatments
i.e. conventional chemotherapy or ASCT. Bottom-up
costing methodology was used to collect data on all health
system resources, i.e. capital or recurrent, which were used
to provide various services to MM patients. Capital costs
were annualized for their useful life using a discount rate of
5%. Out of pocket expenditure on treatment was also
ascertained. Cost was assessed for various services,
including outpatient consultation, bed day hospitalization
in general ward, high dependency unit intensive care set-
ting and bone marrow transplant unit. Unit costs were
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calculated from both health system and patient perspective.
The overall cost per patient for ASCT (including high dose
chemotherapy) and conventional chemotherapy from
societal perspective was INR 395,527 (USD 6085) and INR
62,785 (USD 966) respectively. Estimates on cost from our
study could be used for planning health services, and
evaluating cost effectiveness of different modalities of care
for multiple myeloma.

Keywords Cost analysis - Autologous stem cell
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Introduction

As per global burden of disease, the number of incident
cases of multiple myeloma (MM) globally increased from
62,738 in 1990 to 116,947 in 2013 [1]. In India, the esti-
mated incident cases of disease in 2015 were 12,605 males
and 5329 females, which are projected to increase by the
year 2020 [2]. Multiple myeloma accounts for 13% of all
hematological malignancies globally [3]. It constitutes
2.5% of all hematological malignancies in India [4].
Moreover, a considerable variation is reported in demo-
graphic features like age at which MM is diagnosed in
Asian and Western countries [5]. Although the disease
remains incurable, there have been advancements on the
therapeutic front concurrent with an improved under-
standing of disease dynamics [6]. Advent of high dose
therapy supported with autologous stem cell transplanta-
tion (ASCT) as a treatment modality in MM has been
reported to have promising results [7-15].

However, advanced treatment comes with a higher
cost, be it direct in terms of out of pocket (OOP)
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expenditure spent by the patient, or cost incurred by the
health system. This has implications in terms of choos-
ing cost effective interventions so that the best value for
money spent can be gained. The present study was
undertaken as part of an overall cost effectiveness
analysis for the two alternative modalities of treatment
of MM-autologous stem cell transplant and conventional
chemotherapy [16]. The objective of this paper included
a detailed cost analysis for providing various services to
multiple myeloma patients. Specifically, we estimate the
unit cost per outpatient consultation (OP) and hospital-
ization costs are estimated as per bed day cost in bone
marrow transplant unit (BMT) and high dependency unit
(HDU). Using these estimates, we compute the unit cost
per treating a multiple myeloma patient using ASCT and
conventional chemotherapy.

Methods
Study Setting

This study was conducted at a 1950-bedded tertiary care,
government funded hospital in Chandigarh [17]. The study
hospital provides out-patient consultation, special clinic,
in-patient hospitalization, intensive care, bone marrow
transplant (BMT) and other support services. Patients of
MM from a wide geographic catchment area like Jammu
and Kashmir, Uttar Pradesh, Himachal Pradesh, Punjab and
Haryana seek treatment in this hospital. The conventional
chemotherapy that is used at our centre is combination
chemotherapy and generic drugs are used. The combination
of drugs are based on financial affordability of patient and
various induction regimens used are melphalan/pred-
nisolone/bortezomib ~ (MPV),  bortezomib/cyclophos-
phamide/dexamethasone (VCD) or cyclophosphamide/
thalidomide/dexamethasone (CTD). Patients of multiple
myeloma are categorized as transplant eligible and trans-
plant ineligible. Transplant eligible patients are given 4—6
cycles of chemotherapy consisting of bortezomib, dexam-
ethasone with either cyclophosphamide/thalidomide/le-
nalidomide. After 4-6 cycles of chemotherapy,
mobilization of stem cells is done with granulocyte colony
stimulating factors (G CSF). The harvested stem cells are
stored at 4 °C. Patients are given conditioning with high
dose melphalan 200 mg/m? and autologous stem cells are
re-infused 24-h later. All transplant are carried out in
patient because of multiple reasons; most important being
risk of life threatening infections and inadequate supportive
care on out-patient basis. Patients ineligible for ASCT are
also treated with triplet regimen consisting of novel agents
with melphalan for 6-9 cycles. Patients who are younger
than 65-years are eligible for ASCT.
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Study Design

A primary costing survey was undertaken to collect data on
resources spent for treatment of MM for both the modali-
ties i.e. ASCT and conventional chemotherapy for the
period March 2015-April 2016. In general, there are two
types of approaches commonly used in the costing studies.
The first approach is the ‘top down’ while the second is
referred to as the ‘bottom-up approach’. The top down
approach employs the use of financial records of expen-
diture done in the past to assess the utilization of resources.
On the other hand, bottom up costing approach exercises a
more comprehensive method of specifying the type and
measuring the quantity of inputs being involved in the
treatment [18]. In our study, we used bottom up approach
to determine the resources used as per adaptation of stan-
dard methods of economic costing [18-20]. Further, the
costing survey was carried as per these standard methods
which have also previously been employed in costing
studies elsewhere in India [21-24]. Detailed assessment of
out of pocket payments borne by the patients was also
undertaken.

Firstly, an initial assessment of the various service
centres was done in order to allocate the costs of treatment
in both the arms. A service centre was considered primary
in case it was directly involved in delivery of health ser-
vices to the patient. Out-patient department, in-patient
department, bone marrow transplant centre (where in-pa-
tient ASCT delivered) and high dependency unit (where
patients with severe hematological illness are admitted)
were taken as direct primary cost centres. While the sec-
ondary service centres included electricity, water etc.
which were not directly involved in delivery of services to
the patient.

Secondly, an output of each service centre was identified
and measured for the last 1 year (March 2015-April 2016)
using hospital records. Thirdly, the resources used to pro-
duce these outputs were outlined and measured. Broadly,
these input resources are classified as capital and recurrent
resource based on their time of usage. For example,
buildings, medical equipment, non-medical equipment like
beds, furniture which are expected to last for more than a
year are considered as capital resources. Salaries of staff,
consumables, drugs, overheads like electricity, water etc.
comprised of recurrent resources. Enlisting of staff
involved in provision of treatment modalities under con-
sideration either full time or part-time, whether contractual
or permanent was done.

Data Collection

Various sources of information like hospital records, stock
registers, prescription slips, and relevant records were
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reviewed to elicit the number of services under each ser-
vice centre like OP, BMT, HDU, IPD (general) rendered as
well as annual number of patients who sought treatment
during the study period. Stock registers were reviewed to
gather information on input resources like drugs and con-
sumables, medical and non-medical equipment, etc. for
service centres. Utility of each room and use of capital
resources like equipment, building, furniture etc. was
assessed. The data on floor area of the rooms, waiting areas
and any other space being used were also obtained from
records of engineering department.

Information on salaries were deduced from salary slips
of staff involved in delivery of services like doctors, nur-
ses, other medical and non-medical personnel. Several staff
members were engaged in more than one activity. Using
standard schedules [23, 24] detailed time allocation data
with respect to different services for last 1 week was
ascertained by interviewing, which was supplemented with
actual observation. Data on life of capital items, for
example equipment, was assessed through expert consul-
tations. Price of each of the items whether capital or
recurrent along with information on year of purchase from
the hospital procurement department. In case the price was
not available, market prices were used.

Data on out of pocket payments (OOP) incurred by the
patients for the specific services such as ASCT,
chemotherapy at study hospital was collected by inter-
viewing—31 MM patients who had accessed treatment (26
patients for conventional chemotherapy and 5 ASCT
patients) during last year. Demographic and socio-eco-
nomic details like age, gender, address, income, monthly
consumption expenditure were also elicited. OOP expen-
ditures included any hospital user charges, expenditure on
medication/drugs, consumables, diagnostic tests, travel,
boarding, lodging or food related expenditures [17, 25-27].

Data Analysis

Unit health system cost of various services used by mul-
tiple myeloma patients was computed. These included cost
per out-patient consultation, per patient who underwent
ASCT, high dependency unit intensive care unit or per
patient hospitalization in general ward. For capital
resources, the costs were annualized. By annualization, we
mean spreading out the costs of capital goods over the
useful life with discounting to estimate its present equiv-
alent monetary value. All the costs of equipment were
discounted at 5% [28] and standard assumptions for their
useful life were made. The economic value of space used
for treatment was calculated by multiplying the floor area
being used under that service centre with the market rental
prices of similar space. In case of space jointly utilized for
more than one activity, it was suitably apportioned by the

proportion of time it was used for that activity. Overhead
costs like water, electricity were apportioned as per pro-
portional floor area [29].

For recurrent items, the quantities consumed were
multiplied with the unit price to obtain overall cost. For
staff costs, an apportioning statistic based on the proportion
of time devoted to treatment services related to both the
treatment arms was computed. Further, this apportioning
statistic was then multiplied with the gross salary of that
staff in order to assess the cost of human resource for that
particular service centre. Subsequently, all the costs were
summed up for each service centre to estimate an annual
cost in Indian National Rupee (INR). For out of pocket
payments on chemotherapy and ASCT mean expenditures
(95% CI) were computed in SPSS version 17. A conversion
rate of 1 USD equivalent to 65 INR in 2015 was used for
all the costs reported [30].

Sensitivity Analysis

A univariate sensitivity analysis was performed to see the
effect of variation in inputs over the annual costs. The base
values of salaries, capital, medical and non-medical
equipment were varied by 25% on both sides. Assuming a
wide variation in prices in consumables and drugs, the
prices of the latter were varied by 50% on either side of
base value.

Ethical Approval

This study was approved by the Institute Ethics Committee
of the Post Graduate Institute of Medical Education and
Research, Chandigarh. Written informed consent was
obtained from all study participants.

Results
Health System Costs

The average health system cost per patient and per bed day
in bone marrow transplant centre was INR 160,027 (USD
2462) and INR 11,617 (USD 179) respectively. The aver-
age health system cost per patient and per bed day in
intensive care setting (high dependency unit) was INR
62,565 (USD 963) and INR 8683 (USD 134) respectively.
Average length of stay in BMT and HDU was 14 and
7.2 days, respectively. Health system incurred a cost of
INR 510 (USD 7.84) for per outpatient visit and INR
10,107 (USD 155) per hospitalization in general ward as
shown in Table 1. Cost on human resource was the major
component of health system costs in all the services as
shown in Fig. la, b.

@ Springer



28

Indian J Hematol Blood Transfus (Jan-Mar 2018) 34(1):25-31

Table 1 Unit costs for treatment of multiple myeloma in a public sector tertiary care hospital

Cost centre

Unit cost estimation

Health system unit cost in INR (USD)

Bone marrow transplant unit
High dependency unit (intensive care setting)
Hospitalization in general ward

Outpatient visit

Per patient
Per patient
Per patient
Per OPD visit

160,027 (USD 2462)
62,565 (USD 963)
10,107 (USD 155)
510 (USD 7.84)

a 5.1%_ 020

= Hum an Resource

¥ Medical Equipment

u Non-medical Equipment
i Capital

¥ Drugs and Consumables
u Overhead

[
b 0.3%

= Hum an Resource

u Medical Equipment

# Non Medical Equipm ent
= Capital

#Drugs & Consumables

= Overheads

Fig. 1 a Distribution of annual health system costs in bone marrow
transplant unit at public sector tertiary care hospital in India.
b Distribution of annual health system costs in high dependency unit
ICU at public sector tertiary care hospital in India

Out of Pocket Expenditure

More than half (60%) of recipients of ASCT in last year
were males. A patient who underwent ASCT reported a
mean OOP expenditure (including prior conventional
chemotherapy) of INR 235,500 (USD 3623; 95% CI INR
225,000-247,400). Majority of chemotherapy patients were
males (73.1%) with median age as 62 years and median
monthly income of INR 10,000 (USD 154). The mean OOP
expenditure of these patients with an average six cycles of
chemotherapy was found to be INR 62,275 (USD 958; 95%
CI INR 50,962-73,960). Expenditure on medicines was the
major component of OOP followed by diagnostics and
travel in all services ASCT and chemotherapy used by
patient as shown in Fig. 2a, b.
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Fig. 2 a Components of out of pocket payments on chemotherapy for
multiple myeloma treatment at public sector tertiary care hospital in
India. b Components of out of pocket payments on ASCT for multiple
myeloma treatment at public sector tertiary care hospital in India

Overall societal cost (inclusive of health system and
patient perspective) of per ASCT and conventional
chemotherapy was estimated to be INR 395,527 (USD
6085) and INR 62,785 (USD 966) respectively.

Sensitivity Analysis

Annual BMT health system costs were most sensitive to
variation in salaries (90.4%) followed by capital (4.5%);
while HDU costs were most sensitive to salaries (91.2%)
followed by drugs and consumables (5%) and capital
(3.5%). Similarly, salaries followed by capital were sig-
nificant factors determining variation in annual costs for
out-patient consultation and hospitalization (general ward).
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Discussion

Overall, we estimated the cost of treatment of multiple
myeloma for two treatment modalities-ASCT and con-
ventional chemotherapy. A societal perspective, generally
wider and realistic, to account for all the costs was con-
sidered. The overall costs of provision of ASCT per patient
(including high dose chemotherapy) was estimated to be
INR 395,527 (USD 6085) while for a chemotherapy patient
it was INR 62,785 (USD 966).

In context of developed nations like Norway, a multi-
centric study reported the mean cost of HDT followed by
hospitalization as USD 25,616 (USD 13,978-43,277) from
health system perspective. Similar to findings from our
study, it concluded that personnel costs constituted the
largest share of cost followed by medications [31]. Sharma
et al. [32] reported that the median cost of autologous
transplant was USD 12,500 (USD 10,331-39,367) in a
private sector super-specialty hospital in India, which is
almost double the cost in public sector as reported in our
study. Similar to costs of ASCT reported in our study, a
non-profit organization running transplant centre in Eastern
India also reported autologous transplant cost of around
INR 3-4 lakhs [33]. Nevertheless as reported in number of
studies on out of pocket payments, expenditure on
medicines was the chief component of OOP in our study as
well [34-36].

Strengths

Evidently, there is dearth of literature on costing of tertiary
care health services. A number of surveys are undertaken,
which primarily assess the OOP expenditure, but there are
very limited studies which assess the health system cost.
Our study is first of its kind in the country to give com-
prehensive cost estimates for plausible service centres that
may be involved in the provision of care for multiple
myeloma. We undertook a primary costing survey to assess
the unit health system costs and OOP for various services.
Accordingly, costs were reported from both health system
and patient perspective. In addition, we carried out a
detailed sensitivity analysis for health system costs major
service centres in order to account for the various uncer-
tainties related to assumptions as well as to see its effect of
any variation on final cost estimations.

Limitations

We would also like to acknowledge few data limitations in
our study. Firstly, our cost estimates are based on a single
public sector tertiary care hospital. We would like to
mention that there could be significant variations in cost

estimates between various public sector hospitals. In
addition, costs in private sector can be very different.
Secondly, we did not account for cost of cryopreservation
as the same is not routinely used during ASCT in Indian
setting. Thirdly, we did not undertake further analysis
based on varying length of stay for different disease con-
ditions. Fourthly, there is a possibility of recall bias in
reporting of OOP by patients. However, it is not likely to
result in a systematic bias. Further these out of pocket
payments were assessed from five ASCT cases while for
conventional chemotherapy they were assessed from the 26
patients. The regimen of treatment for patients of multiple
myeloma and drugs on which they chiefly incur out of
pocket expenditures is standardized for all patients using
either ASCT or conventional chemotherapy. The average
OOP expenditure incurred by patients undergoing ASCT
during the study period is same for the other ASCT
patients. Hence these out of pocket expenditures represent
average levels of resource utilization for these treatments.
Nonetheless it is recommended to undertake studies with a
larger sample to assess any variation in costs. Fifthly we
did not estimate indirect costs or any productivity losses
due to the disease which could have an impact on the costs
involved. Lastly, in the context of full economic evaluation
measuring the extent of occurrence of adverse events fol-
lowing both the treatment regimens for multiple myeloma
and their respective costs should be accounted. However
this was beyond the scope of the present study which
focusses solely on the cost of the intervention for multiple
myeloma. Any full cost effectiveness analysis for different
treatment options in case of multiple myeloma should
however include such a cost assessment.

Policy Implications and Research

Costing studies provide an invaluable insight to resources
being used and its financial implications. Be it with an
objective of an assessment of resources, cost containment
or further delving into the means of cost-reduction, costing
studies offers multitude of benefits to clinicians, health care
providers, policy makers and researchers. Further, it is an
indispensable input to cost effectiveness analysis carried
out to ascertain best value for money for particular health
service, program, treatment, drugs or diagnostic under
consideration [18]. While ASCT in general is not cost
effective to treat multiple myeloma, its use could be tar-
geted to those detected and treated early where there was
some value for money spent [16]. The cost analysis in the
present paper included both the health system as well as the
patient perspective which is important for planning health
care services for the provision of treatment of multiple
myeloma. Further detailed breakdown of costs as reported
in the paper are relevant for policy makers in order to
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establish infrastructure for providing the treatment to
patients of multiple myeloma. Evidence on costs is also
important from payers’ perspective in order to generate
reimbursement rates/provider payments. Our estimates
should also be used in general while purchasing care under
various publicly financed insurance schemes. Moreover,
there is a concomitant need to undertake more costing and
cost-effectiveness studies of various health services at
tertiary level for informed decision-making especially in
light of Universal Health Care.
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