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Abstract
Background  Chimeric antigen receptor T cells (CAR-T) represent an innovation but raise issues for healthcare 
payers because of the uncertainty on impact at market launch, high cost and important organisational impact. The 
literature has focused on their assessment, appraisal and market access solutions. No evidence on the costs sustained 
to implement CAR-T is available and a few studies reported the cost of the CAR-T clinical pathway, including the 
activities that are remunerated through inpatient or outpatient fee-for-service/episode. This paper aims at filling the 
information gap, assessing the cost of implementing CAR-T activity and the full cost of managing the CAR-T clinical 
pathway.

Methods  Cost analysis relied on the Activity Based Costing approach, which was applied to two Italian healthcare 
organisations, both CAR-T Centres authorized by the regional governments with a minimum of 20 patients treated 
with the first two CAR-T therapies launched on the market.

Results  The cost of implementing CAR-T was estimated at €1.31 million (calculated for one of the organizations with 
complete data). Most of these costs (77%) were generated by quality assurance activity. The mean cost per patient 
entering the CAR-T pathway (59 and 27) and surviving at follow-up (21 and 5) ranges from €48K to €57K and from 
€96K to €106K, respectively. Fees for hospitalization and infusion of gene therapy accounts for more than 70% of these 
costs. The actual hospitalisation cost varies greatly across patients and is in general lower than the fee-for-episode 
paid by the region to the hospital.

Conclusions  Despite its limitations (exploratory nature; the time spent by staff on activities which are not 
remunerated through fees was estimated through interviews with the CAR-T coordinators; cost items are not 
fully comparable), this research highlighted the relevant organisational and economic impact of CAR-T and 
provided important insights for policy makers and healthcare managers: the necessity to invest resources in CAR-T 
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Background
Chimeric antigen receptor T cells (CAR-T) are lympho-
cytes where T cell receptors have been modified and 
equipped to recognize and destroy malignant tumoral 
cells via a specific receptor [1]. They represent an innova-
tion in the treatment of patients suffering from haema-
tological malignancies with very poor prognosis, having 
previously failed standard therapies [2]. Lympho-mono-
cytes from peripheral blood of candidate patients are 
harvested by a leukapheresis and then sent to a Good 
Manufacturing Practice (GMP) approved cell factory for 
transduction and expansion in a GMP-approved facility. 
After manufacturing, the cellular product is shipped back 
to the patient hospital for infusion after a lymphodeplet-
ing therapy.

The first applications of CAR-T occurred in patients 
with resistant/relapse acute lymphoblastic leukaemia 
(ALL) [3] and several subgroups of B cell lymphomas [4], 
using the CD19 antigen as the tumoral target for immu-
nological destruction. Approval was granted to axicabta-
gene ciloleucel and tisagenlecleucel, based on results 
from the first two pivotal studies, ZUMA-1 [5, 6] and 
JULIET [7]. Three anti CD19 CAR-T cell products are 
currently available in Italy, as third or subsequent line 
treatment, for refractory/relapsed ALL (tisagenlecleucel), 
third line treatment for diffuse large B cell lymphomas 
(either de novo or transformed), high grade B cell lym-
phomas, transformed follicular lymphomas (axicabtagene 
ciloleucel, and tisagenlecleucel), primary mediastinal B 
cell lymphomas (axicabtagene ciloleucel) and for mantle 
cell lymphomas (brexucabtagene autoleucel) [8]. The field 
of CAR-T research is growing rapidly from a variety of 
biotech, private companies and academic institutions. In 
April 2022 more than 2700 studies with advanced cellular 
therapy agents in the global immune-oncology pipeline 
were ongoing, mainly in haematological malignancies [9].

CAR-T, and cell and gene therapies in general, pose 
issues for healthcare payers in all jurisdictions where they 
have been evaluated or are under evaluation. Literature 
is abundant on distinctive characteristics of cell and gene 
therapies from a Health Technology Assessment (HTA) 
viewpoint [10–15], and on how these characteristics 
might shape price and reimbursement negotiations [16–
18]. Critical aspects of gene and cell therapies for HTA 
include [19]:

 	• marketing authorisation based on accelerated 
approval pathways, which allows for trials using 
surrogate rather than clinical endpoints where, since 

these medicines are mostly for rare conditions, 
higher standards of validation are difficult to achieve;

 	• high preponderance of single arm, uncontrolled 
clinical studies, either because the patient population 
is small, or because of practical difficulties or ethical 
concerns in randomization due to the potential 
improvement offered by the new therapy;

 	• small sample sizes that greatly increase the 
uncertainty around clinical effect size, and also mean 
that any heterogeneity in the patient population is 
hard to analyse;

 	• clinical studies of short duration at the time that 
HTA is carried out, with difficult extrapolation of the 
long-term impact.

CAR-T, like virtually all gene and cell therapies, raise 
financial sustainability issues since they are often very 
costly. The uncertainty of the evidence at market launch 
and their potentially considerable financial impact have 
often made cell and gene therapies a prime candidate 
for Managed Entry Agreements, also known as perfor-
mance-linked reimbursement, coverage with evidence 
development and staged payments [16, 20, 21].

CAR-T are also complex to manage for healthcare 
organisations. These technologies require the identifica-
tion of healthcare centres with appropriate organisational 
structures and competencies, which must be provided 
with the resources necessary to implement and manage 
CAR-T activity.

In Italy, CAR-T centres should be equipped with 
JACIE (Joint Accreditation Committee - ISCT & EBMT) 
accreditation for allogenic transplant, an intensive care 
unit and the presence of a multidisciplinary team [8]. 
Regional governments authorize the healthcare cen-
tres, that contract afterwards with the companies hold-
ing the marketing authorisations for CAR-T, and provide 
for remunerating inpatient and outpatient care through 
fee-for-episode and fee-for-service, respectively [22]. 
The number of accredited centres is very different across 
regions, reflecting not only the expected dimension of 
the target population, but also political choices [23]. In 
2022 there were 111 accredited centres, but only 65 (59%) 
were active (i.e. with almost one patient treated). In the 
North-Centre of Italy 71% were active, whereas in South-
ern Regions only in 34% of accredited centres almost one 
patient was treated. The number of active centres per one 
million inhabitants ranges from 1.4 in Northern Regions 
to 0.7 in the Southern ones and more than 50% of CAR-T 
was administered in 4 out of the 21 Regions, with an 

implementation; the need for assessing activities which are not remunerated through fees for service / episode; the 
opportunity to shift from fee-for-episode / service to bundled payments for CAR-T clinical pathway.

Keywords  CAR-T, Organisational impact, Cost impact, Activity-based costing, Italy



Page 3 of 11Cavallo et al. BMC Health Services Research          (2024) 24:121 

average 6 patients treated per centre (ranging from 3 to 
20) [23]. According to a recent analysis, the patient access 
to CAR-T in Italy is lower than in the other largest EU 
countries [24].

Dedicated funds for implementing CAR-T and manag-
ing CAR-T patients are quite rare in Europe. Among the 
five largest European countries only Germany, through 
the NUB system (Neue Untersuchungs und Behan-
dlungsmethoden - New examination and treatment 
method), provides hospitals with dedicated funds for 
health technologies with an important organisational 
impact [8].

The organisational and economic impact of CAR-T and 
the complexity of the associated clinical pathway have 
received scant attention not only from payers but also in 
the literature, although they are cited as the reason for 
delays in patient access, at least as important as long and 
complex price and reimbursement negotiation [8].

Recently, some papers partially addressed the cost 
of managing CAR-T beyond the treatment acquisition 
costs. These papers were elicited from a rapid non-sys-
tematic review of the literature on Pubmed and Google 
Scholar, using the following key-words: CAR-T or CAR 
T, cost(s), and economic or organisational impact and 
clinical pathway.

A first set of U.S. publications designed scenarios of 
clinical pathways on the grounds of clinical studies, the 
literature evidence, clinicians’ opinion and monetized 
them, using fee-for-service / episode [25–27]. One paper 
estimated costs for 551 patients from 6 months before 
CAR-T-cell administration to 11 months of follow-up on 
average on the grounds of Medicare administrative data, 
including inpatient, outpatient, and emergency depart-
ment services [28]. As far as Europe is concerned, one 
German paper raised the awareness on the complex-
ity and interdisciplinary nature of the clinical pathway 
for CAR-T, advocating a proper procedures’ coding and 
compensation, but not did estimate the cost of this path-
way [29]. Another paper focused on administrative data 
collected during the hospital stays from the French Medi-
cal Information Systems Program (PMSI) [30]. The cost 
of clinical pathways was presented in two papers. The 
first study collected data for 20 patients in in one Portu-
guese centre, including inpatient and outpatient services 
in four stages (from referral date to CAR-T-cell therapy 
until the day before infusion; from infusion day until day 
30 after infusion; between 31 and 60 days after infusion, 
and between 61 and 150 days after infusion) [31]. Costs 
of other activities not individually provided to patients 
were not included. The second study was carried out in 
Italy [32]. The authors, through an Activity Based Cost-
ing (ABC)  approach, estimated the cost of the clinical 
pathway of 47 CAR-T patients over a 36 months’ time 

horizon, including all activities remunerated trough fee-
for-service and side effect management.

None of the previous studies included activities not 
remunerated through fees and the cost of implementing 
the CAR-T treatments. Moreover, the Italian paper did 
not compare the fees for inpatient services with the esti-
mated costs.

This paper aims at filling this information gap, by:

 	• analysing the organizational model adopted to 
implement CAR-T in clinical practice and manage 
the relevant patients, from the identification of 
eligible patients to follow-up (clinical pathway). The 
implementation of CAR-T includes the following 
activities: internal staff and referral centre staff 
training, quality assurance activities and drafting of 
Standard Operating Procedures (SOP), protocols and 
check lists;

 	• estimating the costs of implementing CAR-T in 
clinical practice and managing the clinical pathway, 
excluding the acquisition costs of commercial CAR-
T.

Our secondary objectives was to estimate the proportion 
of costs of the clinical pathway covered by fees provided 
by the Italian regional governments, and to compare for 
each inpatient episode, actual costs with fees.

Methods
Cost analysis relied on an ABC approach [33]. ABC 
requires the identification of all activities involved in the 
implementation of CAR-T and the management of the 
relevant clinical pathway, the organisational units and 
individuals who carry out these activities, the relation-
ships between organisational units, activities and final 
output, and the estimation of full cost, i.e. resources and 
unit costs.

The ABC approach was used for three reasons. First, 
CAR-T cost estimates are complex since diverse organ-
isational units and professionals are involved. Fur-
thermore, the patient journey is managed in different 
settings (outpatient services, day hospital and inpatient 
hospitalization). Finally, ABC provides the opportunity 
to identify the cost drivers of each activity, which may 
support actions aimed at making the implementation in 
other healthcare centres and the clinical pathway more 
efficient.

ABC was conducted in two large healthcare organisa-
tions, a public clinical research and teaching hospital - 
Azienda Ospedaliero-Universitaria di Bologna (IRCCS 
AOU BO Orsola, hereafter) and a public teaching hos-
pital - Azienda Ospedaliero-Universitaria Careggi di 
Firenze (AOU Careggi hereafter). These two centres 
were selected based on the availability to collect data [34] 
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among CAR-T Centres designated by regional govern-
ments with a minimum 20 patients treated with idecabta-
gene vicleucel and ciltacabtagene autoleucel. A third 
private clinical research hospital agreed to join the proj-
ect, but was not able to collect data.

The adopted perspective is that of the healthcare organ-
isations involved. Activities provided by other healthcare 
organisations were excluded.

Clinical pathway costs refer to period of time between 
the first patient reported as potentially eligible for CAR-T 
by the referring centre (September 2020 at the IRCCS 
AOU BO Orsola and March 2020 at the AOU Careggi) to 
September 2021.

ABC analysis relied on both primary and secondary 
data collection. Secondary data include all data that are 
routinely collected by healthcare organisations, i.e. activi-
ties which are awarded a fee-for-service or fee-for-epi-
sode, unit cost per hospitalisation day in inpatient wards 
and intensive care units, which were used to estimate the 
cost of the hospitalisation episode, and the gross salary of 
healthcare professionals.

Primary data were collected through an open interview 
administered to the CAR-T Team coordinators at each 
hospital. They include (Fig. 1):

 	• CAR-T implementation activities;
 	• services provided to individual patients but not 

remunerated through fees (for example, coordination 
meetings with the referral centres);

 	• other activities (for example, coordination of the 
CAR-T Team or updating procedures, protocols and 
check lists).

The administration of an interview to the coordinators 
of the CAR-T Team was preferred to other data collec-
tion methods. Time-motion technique, considered the 

most effective in the literature [35], was not manage-
able because of the high workload of the healthcare 
professionals involved, and possibly less robust, since 
time-management was highly affected by the Covid-19 
pandemic. For the same reasons we decided not to rely 
on questionnaires administered to each individual per-
son involved in CAR-T activities. Coordinators were 
more likely to provide complete, consistent and unbiased 
responses.

Overhead costs were proportionally allocated to direct 
costs of CAR-T activities. Overhead costs estimates were 
provided by the cost accounting unit of the two health-
care organisations and range from 14.5% at the IRCCS 
AOU BO Orsola to 26% at the AOU Careggi.

Both primary and secondary data were entered into an 
Excel database. The database was structured to collect 
new data on already recruited patients (e.g. follow-up 
data) and on newly enrolled patients.

All data were validated by the coordinators of the two 
healthcare organisations. The hospitalization cost and its 
comparison with the fee-for-episode was carried only at 
IRCCS AOU BO Orsola, where data on the cost per hos-
pitalisation stay (inpatient wards and intensive care unit) 
and diagnostic services provided to each hospitalised 
patient was available.

Results
As mentioned before, the implementation activities and 
clinical pathway activities which are not remunerated 
through fees were elicited from the interviews with the 
CAR-T activity coordinators.

Table 1 illustrates the activities not remunerated by fees 
and Table 2 reports the organizational units and profes-
sionals involved in the CAR-T team.

At the IRCCS AOU BO Orsola the CAR-T team is 
composed of 27 healthcare professionals including 

Fig. 1  Data collection clusters for CAR-T activity. Source: Primary data collection (interviews with the CAR-T coordinators)
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disease-specific hematologists, transplant-dedicated 
hematologists and non-hematological consultants to 
cover all complication-specific fields. The activation 
of the CAR-T cell team begins from the identification 
of a candidate patient on behalf of the disease-specific 
group. The patient is put into the electronic waiting list. 
The transplant team organizes the apheresis in a stan-
dardized, JACIE- validated way while the disease-spe-
cific group evaluates the need and the type of a possible 

bridging therapy. The patient is admitted to the trans-
plant unit for the lymphodepletion, infusion of CAR-T 
cells and management of acute adverse events under the 
responsibility of the transplant unit. After discharge the 
patient returns to the disease-specific group for follow-
up and long term complications management. During 
the first phases of the process pharmacists are informed 
and involved in several steps, including the request for 
CAR-T cells, cellular product accountability and check 
of the correct status of cells at delivery (because the cells 
cannot stay in the pharmacy since the storage is in the 
processing lab of the transplant team with an authorized 
cryobank), and for the administration of specific drugs 
and pharmacovigilance requirements. Similarly, intensiv-
ists and neurologists are informed and involved from leu-
kapheresis until admittance into the transplant ward, and 
after infusion they intervene regularly regarding patient 
status. After discharge, the competent authority requires 
that patients stay within two hours’ distance from the 
infusion centre; for those patients who reside elsewhere, 
a non-profit organisation hosts them for free in an appro-
priate facility. Follow-up visits and exams at pre-specified 
time points are carried out at the IRCCS AOU BO Orsola 
in accordance with the referral centres for one year. The 
major effort of the CAR-T cell team is the communica-
tion among all actors and the traceability of the interface, 
which is under strict control by checklist and process 
indicators.

The CAR-T team at the AOU Careggi is composed 
of 27 healthcare professionals. The eligibility of a can-
didate is discussed at a weekly meeting by the CAR-T 
team, comprising a disease specific hematologist consul-
tant, the CAR-T coordinator (a hematologist expert on 
immune effector cells therapy), a cardiologist, an infec-
tious disease specialist, a radiotherapist,  and radiolo-
gists. After assessing eligibility, the CAR-T coordinator 
books the leukapheresis appointment according to the 
slot given by the pharmaceutical company, the apheresis 
specialist, the pharmacists and the cell processing unit. 
After the leukapheresis, the CAR-T team discusses the 
need to administer a bridging therapy. Before proceed-
ing to lymphodepleting, three aspects are considered: 
the availability of CAR-T cells in the processing unit, the 
availability of anti-cytokines therapy for the treatment of 
Cytokine Release Syndrome (CRS) in the clinical unit and 
the confirmation of the patient’s eligibility. Each patient 
is evaluated by both a neurologist and an intensive care 
consultant before the administration of lymphodepleting 
therapy either in the outpatient clinic or after the hospi-
tal admission. Every day after the infusion, the CAR-T 
coordinator sends an e-mail to both the neurologist 
and an intensive care consultant to notify them of the 
patient’s clinical status. Both consultants are paged in 
case of moderate grade of either CRS or Immune effector 

Table 1  CAR-T clinical pathway: activities not remunerated by 
fees
PHASE I: PATIENT ELIGIBILITY
Waiting list management
Patient eligibility evaluation and referral center communication
Evaluation protocols
PHASE II/III: PATIENT CONSENT + DRUG CHOICE
Consent form management
Drug choice
Communication to the relevant pharmaceutical companies
Contact with the apheresis transfusion service
First contact with the intensive care unit
PHASE IV: APHERESIS PLAN + DRUG BOOKING
Apheresis planning
Entering drug request in the company’s platform
Apheresis protocol
PHASE V: APHERESIS
Eligibility check
PHASE VI: BAG SENDING + LYMPHOCYTE ENGINEERING PROCE-
DURE + BAG RETURN
Bag shipping
Contact with the company for engineering project monitoring
Bag reception, preparation and planning
Transplant program checklist
Pharmacy, surgery and cryopreservation checklist
PHASE VII: ADMISSION PLANNING
Pre-hospitalization patient assessment
Pre-admission checklist
Infusion preparation and administrative activities (including compiling 
drug registry)
PHASE VIII: ADMISSION / RECEPTION OF THE BAG
First contact with the intensive care unit
Lymphodepleting chemotherapy check
Return of modified leukocytes
PHASE IX: HOSPITALIZATION / INFUSION + MONITORING
Protocols / SOPs
PHASE X: HOSPITAL / TOXICITY MANAGEMENT
Toxicity management protocols
Activation of beds in other units
PHASE XI: DISCHARGE
Preparation of the discharge documents
PHASE XII: FOLLOW UP
Protocols for managing toxicities
Compiling follow-up drug registry form
Source: primary data collection (interviews with the CAR-T coordinators)
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Cell-Associated Neurotoxicity syndrome occurs. After 
discharge, the patient is monitored in the outpatient 
clinic for intermediate and long-term side effects: infec-
tions, hematological and non-hematological toxicities. 
Each time point disease evaluation is discussed by the 
CAR-T team during the weekly meeting as well as the 
need for subsequent therapy in case of failure. After one 

year of follow up under the responsibility of the CAR-T 
center, the patient returns to the referring hematologist.

The cost of implementing CAR-T in clinical practice 
is reported only for the AOU Careggi. The IRCCS AOU 
BO Orsola has been intensively involved in clinical trials, 
and CAR-T were infused well before their use in clini-
cal practice. The cost of implementing CAR-T in clinical 
practice at the IRCCS AOU BO Orsola refers only to the 

Table 2  Organisation Units and Professionals involved in the CAR-T team (2021)
IRCCS AOU BO Orsola* Healthcare Professionals #
L.A. Seràgnoli Institute of Hematology and Medical Oncology Hematologist 8

Nurse 5
Biologist 4
Administrative Staff 1

Immunohaematology and Transfusion Unit Transfusionist 2
Clinical Pharmacy Pharmacist 3
Anesthesiology and intensive care unit Anesthesiologists 2
Urgency-Emergency (neurological support) Neurologist 2
Total 27
AOU Careggi Healthcare Professionals #
Department of Cellular Therapies / Transfusion Hematologist/Transplantologist 5

Transfusionist 2
Nurse 1

Bone marrow transplant laboratory Biologist 7
Stroke Unit Neurologist 1
Department of oncological anesthesia and intensive care Intensivist 2
Department of Cardiology Cardiologist 2
Department of Infectious and tropical diseases Infectious disease specialist 2
Department of Nuclear Medicine Nuclear radiologist 1
Department of Radiodiagnostics Radiologist 2
Department of Radiotherapy Radiotherapist 1
Department of Pharmacy Pharmacist 1
Total 27
Source: Primary data collection (interviews with the CAR-T coordinators)

* In 2022 two infectious disease specialists, three nuclear radiologists, two neuroradiologists, one anatomo-pathologist and one psychologist joined the 
interdisciplinary team

Fig. 2  Cost of implementing the CAR-T activity in clinical practice at the AOU Careggi (2019 − 2012). Legend: Thousands of Euros and % of the total. 
Source: Primary data (interviews with the CAR-T coordinators) and secondary data (e.g. personnel costs) collected at the AOU Careggi
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cost increment compared to those already incurred for 
the clinical studies, which amounted to €46k.

The total cost of implementing CAR-T activity at the 
AOU Careggi added up to €1.31  million. Quality assur-
ance is the main cost driver (77% of costs), followed by 
the SOP, protocols and check list setting (17%), and edu-
cation programs for the internal staff and the referral 
centres (6%) (Fig. 2).

Clinical pathway costs analysis refers to 59 and 27 
patients who were reported as potentially eligible for 
treatment by the referral centre to the IRCCS AOU BO 
Orsola and the AOU Careggi, respectively. Of these 
88%/63% were considered eligible, 41% entered the fol-
low-up, 36%/33% survived the fourth month of follow-up 
(21 and 9 patients, respectively). At one year of follow-
up, 19% of patients managed by the AOU Careggi (5 
patients) were alive.

Table 3 illustrates the mean cost of the CAR-T pathway 
for patients who have completed the process (follow-up 
of 4 and 12 months for the IRCCS AOU BO Orsola and 
the AOU Careggi, respectively) and all enrolled patients. 
The mean total cost equals €96K (IRCCS AOU BO 
Orsola)-€106K (AOU Careggi) and €48K (IRCCS AOU 
BO Orsola) - €57K (AOU Careggi) for patients alive at 
follow-up and all enrolled patients, respectively.

At the IRCCS AOU BO Orsola, costs are mainly 
incurred for activities that are remunerated through a 
fee-for-service and a fee-for-episode (93% of total mean 
cost per patient enrolled). The AOU Careggi shows a 
much higher incidence of other costs (42% and 23% of 
the mean cost of all patients and patients alive at follow-
up, respectively). Among other costs, the main cost driv-
ers are general activities, not referring to each individual 
patient. Total costs for managing 59 and 27 patients 
at the IRCCS AOU BO Orsola and AOU Careggi equal 
€2.84 and €1.54  million respectively. The AOU Careggi 
spent for the implementation of CAR-T and the clinical 
pathway of patients €2.85  million (46% and 54% for the 
implementation and the clinical pathway, respectively).

Table  4a and 4b illustrate the mean and total costs of 
each single clinical pathway phase. The activities included 
are the ones provided for each individual patient. Infu-
sion-related hospitalization accounts for 71% of the total 
cost at the IRCCS AOU BO Orsola (74% at the AOU 
Careggi) whereas 14% (13%) of costs are generated by 
pre-admission services and 15% (13%) by follow up.

Finally, we compared the hospitalisation cost sustained 
by the IRCCS AOU BO Orsola for each patient to the rel-
evant fee-for-episode. In general, the cost is lower than 
the corresponding fee (€67K). We also observed a huge 
variability of unit costs per patient, determined by varia-
tions in the length of hospitalization, the use of intensive 
care units and laboratory diagnostic services (Fig. 3).
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Discussion
To the best of our knowledge, this is the first study inves-
tigating the organizational impact and cost of imple-
menting a CAR-T team and the full cost of managing 
the clinical pathway for CAR-T patients. The only other 
available evidence reported, for one Portugese centre 
[31] and some Italian hospitals  [32], the cost of services 
provided to each individual patient, but not the imple-
mentation costs and other costs sustained for running 
the CAR-T team.

The implementation costs of CAR-T equal €1.31  mil-
lion at the AUO Careggi. Quality assurance activity 
accounts for 77% of these costs.

The mean cost per patient entering the CAR-T pathway 
and surviving at follow-up ranges from €48K to €57K and 
from €96K to €106K respectively. The latter is 30% of the 
list price of axicabtagene ciloleucel and tisagenlecleucel 
(the actual price is not public, since the discount is con-
fidential and the impact of the outcome-based agree-
ment is unknown). The median cost per patient treated 
with CAR-T (excluding the CAR-T cost) in the Portugese 
study is much lower (€10.6K), but the costs are not com-
parable, since our study estimated the full cost (includ-
ing general activities not provided to one specific patient) 
and overhead costs.

Table 4a  Mean and total cost of CAR-T clinical pathway by phase: IRCCS AOU BO Orsola
Clinical pathway phases # of 

patients
Mean 
cost per 
patient

% Total cost %

Analysis of patient eligibility 59 €54 9% €3,164 14%
Assessment of patient eligibility 52 €858 €44,623
Consent form management, Drug choice, Communication to the relevant pharmaceutical 
companies

52 €284 €14,778

Apheresis planning 52 €2,499 €129,972
Apheresis / Therapy Request Procedure 44 €650 €28,621
Pre-hospitalization / Lymphocyte engineering process 36 €4,516 €162,570
Inpatient episode: Lymphocyte reception / Hospitalization / Bridge therapy / Infusion / Moni-
toring / Toxicity management

29 €67,033 71% €1,943,960 71%

Discharge 27 €226 20% €6,101 15%
Follow-up (+ 30 days) 24 €11,623 €278,952
Follow up (+ 120 days) 21 €6,955 €146,053
Total (living patients after 120 days of follow-up) 21 €94,699 100% €2,758,793 100%
Total (patients reported as eligible) 59 €46,759
Source: Primary data (interviews with the CAR-T coordinators) and secondary data (e.g. personnel costs, fee-for-episode and service) collected at the IRCCS AOU BO 
Orsola

Table 4b  Mean and total cost of CAR-T clinical pathway by phase: AOU Careggi
Clinical pathway phases # of 

patients
Mean 
cost per 
patient

% Total cost %

Patients eligibility check 27 € 1,429 9% € 38,579 13%
Evaluation and confirmation of eligibility / patients enrollment 17 € 2,771 € 47,099
Lymphocytoapheresis planning and execution / Lymphocyte engineering procedure and bag 
delivery

17 € 1,103 € 18,744

Bridge therapy (radiotherapy (10) or chemotherapy (2)) and bag reception 12 € 1,701 € 20,417
Outpatient prelymphodepletion and lymphodepletion 2 € 423 € 5,078
Inpatient episode: Lymphodepletion and infusion 12 € 61,812 74% € 741,740 74%
Follow up (+ 30 days) 11 € 3,373 17% € 37,103 13%
Follow up (+ 60 days) 11 € 1,132 € 12,449
Follow up (+ 90 days) 11 € 2,388 € 26,265
Follow up (+ 120 days) 9 € 547 € 4,921
Follow up (+ 180 days) 9 € 2,678 € 24,100
Follow up (+ 365 days) 5 € 4,129 € 20,644
Total (patients living after a follow-up of one year) 5 € 83,484 100% € 997,138 100%
Total (patients reported as eligible) 27 € 36,931
Source: Primary data (interviews with the CAR-T coordinators) and secondary data (e.g. personnel costs, fee-for-episode and service) collected at the AOU Careggi
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Differences between the costs of managing CAR-T 
patients between the two centres depend on:

 	• a different year of CAR-T implementation: the 
higher proportion of costs for general activities at 
the AOU Careggi depends primarily on the different 
organisation of these activities. Another reason 
could be the more recent implementation of CAR-
T, that provides for more frequent adjustment of 
coordination, SOP, protocols and check lists;

 	• the mix of healthcare professionals involved, their 
seniority and, consequently, associated mean costs;

 	• management of the clinical pathway: for example, 
follow-up is differently allocated between the 
healthcare centre that manages the gene therapy 
infusion and the referral centre;

 	• the healthcare setting in which the process is 
managed, with particular reference to the pre-
admission and follow-up phases;

 	• the dimension of overhead costs allocated with the 
CAR-T activity.

Despite these differences, the largest proportion of costs 
of the clinical pathway (more than 70%) in both centres is 
generated by the fees for hospitalization and infusion of 
gene therapy. The insight into the cost of hospitalization 
at the IRCCS AOU BO Orsola revealed that the actual 
cost greatly varies across patients, and that it is in general 
lower than the fee-for-service.

The study has three main limitations. First, it is explor-
atory in nature and the two selected hospitals should be 
considered “case-studies” of a hospital which hosted a 

clinical trial on CAR-T and a hospital that implemented 
a CAR-T activity, once the first CAR-T was launched into 
the market: any extrapolation from this two case-studies 
to the national level should be considered arbitrary. As 
it was mentioned before, we have tried to involve one 
private large hospital, but it was unable to collect data. 
Secondly, we estimated the time spent by the staff on 
activities which are not remunerated through fees on 
the grounds of interviews with the CAR-T patient man-
agement coordinators. As already mentioned, the use of 
a more robust and analytical approach, such as that of 
time-motion, was not feasible. Finally, despite the fact 
that cost estimation relied on the same approach, pri-
mary and secondary data are not fully comparable. For 
example, overhead costs incidence was notably different 
and the follow-up period was different.

Conclusions
Despite these limitations, this research highlighted the 
relevant organisational and economic impact of CAR-T 
implementation and clinical pathway, with important 
policy implications.

Implementing a CAR-T program requires a huge 
investment, and the launch of new CAR-T and/or the 
extension of their indications, may require additional 
investments, since economies of scale and scope cannot 
be indefinitely exploited. Important resources should 
have been or should be allocated to healthcare organisa-
tions to make this investment sustainable.

Managing CAR-T patients is also costly. On the one 
hand, some activities are not remunerated through fees 
for service / episode. On the other side hospitalization 

Fig. 3  Cost per episode of hospitalization compared to fee-for-episode at the IRCCS AOU BO Orsola. Legend: Euros, thousands. Source: Patient-level 
secondary data (length of stay; cost per hospitalization day; diagnostic procedures) collected at the IRCCS AOU BO Orsola
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costs are for most patients lower than fees provided by 
the regional government to hospitals. We are not aware 
of the net impact on costs of these two aspects, but the 
clinical pathway is decidedly complex and bundled pay-
ments (or global budget) could possibly be a better option 
compared to fee-for-episodes and fee-for-services. This 
option could also assuage the inconsistencies inherent in 
using the same fee-for-episode for hospitalizations where 
costs can be very different. It’s worth mentioning that in 
Italy hospitalization episodes are classified through the 
Diagnostic-Related-Group system, that was designed to 
minimise intra-DRG cost variability.

Our analysis provides useful information for the imple-
mentation of the CAR-T activity costs within an in-house 
(or decentralised) CAR-T program. We are aware that 
some of this costs would be not incurred with a decen-
tralised approach (e.g. contracting costs), but the latter 
would mostly affect the cost of therapy.

The relevance of the research goes beyond the limited 
evidence on this topic and the policy implications. The 
two healthcare organisations involved were provided 
with an operational tool that will allow them to update 
the organizational and cost impact data as new patients 
are included in the CAR-T pathway. This represents a 
fundamental step to evaluate the future economic sus-
tainability of therapies with high organizational impact.

Abbreviations
ABC	� Activity Based Costing
ALL	� Acute Lymphoblastic Leukaemia
AOU	� Azienda Ospedaliero-Universitaria (Public Teaching 

Hospital)
AOU Careggi	� Azienda Ospedaliero-Universitaria Careggi di Firenze
CAR-T	� Chimeric antigen receptor T cells
Cergas	� Centre for Research on Health and Social Care 

Management
CRS	� Cytokine Release Syndrome
GMP	� Good Manufacturing Practice
HTA	� Health Technology Assessment
IRCCS	� Istituto di Ricovero e Cura a Carattere Scientifico 

(Public Clinical Research Hospital)
IRCCS AOU BO Orsola	� Azienda Ospedaliero-Universitaria di Bologna
JACIE	� Joint Accreditation Committee - ISCT & EBMT
NUB	� Neue Untersuchungs und Behandlungsmethoden 

(New examination and treatment method)
PMSI	� French Medical Information Systems Program
SOP	� Standard Operating Procedures

Acknowledgements
The research was possible thanks to the collaboration of (i) the Department 
of Cellular Therapies and Transfusion Medicine, which leads the CAR-T Team, 
the Cost Accounting Office, and the Human Resource Management Unit of 
the AOU Careggi (ii) the L.A. Institute. Seràgnoli of Haematology, who leads 
the CAR-T Team the Cost Accounting Office, the Information Systems Unit and 
the Clinical Governance Unit at the IRCCS AOU BO Orsola. We thank Filippo 
Cassera, who supported the research team on the flow-chart design. Editorial 
assistance (revision of the English text) was provided by Helen Banks (Cergas 
Bocconi, Milano, Italy).

Author contributions
Conceptualization: MCC, MC, CJ. Data curation: MCC, MC, FB, IC, BC, BT. Formal 
analysis: MCC, MC, FB, IC. Funding acquisition: CJ. Investigation: MCC, MC, FB, 
IC, BC, BT, CJ. Methodology: MCC, MC, CJ. Project administration: MC, MCC. 

Supervision: CJ. Validation: MC, MCC, FB, IC, BC, BT, RS, PLZ, CJ. Writing - original 
draft: CJ, FB, IC. Writing - review & editing: CJ, MC, FB, IC, RS, PLZ. 

Funding
The research was funded through an unconditional grant provided by Gylead 
Science to Cergas.

Data availability
The datasets generated and/or analysed during the current study are not 
publicly available since the IRCCS AOU BO Orsola and the AOU Careggi are 
the owners, but are available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
Ethics will not require as no human an human data are involved in study.

Consent for publication
Not applicable.

Competing interests
MCC has not conflicts of interest to declare. MC has not conflicts of interest 
to declare. FB participated to advisory boards and received speaker fees from 
Kyte-Gilead and Novartis, outside the submitted work. BC reported service as 
an advisory board member and a paid speaker for Abbvie, Beigene. IC has not 
conflicts of interest to declare. BT has not conflicts of interest to declare. RS 
reported serving as an advisory board member and a paid speaker for Kyte-
Gilead, Sanofi, Novartis, Mallinkrot, Cytiva, Jazz Pharm, outside the submitted 
work. PLZ reported serving as an advisory board member and a paid speaker 
ADC Therapeutics, Astrazeneca, Beigene, BMS, Celltrion, Eusapharma, Gilead, 
Incyte, Janssen-Cilag, Kyowa Kirin, MSD, Novartis, Roche, Sandoz, Secura 
Bio, Servier, Takeda, outside the submitted work. CJ reported serving as an 
advisory board member and a paid speaker for Amgen, AstraZeneca, BMS, 
CSL Behring, Gilead, Incyte, MSD, Roche, Sanofi, Takeda, outside the submitted 
work.

Author details
1Cergas, Centre for Research on Health and Social Care Management, 
SDA Bocconi School of Management, Bocconi University, Via Sarfatti, 10, 
Milano 20136, Italy
2IRCCS Azienda Ospedaliero-Universitaria di Bologna, Via Albertoni 15, 
Bologna 40138, Italy
3Azienda Ospedaliero-Universitaria Careggi, Largo Brambilla 3,  
Firenze 50134, Italy
4Department of Pharmaceutical Sciences, Università del Piemonte 
Orientale, Largo Donegani, 2, Novara 28100, Italy

Received: 19 April 2023 / Accepted: 5 December 2023

References
1.	 Kochenderfer JN, Feldman SA, Zhao Y, Xu H, Black MA, Morgan RA, Wilson 

WH, Rosenberg SA. Construction and preclinical evaluation of an anti-CD19 
chimeric antigen receptor. J Immunother. 2009;32(7):689–702.

2.	 Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, June CH. T cells 
with chimeric antigen receptors have potent antitumor effects and can 
establish memory in patients with advanced Leukemia. Sci Transl Med. 
2011;3(95):95ra73.

3.	 Grupp SA, Kalos M, Barrett D, Aplenc R, Porter DL, Rheingold SR, Teachey DT, 
Chew A, Hauck B, Wright JF, Milone MC, Levine BL, June CH. Chimeric antigen 
receptor-modified T cells for acute lymphoid Leukemia. N Engl J Med. 
2013;368(16):1509–18.

4.	 Schuster SJ, Svoboda J, Chong EA, Nasta SD, Mato AR, Anak Ö, Brogdon JL, 
Pruteanu-Malinici I, Bhoj V, Landsburg D, Wasik M, Levine BL, Lacey SF, Melen-
horst JJ, Porter DL, June CH. Chimeric Antigen Receptor T Cells in Refractory 
B-Cell Lymphomas. N Engl J Med. 2017;377(26):2545–54.

5.	 Locke FL, Ghobadi A, Jacobson CA, Miklos DB, Lekakis LJ, Oluwole OO, Lin Y, 
Braunschweig I, Hill BT, Timmerman JM, Deol A, Reagan PM, Stiff P, Flinn IW, 



Page 11 of 11Cavallo et al. BMC Health Services Research          (2024) 24:121 

Farooq U, Goy A, McSweeney PA, Munoz J, Siddiqi T, Chavez JC, Herrera AF, 
Bartlett NL, Wiezorek JS, Navale L, Xue A, Jiang Y, Bot A, Rossi JM, Kim JJ, Go 
WY, Neelapu SS. Long-term safety and activity of axicabtagene ciloleucel in 
refractory large B-cell Lymphoma (ZUMA-1): a single-arm, multicentre, phase 
1–2 trial. Lancet Oncol. 2019;20(1):31–42.

6.	 Jacobson C, Locke FL, Ghobadi A, et al. Long-term (≥ 4 year and ≥ 5 year) 
overall survival (OS) by 12- and 24-month event-free survival (EFS): an 
updated analysis of ZUMA-1, the pivotal study of axicabtagene ciloleucel 
(axi-cel) in patients (pts) with refractory large B-cell Lymphoma (LBCL). Blood. 
2021;138:1764–7.

7.	 Schuster SJ, Tam CS, Borchmann P, Worel N, McGuirk JP, Holte H, Waller EK, 
Jaglowski S, Bishop MR, Damon LE, Foley SR, Westin JR, Fleury I, Ho PJ, Mielke 
S, Teshima T, Janakiram M, Hsu JM, Izutsu K, Kersten MJ, Ghosh M, Wagner-
Johnston N, Kato K, Corradini P, Martinez-Prieto M, Han X, Tiwari R, Salles G, 
Maziarz RT. Long-term clinical outcomes of tisagenlecleucel in patients with 
relapsed or refractory aggressive B-cell lymphomas (JULIET): a multicentre, 
open-label, single-arm, phase 2 study. Lancet Oncol. 2021;22(10):1403–1415. 
doi: 10.1016/S1470-2045(21)00375-2. Epub 2021 Sep 10. PMID: 34516954.

8.	 Forum ATMP. Quinto Report Italiano sulle ATMP (https://www.atmpforum.
com/report/). Accessed: March 2023.

9.	 Saez-Ibañez AR, Upadhaya S, Partridge T, Shah M, Correa D, Campbell J. 
Landscape of cancer cell therapies: trends and real-world data. Nat Rev Drug 
Discov. 2022;21(9):631–2.

10.	 Jönsson B, Hampson G, Michaels J, Towse A, von der Schulenburg JG, Wong 
O. Advanced therapy medicinal products and health technology assessment 
principles and practices for value-based and sustainable healthcare. Eur J 
Health Econ. 2019;20(3):427–38.

11.	 Garrison LP, Jackson T, Paul D, Kenston M. Value-based pricing for emerging 
Gene therapies: the Economic Case for a higher cost-effectiveness threshold. 
J Manag Care Spec Pharm. 2019;25(7):793–9.

12.	 Drummond MF, Neumann PJ, Sullivan SD, Fricke FU, Tunis S, Dabbous O, 
Toumi M. Analytic considerations in applying a General Economic evaluation 
reference case to Gene Therapy. Value Health. 2019;22(6):661–8.

13.	 Coyle D, Durand-Zaleski I, Farrington J, Garrison L, von der Graf JM, Greiner 
W, Longworth L, Meunier A, Moutié AS, Palmer S, Pemberton-Whiteley Z, 
Ratcliffe M, Shen J, Sproule D, Zhao K, Shah K. HTA methodology and value 
frameworks for evaluation and policy making for cell and gene therapies. Eur 
J Health Econ. 2020;21(9):1421–37.

14.	 Gonçalves E. Advanced therapy medicinal products: value judgement and 
ethical evaluation in health technology assessment. Eur J Health Econ. 
2020;21(3):311–20.

15.	 Angelis A, Naci H, Hackshaw A. Recalibrating Health Technology Assess-
ment methods for cell and gene therapies. PharmacoEconomics. 
2020;38(12):1297–308.

16.	 Ronco V, Dilecce M, Lanati E, Canonico PL, Jommi C. Price and reimburse-
ment of advanced therapeutic medicinal products in Europe: are assessment 
and appraisal diverging from expert recommendations? J Pharm Policy Pract. 
2021;14(1):30.

17.	 Gonçalves E. Value-based pricing for advanced therapy medicinal products: 
emerging affordability solutions. Eur J Health Econ. 2022;23(2):155–63.

18.	 Tunis S, Hanna E, Neumann PJ, Toumi M, Dabbous O, Drummond M, Fricke 
FU, Sullivan SD, Malone DC, Persson U, Chambers JD. Variation in market 
access decisions for cell and gene therapies across the United States, Canada, 
and Europe. Health Policy. 2021;125(12):1550–6.

19.	 Drummond M, Ciani O, Fornaro G, Jommi C, Dietrich ES, Espin J, Mossman J, 
de Pouvourville G. How are health technology assessment bodies respond-
ing to the assessment challenges posed by cell and gene therapy? BMC 
Health Serv Res. 2023;23(1):484.

20.	 Jørgensen J, Hanna E, Kefalas P. Outcomes-based reimbursement for 
gene therapies in practice: the experience of recently launched CAR-T 
cell therapies in major European countries. J Mark Access Health Policy. 
2020;8(1):1715536.

21.	 Jørgensen J, Kefalas P. The use of innovative payment mechanisms for gene 
therapies in Europe and the USA. Regen Med. 2021;16(4):405–22.

22.	 Jommi C, Bramanti S, Pani M, Ghirardini A, Santoro A. CAR-T-Cell therapies in 
Italy: Patient Access barriers and recommendations for Health System solu-
tions. Front Pharmacol. 2022;13:915342.

23.	 Forum ATMP. Sesto Report Italiano sulle ATMP (https://www.atmpforum.com/
report/). Accessed: November 2023.

24.	 Canales Albendea MÁ, Canonico PL, Cartron G, Deiters B, Jommi C, Marks 
R, Rioufol C, Sancho Cia JM, Santoro A, Wagner-Drouet EM. Comparative 
analysis of CAR T-cell therapy access for DLBCL patients: associated chal-
lenges and solutions in the four largest EU countries. Front Med (Lausanne). 
2023;10:1128295.

25.	 Ghanem B, Shi L. The Economic Burden of CAR-T Cell Therapies Ciltacabta-
gene Autoleucel and Idecabtagene Vicleucel for the Treatment of Adult 
Patients with Relapsed or Refractory Multiple Myeloma in the US. BioDrugs 
(2022) 36:773–780.

26.	 Potnis KC, Di M, Isufi I, Gowda L, Seropian SE, Foss FM, Forman HP, Huntington 
SF. Cost-effectiveness of chimeric antigen receptor T-cell therapy in adults 
with relapsed or refractory follicular Lymphoma. Blood Adv. 2023;7(5):801–10.

27.	 Jagannath S, Joseph N, Crivera C, Kharat A, Jackson CC, Valluri S, Cost P, Phelps 
H, Slowik R, Klein T, Smolen L, Yu X, Cohen AD. Component costs of CAR-T 
therapy in Addition to Treatment Acquisition costs in patients with Multiple 
Myeloma. Oncol Ther. 2023;11(2):263–75.

28.	 Chihara D, Liao L, Tkacz J, Franco A, Lewing B, Kilgore KM, Nastoupil LJ, 
Chen L. Real-world experience of CAR T-cell therapy in older patients 
with relapsed/refractory diffuse large B-cell Lymphoma. Blood. 
2023;142(12):1047–55.

29.	 Kron F, Franz J, Kron A, Hallek M. Ökonomie Und Management Bei Der CAR-
T-Zell-Therapie. Status quo und ausblick [Economics and management CAR 
T-cell therapy status quo and outlook] Internist 2021 · 62:620–6.

30.	 Huguet M, Raimond V, Kaltenbachb E, Augustoa V, Perrierc L. Coût Du séjour 
Hospitalier lié à L’injection De CAR-T anti-CD19 pour l’Assurance Maladie 
[How much does the hospital stay for infusion of anti-CD19 CAR-T cells cost 
to the French National Health Insurance?]. Bull Cancer. 2021;108(12):1170–80.

31.	 Chacim S, Monjardino T, Cunha JL, Medeiros P, Redondo P, Bento MJ, Mariz 
JM. Costs, effectiveness, and safety associated with Chimeric Antigen Recep-
tor (CAR) T-cell therapy: results from a comprehensive cancer center. PLoS 
ONE. 2022;17(12):e0278950.

32.	 Foglia E, Garagiola E, Ladisa V, Rambaldi A, Cairoli R, Sammassimo S, Salè EO, 
Zinzani PL, Esposti M, Alberti L, Mulas MF, Melis E, Onnis S, Marcias M, Satta 
V, Croce D. Multidimensional results and reflections on CAR-T: the Italian 
evidence. Int J Environ Res Public Health. 2023;20(5):3830.

33.	 Baker JJ. Activity-Based Costing and Activity-Based Management for Health-
care, Aspen Publisher, 1998.

34.	 Wright J, Sim, Chris. Research in healthcare: concepts, designs and methods. 
Cheltenham: N. Thornes; 2002. Reprinted. ed.

35.	 Smith MW, Barnett PG. Direct measurement of healthcare costs. Med Care 
Res Rev. 2003;60(3 Suppl):74S–91S.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.atmpforum.com/report/
https://www.atmpforum.com/report/
https://www.atmpforum.com/report/
https://www.atmpforum.com/report/

	﻿Cost of implementing CAR-T activity and managing CAR-T patients: an exploratory study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


