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Cost analysis of common treatment options for
indolent follicular non-Hodgkin’s lymphoma

Indolent follicular lymphoma (FL) is the
second most frequent lymphoid malig-
nancy after diffuse large B-cell lym-

phoma.1,2 The disease course is character-
ized by a pattern of treatment, response
and relapse, with shortening disease-free
periods after each treatment.3 The median
survival is relatively long (8-10 years).1 FL
patients often ultimately die of progres-
sive, resistant disease or following trans-
formation to aggressive lymphoma.4

The appropriate therapy depends on the
disease stage.5 One fifth to one third of
patients present with localized disease,6,7

involving a single lymph node region
(stage I) or >2 lymph node regions on the
same side of the diaphragm (stage II). The
initial treatment for stage I disease is gen-
erally radiotherapy at diagnosis, as this
induces complete remissions in nearly all
patients, resulting in 10-year disease-free
survival rates of 40-50%.8-11 The combina-

tion of radiotherapy with chemotherapy
is being explored in clinical trials.12-14 At
relapse, subsequent treatment is compara-
ble to that used for patients with dissemi-
nated FL.5

More typically, FL patients present with
disseminated disease,6,7 involving lymph
node regions on both sides of the
diaphragm (stage III) or possibly ≥1 extra-
lymphatic organs or tissues (stage IV). For
asymptomatic patients, a watchful waiting
approach is usually adopted,5,15 with a
median time-to-first-treatment of 31
months.16 Treatment is only initiated in
the case of clinical progression, involve-
ment of vital organs, or histological trans-
formation.15,17

Oral chlorambucil is widely recom-
mended as first-line therapy.4,5,9,10 Alter-
native treatments, as initial therapy or at
relapse, include cyclophosphamide, the
CVP regimen (cyclophosphamide, vin-
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Background and Objectives. We assessed direct health care costs associated with the
most commonly prescribed treatments for indolent follicular non-Hodgkin’s lymphoma
(FL). 

Design and Methods. New and previously diagnosed FL patients (≥18 years) known
during 1997-1998 to 15 Dutch hospitals were selected for inclusion. Each patient was
followed for 3 years, and resource use associated with each of the treatments, includ-
ing watchful waiting, was recorded. The hospital perspective was adopted. Unit costs
were based on 2003 price levels.

Results. Two hundred patients were included of whom 75% underwent one or more
treatments during the 3-year data collection period [25% were not treated because of
a watchful waiting strategy (10%) or complete remission (15%)]. Allogeneic and autol-
ogous stem cell transplantations were the most expensive treatments, with a mean
(median) per patient cost of €45,326 (44,237; n=7) and €18,866 (16,532; n=9),
respectively (up to discharge only). Intravenous fludarabine cost €10,651 (9,995;
n=33), rituximab (€10,628; 10,124; n=7), and CHOP €7,547 (5,833; n=42). Classical
FL treatments were found to be the least expensive treatments used with an estimat-
ed cost for cylophosphamide, vincristine and prednisone of €5,268 (2,644; n=58), for
radiotherapy of €4,218 (4,313; n=52), and for chlorambucil of €2,476 (1,098; n=53). 

Interpretations and Conclusions. This study presents information on resource use and
costs associated with the most commonly prescribed FL treatments. In addition to dif-
ferences in effectiveness, commonly used treatments vary considerably in terms of
resource use and overall cost. This information is of value for resource planning, given
the high costs of new treatment modalities. 
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cristine, prednisolone), and CHOP (cyclophos-
phamide, adriamycin, vincristine, prednisone).4,9,10,18,19

Fludarabine monotherapy has been shown to be
effective in FL treatment and fludarabine combina-
tions (with chemotherapy or monoclonal antibodies)
have produced superior response and progression-
free survival rates.20 Monoclonal antibodies (with or
without radiolabeling) have more recently been
added to the list of treatment options, alone or com-
bined with chemotherapy, and have resulted in even
higher response rates and longer disease free peri-
ods.21-24 Although individual studies suggest interfer-
on-a may prolong time to relapse without improving
overall survival,19 a recent meta-analysis indicates that
overall survival may be prolonged when this
cytokine is given in conjunction with intensive initial
chemotherapy.25

Both autologous and allogeneic stem cell transplan-
tations (SCT) are promising treatments options for
good-prognosis FL patients, but so far there is no
clear criterion for choosing between these types of
SCT.26 Autologous and allogeneic SCT in first remis-
sions are being explored in investigational settings,26,27

as well as autologous SCT as first-line therapy.28

Transplant approaches such as reduced intensity allo-
geneic transplantations that limit treatment-related
mortality are also being investigated.26,29,30

Despite the wide array of treatment alternatives,
only two studies thus far have focused on the costs
of a limited number of treatments.31,32 A recent review
on economic evaluations in non-Hodgkin’s lym-
phoma underscored the need for more information
regarding costs of FL, given allocation issues arising
from the scarcity of health care resources.33 As new
treatment approaches are rapidly entering the scene,
real-life cost data are urgently needed in order to cal-
culate the expected cost-effectiveness of these new
approaches. Therefore, the objective of this study
was to provide information about the cost of the
most commonly used FL treatments, according to the
methodological requirements that should be met by
economic evaluations for lymphoma.33

Design and Methods

This retrospective study was performed in 15 of
the main Dutch hospitals (4 university hospitals and
11 general hospitals) treating patients with hemato-
logic malignancies. 

Patients were identified by the ICD code. A search
in the databases of the participating hospitals or the
regional cancer centers was performed to identify
patients known during 1997-1998, irrespective of
whether they were newly diagnosed or had previ-
ously been treated. Treatment data were included in

the case of patients aged ≥18 years with grade I or II
FL,34 or (if unspecified) low-grade FL. All Ann Arbor
stages35 were allowed. Demographic and other base-
line characteristics recorded were those indicated at
the time of initial diagnosis.

Patients were followed from a distinct treatment
event (start of treatment or start of watchful waiting
strategy) during the disease course onwards, nearest
to 01-01-1998 and between 01-01-1997 and 12-31-
1998. If no such event occurred during this period
(patients who were in remission or who were in a
peirod of watchful waiting), 01-01-1998 was chosen
as the starting date. From this point onwards, each
patient was followed for three years (or until death or
the last follow-up date available, whichever occurred
first) for all resource use related to treatment or
watchful waiting. When a treatment was initiated
immediately prior to the end of the three-year data
collection period, these data were also included even
if this prolonged the data collection period. The start
of a treatment episode was marked by the first day
of therapy administration, or in the case of transplan-
tation the first day of the conditioning regimen. For
radiotherapy and transplantations, costs of prepara-
tion activities that had been performed before the
starting date were also added to the treatment
episode (simulation sessions, and harvesting and
donor costs, respectively). Treatment episodes were
considered complete after the final radiotherapy ses-
sion, at the day of discharge from hospital (in the
case of transplantations), or after the tenth day meas-
ured from the final day of therapy administration (if
a complication following therapy was still present at
this day, the last day of the complication was consid-
ered to be the concluding date of the treatment
episode). 

All hospital resource use related to FL (treatment
and watchful waiting) during the data collection peri-
od was recorded, as well as medication used at
home. Resource use for co-morbidity could be easily
excluded, because for all resource use items, the
requesting department and the reason for performing
them were known. Information was collected manu-
ally and stored anonymously in a Microsoft® Access
database. 

In this cost analysis, the hospital perspective was
adopted.36 Average unit costs [euros (€), price level
2003] were calculated for the most important
resource use items, on the basis of financial data from
five of the participating hospitals. For each unit cost,
personnel costs, material costs and overhead costs
were included. Personnel costs included wages, social
premiums, and fees for irregular working hours of
hematologists, registrars, nursing staff and adminis-
trators. The costs of nursing staff and administrators
were calculated by dividing their total annual costs
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by the total annual number of hospital days. Material
costs comprised costs of disposables, equipment, reg-
ular nutrition, laundry services and cleaning services.
Overhead costs contained bare hotel costs and the
costs of non-medical departments, such as general
management. Overhead costs were calculated on the
basis of the hospital’s total annual overhead costs,
from which a part was allocated to the hematology
department on the basis of the percentage square
meters of this department. 

In order to avoid any cost differences due to the
specific hospitals in which patients were treated, we
applied the same unit costs resulting from the above
mentioned calculation to all patients (we only calcu-
lated separate unit costs for university hospitals and
general hospitals). The main unit costs calculated
were: inpatient hospital day €322 (general hospital)
and €434 (university hospital) of which 57% were
personnel costs (P), 14% material costs (M), and 29%
overhead costs (O); hematology outpatient visit €56
(general hospital) and €95 (university hospital; P80%,
M4%, O16%); other outpatient visit €50 (general
hospital) and €87 (university hospital; P80%, M4%,
O16%); day care treatment €148 (general hospital)
and €185 (university hospital; P44%, M18%,
O38%); lymph node biopsy under general anesthesia
€621 (P46%, M31%, O23%); procedural costs of
peripheral blood stem cell transplantation (harvest-
ing, freezing, and defrosting transplant) €2495
(P36%, M44%, O20%). For items with low costs or
less influence (due to low average numbers), Dutch
tariffs were used as approximations. Drug costs were
based on wholesale prices.37 Data were analyzed by
using SPSS® for Windows, version 10.0. Discounting36

was not applied, as the aim of the analysis was to cal-
culate costs of treatments without a relationship to a
specific time frame per patient. Given the aim of the
analysis, only descriptive statistics were calculated. 

Results

Patients’ characteristics
Data were collected on 200 FL patients, of whom

99 were males (49.5%). At initial diagnosis, the mean
age was 57 years (median 56, range 19-90); 123
patients (61.5%) were <60 years of age, and 77
(38.5%) were >60 years of age. Stage distribution
was: stage I - 50 patients (25.0%), stage II - 22
(11.0%), stage III - 38 (19.0%), stage IV - 86 (43.0%),
unknown - 4 (2.0%). Sixty-seven patients (33.5%)
had grade I FL, 62 (31.0%) had grade II FL, and 71
(35.5%) were described in the records as having low-
grade FL.

Of the 200 patients enrolled, 144 patients (72.0%)
were followed for the entire three-year observation

period. Thirty-seven patients (18.5%) died before the
scheduled end of follow-up (at an average of 503
days after data collection began), and the data avail-
able for 19 patients ended before the scheduled com-
pletion of follow-up (they were followed for 526
days on average). 

Eighty-five patients (42.5%) were followed from
the start of their first-line treatment, 26 patients
(13.0%) were followed from their second-line treat-
ment and 11 (5.5%) from their third-line treatment.
Four patients (2.0%), four patients (2.0%), and one
patient (0.5%) were followed from their fourth, fifth
and sixth treatment lines, respectively. Thirty-five
patients (17.5%) were in the watchful waiting stage
of their disease at study entry. In 20 of them the
watchful waiting strategy was maintained through-
out the entire data collection period.  In addition, 34
patients (17.0%) were in remission at study entry, of
whom 30 remained in remission during the data col-
lection period. Therefore, 50 of the 200 patients fol-
lowed did not undergo any treatment during the data
collection period. 

Treatment characteristics
Table 1 shows the characteristics of the treatments

administered to the 150 of 200 patients who under-
went at least one treatment during the data collection
period. Thirty-nine treatments (13.5%) were admin-
istered as part of a clinical trial: CVP (12, 30.8%),
interferon-a (12, 30.8%), fludarabine (8, 20.5%),
autologous stem cell transplantation (6, 15.4%), and
CHOP (1, 2.6%).

Resource use and costs of treatment regimens
Tables 2 and 3 indicate mean resource use and

costs of the nine different treatments observed,
including interferon-a maintenance therapy. It
should be noted that only numbers during treatment
episodes as defined above were calculated, which
clarifies why some figures (such as number of outpa-
tient visits) may appear to be low. Figure 1 shows the
overall cost impact of the treatments and Figure 2
shows the breakdown of the total mean costs of the
main cost categories. 

Mean costs of allogeneic SCT were €45,326 (medi-
an €44,237; 95%CI 29,479-61,173), and include
donor searching costs (all potential donors were sib-
lings) and all costs from the start of the conditioning
regimen until the day patients were discharged from
the hospital. The mean duration of hospitalization
was 6.2 weeks (up to discharge only). Donor identi-
fication and harvesting expenses and procedural
costs were responsible for almost one third of the
total costs, and the costs of hospital days were 43%
of the total treatment costs. Blood components were
a major accompanying treatment, accounting for

M. van Agthoven et al.

| 1424 | haematologica/the hematology journal | 2005; 90(10)



approximately 11% of costs.
The mean cost of autologous SCT was €18,866

(median €16,532; 95%CI 12,621-25,110). The mean
treatment duration (from the start of the condition-
ing regimen until discharge after stem cell reinfusion)
was 5.4 weeks. More than half of the costs were due
to hospital stay. All patients were offered blood
transfusions as accompanying treatments, which
resulted in a 15% contribution of this item to the
total treatment costs. 

The mean per patient cost for a treatment with chlo-
rambucil was €2,476 (median €1,098; 95%CI 1,384-
3,568). The mean treatment duration was 35.2 weeks
in case of a low-dose continuous daily scheme, and
41.8 weeks in case of a high-dose pulse regimen (higher
doses during two weeks a month). Accompanying
treatments were relatively rare, and the majority of
costs were due to inpatient days (32%), diagnostic pro-
cedures (26%), and the cost associated with the
chemotherapy itself (17%). 

The CVP regimen was associated with mean per

patient costs of €5,268 (median €2,644; 95%CI 3,199-
7,337). The mean treatment duration was 22.4 weeks
during which 6.2 chemotherapy cycles were adminis-
tered on average. The treatment was mainly adminis-
tered on an outpatient basis.  Hospital admissions com-
prised a significant component of the total treatment
cost for CVP, due mainly to the fact that the other cost
items were relatively low. This was also true for the
CHOP scheme, with the exception that the drug acqui-
sition costs for CHOP were much higher. A treatment
with CHOP cost €7,547 on average (median €5,833;
95%CI 5,915-9,180) and the mean duration was 16.2
weeks, during which an average of 5.2 cycles were
administered. 

The mean cost of treatment with intravenous flu-
darabine was €10,651 (median €9,995; 95%CI
8,795-12,507) for an average of 4.8 cycles of therapy.
The use of the day care ward facility was relatively
high for intravenous fludarabine as compared with
other regimens (22.0 days on average), as each cycle
is administered over 5 consecutive days. 

Costs of indolent follicular lymphoma treatments

haematologica/the hematology journal | 2005; 90(10) | 1425 |

Table 1. Numbers of treatments in the 54 patients with localized disease (stage I/II), the 93 patients with disseminated disease (stage III/IV)
and the 3 patients with unknown disease stage who underwent at least one treatment during the three-year data collection period. 

Total Treatment line

n % 1 2 3 4 5 6 7 > 8 C

Localized
Allogeneic SCT 0 0.0% - - - - - - - - -
Autologous SCT 0 0.0% - - - - - - - - -
Chlorambucil 11 14.3% 4 5 1 1 - - - - -
CVP 13 16.9% 4 7 1 1 - - - - -
CHOP(-like) 11 14.3% 4 1 3 1 2 - - - -
Fludarabine i.v. 5 6.5% - - 3 1 - 1 - - -
Radiotherapy 32 41.6% 28 2 1 1 - - - - -
Rituximab 1 1.3% - 1 - - - - - - -
IFN-a maintenance 3 3.9% - - - - - - - - 3
Other 1 1.3% - - - 1 - - - - -

Total 77 100.0 40 16 9 6 2 1 -- -- 3

Disseminated n % 1 2 3 4 5 6 7 > 8 C
Allogeneic SCT 7 3.4% - 1 4 1 - - - 1
Autologous SCT 9 4.4% - - 1 - 1 - 1 - 6
Chlorambucil 40 19.7% 16 16 5 2 1 - - - -
CVP 42 20.7% 22 11 5 2 1 - 1 - -
CHOP(-like) 30 14.8% 4 13 10 2 1 - - - -
Fludarabine i.v. 26 12.8% 10 6 4 3 1 1 1 - -
Radiotherapy 20 9.9% 4 4 4 4 2 1 - 1 -
Rituximab 6 3.0% - - 1 2 - 1 - 2 -
IFN-a maintenance 13 6.4% - - - - - - - - 13
Other 10 4.9% - - 4 4 2 - - - -

Total 203 100.0 56 51 38 20 9 3 3 4 19

Stage unknown n % 1 2 3 4 5 6 7 > 8 C
Chlorambucil 2 25.0% 1 1 - - - - - - -
CVP 3 37.5% 1 1 - 1 - - - - -
CHOP(-like) 1 12.5% - - 1 - - - - - -
Fludarabine i.v. 2 25.0% 1 1 - - - - - -

Total 8 100.0 2 3 2 1 -- -- -- -- --

SCT: stem cell transplantation; C: consolidation treatment; IFN: interferon-a..
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Table 2. Mean per-patient resource use numbers of the nine different treatment regimens. BM: bone marrow; PB: peripheral blood.
Clinical visits relate to visits during hospitalization of all other specialties than Hematology. Standard radiotherapy outpatient visits dur-
ing radiotherapy sessions have not been recorded, this variable therefore only indicates additional visits. 

Allogeneic Autologous Chlorambucil CVP CHOP Fludarabine iv Radiotherapy Rituximab IFN-a maint.
SCT SCT (n=53) (n=58) (n=42) (n=33) (n=52) (n=7) (n=16)

(n=7) (n=9)

Day care treatments
Total number of days - 0.3 0.4 7.3 6.6 22.0 - 2.7 0.1
for blood transfusions - 0.3 0.4 0.1 0.7 0.2 - - -
for therapy - - - 7.2 4.7 21.8 - 2.7 -
for diagnostic purposes - - - - - - - - -
for side-effects - - - - - - - - -
for other purposes - - - - 1.2 - - - -

Hematology inpatient days
Total number of days 43.1 24.0 1.9 6.4 8.2 5.1 1.8 3.1 2.1
for blood transfusions - - - - - - - - -
for therapy 39.0 24.0 0.3 3.1 3.8 3.4 0.5 3.1 -
for diagnostic purposes - - 0.4 0.2 0.7 0.2 0.6 - 0.3
for side-effects 4.1 - 1.2 3.0 3.5 1.1 0.4 - -
for other purposes - - - 0.1 0.1 0.4 0.2 - 1.8

Other inpatient days
Intensive Care Unit (days) - 0.2 - - - - - 0.1 -
Other departments (days) - - 0.4 0.5 - - 0.2 - 0.7

Outpatient visits
Hematology (visits) 2.3 0.6 4.9 3.2 3.5 3.7 0.2 1.1 10.0
Radiotherapy (visits) 0.1 - - - - - - - -
Other departments (visits) 2.4 - 0.6 0.5 0.5 0.3 - - 0.8

Clinical visits
Other than Hematology 9.0 0.4 - 0.2 0.2 - - - 0.1

Parenteral nutrition (days) 15.6 - - - - - - - -

Blood products
Full blood units 34.9 14.2 - 0.2 1.4 - - - -
Platelet units 15.7 10.0 1.0 0.6 2.0 0.4 0.1 - -

Bacteria cultures 14.1 11.3 0.4 1.8 1.5 0.6 0.2 0.1 0.8

Histology
BM histology 1.0 0.2 0.1 0.3 0.2 - - 0.6 0.9
BM immunophenotyping 0.3 0.1 - 0.1 0.1 - - - 0.4
Lymph node histology 0.4 - 0.1 0.1 - - - - 0.1
PB immunophenotyping 0.3 0.1 - - - - - - -
Other biopsy 0.6 0.1 0.1 0.2 0.2 - - - -

Radiology
CT-scans 0.3 0.4 0.6 1.1 0.9 1.2 0.1 - 2.9
Ultrasounds 1.6 - 0.5 0.8 0.5 0.5 - 0.1 0.9
X-rays 4.6 2.2 0.9 1.5 1.4 1.4 0.2 0.6 1.2
MRI-scans - - - - - - - - 0.1

Nuclear medicine
Bone scan - 0.1 - - - - - - -
Left ventricular ejection 0.1 - - - - - - - 0.2

fraction
PET-scan - - - - - - - - -

Internal imaging techniques
Gastroscopy 0.1 - - 0.2 - - - - -

Other
ECG 0.7 0.9 - 0.2 0.3 0.3 - 0.3 0.9

SCT: stem cell transplantation; IV: intravenously; IFN-a maint.: interferon-a  maintenance treatment.
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Table 3. Mean costs (euros) of the nine different treatment regimens. SCT: stem cell transplantation. Treatment indicates donor/harvest-
ing costs and procedural costs (including conditioning regimen) in the case of SCT, costs of the megavolt sessions in the case of radio-
therapy, or costs of cytostatics (chlorambucil, CVP, CHOP), purine analogs (fludarabine IV), interferon-aa, or monoclonal antibodies (ritux-
imab). 

Allogeneic Autologous Chlorambucil CVP CHOP Fludarabine iv Radiotherapy Rituximab IIFN-a maint.
SCT SCT (n=53) (n=58) (n=42) (n=33) (n=52) (n=7) (n=16)

(n=7) (n=9)

Day care treatments
Total costs - 57 66 1 133 1 011 3 396 3 464 19
for blood transfusions - 57 53 18 114 22 - - -
for therapy - - - 1 102 717 3 351 3 464 -
for diagnostic purposes - - 13 10 - 9 - - 9
for side-effects - - - - 3 4 - - -
for other purposes - - - 2 176 9 - - 9

Hematology inpatient days
Total costs 18 723 9 346 669 2 153 2 719 1 669 608 1 012 923
for blood transfusions - - - 11 16 - - - -
for therapy 16 925 9 346 85 1 011 1 315 1 103 168 1 012 -
for diagnostic purposes - - 134 62 230 68 198 - 135
for side-effects 1 797 - 444 1 031 1 112 361 176 - -
for other purposes - - 6 39 46 136 68 - 786

Other inpatient days
Intensive Care Unit - 263 - - - - - 169 -
Other departments - - 120 140 19 9 67 - 198

Outpatient visits
Hematology 217 44 311 192 227 230 11 97 766
Radiotherapy 8 - 2 1 1 - 2 - -
Other departments 135 - 36 29 29 16 4 - 41

Clinical visits 211 10 1 4 6 2 2 - 3

Parenteral nutrition 838 - - - - - - - -

Blood products 5 012 2 793 205 145 482 92 25 - -

Treatment 13 444 2 495 425 247 2 142 4 287 3 366 8 560 9 491

Medication
Analgesics 12 1 - 4 2 - 3 - 9
Antibiotics 860 306 - 58 44 62 - 1 15
Antiemetics 112 111 3 4 10 - - - -
Antifungals 1 290 98 - 4 6 2 - - -
Antihistamines 3 3 - 1 - - - 1 -
Antivirals 142 15 - 1 1 - - - -
Growth factors - 1 499 - 110 - 28 - - -
Other drugs 393 126 3 21 51 2 4 7 50

Laboratory services 2 427 828 246 284 296 327 37 160 438

Bacteria cultures 431 346 13 55 47 19 4 4 22

Histology
Bone marrow/lymph node 447 57 100 126 54 43 21 48 242
Other 58 11 13 25 21 9 - - 7

Radiology 440 226 228 398 292 381 39 38 853

Nuclear medicine 34 20 20 18 10 39 - - 55

Internal imaging/other tests 89 210 15 112 76 39 19 86 263

Total costs 45 326 18 866 2 476 5 268 7 547 10 651 4 218 10 648 13 396

SCT: stem cell transplantation; IV: intravenously; IFN-a maint.: interferon-a maintenance treatment.



For radiotherapy, mean per-patient costs were
€4,218 (median €4,313; 95%CI 3,202-5,235). Apart
from the resource use associated with the radiother-
apy procedure itself, the additional resource use was
remarkably low. Additional outpatient visits were
uncommon. Radiotherapy was applied over 3.3
weeks on average, with the mean number of sessions
being 15.8. 

The mean cost of the rituximab regimen was
€10,648 (median €10,124; 95%CI 9,377-11,918).
Four doses were administered in all cases. Of the
total treatment cost, 81% was associated with the
cost of the antibodies.  Additional resource use was
low. 

Interferon-a was applied as maintenance treat-
ment. The mean cost was €13,396 (median €12,690;
95%CI 9,299-17,491), and the mean duration of this
treatment was 87.7 weeks. Seventy-one percent of
the total treatment cost was due to the drug itself.
Again, additional resource use associated with this
treatment was relatively low. 

From the available data, we were also able to cal-
culate the mean monthly costs of the watchful wait-
ing strategy. These amounted to €279 (inpatient
days 35%, outpatient visits 14%, diagnostics 51%),
but were mainly constituted by a few hospital admis-
sions (the median monthly cost was €85). 

Discussion

This study presents costs of FL treatments in detail,
in order to be of value in healthcare decision-making.
Allogeneic and autologous stem cell transplantations
(SCT) had mean per patient costs of €45,326 and
€18,866, respectively (up to first discharge only).
These were followed by intravenous fludarabine
(€10,651), rituximab (€10,648), and CHOP (€7,547).

Classical FL treatments were found to be the least
expensive treatments with costs of €5,268 (CVP),
€4,218 (radiotherapy), and €2,476 (chlorambucil). In
all cases, different median costs as compared to the
mean costs were caused by a few patients who were
hospitalized more often and/or for longer than the
other patients in the group. Medians therefore repre-
sent the costs of ideal uncomplicated treatments. 

Resource use and costs of the most common FL
treatments applied during the 1997-2001 period were
calculated in a sample of 200 Dutch FL patients. Our
male-to-female ratio, age and stage distributions were
highly comparable to the Dutch indolent lymphoma
population, in which 38% have stage I/II disease and
62% stage III/IV disease.38 This percentage of patients
with disseminated disease may appear low when
compared with percentages reported in the literature.
For example, 78% of the patients in the FLIPI study
had stage III/IV disease.7 However, as in the FLIPI
study, percentages of patients with localized and dis-
seminated disease reported in the literature are often
derived from clinical trials, which are likely to include
more patients with advanced disease.

The target number of 200 patients for this study
appeared just enough for basic descriptive statistics.
Although sufficient given the aim of the analysis, the
numbers of patients were small for allogeneic and
autologous SCT, interferon-a, and rituximab. The
study design was a pragmatic one given the nature of
the disease. A study on FL costs in which all patients
are followed from their initial diagnosis until the end of
therapy would take many years, due to the long medi-
an survival. We therefore decided to collect data over a
recent three-year interval, in order to calculate resource
use and costs associated with the most commonly
applied treatment regimens. A small proportion of the
treatments considered (13.5%) were administered in
the context of a clinical trial. We do not expect this to
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Figure 1. Overall cost impact
of follicular lymphoma treat-
ments.
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have led to significant additional costs, as the protocols
of the studies actually reflected care as recommended
for these patients in The Netherlands.39 This assump-
tion is supported by the data, in which we could not
demonstrate cost differences between the trial and
non-trial settings (not reported therefore) and by earli-
er work of our own group.40

The estimated costs of allogeneic SCT need to be
interpreted with caution as they include costs only
up to the first discharge. Allogeneic SCT is however
not completed after discharge. Monitoring by post-dis-
charge outpatient visits remains intensive and often
additional hospital admissions are required for the
treatment of (late) complications, such as infections
or graft-versus-host disease. For a detailed overview
of the costs associated with allogeneic SCT, we refer
to an earlier analysis in acute leukemia.41 In that
study, costs in the first 6 months after follow-up
were approximately €19,500 (when updated to the
2003 price level). Moreover, costs were much higher
in the case of an unrelated donor. The total mean
costs for up to two years in that study were approx-
imately €116,000 (related donor) and €178,000
(unrelated donor). In summary, it is important to rec-
ognize that after allogeneic SCT, high costs are also

incurred during the follow-up period. For autologous
SCT this is similarly the case, although the absolute
amount of money involved is lower. Earlier studies
have focused specifically on these costs, such as the
study by Barosi et al.,42 and a study by our own group
performed using the same methodology as applied in
the current analysis.43

With regard to the costs of rituximab, it should be
kept in mind that our cost estimates were based on 4
weekly doses. However, the use of 6 and 8 doses has
also been proposed,44,45 as well as rituximab mainte-
nance therapy.46 Since Figure 2 shows that 81% of the
costs of the rituximab 4-dose scheme were constitut-
ed by costs of the drug itself, our calculation easily
allows for an estimation of the costs of schemes with
more than 4 doses. On the basis of the presented
costs of the drugs themselves and the costs of the
administration setting as reported here, readers are
able to perform exploratory calculations regarding
the cost of schemes containing both rituximab and
fludarabine, which have been developed in the
meantime.23 However, one should be aware of costs
being different for the use of therapies in combina-
tion due to different toxicity profiles relative to those
with monotherapy regimens. 
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Figure 2. Breakdown of total mean costs to main cost categories. SCT: stem cell transplantation; DIAGN: diagnostics; DRUGS: drugs
other than those of the treatment itself; BLOOD: blood products; DCARE: use of day care center; NPAT: hospital inpatient days; VISIT: out-
patient visit; TREAT (treatment): donor/harvesting costs and procedural costs (including conditioning regimen) in the case of SCT, costs
of megavolt sessions in the case of radiotherapy, or costs of cytostatics (chlorambucil, CVP, CHOP), purine analogs (fludarabine iv), inter-
feron-aa, or monoclonal antibodies (rituximab).
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In general, the costs reported in this study apply to
both localized disease as well as to disseminated dis-
ease. We analyzed our data according to disease
stage, but with a few exceptions, no major differ-
ences in the costs of treatment regimens were found.
This is due to the fact that the total costs of most of
the regimens are driven by the number of cycles,
with the acquisition cost of the active (chemo)thera-
py usually being the major cost driver (Figure 2). The
only exception to this rule is with the cost of CVP,
which showed a major difference between stage I/II
(€3,049) and stage III/IV (€6,148). This difference
was not due to a difference in the mean number of
cycles (6.2 in both groups), but to the finding that in
the advanced stage patients, the regimen was more
often administered on an inpatient basis. A small dif-
ference was also seen for chlorambucil and radiother-
apy, for which the longer periods of treatment
administration caused the costs to be slightly higher
in stage I/II patients (€2,942 vs. €2,193 and €4,698
and €3,526, respectively). Finally, we analyzed the
costs of treatment regimens according to the lines in
which they were administered. However, no differ-
ences were found in this analysis, which implies that
the cost estimates as reported can be used for any FL
cost calculation, irrespective of the order of treat-
ments. 

With regard to supportive care, our data may not
apply to other countries, as they showed that autol-
ogous SCT and CVP were the only treatments for
which the use of hematopoietic growth factors com-
prised a significant part of the medication costs (69%
and 54%, respectively). 

Only two studies to date have focused on costs of
indolent lymphomas. The first study, by Sweeten-
ham et al., compared CHOP, intravenous fludarabine,
and rituximab.31 Like our study, this study focused on
direct medical costs within the hospital for clearly
defined treatment episodes that were broadly com-
parable to the period definitions we applied.
However, the methods applied by Sweetenham
regarding data collection were much less robust than
ours, since for both fludarabine and CHOP they used
a questionnaire designed to capture resources used
during a single cycle of therapy. Sweetenham report-
ed total costs of €7,210 (CHOP), €10,022 (intra-
venous fludarabine), and €6,080 (rituximab), based
on the price level of 1998. The average number of flu-
darabine cycles on which their cost assessments
were made differed between their study (6 cycles)
and ours (4.8 cycles). Even if this difference is taken
into consideration, in addition to differences in the
time period, the costs reported by Sweetenham for
both fludarabine and CHOP are higher than ours.
The costs of 4 doses of rituximab, however, are com-
parable in both studies. Therefore, and for the fact

that the majority of the cost of rituximab treatment
was constituted by drug and administration costs,
we assume we have calculated an accurate estima-
tion of these costs in the monotherapy indication,
although it was based on only 7 patients. The more
recent study, by Herold et al., reported treatment
costs for CHOP, CVP and intravenous fludarabine.32

Although the study was performed on more patients
than was ours, the results were not presented in a
way that allows for a legitimate comparison. Like our
study, that study concluded that not simply drug
acquisition costs, but also costs of administration and
adverse event management are major contributors to
the cost of FL treatment. 

A limitation of any cost analysis regarding compar-
isons to other publications is that unit costs might
differ between institutions and that they are known
to vary between countries.47 In particular, European
costs often differ from those reported in the United
States, which might be caused, in part, by different
practice patterns.48,49 We have accounted for this dif-
ference by reporting unit costs and resource use sep-
arately, as this enables users to perform calculations
using their local unit costs or alternative assumptions
regarding the resource use.33

It can be questioned whether the treatments
applied in our study sample will be typical for the
near future. After more than 30 years of clinical stud-
ies, no standard has been defined in the order of ther-
apies for indolent FL. Chlorambucil, CVP, CHOP, and
radiotherapy have all been applied for several
decades and their place in the treatment of FL in the
forthcoming years seems to be established.
Moreover, the cost profiles of these schemes were
the most favorable. We expect that anti-CD20 anti-
bodies combined with chemotherapeutic options
will increasingly be used as initial therapy. Ritu-
ximab, with its low level of side effects, either used
alone or in combination, has contributed significant-
ly to existing chemotherapeutic regimens for FL,19

and was recently shown to lead to significantly high-
er response rates and longer disease-free periods
when combined to existing chemotherapy regi-
mens.22,23 This will have a major economic impact, in
particular since combining rituximab with chemo-
therapy means that the 4 doses originally recom-
mended are now more likely to be 6 or even 8. 

Costs of intravenous fludarabine therapy were rela-
tively high due to the frequent use of the day care
ward for 5 consecutive days of intravenous fludara-
bine administration within each cycle. The cost profile
for fludarabine would therefore be favored significant-
ly in case of a cheaper route of administration, which
is now available in the form of an oral preparation.
Assuming all other cost items remain comparable, if
the intravenous administration costs are excluded, the
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costs of an oral fludarabine treatment is estimated to
be approximately €7,250 in the Dutch situation. 

Interferon-a maintenance treatment may prolong
time to relapse and it has been suggested that it may
also add to overall survival.25 However, as this treat-
ment is associated with high costs and a significant
side-effect profile, its widespread application in the
forthcoming years seems unlikely. 

For the future, the role of autologous SCT for
patients with FL is still being investigated in tri-
als.26,27,30 Allogeneic SCT is currently the only possibly
curative treatment for patients with indolent FL. In
particular, if applied early (e.g. second remission), the
outcomes seem favorable with approximately 50%
long-term disease-free survival.50,51 Its application
among younger patients with FL in the future may,
therefore, increase. Allogeneic SCT is now possible
for elderly patients, because of the introduction of
non-marrow ablative conditioning, which is associat-
ed with less treatment-related mortality. 

While there are multiple treatment options for
patients with FL, most patients eventually relapse
and require a second or third therapy. Emerging treat-
ments such as antibody therapy and allogeneic SCT
are increasingly being used in an attempt to lengthen
response duration and possibly even improve sur-
vival outcomes. There is currently significant interest
in the use of (chemo)-immunotherapy in the initial
lines of treatment.52 However, given the major finan-
cial consequences, their widespread application
requires that adequate resources be available and that
these resources be used in an efficient manner, target-
ing those patients who have the most to gain from
the use of more expensive therapies. 

The information presented in this paper is of value
to health care decision-makers who need to address

resourcing issues for the treatment and care of
patients with FL, particularly because the calculations
were based mainly on real-life data instead of data
from the ideal clinical trial settings. The finding that
the costs of the treatment regimens were stable
across different disease stages and treatment lines
offers the possibility of using these cost estimates
also in an era in which the order of therapies for FL is
changing rapidly. In particular, it  opens the way to
modeling studies on the question of whether apply-
ing more intensive and more expensive treatments
early on might lead to savings in later stages. 
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