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Abstract:

Obijectives: To explore the use of pharmacoeconomic principles through examination of economic evaluations pertaining
to the combination of the monoclonal antibody rituximab with conventional CHOP (cyclophosphamide/doxorubicin/ vin-
cristine/prednisone) or CHOP-like chemotherapy regimens in patients with non-Hodgkin lymphoma.

Methods: A literature search was conducted using Evidence-Based Medical Reviews (EBMR), International Pharmaceuti-
cal Abstracts (IPA), and Medline databases to identify all economic studies relating to rituximab in combination with
CHOP or CHOP-like regimens. The systematic evaluation also utilized the Quality of Health Economic Studies instru-
ment to assess the quality of each study that was included in the final review.

Results: Initially, eight studies were retrieved which included the use of rituximab in non-Hodgkin lymphoma treatment.
Of these, four studies were excluded as rituximab was used as a stand-alone treatment option. The remaining four studies
involved conventional CHOP therapy versus the combination with rituximab (R-CHOP) in patients with non-Hodgkin
lymphoma. One study employed a cost-effectiveness analysis while the remaining three studies used a cost-utility analysis
and reported the outcomes in terms of quality-adjusted life years (QALYS).

Conclusions: The cost-effectiveness evaluation illustrated the dominance of R-CHOP over CHOP-alone in terms of both
lower costs and increased life years gained. The cost-utility of R-CHOP in terms of costs/QALY's were below the ac-
cepted threshold of 50,000 in international monetary units. Through examination of evaluation principles employed, it is
found that valid results are highly dependent on the input data, assumptions, and sensitivity analyses. Clinical decision-

makers must take into account specific inclusions of costs relevant to their own practice setting.
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INTRODUCTION

Immunomodulation has emerged as a coveted treatment
option in malignancies, a technique that offers meaningful
clinical outcomes with fewer side effects than traditional
chemotherapeutic regimens [1]. Monoclonal antibodies offer
targeted immunomodulation, and these compounds were first
produced through the study of cancers related to B-cells. As
a result of biologic compound research, rituximab (Ri-
tuxan®, MabThera®) is a chimeric monoclonal antibody
raised against CD20 receptor protein, and is the first to be
approved for the treatment of B-cell non-Hodgkin lymphoma

12].

Lymphoma, the most common blood cancer, is a collec-
tive term for malignancies related to a dysfunction of the B-
cells or T-cells [3]. These cells, or lymphocytes, are respon-
sible for proper immune function. The numerous types of
lymphoma can be divided into Hodgkin lymphoma or non-
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Hodgkin lymphoma. Hodgkin lymphoma, or HL, is the rarer
of the two types. HL usually afflicts young adults and is
characterized by the presence of Reed-Sternberg cells which
are not a normal blood component. Non-Hodgkin lym-
phoma, or NHL, comprises the most common group of the
lymphoma malignancies. In 2000-2004, the incidence rate of
NHL was 19.3 per 100,000 people in the United States (US)
according to the Surveillance, Epidemiology, and End Re-
sults (SEER) Program of the National Cancer Institute [4].
Further, it is estimated that NHL will contribute to over
66,000 new cases and more than 19,000 deaths in the US in
2008 [5]. NHL is categorized as either aggressive or indo-
lent, depending on the growth rate of the malignancy. Of the
B-cell affected lymphomas, diffuse large-B-cell lymphoma
(DLBCL) is the most common and accounts for approxi-
mately one-third of all NHL cases [6]. Research related to B-
cell lymphomas, particularly DLBCL, has showcased the
emerging benefits of novel immunomodulators like rituxi-
mab.

Rituximab is a chimeric mouse/human monoclonal anti-
body which specifically targets the cell-surface protein anti-
gen CD20 receptor. The CD20 antigen is found on more than
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95% of NHL B-cells [7]. In effect, rituximab serves to mark
B-cells expressing the CD20 antigen and programs the tar-
geted cells for death, allowing non-malignant B-cells to
prosper. Prior to the use of monoclonal antibodies like ri-
tuximab, the “gold standard” treatment regimen for DLBCL
has been a chemotherapeutic combination of cyclophos-
phamide, doxorubicin, vincristine, and prednisone — other-
wise known as CHOP. With the development of rituximab,
investigations of its efficacy in DLBCL ensued, with particu-
lar interest in adding rituximab to the standard CHOP ther-
apy (R-CHOP). A randomized trial by Coiffier et al. [8]
demonstrated the benefit of R-CHOP over CHOP in terms of
disease-free and overall survival rates in patients over age 60
with DLBCL. Another study, the MabThera International
Trial (MInT), showed that R-CHOP achieved better com-
plete response rates (20% difference) and overall survival
rates (9% difference) in young patients with DLBCL versus
chemotherapy regimens alone [9]. Furthermore, a compre-
hensive review of seven randomized controlled trials which
looked at the combination of rituximab with chemotherapy
in various NHL patient settings revealed better overall sur-
vival, greater overall response, and improved disease control
when compared to use of chemotherapy alone [10]. Thus,
growing acceptance of adding rituximab to standard chemo-
therapy regimens in NHL patients has arisen. However, the
addition of this monoclonal antibody to treatment protocols
is not without additional costs. Investigators subsequently
have turned their attention toward the pharmacoeconomic
side of rituximab therapy, delving into whether or not the
added cost of rituximab is worth the demonstrated clinical
benefit.

Pharmacoeconomics is, in effect, “balancing the cost
with the consequences (outcomes) of pharmaceutical thera-
pies” [11]. Through the use of pharmacoeconomic studies,
investigators may explore whether the addition of rituximab
to standard chemotherapy regimens, such as R-CHOP, is
economically and clinically beneficial. Further, certain tech-
niques used in pharmacoeconomic research allow investiga-
tors to incrementally calculate the degree to which rituximab
may be a burdensome or dominating therapy [12]. Keeping
in mind the accepted therapeutic benefit of rituximab to
CHOP therapy in terms of clinical outcomes, the purpose of
this review was to collect and analyze the published pharma-
coeconomic studies regarding R-CHOP.

The goal of this review was to emphasize the impact of
pharmacoeconomic principles through examination of eco-
nomic studies pertaining to the combination of rituximab
with conventional CHOP or CHOP-like therapies in patients
with non-Hodgkin’s lymphoma. In order to fulfill such a
goal, the strengths and weaknesses of the relevant published
analyses have been presented with an emphasis on crucial
pharmacoeconomic elements, such as proper inclusion of
costs, appropriate outcome measures, and the significance of
sensitivity analyses.

METHODS
Literature Search

Initially, a systematic search of the literature was done in
order to identify all economic studies related to rituximab.
Using Evidence-Based Medical Reviews (EBMR), Interna-
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tional Pharmaceutical Abstracts (IPA), and Medline data-
bases, numerous studies were found pertaining to this gen-
eral topic. Subsequently, the discovered articles were filtered
according to the therapeutic indication of rituximab pre-
sented in the studies. First, all articles pertaining to the use of
rituximab in oncology were identified, yielding approxi-
mately one-thousand studies among the three databases.
Second, studies were further filtered according to the desired
topic of rituximab’s combination use with traditional treat-
ment of NHL. Specific search terms included ‘rituximab’,
‘R-CHOP’,  ‘non-Hodgkin  lymphoma’, ‘lymphoma’,
‘CHOP’, ‘economic analysis’, “cost’, and combinations of
these keywords were used for the secondary filtration. Arti-
cles were identified from those sorted out pursuant to the
inclusion of economic analyses in the study of rituximab
with traditional non-Hodgkin’s lymphoma treatment. Conse-
quently, eight articles were identified which studied both the
economics and clinical use of rituximab in combination with
traditional CHOP or CHOP-like therapy in NHL patients.

Inclusion/Exclusion Criteria

Out of the approximately one-thousand articles initially
retrieved under the general topic of the economic evaluation
of rituximab, articles were included in the review only if the
intention of studying the costs related to rituximab in combi-
nation with traditional chemotherapy regimens was outlined
transparently in the studies’ abstracts. All types of economic
analyses were considered, including but not limited to, cost
analyses, cost-effectiveness, cost-utility, cost-minimization,
and cost-benefit analyses. In order to streamline the review,
only articles that studied both costs and the combination use
of rituximab with CHOP or CHOP-like regimens were in-
cluded. To allow for further comparability, only articles
studying NHL patients were included. Due to the specified
nature of the review, articles were not further screened ac-
cording to patient demographics, age, or country of origin.
Articles that studied the use of rituximab as a stand-alone
treatment were excluded, as the intention of this review was
to analyze the pharmacoeconomics of the combination R-
CHOP and not the monoclonal antibody alone. Articles
which included patients other than those with NHL were
excluded for purposes of focusing the scope of this analysis.
Likewise, studies that did not include economic analyses
(those which only looked at the consequences of rituximab
in this patient population) were excluded. Economic analyses
derived from review articles were also excluded. The pre-
liminary database searches yielded eight studies pertaining to
the economic evaluation of R-CHOP in NHL patients. Of the
eight studies initially considered, four comprehensively met
the inclusion/exclusion criterion and were reviewed (Table
1).

Evaluation of the Quality of Studies Included in the Re-
view

This systematic evaluation utilized the Quality of Health
Economic Studies (QHES) instrument to assess the quality
of each study that was included in the final review. Each
study was rated on 16 criterions that covered the study meth-
ods and results. These 16 criterions, chosen by a panel of
pharmacoeconomic experts, form the backbone of this com-
parative tool. The QHES allows users to assign simple point
values to reviewed health care economic studies — a
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Table 1. Overview of Included/Excluded Studies
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Study ldentified

Type of Pharmacoeconomic Evaluation

Inclusion / Exclusion

Ferrara et al. 2008 [19]

Cost-effectiveness analysis

Included:

CHOP versus R-CHOP in non-Hodgkin’s
lymphoma patients

Groot et al. 2005 [22]

Cost-effectiveness analysis

Included:

CHOP versus R-CHOP in non-Hodgkin’s
lymphoma patients

Hornberger et al. 2005 [26]

Cost-utility analysis

Included:

CHOP versus R-CHOP in non-Hodgkin’s
lymphoma patients

Best et al. 2005 [25]

Cost-effectiveness analysis

Included:

CHOP versus R-CHOP in non-Hodgkin’s
lymphoma patients

Knight et al. 2004

Review article with cost-effectiveness analysis

Excluded:

Review article

Agthoven et al. 2005 [23]

Cost analysis

Excluded:

Rituximab as stand-alone treatment option

Sweetenham et al. 1999

Cost-minimization analysis

Excluded:

Rituximab as stand-alone treatment option

Malliti et al. 2003

Cost analysis

Excluded:

Rituximab as stand-alone treatment option

weighted valuation based expert analysis and tests accepted
by the pharmacoeconomic community [13]. Higher scores on
this instrument indicate a better quality. Ofman et al. [14]
has published the QHES instrument in a table format, show-
casing the validity of the 16-criterion tool along with expla-
nation of the chosen elements and point values based on the
available guidelines and expert recommendations.

RESULTS

The four included studies were similar in that each
looked at conventional CHOP therapy versus the combina-
tion with rituximab (R-CHOP) in NHL patients. All re-
viewed studies were assessed with regard to the types of
pharmacoeconomic analyses used. One study employed a
true cost-effectiveness analysis, evaluating outcomes in
terms of life years gained (LYG). Although two of the re-
maining three studies purported the use of cost-effectiveness
analyses, all of the three studies reported outcomes in terms
of quality-adjusted life years (QALYSs), more specific to
cost-utility analyses (Table 2) [15].

Cost-Effectiveness Analysis

This type of pharmacoeconomic evaluation measures
both the costs and effects of two comparators where the ef-
fects, or outcomes, are presented in hon-monetary or natural
units [12]. Cost-effectiveness is used to compare interven-
tions in terms of clinical outcomes, such as life years gained
(LYG), with regard to resources used to achieve those out-
comes. One of the most useful applications of a cost-
effectiveness analysis is that it is a technique which allows

comparison of competing strategies through an incremental
cost-effectiveness ratio. In scenarios where a therapy is more
expensive but also more effective than its comparator, the
calculation of an incremental ratio allows investigators to
determine the additional costs demanded for each additional
unit of clinical benefit achieved. A regimen is generally ac-
cepted as cost-effective if its incremental ratio is less than
50,000 in international monetary currencies, although this
threshold is subject to debate [16]. In essence, cost-
effectiveness analysis can demonstrate that one strategy is
dominant over another if both the costs of that strategy are
less and the clinical benefit is greater [17].

Decision analysis is often used in conjunction with a
cost-effectiveness evaluation in instances where limited pub-
lished data is available, uncertainty surrounds the available
data, or in cases where it would be unethical to subject actual
patients to a trial. Decision analyses also offer the advantage
of being able to project short-term published results far into
the future — a strategy desirable in scenarios of chronic dis-
eases or otherwise long-term management issues [18]. While
cost-effectiveness analyses allow investigators to see the
incremental monetary amount required to produce one addi-
tional unit of clinical benefit when a therapy is both more
expensive and more effective, such an evaluation is com-
plemented by decision analyses which allow investigators to
project the course of a disease state over a long time horizon.
Combined as one, cost-effectiveness analyses coupled with
decision analyses models is a powerful tool in pharmaco-
economic evaluation.
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Table 2. Overview of Studies Using Principles of Economic Analyses in the Evaluation of Combination Rituximab Therapy in Non-

Hodgkin’s Lymphoma Patients

1 *
Study Type 9f Alternatives Outcomes Measured Stated. Time Horizon
Evaluation Compared Perspective
Ferrara et al. 2008 Cost-Effectiveness Life-years gained (LYG) Payer 3 years
Cost-Effectiveness Quality-adjusted life years .
Groot et al. 2005 i- Societal 15 years
(Cost-Utilityy~= | Standard CHOP regi (QALYs) gained y
men versus rituximab-
Hornberger et al. 2005 Cost-Utility added R-CHOP regi- Quality-adjusted !Ife years Societal 5 years
men (QALYs) gained
Cost-Effectiveness Quality-adjusted life years
Best et al. 2005 Payer 15 years
(Cost-Utility)* (QALYs) gained y y

*Refers only to the authors’ statement of perspective, regardless of actual costs evaluated.
**Studies sometimes refer to cost-utility analyses as a type of cost-effectiveness evaluation; however, QALY represent a measure of patient utilities, whereas

LYG is more specifically a cost-effectiveness measure.

Studies Using Cost-Effectiveness Analysis

Ferrara and Ravasio [19] employed a decision analysis
model to study the cost-effectiveness of R-CHOP with con-
ventional CHOP-only therapy. Only patients younger than
age 60 with good-prognosis, as indicated by a low Interna-
tional Prognostic Index, were included in the study. Treat-
ment arms included in the decision tree model were complete
response at five months, non-complete response at five
months with subsequent rescue therapy, no relapse at three
years, or relapse at three years with rescue therapy. Prob-
abilities related to the proposed treatment arms were taken
from the MabThera International Trial (MINT) [9]. The
authors looked at clinical outcomes such as percentage of
complete response at five months, relapse-free survival at
three years, and overall survival at three years for R-CHOP
(n=413) and CHOP (n=410) alone.

Stating a payer perspective of the Italian National Health
Service, Ferrara and Ravasio intended to include only direct
medical costs. Costs incorporated in the study included ac-
quisition costs for the chemotherapy agents in CHOP therapy
and for rituximab. Also, rescue therapy costs were incorpo-
rated and included chemotherapy drug costs, stem-cell trans-
plantation costs, cost of apheresis, and hospitalization costs.
The authors also included other consumed resources’ costs
such as hematological and biochemical investigations, imag-
ing, and histological analyses. Life years gained (LYG) was
calculated at three years and used as the primary efficacy
outcome for purposes of the cost-effectiveness evaluation.
Mean costs were discounted at a conservative 3% rate.

Life years gained per patient were found to be 2.697 and
2.517 for R-CHOP and CHOP alone, respectively. Mean
total costs per patient were found to be €22,113.44 for R-
CHOP and €22,831.17 for CHOP, thus portraying R-CHOP
as the favored treatment in terms of lower cost and greater
clinical outcome.

Sensitivity analyses were conducted by the authors on the
three event probabilities of complete response at five
months, relapse-free survival at three years, and overall
three-year survival. These analyses scrutinized the robust-
ness of results by using the least-favorable upper and lower
limits of the events’ confidence intervals. R-CHOP remained

the favored cost-effective therapy when overall three-year
survival probabilities were varied. Incremental cost-
effectiveness ratios were below the acceptable threshold for
the varied complete response at five months and relapse-free
survival at three years (€16,816 and €11,967 in additional
costs for R-CHOP per 1 LYG, respectively). Further, the
authors employed a sensitivity analysis on the assumed 3%
discount rate, confirming the baseline results when the rate
was varied from 1% to 5%. Additional sensitivity analyses
performed by Ferrara and Ravasio included a threshold
analysis looking at rescue therapy costs, finding that a -
6.64% reduction in the baseline rescue therapy costs would
equilibrate the mean total costs per patients among the two
treatment groups. Thus, the authors illustrated that the cost
of chemotherapeutic rescue therapy has a profound impact
on the higher costs in the CHOP-only regimen, showing that
an incremental ratio of €12,276 applies to R-CHOP when
only stem-cell transplantation is assumed in rescue therapy
costs. Ferrara and Ravasio concluded that R-CHOP versus
CHOP-only therapy in young, good-prognosis NHL patients
was cost-effective in terms of the included direct medical
costs and outcomes in LYG from a payer perspective.

Cost-Utility Analysis

Cost-utility analysis can be thought of as a sub-type of
cost-effectiveness evaluation. Where cost-effectiveness con-
siders outcomes in terms of clinical units such as LYG, cost-
utility expresses outcomes in QALYSs. A quality-adjusted life
year is a single measure that captures both the quality and
quantity elements of a health care outcome. The quality ele-
ment is derived from a subject’s value or utility for a given
health state [20]. A utility refers to a numerical term in the
range of 0.0 to 1.0, which are associated with the least-
preferred and most-preferred health states, respectively.
While the best method for collecting and valuing patient
utilities remains debated, it is important to realize that the
validity of utility scores is highly dependent on the valuation
methods and population settings used. Examples of valuation
methods used in deriving utility scores include “the visual
analogue scale (VAS), the standard gamble (SG), and the
time trade-off (TTO)” [21]. A utility score is linked to the
number of years in that state. Accordingly, combining utili-
ties with years, a quality-adjusted life year (QALY) is
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yielded. Like cost-effectiveness analyses, an incremental
ratio can be calculated for cost-utility analyses where a
monetary cost per one QALY gained is found and compared
to an accepted threshold value of 50,000 in international
monetary units.

Studies Using Cost-Utility Analysis

The second study reviewed, a Netherlands investigation
by Groot and colleagues [22], illustrates the use of utility
analysis as a subset of cost-effectiveness analyses. The
study, Cost-Effectiveness of Rituximab (MabThera®) in
DLBCL in the Netherlands, actually is more appropriately
termed a cost-utility analysis because results were reported
as incremental gains in QALYSs. In contrast to the clinical
LYG efficacy outcome utilized in the previous study by Fer-
rara and Ravasio, Groot and colleagues incorporated quality
of life into the outcomes comparing R-CHOP versus CHOP-
only. While the study similarly investigated these treatment
options in NHL patients, the perspective taken in this study
was stated to be societal. From a societal perspective, an
exhaustive list of all costs associated with treatment (direct,
indirect, and intangible) should be considered as society
“pays” in all areas of cost categories related to health care.
Interestingly, Groot and colleagues purported a societal per-
spective, but in fact only included direct medical costs such
as wholesale drug costs and an assumed average of two spe-
cialist visits per year.

A 15 year time horizon was used by Groot and col-
leagues to follow patients receiving either R-CHOP or
CHOP-only regimens. A 4% discount rate was applied.
Markov transition modeling was used where transition be-
tween states was derived from hazard rates and event prob-
abilities were based on the Scottish Newcastle Lymphoma
Group (SNLG) database for the CHOP-only treatment arm.
Event probabilities for the R-CHOP treatment arm were de-
rived from data collected by Coiffer et al. [8]. The authors
distinguished young patients from those over age 60, point-
ing out that response rates are different among these two
groups and that older patients usually undergo more inten-
sive rescue therapy, according to a study by Agthoven et al.
[23]. Thus, resource use among these two patient populations
was differing, based on results of past investigations.

In terms of efficacy outcomes, Groot and colleagues de-
rived mean disease-free survival through summing and cal-
culating data estimated from the previously-mentioned data-
bases. QALY were based on a study [24] which only looked
at elderly NHL patients, even though younger patients were
also included by Groot and colleagues. Using weighted aver-
ages of the utilities, the authors assigned scores based on
initial treatment (0.60), progression-free disease (0.81), dis-
ease progression (0.60), or death (0.00). Since the same util-
ity scores were assumed for CHOP and R-CHOP, the out-
come measure of QALYs would specifically reflect the
number of years spent in any of the four utility categories for
either of the two treatment arms.

Results found by Groot and colleagues were divided be-
tween younger and older patients. After discounting,
younger patients (age <60 years) were found to have a gain
in 0.88 QALYs by receiving R-CHOP versus CHOP-only
therapy. However, costs in this patient group were also
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higher when receiving R-CHOP (€12,343 more in total costs
versus CHOP-only). The incremental ratio derived for
younger patients was therefore €13,983/QALY through use
of R-CHOP versus CHOP-only. A similar trend was seen in
the older patient population, where the incremental ratio was
€17,933/QALY through use of R-CHOP versus CHOP-only.
Thus, R-CHOP therapy was found to be cost-effective in
terms of QALYs gained by keeping in mind the accepted
threshold of €50,000.

Groot and colleagues performed numerous one-way sen-
sitivity analyses to verify the robustness of the baseline re-
sults. A shortened time horizon of only five years was found
to have the most profound impact, pushing the incremental
ratio to €35,355 for older patients. Still, this value is below
the internationally accepted threshold of €50,000.

Another cost-utility analysis by Best and colleagues [25]
used a similar time horizon of fifteen years and reported val-
ues in QALYs. Like the previous study by Groot and col-
leagues, Best and colleagues also modeled event probabili-
ties using data from previously-published trials, including
long-term mortality rates based on the Scottish Newcastle
Lymphoma Group (SNLG) data. The authors stated a payer
perspective, including direct medical costs such as drug
costs, surveillance, hospitalizations due to adverse events,
high-dose rescue therapy, and hospice care. The study did
not include stem-cell transplantation costs, although this was
accounted for in sensitivity analyses.

Results from the study showed that total costs discounted
3% in the CHOP-only treatment arm were lower (€28,782)
than that in the R-CHOP treatment arm (€41,952) mainly
due to the added drug cost of rituximab. However, the
CHOP-only group demonstrated 3.59 QALYs whereas R-
CHORP resulted in 4.66 QALYSs. Thus, the incremental ratio
projected at fifteen years was favorable at €12,259/QALY
with use of R-CHOP versus CHOP-only.

Best and colleagues also investigated the robustness of
the baseline results through numerous sensitivity analyses,
showing that a varied time horizon had the most impact on
results. Shortening the time horizon to only four years
caused the incremental ratio for R-CHOP to rise to
€29,976/QALY, although clearly still within the acceptable
threshold. A thorough investigation of other variables, such
as cost of drugs, discount rates, and event probabilities all
confirmed the robustness of the baseline results with incre-
mental ratios within the acceptable threshold.

Finally, Hornberger and colleagues [26] similarly inves-
tigated the incremental cost-utility of R-CHOP versus
CHOP-only regimens in elderly patients with DLBCL. The
stated perspective of the study was from the US societal per-
spective. Like the other reviewed studies, event probability
data was derived from previously-published studies, such as
the Group d'Etude des Lymphome d'Adulte (GELA) Trial
[27]. Since the GELA Trial was performed in Europe, the
authors derived costs from U.S. formulary services and U.S.-
based literature. Included costs were drug costs, post-
treatment surveillance costs (e.g. laboratory investigations),
rescue therapy costs, stem-cell transplantation costs, and
hospice care costs. A 3% discount rate was used.
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A time horizon of five years was used in the study. Utili-
ties were assigned to the categories of event-free survival
(0.83), end-of-life (0.38), and salvage or transplantation
(0.83) for the R-CHOP and CHOP-only treatment arms. As-
signed utilities were derived from published literature [28]
involving CHOP therapy in NHL patients, the same utility
data used for the other reviewed studies. Baseline results
revealed that the incremental cost-utility ratio for R-CHOP
was $19,297/QALY gained.

Sensitivity analyses conducted by Hornberger and col-
leagues confirmed the robustness of the baseline case. Like
the other reviewed studies, time horizon seemed to have the
most impact on resultant incremental ratios. Shortening the
time horizon to three years caused the ratio to increase to
$46,942 per 1 QALY gained with R-CHOP versus CHOP-
only treatment. Other variables, such as cost of chemother-
apy agents, discounting rate, cost of surveillance, cost of
hospice care, and cost of transplantation upheld the robust-
ness of the baseline case with ratios well below the accept-
able threshold of $50,000.

DISCUSSION

The pharmacoeconomic methods employed in the re-
viewed studies showcase how fundamental economic analy-
ses can augment clinical decision-making efforts. While the
four reviewed studies are generally in agreement in terms of
demonstrating the acceptable cost-effectiveness and cost-
utility of R-CHOP over conventional CHOP therapy, it is
important to note the effects of proper (or improper) imple-
mentation of basic pharmacoeconomic principles.

One of the first principles of a pharmacoeconomic analy-
sis is to understand from which perspective the analysis is
being done. It is possible for a study to be done from the
perspective of the patient, the provider, the employer, the
payer, or from the perspective of society as a whole. De-
pending on which perspective is taken, differing costs may
be included. For instance, if a payer perspective is stated,
then only those costs applicable from the payer’s point of
view would be included. A payer, such as a national health
service, would be interested in only direct medical costs, as
these are the only costs the payer is responsible for. The re-
viewed study by Ferrara and colleagues, for example, stated
a payer perspective of the Italian National Health Service.
While the authors do clearly state several appropriate direct
medical costs for inclusion (chemotherapy drugs, hemato-
logical investigations, laboratory investigations, imaging,
histological analyses, stem-cell transplantation, and hospi-
talization costs), it must be pointed out that the authors failed
to include other relevant direct medical costs, such as nurs-
ing administration costs, pharmacists’ dispensing fees, and
costs derived from potential adverse reactions to the regi-
mens given. Including an exhaustive list of all costs relevant
to the payer allows for a more accurate picture of all costs
incurred by the treatment(s). Klepser [29] points out that
including only straightforward costs — such as drug and bio-
chemical investigation costs — can severely underestimate the
true costs incurred.

It was found that the other reviewed studies also fell vic-
tim to similar pitfalls. Groot and colleagues and Hornberger
and colleagues both stated societal perspectives, yet included
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only direct medical costs. Groot and colleagues in fact only
considered wholesale drug costs and specialist visits, while
Hornberger and colleagues investigated drug costs, post-
treatment surveillance costs, rescue therapy costs, transplan-
tation costs, and hospice care costs. Both studies instead
would more accurately be stated to have taken on a payer
perspective since only direct medical costs have been in-
cluded. A truly societal perspective would have included
monetary amounts associated with indirect medical costs as
well as intangible costs.

Beyond creating an accurate picture of all incurred costs
according to the perspective taken, sound use of pharmaco-
economic principles would also comprise proper outcomes
measures. For instance, it would be inappropriate to measure
life years gained (LYG) in a study investigating a disease
where patients still live a relatively full lifespan. It likewise
would be inappropriate to mismatch outcomes, such as
measuring outcomes in terms of symptom-free days in a
relatively silent disease state like early hypertension. A
strength found in the reviewed studies is that both cost-
effectiveness and cost-utility analyses provide the means to
evaluate outcomes accurately in the case of NHL. For in-
stance, Ferrara and colleagues used cost-effectiveness analy-
sis to look at clinical outcomes in terms of life years gained
(LYG). Hornberger and colleagues likewise used cost-utility
analysis to investigate humanistic outcomes in terms of qual-
ity-adjusted life years (QALYs). Both methods allowed re-
searchers to test the dominance of the treatment in question —
for example, whether or not R-CHOP was dominant over
CHOP-only in terms of lower costs and greater outcomes. In
the cases where R-CHOP was higher in cost, both analytical
methods allowed outcomes to be reported in incremental
ratios. The outcomes measures used in the reviewed studies
were applicable because LYG and QALY's are often used to
measure other well-studied cancer-related outcomes [30, 31].
A strength, therefore, found in all of the reviewed studies
was that appropriate measures of outcomes were used — sur-
vival in terms of years of life gained is often the most-sought
outcome in cancer research. Further, the incorporation of
quality of life through use of QALY's has emerged as an es-
pecially suitable endpoint in cancer studies [32].

Finally, it is important to realize that even with careful
concern for the appropriate inclusion of all costs and out-
comes, there is still a level of uncertainty when dealing with
any set of data. Sensitivity analyses or “what if” analyses are
vital to any type of pharmacoeconomic evaluation as they are
a way to transparently examine the imprecision or uncer-
tainty of the data used. In essence, these analyses allow in-
vestigators to test the robustness of baseline results using
ranges of reasonable data that may or may not have affected
the drawn conclusions. Including comprehensive sensitivity
analyses in a study allows greater practicality when interpret-
ing the results in real-world situations. One of the simplest
ways to test the robustness of a study’s results is to run a
series of sensitivity analyses on any uncertain data inputted
in the study, such as drug costs, disease risk or event prob-
abilities, assumed survival rates, weighting of qualities, dis-
count rates, and all other imprecise variables [33].

The reviewed studies have demonstrated how use of sen-
sitivity analyses can support the robustness of the baseline
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results. The sensitivity analyses used by Ferrara and col-
leagues investigated the impact of using worst-case scenario
event probabilities for the assumed survival and response
rates. Incremental cost-effectiveness ratios were confirmed
to be below the acceptable threshold of €50,000 for the var-
ied complete response at five months and relapse-free sur-
vival at three years. However, the authors did not test vari-
ables such as acquisition prices of drugs which would have
further added to the validity of the study. The use of price
ranges, for instance +/-20% of each assumed drug cost,
would have allowed the authors to test the role varying drug
costs played in the results of the study. Briggs et al. [34]
emphasizes the importance such multivariate sensitivity
analyses in the generalizability of study results, pointing out
that the cost-effectiveness found in one trial may not be ap-
plicable to another practice setting.

The reviewed studies largely illustrated the impact sensi-
tivity analyses can have on the baseline results of cost-utility
analyses. Groot and colleagues found that an incremental
ratio of €17,933/QALY was gained through use of R-CHOP
versus CHOP-only in their 15-year baseline results. Follow-
ing a sensitivity analysis of a shortened time horizon of five
years, the ratio nearly doubled to €35,355/QALY gained.
Sensitivity analyses by Best and colleagues and Hornberger
and colleagues illustrated similar results. Hornberger and
colleagues reported that a shortened time horizon caused the
incremental cost-utility ratio to increase to $46,942/QALY
gained with R-CHOP versus CHOP-only treatment (baseline
= $19,297/QALY gained). Thus, the reviewed studies offer a
profound picture of how sensitivity analyses can alter the
baseline results. While each of the studies’ sensitivity analy-
ses upheld the baseline cost-effectiveness or cost-utility of
R-CHOP, the profound increase in incremental costs per
outcome gained is extremely relevant in terms of clinical
decision making. As the incremental ratios approach the
threshold of 50,000 in international monetary amounts, clini-
cal decision-makers are faced with tougher decisions about
allocation of health care dollars. Without the strength of such
sensitivity analyses, this impact would not be seen.

As this review has demonstrated, pharmacoeconomic
evaluations are multi-faceted and can be diverse in terms of
substance and quality. Reviewing and subsequently compar-
ing multiple health care studies can be overwhelming to even
the most organized decision maker. Fortunately, there exists
a useful tool for comparing the quality of health care eco-
nomics studies in a concise side-by-side fashion. The Quality
of Health Economic Studies (QHES) instrument was devel-
oped to address the major evaluative techniques of a quality
health economic study. The QHES tool is an invaluable or-
ganizational tool for savvy pharmacoeconomic reviewers
and the checklist provides an all-inclusive method to assign-
ing a “rank” to multiple studies being considered by a health
care decision maker. Doan et al. [35] have demonstrated the
value of adopting the QHES checklist in their review of eight
pharmacoeconomic studies.

The four pharmacoeconomic studies included in this re-
view have been analyzed using an adaptation of the QHES
instrument (Table 3). Since the tool allows a quantitative
“ranking” of the reviewed studies, health care decision mak-
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ers can quickly filter through a plethora of published phar-
macoeconomic studies and focus on those ranked most com-
prehensive in accordance with the demonstrated value of the
QHES. One limitation, naturally, is that the designation of
the qualifying points is based on the designator’s opinion
and critique of the reviewed study. In other words, the point
values awarded to the studies are subject to the reviewer’s
own judgments and interpretation of the QHES tool.

For purposes of this review, points were awarded in an
“all or none” fashion, meaning that if the reviewer felt that
the study did not fully meet the standards of each of the six-
teen criteria, a zero-point value was awarded. For example,
while Ferrara and colleagues do include a measurement of
costs and methodology for the estimation of quantities and
unit costs, this review points out that an entirely comprehen-
sive inclusion of all costs relevant to the payer perspective
was not included. Thus, the study by Ferrara and colleagues
was assigned a zero-point value for criterion 9, as were all
other reviewed studies using the same rationale. Likewise, a
zero-point value was awarded if the study was found lacking
in a criterion or did not accurately fulfill the requirements of
a criterion. For example, while Ferrara and colleagues
clearly state the intended perspective of their pharmaco-
economic study, their subsequent inclusions of costs do not
wholly fulfill the requirements of a payer perspective. For
this reason, a zero-point value was awarded to the Ferrara
and colleagues for criterion 2. In the same regard, Groot and
colleagues and Hornberger and colleagues also were award
zero points for criterion 2 because they purported a societal
perspective but included only direct medical costs. While all
four reviewed studies included sensitivity analyses, the study
by Ferrara and colleagues was awarded a zero-point value
for criterion 5 due to the judgment that its efforts at multiple
sensitivity analyses lacked when compared to the other re-
viewed studies in terms of range and scope. On the other
hand, the study by Ferrara and colleagues was judged supe-
rior compared to the other reviewed studies in terms of
transparency of incremental analyses and explanation of
methodology; thus, the study was alone awarded a point
value of eight for criterion 12. The study by Groot and col-
leagues alone failed to clearly disclose a funding source and
therefore was the only reviewed study awarded a zero-point
value for criterion 16. This review also found that none of
the reviewed studies adequately explored potential biases in
an explicit manner, so zero-point values were awarded across
the board. It must be noted that judgments formed through
this type of ranking are subject to opinion and must be con-
sidered when interpreting the QHES checklist.

In conclusion, while there are limited pharmacoeconomic
studies available in the specific arena of R-CHOP use in
non-Hodgkin lymphoma patients, the reviewed studies sug-
gest agreement that R-CHOP incurs acceptable costs per
outcomes over CHOP-only in the studied patient population.
All of the reviewed studies shared the common weakness of
not including a proper, comprehensive list of incurred costs
for the perspectives stated. Thus, it can be ascertained that
while the available studies provide a foundation for future
pharmacoeconomic studies, one must be careful in interpret-
ing the external validity of the currently reviewed evalua-
tions. Since all of the reviewed studies lacked proper inclu-
sion of costs, clinical decision makers must be wary in ap-
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Table 3. The Quality of Health Economic Studies Instrument Adapted for the Review of R-CHOP Versus CHOP-alone Analyses*

Criterion Point Ferrara Groot Hornberger Best
Value etal. 2008 etal. 2005 etal. 2005 etal. 2005
1. Was the stud jecti i ifi
y objective presented in a clear, specific, and measurable 7 +7 +7 +7 +7
manner?
2 W . . . - .
ere the perspective of the ana.ly3|s (soc'letal, third-party payer, etc.) and 4 +0 +0 0 0
reasons for its selection stated?
3. Were variable estimates used in the analysis from the best available source 8 +8 +8 8 +8
(i.e. Randomized Control Trial — Best, Expert Opinion — Worst?)
4. If estimates came from a sub i - ifi
gr'oup analysis, were the groups pre-specified 1 +0 +0 0 0
at the beginning of the study?
5. Was uncertain : isti i
ty.h.ar?dled by %) statistical analysis to addres.s random 9 +0 +9 9 9
events; 2) sensitivity analysis to cover a range of assumptions?
6. Was incremental analysi i
ysis performed between alternatives for resources 6 +6 +6 6 6
and costs?
7. Was the methodolo ion (i i
gy for data abstra.ctlon (including value health states 5 +5 +5 45 45
and other benefits) stated?
8. Did the analytic horizon allow time for all relevant and important out-
comes? Were benefits and costs that went beyond 1 year discounted (3-5%) 7 +7 +7 +7 +7
and justification given for the discount rate?
9. Was the measurement of costs appropriate and the methodology for the 8 +0 +0 0 0
estimation of quantities and unit costs clearly described?
10. Were the primary outcomes measure(s) for the economic evaluation
clearly stated and were the major short term, long term and negative out- 6 +6 +6 +6 +6
comes included?
11. Were the health outcomes measures/scales valid and reliable? If previ-
ously tested valid and reliable measures were not available, was justification 7 +7 +7 +7 +7
given for the measures/scales used?
12. Were the economic model (including structure), study methods and
analysis, and the components of the numerator and denominator displayed in 8 +8 +0 +0 +0
a clear transparent manner?
13. Were the choice of economic model, main assumptions and limitations
S 7 +0 +0 +0 +0
of the study stated and justified?
14. Did the author(s) explicitly discuss direction and magnitude of potential
(s) exp y _ g p 6 +0 +0 +0 +0
biases?
15. Were the conclusions/recommendations of the study justified and based
8 +8 +8 +8 +8
on the study results?
16. Was there a statement disclosing the source of funding for the study? 3 +3 +0 +3 +3
Total 100 65 63 66 66

*Adapted from The QHES Instrument presented by Ofman and colleagues [14].

plying the same results to their own institutions. The most
profound impact found in the pharmacoeconomic review of
R-CHOP versus CHOP-only related to study time horizon.
Without the sensitivity analyses done by the included studies
with regard to a shortened time horizon, the transparency of
the results would have been lost. Thus, clinical decision-
makers must take seriously the implications of sensitivity
analyses; as the reviewed studies suggest that incremental
cost-utility of R-CHOP is diminished as the time horizon

shortens. A lesson learned by the limited studies reviewed
here is that the results of a study can only be assured for the
circumstances used in the study. When attempting to ex-
trapolate results of a pharmacoeconomic study to one’s own
practice, it is vital to take into account one’s own incurred
costs relevant to that perspective. Also, the thorough use of
sensitivity analyses is demanded as all inputted data and
costs are subject to uncertainty.
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