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Abstract

Objectives:

Losartan will shortly become generic, and this may encourage switching to the generic drug. However,

valsartan was shown in a meta-analysis to be statistically superior in lowering blood pressure (BP) to

losartan. This paper examines the costs of treatment with these two drugs and the potential

consequences of switching established valsartan patients to generic losartan.

Methods:

A US payer cost-effectiveness model was developed incorporating the risk of cardiovascular disease (CVD)

events related to systolic blood pressure (SBP) control comparing valsartan to continual losartan and

switching from valsartan to generic losartan. The model, based upon a meta-analysis by Nixon et al. and

Framingham equations, included first CVD event costs calculated from US administrative data sets and utility

values from published sources. The modeled outcomes were number of CVD events, costs and incremental

cost per quality-adjusted life-year (QALY) and life-year (LY).

Results:

Fewer patients had fatal and non-fatal CVD events with valsartan therapy compared with continual losartan

and with patients switched from valsartan to generic losartan. The base-case model results indicated that

continued treatment with valsartan had an incremental cost-effectiveness ratio of $27,268 and $25,460 per

life year gained, and $32,313 and $30,170 per QALY gained, relative to continual losartan and switching

treatments, respectively. Sensitivity analyses found that patient discontinuation post-switching was a

sensitive parameter. Including efficacy offsets with lowered adherence or discontinuation resulted in

more favorable ratios for valsartan compared to switching therapy.

Limitations:

The model does not evaluate post-primary CVD events and considers change in SBP from baseline level as

the sole predictor of CVD risk.

Conclusions:

Valsartan appears to be cost-effective compared to switching to generic losartan and switching to the

generic drug does not support a cost offset argument over the longer term. Physicians should continue to

consider the needs of individual patient and not cost offsets.

Introduction

Demonstrating differences in efficacy or effectiveness within a single drug class
has been a challenge to many pharmaceutical products. The 160 mg dose level of
valsartan has recently been highlighted in a meta-analysis of the angiotensin
receptor blocker (ARB) class of anti-hypertensives as being clinically superior in
the reduction of systolic blood pressure (SBP) over losartan 100 mg and
irbesartan 150 mg, while performing comparably with other ARB drugs1.
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These findings have an important clinical impact in the
control of SBP in patients with essential hypertension,
especially among those considering switching ARBs. A
retrospective claims database study examining patients
who switched from valsartan to another ARB vs patients
who maintained treatment on valsartan found that switch-
ers were more likely to discontinue medication, experience
significantly more frequent all-cause and hypertension-
related outpatient visits, hypertension-related inpatient
visits, and incur higher ($748/patient) total medical
costs over a 6-month period2.

When simvastatin became a generic product it led to a
number of patients being switched from branded atorva-
statin to generic simvastatin for economic, rather than
medical, reasons. Subsequent research has suggested that
this switch has had a detrimental effect on patients’
health3,4. Losartan is the first approved generic ARB.
Some patients whose blood pressure (BP) is effectively
controlled by existing branded anti-hypertensives may be
encouraged to switch ARBs for economic reasons2. There
are apparent differences in effectiveness, safety, tolerabil-
ity, salt forms of active pharmaceutical ingredients and
pharmacodynamic properties (e.g., different half-lives)
between valsartan and losartan2,5. These discrepancies
may lead to reduced compliance, episodes of uncontrolled
hypertension, further risks of developing cardiovascular
disease (CVD) events and increased healthcare expendi-
tures among the ARB switchers. In view of the concerns
surrounding non-medical ARB switching, the present
study examines the long-term costs and outcomes of
patients who initiate hypertension treatment on valsartan
and then switch to generic losartan, in addition to com-
paring the costs and outcomes of continual treatment of
valsartan vs losartan.

The ongoing Framingham Heart Study (FHS) has
investigated a large number of patients over decades of
follow-up to detect the patterns and incidence of CVD
and other related events. Over the history of FHS, several
studies have been published detailing the patient charac-
teristics associated with increased risk of CVD events,
including multiple re-evaluations of follow-up data for
the original patient group, and the Framingham
Offspring Study cohort. Among these publications, a
number of regression analysis-based risk equations were
reported quantifying the impact of a multitude of risk fac-
tors on the overall risk of experiencing a CVD event. One
of the most recent of these equations is the work done by
Wilson et al.6, which is used in the present study to inves-
tigate the impact of SBP control on long-term CVD risk.

To evaluate the long-term impact of improved SBP
control between valsartan, losartan and switching from
branded valsartan to generic losartan treatment, a
Markov simulation model was developed to apply the
meta-analysis findings of Nixon et al.1 on the risk predic-
tion equations of Wilson et al.6 The model considers

estimates of event costs, medical follow-up, and drug
costs in its analysis of economic difference and cost-effec-
tiveness between the anti-hypertensive treatments.

Modeling methods

Model structure

The economic model employed a US third party payer
perspective, and followed adult patients with hypertension
in annual Markov cycles. The basic model consisted of
three health states designed to reflect course and history
of CVD events in a typical patient with hypertension
(Figure 1): CVD event-free survival with treated hyper-
tension (continual treatment), post-CVD event survival
with treated hypertension (continual treatment), and an
absorbing state, death. Transition from the event-free state
to post-event survival was determined by the average prob-
ability of having a first CVD event as predicted from the
risk equations of Wilson et al.6 The model was restricted to
evaluating only the costs and incidence of primary CVD
events but applies an increased follow-up cost to reflect the
intense care associated with the prevention of secondary
events among patients moving to the post-event state.

Transition from the event-free state to the death state
was the result of a fatal CVD event as predicted by Wilson
et al.6, risk equations, or due to mortality from non-CVD
causes as derived from the National Vital Statistics
Report7. Transition from the post-event state to the
death state was calculated using the background (non-
CVD causes) mortality estimate, with an increased risk
of death applied to patients in the post-event state com-
pared to those remaining in the pre-event state.

In the modeled switching analysis, hypertension-trea-
ted patients were routed from the event-free state to
receive alternate treatment when the second drug becomes
generically available (Figure 1). In this scenario, there
were two additional health states: one that characterized
pre-CVD event patients who recently switched from their
initial anti-hypertensive to the generic formulation and
the other for those with a CVD event after the change
in treatment. Transition of switchers from the new pre-
CVD event-free state to the new post-CVD event survival
state was determined by the average probabilities calcu-
lated from the risk prediction equations of Wilson et al.6

based on the alternative treatment arm. Transitions to
death were the same as described for the continual treat-
ment arms.

Two comparative analyses were conducted: (1) contin-
ual valsartan vs continual losartan and (2) continual val-
sartan vs valsartan switching to generic losartan once it is
available. The model time horizon was 20 years and future
costs and health outcomes were discounted 3%.
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Inputs

Population characteristics
Estimates for each of the risk factors identified in the
Framingham equations6 used to predict CVD risk in
the present study were gathered from an analysis of the
National Health and Nutrition Examination Survey
(NHANES) dataset8. The model followed the classifica-
tion of hypertension in the sixth report of the Joint
National Committee (JNC-6) on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure9, where
the BP cut-offs were found to match the severity levels for
patients recruited in the study selections of Nixon et al.1

meta-analysis. (Compared to the more recently published
JNC-7, JNC-6 reported a more detailed classification of
hypertension by BP levels and thus was chosen as the clin-
ical guideline for defining the hypertension cohort in the
model.) Mild and moderate hypertension cohorts in the
model were defined as Stage 1 (SBP 140–159; DBP 90–99)
hypertension, respectively. Two age groups were estab-
lished among hypertension patients identified from the
NHANES dataset: age 18 and over, and age 65 and over,
for model analyses. A patient population with moderate
hypertension (Stage 2; SBP 160–179; DBP 100–109) and
aged 18 and over was selected for this analysis.

Treatment efficacy
Reduction in SBP was the key model efficacy measure.
Treatment-specific inputs for SBP reduction were derived
from the meta-analysis findings of studies covering treat-
ment groups that received one of the ARB anti-hyperten-
sive drugs1. The SBP values were then used to calculate the
average risk of first CVD event. The values for the other
risk factors considered in the risk prediction equations
remained unchanged from baseline over the course of

model analysis. The model assumes that patients take
80% or more of their medication to obtain the full effect
of therapy and no difference between therapies was
assumed and in the base case 76% of patients in both
arms were assumed to be adherent10. Based upon
Signorovitch et al.2, 8% of switched patients discontinued
(for any reason, not specifically due to the drug switch) and
those patients were assumed to take 50% of their anti-
hypertensive drug (resulting in lower drug cost), but no
related impact on average SBP reduction was conserva-
tively assumed due to lack of data. This assumed lack of
impact was varied in sensitivity analyses.

Mortality and CVD event risk
Mortality risks in the model were divided into non-CVD-
related and CVD-related. Using the National Vital
Statistics Report7 as source data, the non-CVD-related
mortality risk was estimated by subtracting the annual
probability of CVD-related mortality6 from the annual
probability of all-cause death, in order to avoid double-
counting.

Although secondary CVD events were not explicitly
considered in the model, patients in the post-event state
were subjected to an increased risk of death reflecting their
disease state. Estimates of the relative risk of mortality
following a CVD event were taken from a comprehensive
CVD report assembled by the AHA11.

The occurrence of coronary heart disease (CHD) or
cerebrovascular disease (CeVD) events was based on the
level of several risk factors identified in the development of
disease-specific equations including BMI, age, smoking
status, SBP, diabetic status, gender, and cholesterol profile.
To delineate the specific types of CHD or CeVD events
experienced by the patients in the model, additional event
distributions were applied11,12. Relative frequencies of

Figure 1. Hypertension and switching treatment Markov state diagram.
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these specific CVD events were calculated using the risk
profile for each treatment group, and this distribution was
applied to the overall risk level predicted by the Wilson
et al.6 equations.

CVD event, medical follow-up, and drug costs
CVD event costs were derived from an analysis of inpa-
tient hospital records from 2003 covering multiple public
data sets (including admissions from Arizona, California,
Florida, Maryland, Massachusetts, Texas, and
Washington). The costs of ‘Other CHD’ events in the
model were taken from the analyses of six state hospital
databases (California, Florida, Massachusetts, Maryland,
New Jersey, and Washington) that are a part of the
Healthcare Cost and Utilization Project (HCUP)
National Inpatient Sample (NIS) database, plus the
mean Medicare payment per hospital stay. These six
states were selected for analyses because they were consid-
ered representative to yield a national cost estimate due to
their geographic distribution in the US13–18. Costs were
derived from the data applying the cost-to-charge ratio
from HCUP references files.

Medical follow-up costs in the model are divided into
two types: event-free follow-up cost and post-event follow-
up cost. Event-free follow-up cost was based on an assumed
annual physician visit for monitoring prior to a CVD
event, with switchers incurring additional visits19.
Post-event follow-up cost reflected more intense physician
interaction and increased management related to second-
ary prevention, in addition to hypertension manage-
ment20. The same resource use was applied, regardless of
hypertension therapy.

Drug costs in the model were Average Wholesale Price
(AWP) estimates taken from the Micromedex RedBook21.
The model incorporated both the available branded prices
and estimates of generic prices over the time horizon of the
model (Table 1). The model used an assumed step-wise
decrease in price following generic availability to account
for the expected change in price. This step down in price
applied to the first 4 years after generic availability while
the remaining years until the end of the model time hori-
zon were assumed to be at a flat price. These prices were
then applied in the model through the calculation of a
weighted ‘generic price ratio’. The calculation considered
the number of years at a level of final generic price and the
step-wise reduction in price to estimate a weighted average
adjustment to the branded price in order to derive the
generic price to apply in model analyses. Finally, the
branded and generic drugs were dependent on patient
compliance to medication. In the base case analyses, the
generic formulations of valsartan and losartan are assumed
to become available after 2.75 years and 4 months in the
model, respectively.

Utilities
Age-specific estimates of quality-of-life were assigned and
adjusted using a decrement attributable to hypertension to
account for the impact of the disease state in the model22.
The short-term impact of CHD and CeVD events was
applied as a utility decrement at the time of the event
occurrence to represent the adjustment in quality-of-life
following the event and also the immediate recovery
period22,23. The long-term impacts of CHD and CeVD
were applied as an ongoing decrement for patients remain-
ing in the post-event state and represented the long-term
impact of the debilitating condition.

Analyses and outcomes

Primary outcomes of the model were frequency of primary
CVD events in each treatment group, overall survival,
event-free survival, and quality-adjusted survival. Costs
were computed by component and included the respective
costs of CVD events (MI, fatal MI, other CHD, stroke,
fatal stroke, and TIA), medical follow-up (including
event-free and post-event follow-up), and drug costs.
Incremental results were displayed in terms of cost per
life year gained and cost per quality-adjusted life year
(QALY) gained for comparison of patients treated with
valsartan, losartan, and branded valsartan switching to
generic losartan. The model population was moderate
hypertension patients aged 18 and older, treated with
160 mg QD valsartan, 100 mg QD losartan, or 160 mg
QD valsartan substituted with 100 mg QD generic losar-
tan, and with a 20-year time horizon.

Scenario analyses examined incremental cost per
QALY gained outcomes with a shorter time horizon of
10 years and varying the assumptions surrounding
discontinuation and the impact of decreased drug efficacy
related to taking 50% or less pills. The one-way sensitivity
analysis varies each parameter by �10% and presents the
changes in model results in the format of a tornado
diagram.

Results

The CVD event rates between the continual valsartan and
losartan groups were nearly the same, although the valsar-
tan-treated patients experienced fewer overall events
(Table 2). Survival outcomes were also nearly identical
for continual valsartan and losartan (QALYs: 8.02 vs
8.00; LYs: 10.65 vs 10.62). For the valsartan switchers,
the CVD event rates and survival outcomes were the
same as the continual losartan group, since the majority
of time was spent on generic losartan treatment as the
ARB became generic early in model analysis (0.33 years).

Valsartan therapy was more expensive than losartan;
however, some of the costs were recouped by the lower
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expenditures in treating CHD and CeVD events and med-
ical follow-up. These cost-offsets resulted in an incremen-
tal cost of $714 for the valsartan vs losartan analysis.
Assuming a ceiling ratio of $100,000, treatment of moder-
ate hypertension patients was considered cost-effective
with an incremental cost per life year gained and
incremental cost per QALY gained of $27,268 and

$32,313, respectively. The cost of treatment when switch-
ing from valsartan to generic losartan was less expensive
than a continual valsartan treatment over a period of 20
years, resulting in incremental cost effectiveness ratios
(ICERs) of $25,460 (incremental cost per life year
gained) and $30,170 (incremental cost per QALY
gained), respectively.

Table 1. Moderate hypertension model input values.

CVD event Event cost Utility decrement Source

CHD events
Non-fatal MI $41,813 �0.0409 11–16, 22
Fatal MI $41,813 �0.0409 11–16, 22
Other CHD $10,403 �0.0412 11–16, 22

CeVD event
Non-fatal stroke $19,075 �0.0524 11–16, 22
Fatal stroke $19,075 �0.0524 11–16, 22
Transient ischemic attack $10,852 �0.0880 11–16, 21

Medical follow-up (per cycle)
Event-free follow-up $104 �0.000 (baseline values

age adjusted)*
11–16, 22

Post-event follow-up $1,836 �0.0489 11–16, 22 weighted
average

Treatment inputs Valsartan Losartan
160 mg/day 100 mg QD

Branded drug cost (per day) $2.95 $3.42 19
Time to generic price 2.75 years 0.33 years Assumption
Generic price ratio 18% 18% Assumption
Mean SBP reduction �15.26 �12.00 1
Adherence 76% 76% 8
Discontinuation post-switching – 8% 2

*Age-related utility values from Sullivan et al.22; range between 0.901–0.736 for 30–80 age groups.

Table 2. Costs and outcomes of valsartan vs losartan and switching to losartan in moderate hypertension over 20 years.

Valsartan 160 mg/day Losartan 100 mg QD Switching (valsartan to losartan)

Outcomes*
Event frequency (% of patients)
MI (fatal and non-fatal) 20.24% 20.64% 20.64%
Other CHD 16.88% 17.21% 17.21%
Stroke (fatal and non-fatal) 11.81% 12.25% 12.25%
TIA 2.25% 2.34% 2.34%

Survival in years
Overall survival 10.65 10.62 10.62
Quality Adjusted Survival 8.02 8.00 8.00

Cost outcomes
CHD and CeVD events $9,603 $9,835 $9,835
Follow-up costs $4,021 $4,103 $4,224
ARB drug costs $3,182 $2,154 $2,079

Valsartan vs losartan Continuous valsartan
vs switching

Incremental outcomes*
Incremental cost $714 $667
Incremental QALYs 0.022 0.022
ICER–Cost per QALY $32,313 $30,170
Incremental Life Years 0.026 0.026
ICER–Cost per LYG $27,268 $25,460
Incremental CVD events 0.012 0.012
Cost per event avoided $57,457 $53,646

*Future costs and outcomes discounted 3%.
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Scenario analyses

The model analyses conducted with shorter time horizons
(e.g., 10 years) had higher cost/QALY due to smaller dif-
ferences in quality-adjusted survival (Table 3). Further
analysis of the time horizon parameter revealed that the
frequency of events increased consistently while incre-
mental cost-effectiveness outcomes declined rapidly with
longer time horizons and level off after 20 years of model
time (data not shown).

The impact of patient adherence (defined as taking
80% or more of medications) was explored by varying
the proportion up and down from the base case of 76%.
As expected, increased adherence increases the cost of
therapy resulting in higher ICERs when the two drug reg-
imens are compared. In the switching analysis, adherence
remains the same but patients may discontinue (defined as
30 days without medication), which is modeled as having
50% of drug costs. Increasing the proportion of patients
discontinuing in the year of switching has no impact on
the ICER. In subsequent years decreasing discontinuation
(costs become higher) results in a lower ICER for valsartan
compared to the switchers. The base case model assumes
no impact on SBP control related to changes in pill taking
due to lack of data, however, it is reasonable to assume
some decrease in efficacy could result with taking fewer
doses. In a sensitivity analysis, a 5% offset in the SBP con-
trol in switched patients was taken in the 8% of patients
discontinuing. The ICER decreases as the percentage SBP
offset rises, reflecting the importance of maintaining the
SBP decrease achieved by the ARBs (Table 3).

Figure 2 presents the tornado diagram ranking of val-
sartan vs switching inputs sensitive to incremental cost per
QALY gained measure, as well as the range of variation
generated by independent manipulation of each parameter
(one-way sensitivity analyses). Time horizon was the most
sensitive parameter to the ICER measure, especially at a
smaller time horizon where its effect was most pronounced.

After time horizon, the cost of treatment was the greatest
driver, as were time on branded drug and clinical efficacy.

Discussion

The base case model results indicated that continual treat-
ment with valsartan had ICERs of $32,313 and $30,170 per
QALY gained ($27,268 and $25,460 per life year gained),
relative to continual losartan and switching arm, respec-
tively. These ratios compared favorably to other cost-effec-
tiveness analyses for hypertension controlling medications
($35,600/QALY comparing amlodipine to chlorthalidone,
for example)24.

By comparing valsartan to the switching arm (valsartan
switched to generic losartan), the model attempted to
account for the patent lives of valsartan and losartan.
The model assumed that valsartan would remain on
patent for the first 2.75 years of the model time horizon
and losartan would remain on patent for only 4 months,
after which generic formulations would be available. The
model results indicated only slight increases in the costs of
treatment and cost-effectiveness ratios for valsartan com-
pared to the switching arm. Based upon the improved SBP
levels per meta analysis1, which leads to better long-term
clinical benefits associated with treatment on valsartan,
the switch to generic losartan could be viewed as an eco-
nomic decision. The clinical community has stated that
treatment decisions should be based on strong clinical evi-
dence and that drug substitution based solely on economic
grounds cannot be in a patient’s best interest25, and in any
case may not deliver the expected economies26.

The economic model explored the effect of patient
adherence and change in drug cost due to the availability
of generic medication. In considering patient adherence, it
was defined as those taking 80% or more of medication as
directed. Fully-compliant patients were assigned the com-
plete efficacy and drug cost for the given regimen, while

Table 3. Incremental scenario analyses of valsartan vs losartan and vs switching in moderate hypertension patients.

Incremental cost* Incremental QALY* ICER-QALY

Valsartan (160 mg/day) vs Losartan (100 mg QD)
Base case $714 0.022 $32,313
10 year time horizon $872 0.007 $119,926
Adherence 80% $787 0.022 $35,584
Adherence 60% $425 0.022 $19,228

Valsartan (160 mg/day) vs Switching to Losartan (100 mg QD)
Base case $667 0.022 $30,170
10 year time horizon $811 0.007 $111,509
Discontinuation post-switch–1st year (10% higher) $678 0.022 $30,659
Discontinuation post-switch–subsequent years 10% higher $555 0.022 $25,089
Discontinuation post-switch–subsequent years 10% lower $778 0.022 $35,171
SBP impact with lowered adherence or discontinuation–5%

less efficacy (0.76 mmHg less decrease in SBP)
$650 0.023 $27,834

SBP impact with lowered adherence or discontinuation–10%
less efficacy (1.53 mmHg less decrease in SBP)

$633 0.025 $25,731

*Future costs and outcomes discounted 3%.
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non-adherent patients were assumed conservatively to
suffer no loss in efficacy but received 50% of the drug
cost in the model. Thus, non-adherent patients were not
‘penalized’ with worse outcomes but instead were
‘rewarded’ with lower costs. To date, limited literature
exists on the association between adherence and BP con-
trol, however, a retrospective study conducted by Bramley
et al.27 among hypertension patients receiving monother-
apy revealed that the proportion of patients achieving BP
control per JNC-6 definition was higher (42.9%) among
the high-adherence group vs patients in the medium-
(33.9%) and low-adherence (32.6%) categories.
Additionally, the highly adherent patients were 45%
more likely to achieve target BP level than those with
medium or low adherence after controlling for age,
gender, and co-morbidities. Sensitivity analyses in the cur-
rent study indicated that the ICER for continuous valsar-
tan vs switching decreased with the assumption of
decreased SBP control associated with lowered adherence.
Further investigation into the relationship between
patient adherence and change in SBP level, or the
inclusion of patient adherence as a predictor in the risk
equation, as well as detailed follow-up analysis of patient
treatment behavior over time, would lead to more robust
and meaningful analysis.

As with all models, the present economic analyses are
subject to limitations. It tracks changes in SBP assuming
all other factors are equal and only the first CVD event is
specifically included. Once patients have experienced a
CVD event, they transition to a post-event state, where
they continue to accrue costs and life years while being
subjected to a higher risk of death. This simplified model
structure eliminates the need for secondary event inputs;
however, it does not predict the clinical occurrence of
post-primary CVD events. Inclusion of detailed secondary
CVD events could result in a larger number of events, but

it would not likely alter the conclusions presented.
Second, the model only considers change in SBP from
baseline level as the sole predictor of CVD risk. CVD is
multifaceted and many factors contribute to health and
cost outcomes of hypertension patients. Valsartan and
losartan are prescribed to lower BP, but may have other
effects on CVD risk factors that are not examined in the
model. Although the Framingham equations used in this
analysis have been extensively validated against historical
data and serve as good predictors of outcomes, in lieu of
treatment-specific long-term outcome data, the modeling
of a clinical pathway among hypertension patients
remained an active area of health economic research.
Finally, the model uses a variety of data sources to estimate
the impact of differences in SBP control across the cohorts.
This is a common occurrence in economic modeling where
empirical data are not available to answer questions of
importance.

The model demonstrates the importance of better
understanding patient behavior when drugs are switched,
particularly their adherence. Patient adherence with med-
ication was a sensitive parameter in this model, as was the
inclusion of decreased efficacy due to taking 50% or less of
the hypertension medication. More information on the
potential long-term consequences of ARB substitution
should be gathered to better understand the costs and ben-
efits of switching from valsartan to generic losartan.

Conclusion

The economic analyses indicated that treatment with val-
sartan is cost-effective compared to switching treatment to
generic losartan. Despite the model limitations it provided
an important illustration of the impact of improved con-
trol of a single CVD risk factor, the SBP level. Switching
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from valsartan to generic losartan does not support a cost
off-set argument over the longer term.
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