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ABSTRACT: Nitrofurantoin, trimethoprim-sulfamethoxazole (TMP-SMX) and fosfomycin are first-line therapeutics for uncomplicated urinary tract
infections (uUTI). While fosfomycin is the most expensive, it is also attractive due to its effectiveness against most uUTI-causing bacteria, limited
risk of cross-resistance with other drugs, and single-dose delivery. In light of these competing attributes, a cost-effectiveness analysis can pro-
vide useful, standardized information about tradeoffs between fosfomycin and treatment alternatives. This paper assessed cost-effectiveness
via incremental cost-effectiveness ratios (ICERs) that represented a drug’s incremental cost per additional uUTI case resolved with initial course
of antibiotic therapy. The study setting was New Hampshire, USA. Total cost of treatment was lowest with TMP-SMX and highest with fosfomycin.
ICERs were $84.53 and $78.59 for nitrofurantoin and $2264.29 and $2260.89 for fosfomycin under a payer and societal perspective, respec-
tively. While no standard benchmark for our measure of cost-effectiveness exists, the high national prevalence of antibiotic stewardship efforts
suggests that willingness-to-pay to increase the number of people who are successfully treated with an initial course of therapy is non-zero.
Ultimately, fosfomycin may currently be considered a cost-effective option for treating uUTI in the US. As a recently off-patent drug, increased
competition in the generic market may improve its cost-effectiveness in the future.
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Background

Urinary tract infections (UTIs) are the second-most com-
monly occurring infections in the United States.! They are
responsible for more than 35 million medical events and more
than 9.3 billion dollars in medical expenditures each year.?3
UTIs are caused by an overgrowth of pathogenic bacteria in
the urinary system that results in an infection which must be
treated with a prescription antibiotic.** However, the answer to
the question, “which antibiotic?”is not a simple one. Increasingly,
the Centers for Disease Control and Prevention, the World
Health Organization, and others, have pushed for providers to
optimize their antibiotic choices (an activity called antibiotic
stewardship), in an effort to reduce the spread of antibiotic
resistance.® Antibiotic resistance poses a significant threat to
the sustained efficacy of existing antibiotic therapies.” The
high prevalence of UTIs makes them a major source of antibi-
otic prescriptions and therefore a source of great opportunity to
reduce the risk of antimicrobial resistance through antibiotic
stewardship.

Uncomplicated UTIs (uUTIs) occur when the lower uri-
nary tract, the bladder and/or urethra, become infected. When
the infection progresses to the kidneys and/or ureters, a more
serious infection called pyelonephritis occurs.* The Infectious
Diseases Society of America (IDSA), which publishes evi-
dence-based guidelines for the treatment of infectious diseases,
recommends the use of 4 first-line (preferred) treatment

options for uUTI: nitrofurantoin 100 mg twice daily for 5 days,
trimethoprim-sulfamethoxazole (TMP-SMX) 160/800mg
twice daily for 3 days, a single 3 g dose of fosfomycin, and piv-
mecillinam 400 mg for 3 to 7days, though the latter option is
not yet available in America.>® Of the 4 treatment alternatives
endorsed by the IDSA, fosfomycin is the only one that does
not require multiple doses of medication over multiple days.’
The single-dose delivery of fosfomycin is advantageous from
an antibiotic stewardship perspective, since adhering to doctors’
dosing and duration instructions are encouraged in the effort
to fight antibiotic resistance,”!? and patient adherence is inher-
ently 100% when the patient is responsible for taking just one
dose of medication. Further, fosfomycin has a unique chemical
structure which limits its risk of cross-resistance with other
drugs. Unlike with many other antibiotics, including penicillin
and other beta-lactams, when bacteria do become resistant to
fosfomycin their susceptibility to other, more broadly used
therapies, is preseved.!!

Despite its advantages, use of fosfomycin in the United
States remains low. While the drug’s efficacy was a concern in
the past, more recent studies have shown that the efficacy of a
single 3 g dose of fosfomycin is similar to commonly prescribed
targeted multi-dose alternatives and that there is no significant
difference in safety.!>13 Rather, today, it is the high price of the
drug that is oft-cited as prohibitive.'*1¢ Fosfomycin has been
available in the United States as a branded drug, called
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Monurol, for decades. It is also newly available as a generic
drug—Xiromed was the first pharmaceutical company granted
approval to manufacture fosfomycin in generic form in October,
2020.17 Even still, as a generic, fosfomycin remains between 11
and 186 times more expensive than other IDSA-recommended
treatment alternatives.!8

It is possible that the unique advantages of fosfomycin justify
its higher price. As a matter of fact, Perrault et al designed a cost
minimization model and found that the treatment cost-per-case
with fosfomycin was similar to that of multi-dose alternatives
(TMP-SMX, nitrofurantoin, and fluoroquinolones). In a simi-
lar study, Sadler et al concluded that the cost per UTT resolved
was lowest when fosfomycin (rather than TMP-SMX or nitro-
furantoin) was used, when the likely local level of bacterial resist-
ance to TMP-SMX was taken into account.2’ However, these
studies were set in Canada and England, respectively, and as
such, rely on price and antibiotic resistance assumptions that are
potentially very different from what would be observed in the
United States. Further, neither study employed a true cost-effec-
tiveness model, which incorporates some measure of effective-
ness in order to produce useful incremental cost per incremental
effectiveness ratios (ICERs) for each treatment alternative.

Therefore, the goal of this study was to adapt the models
constructed by Perrault et al and Sadler et al in order to under-
stand whether fosfomycin is a cost-effective option for treating
uUTT in the United States. We measure the cost-effectiveness
of TMP-SMX, nitrofurantoin, and fosfomycin as the cost per
uUTI resolution with an initial course of antibiotic therapy and
specify decision models that adopt both a health sector per-
spective and a societal perspective, given that antibiotic resist-
ance is a societal issue. In doing so, we hope to produce
information that assists healthcare providers and public health
professionals in making informed decisions about optimal
uUTT treatment. Additionally, given that new generic manu-
factures have only recently been permitted to enter the market,
these data may prove helpful to payers and drug manufacturers
who may be increasingly engaged modifying their formularies
and negotiating value-based pricing for fosfomycin as manu-
facturing competition increases.

Methods
Study setting
At the highest level, this study is set within the United States

(U.S.) healthcare system. The U.S. healthcare system may be
aptly described as decentralized, being that no one payer (eg,

the national government) renders or pays for Americans’

healthcare services. Instead, a patchwork of government (both
state and national) payers, not-for-profit, and for-profit private
payers pay for care on behalf of patients, while a portion of the
population is uninsured.

Wherever possible, this study utilizes assumptions that are
reflective of the typical costs and probabilities that would be
expected in the U.S. state of New Hampshire. While the

ultimate goal of this study is to understand whether fosfomycin
is a cost-effective treatment alternative in the context of the
U.S. healthcare system, generally, we believed it was important
to limit the geographic scope of this study given that a key
model parameter, the susceptibility of urine isolates to antibiot-
ics, can vary greatly by geographic region due to differences in
prescribing patterns, spread within the community and within
hospitals, as well as other factors. New Hampshire is an ideal
state for the purposes of this paper due to its size (small enough
to minimize regional variance of bacterial resistance, yet large
enough to produce robust data), fair distribution of the popula-
tion by rurality (37% rural, 63% urban), and availability of
data.? To that end, the New Hampshire Department of Health
and Human Services publishes detailed bacterial susceptibility
data in an annual state-wide antibiogram, which is an asset to
this study both because of its precision and timeliness.??
Further, the New Hampshire Insurance Department oversees
one of the country’s only state-run price transparency websites,
New Hampshire Healthcare Costs, and this tool is ideal for
obtaining expected local costs in a cost-effectiveness
analysis.?3

Decision tree model

Of the 4 first-line treatment options for uUTT that are recom-
mended by IDSA, the 3 that are currently available in the
United States, TMP-SMX, nitrofurantoin, and fosfomycin,
were evaluated. To compare the cost-effectiveness of these treat-
ment alternatives, a decision tree with an arm for treatment
alternative was constructed in Microsoft Excel. Both a one-way
and probabilistic sensitivity analysis (PSA) were conducted in
order to gauge the sensitivity of our model to parameter uncer-
tainty. A Monte-Carlo simulation PSA, which varied probabil-
ity and susceptibility assumptions within beta distributions and
costs within gamma distributions, was performed using Analytic
Solver Basic, an Excel add-in application.?*

Each arm in the model, shown in Figure 1, begins with a
chance node to determine which of the most common gram-
negative or gram-positive organism found in New Hampshire
urine isolates (i.e., E. coli, Enterococcus supp., K. pneumonia, P
mirabilis bacteria) are the cause of uUTT infection. This node is
followed by a second chance node to determine whether the
infection-causing bacteria are resistant or sensitive to the initial
course of treatment. In either case, the uUTT infection has the
possibility of either resolving or persisting, which is represented
in the following chance node. If the infection persists, it may
either be treated on an outpatient basis or may result in a seri-
ous case of pyelonephritis, requiring an inpatient stay.
Regardless, the final chance node assumes that the infection
will be resolved, given that a urine culture with an antibiotic
susceptibility test will be ordered, and empirical treatment will
be prescribed. Ultimately, the costs and probabilities of each
branch of the model are rolled back to produce a dollar amount
of the total cost for each treatment.
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Figure 1. Decision tree model.
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Table 1. Probability assumptions.

PROBABILITY

uUTI caused by E. coli

uUTI caused by Enterococcus supp.
uUTI caused by K. pneumonia

uUTI caused by P. mirabilis
Sensitive isolate: UTI resolution
Resistant isolate: UTI resolution

Resistant, persistent cases that develop into severe pyelonephritis

BASE CASE (%) CI—LOW (%) CI—HIGH (%)
90.1%® 76.6* 100.0*

3.01° 7.1 0.0**

4119 9.7* 0.0**

2.81° 6.6 0.0**
94.01 79.9* 100.0*
74.01 62.9* 85.1*

0.819 0.0 10.0

*Tested base case data at +15% of values in sensitivity analysis. High values capped at 100%, low values capped at 0%.

**Re-weighted so that it is proportional to the remainder of uUTI not caused by E. coli.

The basic structure of our model is similar to the model
conceptualized by Perrault et al' but with the exception of a
couple of key differences. First, the treatments that we evaluate
reflect only those that that are recommended first-line thera-
peutics according to the United States’ infectious disease
experts, the IDSA.5> This meant removing fluoroquinolones,
which were evaluated as a treatment alternative in the
Canadians’ model. In addition, the last probability node
(develop severe pyelonephritis or resolve with empirical antibi-
otic treatment) is condensed in our model for simplicity. We
make the literature-informed assumption that the costs of less
severe cases or pyelonephritis which can be treated outpatient
are similar to those for persistent uUTI. Thusly, we account
these outcomes together as “empirical antibiotic treatment,”
rather than separating them out.

The decision tree model was run twice: once assuming a
payer perspective and once assuming a societal perspective. The
only difference between the 2 being the exclusion of indirect

costs (eg, travel and childcare costs associated with office visits,
loss of output while in the hospital, etc.) in the former and the
inclusion of them in the later.

Probability assumptions. 'The majority of the assumptions used
for chance nodes (shown in Table 1) were informed by Perrault
et al’s prior study.!® However, the assumptions used for bacte-
rial susceptibility (shown in Table 2) are an important excep-
tion. Bacterial susceptibility, which is essentially the inverse of
antibiotic resistance, refers to the proportion of urine isolates
that are sensitive to a given drug. The 2018 New Hampshire
Antibiogram was used as the primary source for these data.??
The New Hampshire Antibiogram is a compilation of the sus-
ceptibility test results from labs throughout the state for all of
the urine isolates tested in the prior year, and as such, is the best
available source for state-wide susceptibility. Even still, it is not
perfect. For example, data for Enterococcus spp. isolates tested
against TMP-SMX and P. mirabilis isolates tested against
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Table 2. Susceptibility assumptions.

BASE Cl—LOW (%) CIl—HIGH (%)
CASE (%)
TMP-SMX
E. coli 82.6%2 70.2* 94.9*
Enterococcus spp. 0.0%22526 - -
K. pneumoniae 91.522 - -
P. mirabilis 81.922 - -
Nitrofurantoin
E. coli 97.822 83.1* 100.0*
Enterococcus spp.  94.822 - -
K. pneumoniae 45.222 - -
P. mirabilis 0.0222527 - -
Fosfomycin
E. coli 100.0"® 85.0* 100.0*

Enterococcus spp.  90.6'3 - -
95_513 - -
96.828 - -

K. pneumoniae

P. mirabilis

*Tested base case data at +15% of values in sensitivity analysis. High values
capped at 100%, low values capped at 0%.

4

nitrofurantoin are “. . .censored because of intrinsic resistance
and/or inappropriate clinical use.”?? As a result, we assumed
that in either case, the drugs would be completely ineffective
(0.00% susceptibility). This assumption was verified with the
antibiograms for 2 large local hospital systems, both of which
censured the data or reported 0% susceptibility.?5-%7

A second and more critical issue concerning use of the New
Hampshire Antibiogram as a data source for this study is that sus-
ceptibility data for isolates tested against fosfomycin are not pub-
lished at this time. Currently. “. . .hospital laboratories [in NH] do
not routinely test susceptibilities for this antibiotic,”? a practice
that is likely due in part to the fact that CLSI only releases break-
point interpretations for E. co/i. As a result, base-case assumptions
for fosfomycin susceptibility were supplemented with results from
recent randomized control trials.'3?% Where possible, assumptions
were derived from Hirsch et al’s randomized control trial, which
we felt was a particularly suitable proxy for true New Hampshire
values, given that it was conducted more recently (just 3years prior
to the publishing of the Antibiogram) and within close proximity
to the state (Boston, MA).

In looking at Table 2, it is noteworthy that fosfomycin is the
most effective treatment alternative from a susceptibility per-
spective for nearly every uUTI-causing bacterium (the only
exception is Enterococcus spp., which are slightly more susceptible
to nitrofurantoin). Further, urine isolates (particularly E. co/i)
have a high degree of resistance to TMP-SMX (defined by New
Hampshire Antibiogram as less than 80% susceptibility).?? This

is important considering that these bacteria cause 90% of uUTI
infections. Finally, while effective against E. co/i, nitrofurantoin
has weaknesses as well, proving unfavorable activity against K.
pneumoniae and P mirabilis bacteria.

Cost assumptions

All cost assumptions (shown in Table 3) are in 2020 dollars.
When cost assumptions were derived from older sources, they
were inflated to 2020 dollars using the consumer price index.?’

Drug costs for the 3 treatment alternatives, as well as for the
empirical treatment for persistent infections treated outpatient
(levofloxacin 750mg once daily, for 5days), were ascertained
from the Medicare National Average Drug Acquisition Cost
(NADAC) database.>18

The cost of a urine culture is reflective of the average cost
paid for this test by the New Hampshire’s leading health
insurer, as estimated by the state’s online price transparency
tool, NH Healthcare Costs.?>30 High and low values used for
the sensitivity analysis are reflective of the high and low values
provided by this website as well, since they are indicative of the
cash prices that a real New Hampshirite may be expected to
pay. Initially, the literature was going to be used to ascertain
base-case costs, but this became problematic, as many of the
sources cited older sources so that the primary source dated as
far back as 1998.3132 Consequently, the price found in the lit-
erature ($30) was used to verify that the price listed on the NH
Healthcare Costs was reasonable, rather than be used as the
primary source. Indeed, this cost was consistent with what a
New Hampshirite without insurance would pay.

Direct medical costs associated with an office visit for
uUTTI were also ascertained from NH Healthcare Costs web-
site.23 Since there are a number of different levels of office
visits, each with a different expected cost, a moderate-com-
plexity, established patient visit (CPT code: 99214) was
selected, following the assumption that the occurrence of
high and low complexity visits offset each other in the popu-
lation. Medicare reimbursement rates were used to verify the
reasonableness of NH Healthcare Costs data,?3 but the latter
was selected as the source for base-case assumptions since it
takes into account the payer mix and geographical adjust-
ments that could be made in this state, thereby making it
more contextually accurate.

Indirect costs for outpatient visits, as well as both direct and
indirect and costs associated with pyelonephritis were derived
from Brown et al .31 In their paper, the authors used a decision-
tree model to estimate the average costs for both inpatient and
outpatient cases of pyelonephritis. Indirect costs considered
included travel and childcare for time at visit, and output lost
due to time at visit for outpatient cases, as well as output lost
due to disability and output lost to premature death for inpa-
tient cases.3!



Kassabian et al

Table 3. Cost assumptions.

COST (2020 USD) BASE CASE
TMP-SMX $0.3718
Nitrofurantoin $6.4218
Fosfomycin $68.9418
Urine culture $7.00283,31.32
Office visit—direct costs $169.002%
Office visit—indirect costs $32.2431
Pyelonephritis—direct costs $8323.1631
Pyelonephritis—indirect costs $4384.3931
Empirical treatment for persistent infection*** $2.0118

Cl—Low CI—HIGH
$0.31* $0.43*
$5.46* $7.38*
$58.60* $79.28*
$4.00% $41.0023
$96.00%% $307.0028
$27.40* $37.08*
$5,826.21** $10,820.11**
$3,069.07** $5,699.71**
$1.71* $2.31*

*Tested base case data at +=15% of values in sensitivity analysis. High values capped at 100%. Low values capped at $0.00 USD.

**Tested base case data at =30% of values in sensitivity analysis.
***Empirical treatment modeled is levofloxacin 750 mg.

Table 4. ICERs for uUTI treatment alternatives, base case.

TOTAL COST

WITH FIRST PRESCRIPTION COST
(%)

PROBABILITY OF RESOLUTION

INCREMENTAL INCREMENTAL
EFFECTIVENESS

(%)

Payer perspective

TMP-SMX $141.27 81.78
Nitrofurantoin $144.78 85.94
Fosfomycin $195.33 88.17
Societal perspective
TMP-SMX $168.06 81.78
Nitrofurantoin $171.33 85.94
Fosfomycin $221.81 88.17
Effectiveness

We measured the effectiveness of a treatment alternative as the
probability of uUTT resolution following initial course of ther-
apy. These values were obtained by first assigning values of 1 to
individual treatment success (“uUTI resolved” endpoints,
shown in Figure 1) and 0 to all others, and then rolling back
each arm in order to obtain the overall probability of treatment
success for each treatment alternative.

Results

Base case

Base case estimates of the total costs and effectiveness of each of
the 3 treatment alternatives are shown in Table 4. The estimated
total cost of treatment was similar for both of the multi-dose
treatment alternatives, regardless of the perspective assumed. In
either case, the difference was less than $4. The total cost of

$3.51 4.16 $84.53
$50.55 2.23 $2264.29
$3.27 4.16 $78.59
$50.47 2.23 $2260.89

treatment with fosfomycin was $195.33 under the payer per-
spective and $221.81 under the societal perspective, which was
$50.55 and $50.47 more expensive than the next cheapest alter-
native, nitrofurantoin, respectively. Estimated effectiveness, the
probability of uUTTI resolution following initial course of ther-
apy, was lowest for TMP-SMX (81.78%) and highest for fosfo-
mycin (88.17%), with nitrofurantoin falling in between the 2
(85.94%)).

A threshold analysis was conducted to see at what cost
would the total cost of fosfomycin be comparable to the multi-
dose treatments. Values were tested until the rounded cost per
case resolved amounted to the total cost of nitrofurantoin, the
second-most expensive option ($145 in the payer perspective
model and $171 in the societal perspective model). A price of
$7 USD satisfied this condition.

The ICER:s for each drug, which represent their incremen-
tal cost per additional uUTT case resolved with initial course of
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Increase/Decrease from Base-Case ICER

$7000 $5000 $3000 $1000 $1000 $3000 $5000 $7000

P. of resolution w/initial course of therapy - sensitive
isolate

P. that uUTI is caused by E. coli

P. that E. coli is susceptible to fosfomycin
P. of resolution w/initial course of therapy - resistant isolate
P. that E. coli is susceptible to nitrofurantoin
Cost of fosfomycin

P. of developing severe pyelonephritis

Cost of nitrofurantoin

Cost of office visit (direct medical costs)
Cost of urine culture

Cost of office visit (indirect costs)

Cost of pyelonephritis (direct medical costs)
Cost of pyelonephritis (indirect costs)

Cost of emprical treatment for persistiant cases

Figure 2. One-way sensitivity analysis, fosfomycin arm, payer perspective.

*“P” is an abbreviation of “probability.”
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*Treating uUTI with fosfomycin was a dominated strategy (ie, the ICER for fosfomycin is negative) when “p. that E. coli is susceptible to fosfomycin” was tested at the

lowest point in the confidence interval.

antibiotic therapy, are also shown in Table 4. When compared
to the cheapest treatment alternative, TMP-SMX, the cost per
additional resolution with initial course of therapy for nitro-
furantoin was $84.53 under the payer perspective and $78.59
under the societal perspective. The ICER for fosfomycin was
roughly $2260 in either model.

One-way sensitivity analysis

A one-way sensitivity analysis was performed in order to
understand how uncertainty in any one given parameter
impacted the ICER for fosfomycin when it is compared to
nitrofurantoin. To accomplish this, one-by-one, each param-
eter was varied over its range of plausible values while the
other parameters are held at their base-case level. The
majority of the parameters were tested at +15% above and
below their assumed base-case values. However, there were
some exceptions (see Tables 1-3). Most notably, both direct
and indirect costs of pyelonephritis were varied at 30%
above and below their base-case values in order to reflect
significant uncertainty in their assumed values. Additionally,
the assumption for probability that resistant, persistent cases
develop into severe pyelonephritis (0.8% in the base case),
was tested up to 10%, again, due to significant uncertainty in
assumed base-case values. Finally, parameters that were
informed by the New Hampshire Health Costs data were
varied according to the high and low values provided by the
website.

The results of our sensitivity analyses, both assuming a payer
perspective and a societal perspective, are shown in Figures 2
and 3, respectively.

Regardless of the perspective taken, the parameter that had
the greatest impact on the ICER for fosfomycin was the prob-
ability that a uUTT infection actually resolves when the bacte-
ria causing it are sensitive to the initial course of antibiotic
treatment prescribed. The similar parameter pertaining to
resistant infections also emerged as impactful. Given that these
2 parameters were those that determined effectiveness in our
model (resolution of uUTT infection on initial course of ther-
apy), this finding was not surprising.

The ICER for fosfomycin was also highly sensitive to
whether uUTI infections caused by E. co/i were susceptible to
the first antibiotic that was prescribed and to the probability
that an infection was caused by E. co/i. This, too, was not sur-
prising given that fosfomycin was assumed to be 100% eftec-
tive against E. co/i.

Interestingly, neither category of costs associated with pye-
lonephritis (direct nor indirect) had a meaningful effect on the
ICER for fostomycin, despite being tested across a range of
+30% of base case values.

Probabilistic sensitivity analysis

A probabilistic sensitivity analysis was conducted in order to
test the sensitivity of our models when all parameters were
allowed to vary simultaneously. To accomplish this, a value
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Figure 3. One-Way sensitivity analysis, fosfomycin arm, societal perspective.

*“P” is an abbreviation of “probability.”
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Figure 4. Probabilistic sensitivity analysis—payer perspective.

*Incremental effectiveness is measured as an additional uUTI case resolved with initial course of antibiotic therapy.

from each parameter’s distribution was drawn and the result-
ing ICER was recorded. This was done 5000 times in both
models to get a range of possible ICERs. Results from this
probabilistic sensitivity analysis are shown in Figures 4 and 5.
The dashed line in these figures represents separates trials in
which the ICER for fosfomycin were “better” (ie, lower) than
the base case from those that were worse. For reference, base

case ICERs are also show and are depicted as large black cir-
cles. Both under the payer and the societal perspective, 50.3%
of the ICERs resulting from the PSA were better than (ie, to
the right of) the base case. Additionally, just 7.8% of the rep-
lications resulted in negative incremental effectiveness and
positive cost, indicating that fosfomycin was a dominated
strategy.
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Figure 5. Probabilistic sensitivity analysis—societal perspective.
*Incremental effectiveness is measured as an additional uUTI case resolved with initial course of antibiotic therapy.

Table 5. Percent of probabilistic sensitivity analysis replications with fosfomycin icers at or below possible willingness-to-pay thresholds.

PERSPECTIVE TAKEN WILLINGNESS-TO-PAY THRESHOLD (%)

Payer perspective 3.5 13.3 24.7

Societal perspective 3.5 13.3 24.7

The percent of all of the replications resulting from our proba-
bilistic sensitivity analysis which had fosfomycin ICERs at or
below various thresholds was also evaluated. These thresholds
represented potential values of payer/societal willingness-to-pay
for an additional uUTT resolved with initial antibiotic therapy.
The results, shown in Table 5, were essentially the same whether
the payer perspective or societal perspective was taken. When
$1000, the lowest tested threshold, was applied, just 3.5% of the
replications had ICERs for fosfomycin would be considered cost-
effective. Increasing the willingness-to-pay threshold to $2000
and $7500 resulted in roughly one-quarter and three-quarters of
the replications being classified as cost-effective, respectively.

Discussion

The primary goal of this study was to determine whether fosfo-
mycin, a single-dose treatment option for uUTI, could be con-
sidered a cost-effective alternative to multi-dose treatment
options in the context of New Hampshire, U.S.A. The results of
our study suggest that at present, where fosfomycin is only avail-
able as a costly branded drug (Monurol) and similarly-priced
generic, its ICER exceeds multi-dose alternatives when effec-
tiveness is defined as resolution of uUTI with an initial course of
antibiotic therapy. However, ICERs are typically compared to
benchmarks that represent willingness to pay in order to deter-
mine whether or not a treatment alternative is cost-effective.
While no commonly-used benchmark exists for our measure of
cost-effectiveness, it is reasonable to assume that the willingness
to pay to increase the number of people who are successfully

$10000
63.7 74.6 79.6
63.7 74.7 79.6

treated with an initial course of therapy for uUT] is non-zero.
Most notably, avoiding additional prescriptions inherently
reduces overuse of antibiotics and this is a central component of
antibiotic stewardship. The CDC, alone, allocates as much as
11.25 million dollars per state every year to combat antibiotic
resistance, demonstrating the societal importance of the issue.3
In addition, being successfully treated the first time is likely valu-
able to patients. Persistent UTI symptoms, including painful
urination and urgency, can be highly unpleasant and can limit
one’s daily activities. Thus, it is likely that at least some patients
would be willing to pay more for an antibiotic in order to experi-
ence fewer days with symptoms. Even still, the question of
whether it is worth paying more per additional case resolved
with an initial course of therapy ($2260 in base-case models) is
likely largely dependent on local resistance and disease patterns.
This is supported by our sensitivity analyses, which showed that
our models were highly sensitive to parameter uncertainty.

Our one-way sensitivity analysis revealed that pyelonephri-
tis is too rare of an outcome for any avoidance of it downstream
to have a significant effect on the cost-effectiveness of fosfo-
mycin. Rather, the model was most sensitive to uncertainty
concerning the probabilities that a uUTI case was resolved
upon initial treatment, the susceptibility E. co/i to treatment
alternatives, and the probability that a uUTI infection was
caused by E. cofi. In practice, this means that stronger consid-
eration to prescribing fosfomycin may be warranted when
either, locally, the predominant cause of a uUTT are bacteria
against which nitrofurantoin performs poorly or the
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susceptibility of E. co/i to multi-dose treatment alternatives is
low. Even still, PSA results suggest that situations wherein fos-
fomycin is dominated (e, is less effective and more costly than
nitrofurantoin) are relatively rare.

Finally, while the models employed by the authors were cost-
minimization models, rather than cost-effectiveness models, it
is interesting to compare our results to Perrault et al and Sadler
et al’s similar studies, set in Quebec, Canada and in England,
respectively.’?0 Perrault et al not only found significantly lower
total cost values for all 3 therapies (TMP-SMX=96.20CAD,
nitrofurantoin=99.09CAD, fosfomycin=105.12CAD),  they
tound less variance between multi-dose and single-dose option.
They noted just a $8.92CAD difference between fosfomycin
and the least costly alternative, which was likely is due in a large
part to the lower price of fosfomycin (17.51 CAD, or ~13.50
USD) in Canada. Sadler et al, too, found less variance between
the cost-per-case of uUTIs treated with fosfomycin versus
multi-dose alternatives, even concluding that fosfomycin was
the least-costly choice in areas where local resistance to TIMP-
SMX was greater than or equal to 30%. Again, the reported
price of fosfomycin was far lower than what we observed, just
4.86€ (~5.20 2016 USD).

We conducted a threshold analysis and found that if priced
at $7 (a price that is still higher than both multi-dose alterna-
tives), the total cost of treating uUTI would be roughly the
same for fosfomycin as for TMP-SMX and nitrofurantoin.
This is significant given that Xiromed’s 6-month period of
generic exclusivity expired very recently (April 2021), and since
then, at least one additional company has received approval to
manufacture single-dose fosfomycin therapy for uUTIL.Y
Consistent with principles of economics, studies of historical
data confirm that drug prices fall significantly as the number of
pharmaceutical companies manufacturing it increases, due to
increased competition.?® Now that the market for fosfomycin is
open to new generic manufactures, it is possible that a low-cost
single-dose treatment for uUTI could come available soon.
Given that the prohibitive cost of the branded drug is oft-cited
as a barrier to its use, this could potentially have a significant
impact on current antibiotic prescribing patterns. This is espe-
cially true in a state like New Hampshire, which places impor-
tance on combatting antimicrobial resistance.3¢37

Limitations and directions for future research

When interpreting the findings of this study, it is important to
consider that many of the assumptions made were specific to
the state of New Hampshire and may not be reflective of all
other U.S. states/regions. While limiting the scope of the study
to New Hampshire was intentional, it is likely that while this
decision allowed us to produce more precise estimates for the
context, it also forced a compromise in generalizability. That
said, this study offers an important first-look into what the
cost-effectiveness of fosfomycin is in the United States and
how it contrasts with other countries.

Our inability to directly include the long-term benefit of
any decreased antimicrobial resistance resulting from the use of
single-dose antibiotic therapy, or the potential for improved
uUTT resolution for fosfomycin as a result of better medication
adherence is also a significant limitation. While including
these parameters would almost certainly change our results, it
was not possible to account for them with available data.

Similarly, the lack of available data due to infrequent use of
fosfomycin within the U.S., today, contributed to our inability
to account for differences in the occurrence of adverse events
across treatment alternatives. In fact, while a recent study con-
ducted by Butler et al identified a higher adverse event rate in
uUTT patients treated with TMP-SMX than in those treated
with nitrofurantoin, the authors were unable to analyze the
effects of fosfomycin therapy.3® Should additional data enable
researchers to evaluate the comparative effect of fosfomycin
therapy on the occurrence of adverse events in the future, future
research should incorporate this data into cost-effectiveness
models, as it could demonstrate additional value for the drug.

Aside from the beforementioned broader issues, there are a few
more specific limitations pertaining to our model that are worth
noting. First, the probability of uUTT resolution with initial treat-
ment (both sensitive and resistant) was assumed to be the same for
all 3 treatment alternatives. This may not be true, particularly in
the case of isolates that are sensitive, where mutations may happen
more or less frequently for a given therapy. Future studies may find
randomized controlled trials helpful in determining whether there
is variation. Second, the source we used for our base-case assump-
tions of direct and indirect costs of pyelonephritis, was published
15years ago. We inflated the costs reported in Brown, Ki, and
Foxman's paper to 2020 dollars, but the true cost of treatment
today may be far different, given that medical practice can evolve
significantly over time and the inflation rate for medical care could
be far higher than the general inflation rate. Finally, it was not ideal
that our susceptibility assumptions for fosfomycin were taken
from randomized control trials instead of the New Hampshire
Antibiogram. Though even if this resulted in bias, it is more likely
that our results are understated since New Hampshire, which is far
more rural than Boston, Massachusetts (the setting of the rand-
omized control trial), would likely have less resistance due to
reduced community spread.
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