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Background.. This study estimates the maximum price at which mesenchymal stem cell
(MSC) therapy is deemed cost-effective for septic shock patients and identifies parameters
that are most important in making treatment decisions.
Methods. We developed a probabilistic Markov model according to the sepsis care trajectory
to simulate costs and quality-adjusted life years (QALYs) of septic shock patients receiving
either MSC therapy or usual care over their lifetime. We calculated the therapeutic headroom
by multiplying the gains attributable to MSCs with willingness-to-pay (WTP) threshold and
derived the maximum reimbursable price (MRP) from the expected net monetary benefit and
savings attributable to MSCs. We performed scenario analyses to assess the impact of changes
to assumptions on the study findings. A value of information analysis is performed to identify
parameters with greatest impact on the uncertainty around the cost-effectiveness of MSC
therapy.
Results. At a WTP threshold of $50,000 per QALY, the therapeutic headroom and MRP of
MSC therapy were $20,941 and $16,748, respectively; these estimates increased with the larger
WTP values and the greater impact of MSCs on in-hospital mortality and hospital discharge
rates. The parameters with greatest information value were MSC’s impact on in-hospital
mortality and the baseline septic shock in-hospital mortality.
Conclusion. At a common WTP of $50,000/QALY, MSC therapy is deemed to be econom-
ically attractive if its unit cost does not exceed $16,748. This ceiling price can be increased to
$101,450 if the therapy significantly reduces both in-hospital mortality and increases hospital
discharge rates.

Septic shock remains the most common reason for admission to the intensive care unit (ICU)
and the main cause of long-term morbidity and mortality despite improvement in treatments
(1). Among survivors, it often leads to persistent physical and mental health problems and
poor health-related quality of life that can last years following hospital discharge (2). Septic
shock is also one of the most expensive conditions to manage; it accounted for over 6 percent
of the total cost of all hospitalizations in the United States in 2013 (3).

Mesenchymal stem cells (MSCs) are a novel therapeutic tool that can modulate un-
controlled immune activation and reduce multi-organ dysfunction thereby having the poten-
tial to improve survival in the event of septic shock. In preclinical settings with animal sepsis
models, MSC treatment for sepsis was found to significantly reduce mortality by 73 percent
(odds ratio .27, 95 percent confidence interval .18–.40) (4). Early phase clinical trials have
shown that MSCs are safe, and none of these trials report MSC transfusion-associated adverse
events (AEs) in acute respiratory distress syndrome (5–6) and severe sepsis patients (7).
A recent study has shown that the use of the maximum feasible dose of MSCs, up to 3.0 ×
106 cell/kg, was safe in septic shock patients, and there was no occurrence of MSC
transfusion-associated events, deaths within 24 h of cessation of the MSC infusion, or serious
and unexpected AEs (8).

Although stem cell therapy is a promising intervention, cost considerations are increasingly
important in a limited resource environment. Evidence to date has shown that several regen-
erative medicine therapies experienced delayed commercialization and negative recommenda-
tions for reimbursement and clinical adoption partly due to high costs and poor
cost-effectiveness profiles (9–13). Significant resources can be sunk into researching and devel-
oping advanced interventions that are ultimately unproductive due to overall health system
costs that researchers are unaware of and/or have no control over.
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Early health economic evaluation is a form of economic eval-
uation performed ex ante to the technology’s full development
and implementation. It can help inform the commercial viability
of novel therapies and the design of research and development
activities. In other words, early economic evaluation can estimate
the potential value of the technology in a resource-constrained
environment where stakeholders need to consider the benefits
of a new treatment according to the opportunity cost of financing
it over alternative technologies. The results may lead to the go/
no-go decision. A value of information analysis conducted as
part of the early evaluation can also inform the design and con-
duct of future research on novel therapies.

We performed an early economic evaluation to: (i) estimate
the therapeutic headroom and maximum reimbursable price
(MRP) of MSC therapy in septic shock patients; (ii) determine
factors that determine the cost-effectiveness of the MSC therapy
for septic shock patients; and (iii) assess whether more research
on MSC therapy is required and identify key variables that should
be focused in future trials to ensure that MSC therapy is econom-
ically competitive in a resource-constrained environment.

Methods

We performed an early economic evaluation from a perspective of
Canada’s publicly funded healthcare system. The early economic
evaluation approach included a therapeutic headroom analysis,
MRP estimate, and a value of information analysis. The therapeu-
tic headroom represents the magnitude of improvement on
patient outcomes compared to other potential treatments. The
headroom provides the maximum incremental cost of a new
intervention per patient by estimating the net monetary benefit
expected from a new intervention that would be realized by the
healthcare system (Equation 1). The headroom analysis, however,
assumes that the new intervention is provided at no cost or has
external effects to other areas of health care (14). Improved
patient outcomes are likely to have cost implications in the
form of reduced hospital admissions, reduced risk of costly com-
plications and follow ups, or changes in long-term costs among
survivors. When incorporating this cost component, we calculated
the MRP of the MSC therapy per patient as the sum of the ther-
apeutic headroom and the expected cost-savings due to MSC
therapy. Since we do not know the true cost of providing MSC
therapy, the MRP of the MSC therapy sets a ceiling on the per-
patient unit cost of MSC therapy that would still be considered
cost-effective based on a demand-side willingness to pay thresh-
old (λ) which represents an estimate of what the health system
is willing to pay for the health benefit (15).

Therapeutic Headroom = l∗DQALY (1)

λ denotes the maximum willingness to pay by the health system
per QALY gained; QALY denotes quality-adjusted life year.

We used a discrete time Markov model to estimate outcomes
over a septic shock patients’ lifetime. A base case model represents
the current state of care, followed by a series of scenario analyses
in which the impact of MSC therapy for patients are asserted to
determine how such a treatment would change patient outcomes
and health system costs. The treatment effect of MSC therapy is
still unknown so we modeled a series of treatment effects and plot-
ted a frontier at which the minimum treatment effect would be cost-
effective. The value of information analysis provides a more detailed
understanding of the parameters which contribute most to the

uncertainty over the cost-effectiveness of MSC therapy; and there-
fore, have the greatest potential value from further research.

Setting and study population

Our target population included Canadian patients aged 66 years
old when diagnosed with septic shock. We used 66-year-olds
since this is the median age of patients with sepsis in Canada
(16) and it allowed for a clearer description of the burden for
this cohort of patients rather than relying on age-adjusted effects.

Study design

The Markov model consisted of five mutually exclusive health
states based on the location of care including hospital-ICU,
hospital-inpatient ward, rehabilitation and other outpatient care
facilities, home, and death. The model structure was developed
in collaboration with an ICU intensivist. The model simulated
the cost and health outcomes of a cohort of patients with septic
shock aged 66 years old from their index ICU admission over
their lifetime (Supplementary Figure 1). Patients started in either
the ICU or inpatient ward, with the majority (average 72 percent)
in the ICU, consistent with both hospital administrative data (17)
and previous literature (16).

Each of these care locations had associated costs and health
utilities that accumulate daily. Each day patients may transit to
another state or remain in their current state based on daily tran-
sition probabilities. These probabilities were derived from the
published literature focusing on septic shock patients (18).
Septic shock can impact a patient in a wide variety of ways,
many of which are severely debilitating. We captured all the
effects of septic shock according to the trajectory of care provided
to patients. This had the advantage that literature on sepsis
patients is largely based on tracking their needs in the short
term (18) so the available data was better suited to this design.
Hospital readmissions were excluded from the model since it is
a significant uncertainty how readmission rates would change
based on the MSC therapy.

Intervention and comparator

The intervention of interest was a single dose of MSC therapy
intravenous infusion given at the time of diagnosis of septic
shock (i.e. on the first day of the model representing septic
shock diagnosis). Our study modeled providing MSC therapy at
the index stage as a supplement to usual care. Usual care consti-
tuted patients receiving initial resuscitation followed by adminis-
tration of intravenous antimicrobials. Over subsequent days
patients may receive additional antimicrobial treatments and
hemodynamic support based on the determined source of sepsis
and patient response (19).

Input parameters

Daily transition probabilities for patients moving between hospi-
tal facilities, discharge, and mortality rates for the ICU and hos-
pital were extracted from The Ottawa Hospital data from 2012
to 2017 (17). The Ottawa Hospital is a tertiary care teaching insti-
tution and is the largest referral center in eastern Ontario. A mul-
tinomial discrete time hazard model was used to account for
competing events of facility transition, mortality, and discharge
to estimate daily transition probabilities. Table 1 presents the
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Table 1. Input parameters

Parameter Value Time interval Standard error Probability distribution Source

Intermediate transition probabilities

Re-admit to ICU from Hospital .103 1 Day .0094 Beta (18)

Admit to rehab from hospital .400 30 Days .0024 Beta (20)

Rehab discharge .65 36 Days .0066 Beta (21)

ICU discharge .7 15 Days .0085 Normal (22)

Hospital discharge .6 15 Days .0077 Normal (22)

In hospital death .02 5 Days .0008 Normal (22)

Postdischarge death, year 1 .128 1 Year .010 Normal (22)

Postdischarge death, year 2 .074 1 Year .004 Normal (22)

Postdischarge death, year 3 .058 1 Year .003 Normal (22)

Postdischarge death, year 4 .067 1 Year .004 Normal (22)

Long-term death rates (24;26)

Location costs

ICU, day 1 6,103.59 1 Day 1,525.90 Gamma (21)

ICU, day 2 4,343.70 1 Day 1,085.92 Gamma (21)

ICU, day 3 3,937.66 1 Day 984.42 Gamma (21)

ICU, day 4 3,838.39 1 Day 959.59 Gamma (21)

ICU, day 5 + 3,783.73 1 Day 945.93 Gamma (21)

Hospital inpatient 1,168.28 1 Day 297.88 Gamma (21)

Hospital outpatient 624.67 1 Day 156.17 Gamma (21)

Rehabilitation 4.61 1 Day Gamma (25)

Home care 4.93 1 Day Gamma (25)

Utility values

ICU .000 .000 Log Normal Assumed

Hospital .385 .034 Log Normal (25)

Rehabilitation .666 .016 Log Normal (26)

Home, immediately postdischarge .666 .016 Log Normal (21)

Home, 2.5 years postdischarge .701 .016 Log Normal (21)

Home, 5 years postdischarge .677 .017 Log Normal (21)

Death .000 .000

Short term transition probabilities

Time period ICU discharge Hospital discharge In hospital death (15)

Week 1 .692 .000 .192 Beta

Week 2 .476 .271 .090 Beta

Week 3 .318 .453 .067 Beta

Week 4 .310 .319 .075 Beta

Week 5 .188 .040 Beta

Week 6 .328 .060 Beta

Week 7 .258 .035 Beta

Week 8 .164 .022 Beta

Week 9 .161 .050 Beta

Week 10 .102 Beta
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cumulative transition probability over the stated time interval for
reference. Postdischarge outcomes, including discharge from reha-
bilitation facilities, and long-term mortality were derived from the
best available literature on outcomes for sepsis and septic shock
patients (20–25). All-cause mortality was derived from general
population mortality rates according to Statistics Canada (26).
When cause-specific mortality matched that of age-adjusted mor-
tality rate of the cohort, general population mortality was used.

The costs associated with the immediate treatment of patients
at the acute moment of septic shock were excluded from the
model since these costs are incurred regardless of our modeled
intervention. The per-day costs related to inpatient admission to
the ICU or other location were included since these may vary
based on the duration of stay in the location. The hospital costs
were based on The Ottawa Hospital’s average daily cost of patients
in the ICU or hospital and average emergency department cost
among patients who were transferred to admitting. The daily
cost of long-term care, rehabilitation facilities, and home care
costs were derived from a retrospective cohort study of long-term
health outcomes and costs of sepsis patients in Ontario (27).
Costs are expressed in 2019 Canadian dollars.

Health utility values were based on a 2010 study that surveyed
patients who were discharged from the ICU and measured average
utility according to location (hospital, rehabilitation, long-term
care, or home care) and time since index discharge (21). The
study used the EuroQOL-5D (EQ-5D)-3L quality of life assess-
ment tool measured at several stages over 5 years. It reported
the utilities stratified by age group, for which we used the results
for the age group >64 years of age at discharge. Our model
assumed that after 5 years, the average utility score plateaus for
those living at home and at rehabilitation care facilities, based
on the plateauing trend already observed by year five in the
study. Our model applies the same assumption as the cohort
study that patient quality of life during time in the ICU is zero
(no different than death) (20).

Analysis

In our base case, we asserted the effect of MSC therapy on the
in-hospital mortality rate. As it is unclear how MSC therapy
may affect the rate of recovery from sepsis, we conducted a sce-
nario analysis by considering the effects of MSC therapy on the
increased rate of ICU/hospital discharge (proxy for increased
rate of improvement). The optimistic plausible ranges of effective-
ness were guided by a clinical expert in MSC therapy for septic
shock patients (LM). We calculated the aggregate costs and
QALYs for patients over the 20-year timeframe and summarized
as expected annual cost of care and annual QALY. Costs and
QALYs were discounted annually at a rate of 1.5 percent, as rec-
ommended by the Canada’s Economic Evaluation Guideline (28).
The results are shown as a cost-effectiveness frontier, which plots
the willingness to pay threshold per QALY gained against the
minimum improvement in clinical outcome that needs to be
achieved for the intervention to be considered cost-effective.

All outcomes were obtained through probabilistic analysis
using a Monte Carlo Simulation method with 10,000 iterations.
All uncertain parameters were represented by appropriate proba-
bility distributions incorporating their associated uncertainty.
Since there are potential interactions of the two-treatment effect
on QALY and cost outcomes, we bootstrapped all values in the
Monte Carlo to have a random value of risk improvement (rate
reduction in the mortality and rate increase in discharge) sampled

from 1 to 100 percent, including randomly assigned runs in which
one or more treatment effect(s) were deactivated. Using the sim-
ulated outcomes data set, we ran a generalized linear mixed
regression on all treatment effects to determine the independent
effect on the net monetary benefit of each treatment per percent
absolute risk improvement while capturing structural variance in
the model in the error term.

Finally, the results of the probabilistic sensitivity analysis were
used to estimate expected value of information (EVPI) and expect
the partial value of information (EVPPI). Value of Information
(VOI) is an analytical approach that allows us to determine the
cost of uncertainty and to prioritize future research by identifying
the areas where new research will lead to reduction in the current
level of uncertainty (29). EVPPI allows identification of which
parameters have the highest information value; that is, contribute
most to the uncertainty over which treatment alternative is cost-
effective. Calculating the VOI requires a known price for MSC
therapy to appropriately quantify the total possible losses from
uncertainty. Consequently, we performed VOI where the price
of MSC therapy was set at different points in order to describe
the nature of model uncertainty as a function of MSC price.
For the EVPPI, we identified those parameters contributing
most to decision uncertainty.

Each of the treatment effects was also varied to determine
whether uncertainty around the actual treatment effect would be
a driver of whether MSC therapy will be cost-effective or if even
small positive impacts would prove cost-effective. Due to the paucity
of evidence, the treatment effects were varied arbitrarily using a uni-
form distribution between 1 and 10 percent absolute change.

In order to validate our base case model, we compared our
results to a Canadian economic evaluation that provides summary
results of their observational study of severe sepsis patients (30).
The study did not provide sufficient data for us to use in our
model. However, it does offer aggregate information on their con-
trol cohort that we will use to determine if our base case reason-
ably matches their findings. Long-term outcomes of our model
cannot be directly validated as there have been no reliable long-
term observational or trial studies in Canada.

Results

Our base case model estimates the average hospital length of stay
for a septic shock patient to be 29 days (95 percent CI 24–61
days), with the average health system cost being $51,877 (95 per-
cent CI $43,990–$121,100) for the index admission. We estimate
the average life expectancy following a septic shock incident for a
66-year-old patient is 12 years, with 36 percent of patients dying
prior to discharge from the hospital (see Supplementary Figure 2).
This is closely comparable to the previous economic evaluation
that reported 39.1 percent before discharge mortality for the
60–79 years old cohort (30). Our cost per patient calculation is
higher than the previous study (adjusted to 2019 Canadian dol-
lars) but within their 95 percent confidence interval. The average
cost per patient (including nonsurvivors) for the first year follow-
ing the septic shock incident is $52,903. The costs after 5, 10, 20
years, and lifetime is $57,172, $62,256, and $74,596, respectively.
The initial hospitalization makes up nearly the entire average cost
in the first year, and represents over 71 percent of total expected
costs incurred by the average 66-year-old septic shock patient.

Table 2 shows the therapeutic headroom of improving treat-
ment outcomes using MSC therapy according to what percent
absolute change in mortality or discharge rates. Headroom was
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estimated using a willingness to pay per QALY gained threshold
of $50,000, $100,000, and $150,000. A 5 percent permanent
reduction in absolute cause-specific in-hospital mortality is esti-
mated to increase average patient life expectancy by roughly .6
years (7 months), which amounts to .42 QALY gained.
Depending on the cost-effectiveness threshold we consider,
these QALY gains translate to MSC therapy providing value to
the health system of $20,941, $41,882, or $62,823, respectively.
The therapeutic headroom for discharge outcomes is expectedly
far less dramatic since any improvements would be due to post-
discharge death rates being lower than that for patients still in
hospital. Our model assumption would be that discharge from
hospital is indicative of improved patient health overall.

Table 2 also presents the MRP of MSC therapy, which incor-
porates any added costs or cost savings resulting from the therapy
to the headroom calculation. We find that improved mortality
outcomes are associated with moderately higher average patient
costs, since a higher proportion of patients surviving longer
mean a larger proportion of patients staying in hospital and
being discharged to incur additional rehabilitation and/or home
care costs. The increase in average patient care costs decreases
the MRP for MSC therapy mildly but there is still a significant
improvement in patient quality of life to make MSC therapy eco-
nomically feasible. Both treatment effects for ICU and hospital
discharge result in cost savings that increase the MRP for MSC
therapy. Figure 1 presents the expected MRP of MSC therapy

Table 2. Therapeutic headroom and maximum reimbursable price of MSC therapy

MSC therapeutic headroom, by treatment effect size (independent effects)

Cost-effectiveness threshold($/QALY gained)

Mortality rate reduction QALY gained $50,000 $100,000 $150,000

5% .42 $20,941 $41,882 $62,823

10% .88 $43,923 $87,846 $131,769

15% 1.38 $69,239 $138,479 $207,718

20% 1.94 $97,242 $194,485 $291,727

ICU discharge rate increase QALY gained $50,000 $100,000 $150,000

5% .05 $2,689 $5,379 $8,068

10% .11 $5,303 $10,607 $15,910

15% .16 $7,847 $15,693 $23,540

20% .21 $10,323 $20,646 $30,968

Hospital discharge rate increase QALY gained $50,000 $100,000 $150,000

5% .07 $3,405 $6,810 $10,214

10% .13 $6,562 $13,124 $19,687

15% .19 $9,499 $18,998 $28,498

20% .24 $12,239 $24,478 $36,717

Maximum reimbursable price by treatment effect size

Willingness to pay ($/QALY gained)

Mortality rate reduction Incremental cost $50,000 $100,000 $150,000

5% $4,378 $16,563 $37,504 $58,445

10% $9,204 $34,719 $78,642 $122,565

15% $14,542 $54,698 $123,937 $193,177

20% $20,466 $76,776 $174,019 $271,261

ICU discharge increase Incremental cost $50,000 $100,000 $150,000

5% –$637 $3,326 $6,015 $8,705

10% –$1,250 $6,554 $11,857 $17,161

15% –$1,843 $9,689 $17,536 $25,383

20% –$2,415 $12,738 $23,061 $33,383

Hospital discharge increase Incremental cost $50,000 $100,000 $150,000

5% –$525 $3,930 $7,334 $10,739

10% –$1,012 $7,574 $14,136 $20,699

15% –$1,465 $10,965 $20,464 $29,963

20% –$1,888 $14,127 $26,366 $38,605
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according to treatment effect with 95 percent confidence intervals
based on the Monte Carlo probabilistic analysis. Improvements in
mortality rate have the highest benefit per marginal percent
improvement, though there is a large amount of uncertainty
around this analysis as a consequence of wide range in baseline
mortality risk (this will be discussed further in the value of infor-
mation results). Reductions in the duration of ICU or hospital
stay—cost proxies for improved morbidity outcomes—are roughly
equivalent in expected benefit per marginal improvement, with
relatively little uncertainty around these estimates due to fairly
small standard errors around our cost parameters. Combining
all three effects indicates the highest MRP but it is notable that,
due to the interactions between states, the expected MRP is not
a compounded sum of the three discrete effects.

Table 3 displays the MRP of MSC therapy wherein we incor-
porate more than one treatment effect. For simplicity, we combine
the effects of MSC therapy on ICU and hospital discharge so that
they are always the same, and combine these effects with that of
mortality rates. We find that the combined net benefits of inter-
acting treatment effects are not perfectly additive; there is some
competing risk between mortality and discharge playing out in
the model that means the net benefit of combined treatment
effects is less than the sum of each solo treatment effect, however
it is not a large effect. Average age of the sepsis patient has a sig-
nificant effect on the expected therapeutic headroom of MSC
therapy. We altered the average age of the cohort being run
through the Markov model, with the only adjustment being a pro-
portional change in expected cause-specific mortality that
matches that of previous studies (30). We found that, compared
to the base case headroom of $20,941 for the average 66-year-old
patient, the age groups 70, 60, and 50 had an expected therapeutic
headroom of $17,002, $25,057, and $32,481, respectively.

The results of the value of information analysis verify there is a
significant amount of uncertainty that is sufficient to merit

additional research into septic shock and the relative effectiveness
of MSC therapy. The expected value of perfect information
(Supplementary Figure 3) finds that when we assign no cost to
MSC therapy, the average patient EVPI is $115 and decreased
when the willingness to pay threshold was greater than $11,000
per QALY gained. Based on a willingness to pay threshold of
$50,000 per QALY and the annual prevalence of sepsis including
septic shock (.064 percent) in hospitalized Canadian patients (31),
the value for having perfect information on all factors that influ-
ence the treatment choice for patients with septic shock was esti-
mated to be $24,721,059 over 10 years.

When the cost of MSC therapy was assumed to be $10,000 or
$50,000, the EVPI increased to $955 and $4386, respectively, sug-
gesting that the value of information increases with the higher
price of MSC therapy. The EVPPI analysis found that the relative
reduction in in-hospital mortality as a result of MSC therapy,
baseline septic shock mortality, and the utility score associated
with hospital admission introduced the highest degree of uncer-
tainty (see Supplementary Figure 4). The EVPPI results demon-
strate the importance of the wide confidence intervals we also
observe in the sampled net benefit results from the probabilistic
analysis (see Figure 1).

Discussion

An early health economic evaluation aims to provide guidance to
researchers and product developers whether there is sufficient
economic evidence to invest in interventions. If the outcome of
the model showed an unfeasibly small therapeutic headroom
and MRP, then the take away is that further investment is unad-
vised. Our study highlights that MSC therapy can be priced
between $16,563 and $101,450 and still be cost-effective from
the Canadian public payer perspective. If the price of the MSC
therapy is within the range, our results suggest that the product

Figure 1. Maximum reimbursable price, by percent improvement in patient outcomes (95 percent CI).
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development is worth proceeding. Furthermore, our findings
identify the relative effectiveness of MSC therapy on mortality
reduction compared to usual care as an important source of
uncertainty; this variable should be prioritized in future research.

The primary treatment effect of interest, in-hospital mortality,
had the initially surprising result of having the narrowest thera-
peutic headroom of the outcomes measured. Although it remains
unknown whether MSC therapy improves the rate of recovery
from septic shock, our early economic model suggests that
changes in ICU and hospital discharge rates resulting from
MSC therapy have a lower MRP because they drive both a reduc-
tion in cost and an increase in average QALYs. In comparison,
while the in-hospital mortality rate improvement has the largest
impact on QALYs gained, the average cost of care per patient
actually goes up due to higher survivor rates. This consequence
from increased survivor rates drives the cost-frontier up.

While we calculate the MRP and present a cost-effectiveness
frontier based on expected changes in QALY and costs, this
study does not intend to estimate a traditional incremental cost-
effectiveness ratio since the actual treatment effect of MSC ther-
apy is unknown. The cost-effectiveness frontier measures the like-
lihood that a treatment effect is going to be cost-effective based on
a given willingness to pay per QALY. The probability is based on
both the attributable mean QALYs gained and costs incurred (or
saved) per unit of improvement (in this case, percent change in
absolute risk) adjusted for the structural uncertainty within the
model itself. For an early health economic evaluation, a cost-
effectiveness frontier is best paired with the value of information
analysis since the EVPI takes a closer look at the structural uncer-
tainty of the model.

The mathematics behind the bootstrapped treatment effect cal-
culation approach is not dissimilar from that of the expected value
of information analysis. The primary difference is that while we
hold constant the value of one parameter in an EVPI, we boot-
strapped the treatment effect parameters to have a randomly
assigned value that we run a linear regression on so that any var-
iance we see in the QALY and cost outcomes we can assign to the
treatment parameter outcome. If the treatment effect value is
poorly associated with the variance in the outcomes, then the
treatment effect will be nonsignificant and we can expect the
error term to have a higher value. In our case, all three treatment
effects were significant though we also only tested three treatment
effects that we expected to be major drivers of cost-effectiveness.

This early health economic evaluation is based on secondary
data sources that were combined or imputed and required several
modeler assumptions. While we can test the robustness of these

imputations and assumptions as part of the sensitivity analysis
and EVPI, it is still important to identify limitations in interpre-
tation and scope of the model. Our model parameters are derived
from the best available data, which often does not differentiate
between septic shock and sepsis patients. The transition probabil-
ities may be underestimated as septic shock patients would have
worse health outcomes and need more health services than sepsis.
This means that any treatment that improves immediate and/or
long-term outcomes will have an even greater effect on septic
shock patients given their baseline average QALYs will be even
lower. However, it also introduces added value to partially perfect
information not captured in our value of information analysis.
More comprehensive data on septic shock patients’ outcomes
and health services consumed will add significant value to this
model and decision-makers’ understanding of the impact of sep-
sis. Due to the lack of evidence on the effect of MSC therapy on
hospital re-admissions among septic shock patients, it remains
unknown how reduction in hospital remissions may affect the
therapeutic headroom and MRPs. It is conceivable that the eco-
nomic viability of MSC therapy for septic shock patients may
be improved if hospital readmissions were considered. Our
hypothesis is supported by a systematic review of MSC therapy
in patients with systolic heart failure which reported that MSC
therapy was significantly associated with a 34 percent reduction
in the incidence of readmission (RR [CI] = .66 [.51–.85], p = .001)
(32).

By specifying 66-year-olds as our cohort of interest, we greatly
decrease the amount of data necessary to parameterize the model.
It also lets us avoid age-adjustment effect calculations throughout
the model which can be computationally challenging and demand
more assumptions in the model given the limited detail in sec-
ondary data sources. The disadvantage of this approach is that
it reduces the generalizability of the model to any septic shock
patients. However, the start age used in our study is comparable
to the average age of sepsis and septic shock patients reported
in the published studies (33–35).

Conclusion

The MRPs for MSC therapy for patients with septic shock has
been optimistically estimated to range between $16,563 and
$101,450, depending on the extent by which the MSC therapy
can reduce in-hospital mortality and/or increase hospital dis-
charge rates. Our results indicate the potential for commercial via-
bility of MSC therapy and room for a premium price. It should be
noted that this study intends to demonstrate the usefulness of a

Table 3. Maximum reimbursable price of combined treatment effects

Maximum reimbursable price, using interacting treatment effects

λ = $50k
Effects on ICU & hospital discharge rates

0% 5% 10% 15% 20%

Effect on in-hospital mortality 0% $- $7,247 $14,040 $20,428 $26,451

5% $16,563 $23,852 $30,573 $36,877 $42,809

10% $34,719 $42,023 $48,635 $54,822 $60,629

15% $54,698 $61,979 $68,436 $74,461 $80,102

20% $76,776 $83,983 $90,224 $96,030 $101,450
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health economic evaluation at an early stage of a product develop-
ment. A robust health economic model should be capable of sim-
ulating the expected effect of an individual or an interacting set of
interventions on the base case disease trajectory; effectively creat-
ing a cost-effectiveness frontier for the level of treatment effect an
intervention has to reach before it is graded as cost-effective. A
decision maker should be able to set research priorities based
on types of interventions that have the highest chances of being
cost-effective. Additionally, a researcher or product developer
should be able to determine the clinical effectiveness “threshold”
they must overcome to be reasonably confident that the interven-
tion will ultimately be graded cost-effective, all before their inter-
vention is even designed.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0266462320000781.
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