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Abstract
Background—Currently, over 340,000 individuals are receiving long-term hemodialysis (HD)
therapy for end-stage renal disease and therefore are particularly vulnerable to influenza, prone to
more severe influenza outcomes, and less likely to achieve seroprotection from standard influenza
vaccines. Influenza vaccine adjuvants, chemical or biological compounds added to a vaccine to
boost the elicited immunological response, may help overcome this problem.

Study design—Economic stochastic decision analytic simulation model.

Setting & Participants—United States adult HD population.

Model, Perspective, & Timeframe—The model simulated the decision to use either an
adjuvanted or non-adjuvanted vaccine, assumed the societal perspective, and represented a single
influenza season, or 1 year.

Intervention—Adjuvanted influenza vaccine at different adjuvant costs and efficacies.
Sensitivity analyses explored the impact of varying the influenza clinical attack rate, influenza
hospitalization rate, and influenza-related mortality.

Outcomes—Incremental cost-effectiveness ratio (ICER) of adjuvanted influenza vaccine (versus
non-adjuvanted) with effectiveness measured in quality-adjusted life-years (QALYs).

Results—Adjuvanted influenza vaccine would be cost-effective (ICER<$50,000/QALY) at a $1
adjuvant cost (on top of the standard vaccine cost) when the adjuvant efficacy (in overcoming the
difference between influenza vaccine response in HD patients and healthy adults) ≥60% and
economically dominant (provides both cost savings and health benefits) when the $1 adjuvant's
efficacy is 100%. A $2 adjuvant would be cost-effective should the adjuvant efficacy be 100%.

Limitations—All models are simplifications of real life and cannot possibly capture all possible
factors and outcomes.
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Conclusions—An adjuvanted influenza vaccine with adjuvant cost ≤$2 could be cost-effective
strategy in a standard influenza season depending on the potency of the adjuvant.

Index Words
Influenza Vaccine; Hemodialysis; Vaccine Adjuvant; Seasonal Influenza; Computer Simulation;
Computer model; Cost-effectiveness; Immunodeficiency; End-Stage Renal Disease

Currently, over 340,000 individuals are receiving long-term hemodialysis (HD) therapy for
end-stage renal disease and therefore are particularly vulnerable to influenza, prone to more
severe influenza outcomes, and less likely to achieve seroprotection from standard influenza
vaccines1-10. Influenza vaccine adjuvants, chemical or biological compounds added to a
vaccine to boost the elicited immunological response, may help overcome this problem.
Adjuvanted influenza vaccines are currently on the market in Europe and in late clinical
development in the United States for the general older adult population, who demonstrate
decreased responses to non-adjuvanted vaccines due to immunosenescence11-18. The HD
population is a potential target for such adjuvants as well17 and, in fact, have been the
subjects of recent clinical trials18.

While a prior study explored the potential economic value of an adjuvanted influenza
vaccine in the older adult population, the economic value of an adjuvanted vaccine in the
HD population remains unclear19. Therefore, we developed a computer simulation model to
estimate the potential economic value of a seasonal influenza vaccine adjuvant for adults
receiving regular HD. Sensitivity analyses explored the effect of varying the adjuvant cost
and efficacy, influenza risk, and probabilities of various influenza outcomes.

Methods
Decision Model

Figure 1 outlines the general structure of the computational decision analytic model,
developed using TreeAge Pro 2009 (TreeAge Software, www.treeage.com), which
simulated the decision between using an adjuvanted versus a non-adjuvanted influenza
vaccine in an adult patient (median age: 64 years old) requiring chronic HD10. The model
assessed the cost-effectiveness of this decision from the societal perspective. Each
vaccinated patient had a risk of vaccine side effects (i.e., local pain or inflammation), which
would require over-the-counter anti-inflammatory medications. Each individual receiving
the non-adjuvanted vaccine had a risk of contracting influenza, determined by the seasonal
influenza attack rate mitigated by the efficacies of the vaccine. The adjuvant gap bridged the
gap between influenza vaccine efficacy in a HD patient and a healthy adult by a proportion
(i.e., adjuvant efficacy).

Vaccine efficacy reduces the individual's risk of influenza by 1 – vaccine efficacy and, if the
individual contracts influenza, the risk of hospitalization and mortality by 1 – vaccine
efficacy (i.e., a 100% efficacious vaccine would reduce a patient's probability of getting
influenza to zero; a 75% efficacious vaccine would reduce a patient's probabilities of
developing influenza, being hospitalized if he or she develops influenza, and not surviving
influenza by 75%). Adjuvant efficacy is the degree to which the adjuvant increases influenza
vaccine efficacy from observed levels in HD patients to those of healthy adults. So, a 100%
efficacious adjuvant brings influenza vaccine efficacy in a HD patient (e.g., 63%) to levels
seen in healthy adults (e.g., 80%). A 75% efficacious adjuvant covers the gap between
influenza vaccine efficacy in a HD patient (e.g., 63%) and that of a health adult by 75%
(e.g., 63% to 72%). 100% adjuvant efficacy means that a HD patient had influenza vaccine
efficacy equal to that of a healthy adult. In other words, each individual receiving the
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adjuvanted vaccine had a risk of developing influenza corresponding to PNAV-HD +
[Adjuvant Efficacy × (PNAV − PNAV )], where PNAV-HD is the probability of an HD patient
developing influenza after receiving a nonadjuvanted vaccine and PNAV is the probability of
a healthy adult developing influenza after receiving a nonadjuvanted vaccine.

Contracting influenza could result in asymptomatic infection or symptomatic infection
followed by a visit to the clinic, hospitalization, or death.

Data Inputs
Table 1 lists the data inputs for our model along with distributions and sources. Where
possible, data came from published meta-analyses. Probability and utility variables drew
from beta distributions while cost and duration variables drew from gamma distributions.
Variables which had limited data drew from triangular distributions. A 3% discount rate
adjusted all costs to 2010 US dollars20.

Limited available data on influenza clinical attack rates in the hemodialysis population
required us to use serological data from clinical studies that reported seroprotection rates.
The definition of seroprotection is a hemagglutination inhibition (HI) antibody titer ≥40 21.
Where hospitalization and mortality data for HD patients was not available, data from
diabetic populations, who have similar influenza outcomes, served as a proxy22-24.
Sensitivity analyses analyzed the robustness of this assumption.

Each simulation run consisted of sending 1000 hypothetical adult HD patients (median age:
64 years old) through the model 1000 times for a total of 1,000,000 trials. For each run, the
incremental cost-effectiveness ratio (ICER) of the adjuvanted vaccine versus the standard
vaccine was calculated as the ratio of cost difference between the adjuvanted and
nonadjuvanted vaccines to the difference in effectiveness of the adjuvanted and
nonadjuvanted vaccines.

The measure of effectiveness measured was quality-adjusted life years (QALYs).
Adjuvanted vaccine was considered cost-effective if the ICER fell below $50,000/QALY, an
often cited threshold 25.

Sensitivity Analyses
Sensitivity analyses explored the impact of varying key variables, including adjuvant
efficacy (range: 0-100%), adjuvant cost, i.e., the added cost of an adjuvant to the influenza
vaccination cost (range: $0-$5), probability of clinic visit when sick with influenza (range:
0-80%), probability of hospitalization from influenza (range: 0.25x-10x baseline of 1.2%,
and mortality (range: 0.25x-10x baseline of 0.2%) from influenza. Additional analyses also
explored the impact of requiring a second administration of the adjuvanted vaccine. Each
dose had a given efficacy and cost. An individual had a treatment adherence value reflecting
whether the second dose was received (e.g., 100% adherence meant that each individual
received the second dose; 75% mean that only three-quarters of individuals received the
second dose). Each dose had a risk of side effects. Additionally, probabilistic sensitivity
analyses determined the effects of simultaneously varying all variables across the
distributions listed in Table 2.

Results
Overall Results

Table 3 shows how the ICER of employing an adjuvanted vaccine versus nonadjuvanted
varies with adjuvant cost and efficacy and clinical influenza attack rate. The ICER is fairly
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sensitive to the adjuvant cost. In general, the adjuvanted vaccine is no longer cost-effective
(i.e., ICER >$50,000/QALY) when adjuvant cost exceeds $2. The adjuvant efficacy also
drives the ICER. The adjuvant efficacy should be at least 60% for the ICER to be below
$50,000/QALY. A $1 adjuvant with 100% efficacy, i.e., can make a vaccine induce an
immune response in an HD patient equivalent to that in a healthy adult, will actually be
economically dominant (i.e., provide both cost-savings and health benefits).

Figure 2 is a tornado diagram where each bar represents a one-way sensitivity analysis to
visually compare the impact of changing each parameter's value on the incremental cost-
effectiveness of adding adjuvant to the influenza vaccine. The diagram arranges parameters
from top to bottom in the order of their impact on the ICER values. The dark bars indicate
when the parameter value is the upper half of its range, whereas the light bars indicate when
it is in the lower half. For example, as the attack rate and adjuvant potency increase, the
ICER decreases. Conversely, decreasing adjuvant cost decreases the ICER value. The solid
vertical line on the diagram marks the ICER when all parameters are set to their baseline
values. The dotted line delineates where the ICER equals $50,000/QALY so that horizontal
bars to the left of this line indicate where adding adjuvant is cost-effective, bars to the right
is where adding adjuvant is not. This figure highlights that the attack rate and adjuvant
potency have the greatest relative impact on the cost-effectiveness of adding adjuvant,
whereas influenza mortality and probability of a separate clinical visit for influenza have the
least.

ICER values show that in a standard influenza season, an adjuvant can be cost-effective at
$1 and $2 premiums to the cost of the seasonal influenza vaccine given the adjuvant's
efficacy, as shown by the base case values in Table 3. Trends show that when the adjuvant
costs more than $2, it ceases to be a cost-effective strategy. Figure 3 shows acceptability
curves for 60% adjuvant potency for varying adjuvant cost and influenza attack rates.
Decreasing adjuvant cost increases the proportion of simulated patients for whom
adjuvanted vaccine was the optimal strategy. On the other hand, increasing influenza attack
rate increases the proportion of simulated patients for whom adjuvanted vaccination was
economically favorable over non-adjuvanted vaccination.

Table 3 shows that ICER is fairly sensitive to the influenza clinical attack rate. A worse than
usual (either one with a higher symptomatic rate or higher overall attack rate) influenza
season or epidemic would make the adjuvanted vaccine at lower adjuvant efficacies and
higher adjuvant costs. For example, if a $1 adjuvant is used that is more than 20%
efficacious, that is, the vaccine restores the immune deficit in HD patients by 20% relative to
healthy adults, then the adjuvanted strategy dominates the non-adjuvanted strategy during
influenza seasons with a clinical attack rate ≥15.0%. Should a vaccine adjuvant be
developed that completely overcomes immunosenescence in these individuals, then it
becomes a dominant strategy when the influenza attack rate is ≥12.5%. The $2 adjuvant
dominates when the vaccine efficacy is ≥60% and the clinical attack rate is ≥15%. When the
clinical attack rate in a given year reaches 20%, the adjuvanted vaccine is the dominant
strategy regardless of the efficacy. Should the influenza clinical attack rate reach 20%, the
$5 adjuvant strategy is cost-effective given any adjuvant efficacy ≥20% and is the dominant
strategy when the adjuvant efficacy is ≥40%.

Influenza Outcomes
Sensitivity analyses reveal that model outcomes are robust to the probability of clinic visit
when sick with influenza. Our baseline scenario utilized a 40% probability of clinic visit26.
When adjuvant efficacy is 100%, a $1 adjuvant remains economically dominant when
ranging the probability of clinic visit from 20% to 80%, and the ICER of a $2 adjuvant
ranges from $38,049/QALY to $49,283/QALY. When adjuvant efficacy is 80%, a $1
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adjuvant ranges from being economically dominant when probability of clinic visit is 80%
to having an ICER of $22,460/QALY when the probability of clinic visit is 20%. The ICER
of a $2 adjuvant ranges from $52,868/QALY to $86,299/QALY. For the baseline influenza
scenario, the expected value of perfect information given a $50,000 willingness to pay
threshold was $1.18. This means an investment ≤$1.18 would be merited to collect perfect
information on the uncertainties in the model.

The model is also relatively robust to changes in the probabilities of hospitalization and
death. When adjuvant efficacy is 100%, the ICER for a $1 adjuvant varies from $23,334/
QALY to $31,330/QALY when probability of hospitalization is half to a quarter of the
baseline values remains economically dominant when ranging the probability of clinic visit
from 20% to 80%, and the ICER of a $2 adjuvant ranges from $38,049/QALY to $49,283/
QALY. When adjuvant efficacy is 80%, a $1 adjuvant ranges from being economically
dominant when probability of clinic visit is 80% to having an ICER of $22,460/QALY when
the probability of clinic visit is 20%. The ICER of a $2 adjuvant ranges from $52,868/
QALY to $86,299/QALY.

In some cases, changing the probability of hospitalization does slightly change the threshold
at which adjuvanted vaccine becomes cost-effective. For example, a 100% efficacious $2
adjuvant has an ICER of $38,357/QALY for the baseline hospitalization risk but ICERs of
$80,100/QALY and $70,405/QALY when hospitalization risk is multiplied by 0.25 and 0.5,
respectfully. Increasing the probability of hospitalization by two fold or more dropped the
ICER to make the adjuvanted strategy cost-effective regardless of adjuvant cost. Multiplying
the baseline hospitalization risk by ten (i.e., 12%) makes a ≤$2 adjuvant dominant for all
possible efficacies and even a $5 adjuvant efficacy with ≥60% efficacy dominant.

Sensitivity analyses demonstrate that varying the influenza mortality has little effect on
model outcomes. Dropping mortality by half or three-quarters does not change the
thresholds at which the adjuvanted vaccine's ICER falls below $50,000/QALY. Even when
the mortality is increased 10 fold, the cost-effectiveness threshold changes in only three
scenarios: when the cost of the adjuvant is $1 and the adjuvant potency is 40% (from an
ICER of $85,323/QALY to $32,326/QALY), and when the cost of the adjuvant is $2 and the
adjuvant potencies are 60% and 80% (from ICERs of $99,801/QALY and $53,634/QALY to
$40,158/QALY and $26,302/QALY, respectively).

Requirement for a Second Dose of Adjuvanted Vaccine
Requiring a second dose of vaccine to achieve full protection further attenuated the
economic value of an adjuvanted influenza vaccine so that adjuvanted influenza vaccine was
never a cost effective alternative over non-adjuvanted influenza vaccine (i.e., the ICER was
well above $50,000/QALY) for baseline influenza risk scenarios. For example, a one dollar
adjuvant and 75% patient adherence with receiving the second vaccine dose yielded ICER
values ranging from $579,065 to $2,936,430 per QALY for adjuvant potencies of 25% to
100%, respectively.

Discussion
Our results indicate that an adjuvanted vaccine could be cost-effective in the HD population
but that its economic value would be highly dependent on the adjuvant cost and efficacy. In
order to be cost-effective, an adjuvant should be at least 60% efficacious in overcoming the
gap between vaccine responses in HD patients and healthy adults. In all cases, the cost of the
adjuvant (above and beyond the cost of the standard influenza vaccine) would have to be ≤
$2 to be cost-effective in a standard influenza season. A more expensive or less potent
adjuvant could be cost-effective in a year with a higher clinical attack rate (e.g., pandemic).
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Adjuvanted influenza vaccines for the general older adult population are currently licensed
in Europe and under late clinical development for the United States. A previously published
computer model suggests that an adjuvanted vaccine would provide significant economic
value in this population. A population of immunocompromised patients could be a likely
next target with HD patients being a possibility. Patients undergoing chronic HD
compromise a significant portion of the United States population (>1 per 1,000), and
USRDS data trends suggest that this proportion will rise over the next decade10. These
individuals are less capable of fighting off infection and are especially vulnerable to
seasonal influenza. Patients on HD may experience a variety of immune deficiencies,
including aberrant natural killer cell function, disruption of acquired T lymphocyte-
dependent acquired immunity due to impaired antigen processing, preactivation and
premature apoptosis of lymphocytes and monocytes, decreased B-lymphocyte counts, and
altered cytokine profiles27-30.

Although there are currently no vaccine influenza adjuvants approved for use in the United
States, successful studies looking at adjuvants in Hepatitis B vaccines for HD patients are a
source of optimism that similar results could be seen with influenza vaccines in the future.
Several studies cite granulocyte macrophage-colony stimulating factor (GM-CSF), for
example, as being both safe and efficacious at providing seroprotective anti-Hepatitis B
antibody titers in individuals with HD31-36. Studies involving the seasonal influenza vaccine
have been somewhat less promising. MF-59, an oil-in-water emulsion adjuvant
manufactured by Novartis, is one vaccine that is licensed for use in Europe and has been
shown to be effective in the older adult population11-18. However, when tested in HD
patients, the MF-59 adjuvant in one study failed to show a significant improvement in
antibody response37. Another viable candidate is an AS03A oil-in-water emulsion produced
by GlaxoSmithKline. The vaccine adjuvant is licensed for use in the European market and
has been used as an H5N1 and H1N1 pre-pandemic/pandemic vaccine adjuvant17. Although
the adjuvant has been shown to be safe and highly immunogenic in young children,
adolescents and healthy adults,38-46 a report on its use in chronic HD patients has only just
become available.46a Clinical trials are underway to examine other potential candidates.
Thymosin alpha 1, a hormone produced by the thymus that has already been studied as an
immune modulator for HIV patients, is among one of the current drugs being tested for
efficacy in the HD population18.

Our study results are not exclusive to vaccine adjuvants but may apply to any method that
could restore the immune response of adult HD patients to influenza vaccine. This includes
systemic medications that can boost the overall immune system. There are also behavioral
interventions such as dietary changes, exercise and stress reduction. Our study may also be
applicable to populations that suffer immunosuppression similar to HD patients including
patients with chronic obstructive pulmonary disease (COPD), diabetes mellitus, severe
asthma, hepatic insufficiency, etc.

Assessing the value of a vaccine well before it reaches the market can help guide
development and prepare the market to enhance its potential for success. Not doing so can
lead to underutilization of a vaccine which can have wide-ranging negative public health
effects47. Clinicians, scientists, vaccine developers and manufacturers, and policy makers
could benefit from such an analysis.

A model is a simplification of real life and cannot represent all possible factors that may
enter a decision. The HD population is extremely diverse and could have a wide range of
possible outcomes. We limited our analysis to a single year and did not include certain
potential longer-term benefits of influenza vaccination such as lowered heart disease risk
that has been described in previous studies.48 Our model tried to represent the average HD
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patient. While sensitivity analyses explored the effects of some variation, they cannot
capture the full possible extent of variability. Data inputs came from a variety of sources of
varying quality. Influenza vaccine efficacy data came from humoral responses to the
vaccine. Seroprotection values may not translate purely into clinical outcomes.

An adjuvanted influenza vaccine with adjuvant cost ≤$2 could be cost-effective in a
standard influenza season depending on the efficacy of the adjuvant. Such a technology
could fill an essential need as influenza is an important problem among HD patients. Results
from our model could help guide vaccine development, as well as clinical utilization and
reimbursement should adjuvanted influenza vaccines be licensed for this target population.
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Figure 1.
General model structure

Lee et al. Page 11

Am J Kidney Dis. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Tornado Diagram
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Figure 3.
Acceptability Curves for 60% Adjuvant Potency for Varying Adjuvant Cost and Influenza
Attack Rates

Lee et al. Page 13

Am J Kidney Dis. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lee et al. Page 14

Ta
bl

e 
1

M
od

el
 In

pu
ts

D
es

cr
ip

tio
n 

(u
ni

ts
)

M
ea

n
L

ow
er

L
im

it1
U

pp
er

L
im

it1
D

is
tr

ib
ut

io
n1

So
ur

ce

C
os

ts
 ($

U
.S

.)

 
St

an
da

rd
 In

flu
en

za
 V

ac
ci

ne
16

.2
2

12
.1

6
20

.2
8

Tr
ia

ng
ul

ar
R

ed
bo

ok
 49

 
In

flu
en

za
 tr

ea
tm

en
t

 
 

O
TC

 m
ed

ic
at

io
ns

16
.0

8
12

.0
5

20
.1

0
Tr

ia
ng

ul
ar

R
ed

bo
ok

 49

 
 

O
ut

pa
tie

nt
 v

is
it 

gi
ve

n 
in

flu
en

za
10

4.
77

78
.5

8
13

0.
96

Tr
ia

ng
ul

ar
C

M
S50

 
 

Pr
od

uc
tiv

ity
 lo

ss
 fo

r o
ut

pa
tie

nt
 v

is
it

66
.0

0
60

.8
1

71
.1

5
Tr

ia
ng

ul
ar

U
.S

. D
ep

ar
tm

en
t o

f
La

bo
r 51

 
 

H
os

pi
ta

liz
at

io
n

62
60

.0
8

61
02

.3
3

64
17

.7
4

G
am

m
a

w
w

w
.h

cu
p-

us
.a

hr
q.

go
v/

re
po

rts
 52

 
 

D
ea

th
 in

 h
os

pi
ta

l
51

50
.0

0
38

62
.5

0
64

37
.5

0
Tr

ia
ng

ul
ar

Sm
ith

53

 
Tr

ea
tm

en
t o

f v
ac

ci
ne

 si
de

 e
ff

ec
ts

 
 

O
TC

 m
ed

ic
at

io
ns

0.
78

0.
70

3.
93

Tr
ia

ng
ul

ar
R

ed
bo

ok
 49

D
ur

at
io

ns

In
flu

en
za

 (d
ay

s)
7

5.
25

8.
75

G
am

m
a

M
M

W
R

; W
id

qu
is

t;
G

ub
ar

ev
a;

 H
ay

de
n;

Je
ff

er
so

n;
 T

re
an

or
54

-5
9

Li
fe

 e
xp

ec
ta

nc
y 

fo
r 6

4 
ye

ar
 o

ld

pa
tie

nt
 o

n 
H

D
 (y

ea
rs

)2
4.

8
--

--
--

U
SR

D
S10

U
til

iti
es

 (Q
A

L
Y

s)

O
ne

 y
ea

r o
f l

ife
 fo

r H
D

 p
at

ie
nt

0.
49

0.
45

0.
53

B
et

a
Te

ng
s60

V
ac

ci
ne

 S
id

e 
ef

fe
ct

s
0.

95
0.

71
1

Tr
ia

ng
ul

ar
Te

ng
s60

In
flu

en
za

 w
ith

 h
os

pi
ta

liz
at

io
n

0.
5

0.
38

0.
63

Tr
ia

ng
ul

ar
Te

ng
s;

 S
ac

ke
tt60

-6
1

In
flu

en
za

 w
ith

ou
t h

os
pi

ta
liz

at
io

n
0.

65
0.

49
0.

81
Tr

ia
ng

ul
ar

Te
ng

s;
 S

ac
ke

tt 
60

-6
1

Pr
ob

ab
ili

tie
s

 
In

flu
en

za
 w

ith
ou

t v
ac

ci
na

tio
n

0.
12

5
0.

05
0.

2
Tr

ia
ng

ul
ar

R
iv

et
ti 

62

 
O

ut
pa

tie
nt

 v
is

it 
if 

de
ve

lo
p 

in
flu

en
za

0.
62

5
0.

50
7

0.
74

3
Tr

ia
ng

ul
ar

M
ol

in
ar

i 26

 
H

os
pi

ta
liz

at
io

n 
if 

de
ve

lo
p 

in
flu

en
za

 (d
ia

be
te

s p
at

ie
nt

)2
0.

01
2

--
--

--
Lo

oi
jm

an
s-

V
an

 d
en

A
kk

er
 63

Am J Kidney Dis. Author manuscript; available in PMC 2012 May 1.

http://www.hcup-us.ahrq.gov/reports


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lee et al. Page 15

D
es

cr
ip

tio
n 

(u
ni

ts
)

M
ea

n
L

ow
er

L
im

it1
U

pp
er

L
im

it1
D

is
tr

ib
ut

io
n1

So
ur

ce

 
D

ea
th

 in
 h

os
pi

ta
l g

iv
en

 in
flu

en
za

 (d
ia

be
te

s p
at

ie
nt

)2
0.

00
2

--
--

--
Lo

oi
jm

an
s-

V
an

 d
en

A
kk

er
 63

 
V

ac
ci

ne
 w

ith
ou

t a
dj

uv
an

t

 
 

Si
de

 e
ff

ec
ts

0.
63

0.
47

0.
89

Tr
ia

ng
ul

ar
La

ng
le

y;
 R

om
an

; C
la

rk
40

, 4
2,

 6
4

 
 

V
ac

ci
ne

 e
ff

ic
ac

y 
(h

ea
lth

y 
ad

ul
ts

)
0.

8
0.

56
0.

91
Tr

ia
ng

ul
ar

D
em

ic
he

li 
65

 
 

V
ac

ci
ne

 e
ff

ic
ac

y 
(a

du
lt 

H
D

 p
at

ie
nt

s)
0.

63
0.

59
0.

69
Tr

ia
ng

ul
ar

Sc
ha

rp
e21

 
V

ac
ci

ne
 w

ith
 a

dj
uv

an
t

 
 

Si
de

 e
ff

ec
ts

0.
48

0.
39

0.
59

Tr
ia

ng
ul

ar
La

ng
le

y;
 R

om
an

; C
la

rk
40

, 4
2,

 6
4

1 D
as

he
s i

nd
ic

at
e 

th
at

 p
oi

nt
 e

st
im

at
es

 w
er

e 
us

ed
 fo

r t
he

se
 p

ar
am

et
er

s.

2 V
ar

ia
bl

es
 w

er
e 

ba
se

d 
on

 si
ng

le
 v

al
ue

s d
ue

 to
 la

ck
 o

f a
va

ila
bl

e 
da

ta
 in

 th
e 

lit
er

at
ur

e.
 S

en
si

tiv
ity

 a
na

ly
se

s w
er

e 
ru

n 
to

 a
cc

ou
nt

 fo
r e

rr
or

 a
nd

 u
nc

er
ta

in
ty

.

C
M

S,
 C

en
te

rs
 fo

r M
ed

ic
ar

e 
an

d 
M

ed
ic

ai
d 

Se
rv

ic
es

; U
SR

D
S,

 U
S 

R
en

al
 D

at
a 

Sy
st

em
; O

TC
, o

ve
r-

th
e-

co
un

te
r; 

H
D

, h
em

od
ia

ly
si

s;
 Q

A
LY

, q
ua

lit
y-

ad
ju

st
ed

 li
fe

-y
ea

r

Am J Kidney Dis. Author manuscript; available in PMC 2012 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lee et al. Page 16

Table 2

Outline of Sensitivity Analyses

Model Parameter Sensitivity Analysis Range

Adjuvant Cost $1-$5

Adjuvant Efficacy† 0-100%

Annual Influenza Probability 5-20%

Doses of Adjuvanted Vaccine Required 1-2 doses

Patient Treatment Adherence for Second Dose of
Adjuvanted Vaccine

25-100%

Probability of a Clinic Visit for Influenza†† 0-80%

Probability of Hospitalization for Influenza†† 0.3-12.0%

Probability of Influenza Attributable Mortality†† 0.05-2.0%

†
Vaccine efficacy reduces the individual's risk of influenza by 1 – vaccine efficacy and, if the individual contracts influenza, the risk of

hospitalization and mortality by 1 – vaccine efficacy (i.e., a 100% efficacious vaccine would reduce a patient's probability of getting influenza to
zero; a 75% efficacious vaccine would reduce a patient's probabilities of developing influenza, being hospitalized if he or she develops influenza,
and not surviving influenza by 25%).

††
Adjuvant efficacy is the degree to which the adjuvant increases influenza vaccine efficacy from observed levels in HD patients to those of

healthy adults. So, a 100% efficacious adjuvant brings influenza vaccine efficacy in a HD patient (e.g., 63%) to levels seen in healthy adults (e.g.,
80%). A 75% efficacious adjuvant covers the gap between influenza vaccine efficacy in a HD patient (e.g., 63%) and that of a health adult by 75%
(e.g., 63% to 72%).
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