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1 CONTEXT AND
POLICY ISSUES

In 2006, the Canadian Agency for Drugs and
Technologies in Health (CADTH)
commissioned a study of the clinical efficacy
and cost-effectiveness of the management of
people with neovascular age-related macular
degeneration (AMD).' The economic findings of
the study (taking a provincial health provider
perspective, employing a cost-utility approach)
were that in the treatment of patients with
predominantly classic lesions, photodynamic
therapy with verteporfin (V-PDT) was
dominated by treatment with pegaptanib, and
that treatment with ranibizumab relative to
pegaptanib had an incremental cost-
effectiveness ratio of $56,382 per quality-
adjusted life-year (QALY). For patients with any
subtype of choroidal neovascular (CNV) lesion
(predominantly classic, minimally classic, or
occult), the cost per additional QALY gained for
treatment with ranibizumab relative to
pegaptanib was $56,194 per QALY. This placed
treatment of AMD using the anti-vascular
endothelial growth factor (VEGF) (ranibizumab)
on the borderline of cost-effectiveness, assuming
a willingness to pay of $50,000 per QALY. The
results were found to be sensitive to the visual
acuity outcomes and the cost of ranibizumab.

Following the acceptance of this report, five
additional questions related to the economic
evaluation were raised by representatives from
provincial and federal public drug plans.

2 RESEARCH
QUESTIONS

1.  What would the impact be on the
incremental cost-effectiveness ratio
(ICER) of the economic evaluation if the
dosing schedule for ranibizumab were
altered to reflect that, as seen in the
PrONTO trial?

2. What would the impact be on the ICER if
we were to consider treatment of the
fellow eye in the analyses?

3. What would the incremental cost-
effectiveness of ranibizumab be compared
to “watchful waiting” (i.e., no treatment)
for treatment of people with macular
degeneration?

4.  Assuming that clinical efficacy of
bevacizumab were equal to ranibizumab,
what would be the incremental cost-
effectiveness of bevacizumab compared to
“watchful waiting” for treatment of people
with macular degeneration?

5. What might be the reasons for the
difference in utility estimates found for the
CADTH estimates versus those found in
the recent draft report from the National
Institute for Health and Clinical
Excellence (NICE)?

3 METHODS

This report is not an original summary of new
information, but rather further analysis of
existing information using the methods
described in the previous report'. Therefore, a
new literature search was not required. Readers
are asked to refer to the original report' for a
complete methods of analysis. The following is
a brief synopsis:

Published literature was obtained by cross-
searching BIOSIS Previews, EMBASE,
CINAHL, and MEDLINE databases on the
OVID search system. Regular alerts were
established on BIOSIS, CINAHL, EMBASE,
and MEDLINE, and information retrieved via
alerts is current to November 2007. Parallel
searches were performed in January 2007 on
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PubMed, The Cochrane Library (Issue 3, 2006),
and a focused Internet search. Language and
publication date limits were not applied. Filters
were applied to limit the retrieval to systematic
reviews, meta-analyses, health technology
assessments, randomized controlled trials,
controlled clinical trials, and economic studies.

4 RESULTS

4.1 Modification of the Dosing
Schedule of Ranibizumab

The clinical evidence on which ranibizumab was
adopted by federal pharmaceutical authorities was
provided by the ANCHOR? and MARINA? trials.
The protocol for both of these trials required
monthly injections of ranibizumab for the two
years during which participants were followed.
However, anecdotal evidence indicates that this is
not the manner in which the medication is
employed in practice. Ophthalmologists have
been reported to provide monthly injections for
the first two to three months, followed by
treatment “as needed” thereafter, based upon
evidence of vision loss, or additional fluid in the
macula. Anecdotal evidence indicates that
clinicians have had good results with this
approach.

In an effort to provide more direct evidence to
support this approach, Genentech, the maker of
ranibizumab, has provided funding for the PIER’
and PrONTO" trials. PIER was a randomized
controlled study that considered the impact of
reducing the dosing schedule from monthly to
quarterly after the first three months (during
which time the participants received monthly
injections). In PIER, 184 participants were
randomized into three groups: ranibizumab 0.5
mg, ranibizumab 0.3 mg, and placebo (the PIER
study specifically referred to this as the “sham”
arm injection). At one year, the ranibizumab
groups had a modest decline in visual acuity
(VA), while the placebo group had a dramatic
decline in VA. While this does show
improvement in the performance of ranibizumab
over placebo, the fact remains that, when
compared to the improvement in VA seen among
participants in the ANCHOR and MARINA

trials, the participants in PIER did not fair as well.
Thus, this trial does not make a convincing
clinical argument for less frequent injections.

The PrONTO study,” in contrast, was a non-
randomized clinical study evaluating the use of
ocular coherence tomography (OCT) to guide the
dosage schedule. This was a small (n=34)
extension to the phase 1 and phase 2 studies of
ranibizumab. All participants received monthly
injections for the first three months and thereafter
only if there was indication of the presence of
additional fluid in the macula (indicating a
potential neovascular event). At twelve months,
the mean gain in visual acuity was 9.3 letters and,
on average, participants received 5.6 injections
during the year.

As the PrONTO results indicated clinical
performance similar to that seen in the ANCHOR
and MARINA trials, we developed a new
economic model based upon the results of this
trial. We based this model on the “predominantly
classic” model developed for the original
CADTH report, which compared PDT,
pegaptanib, and ranibizumab. We took this
approach since the dominance of pegaptanib over
PDT makes the “all lesions” model (comparing
just pegaptanib and ranibizumab) irrelevant.

Fung et al.* reported in PrONTO that, after the
third month, a total of 96 injections were given
out of a potential 297 (32%). We incorporated
this into our model as the monthly probability of
injection after the first three months, for the
participants’ remaining lifetime. We also
increased the cost of monitoring participants by
assuming that they would have a monthly
physician office visit, including OCT. The cost of
these services was reflected in the model at the
same price as the previous model. As the
PrONTO results for clinical efficacy were
comparable to that seen in the ANCHOR and
MARINA trials, no other changes were made to
key model parameters.

We modeled this using the same method as
previously, using a two-dimensional
microsimulation of 500 samples of 5,000 trials
(total of 2.5 million trials). The results are
provided in Table 1.
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Table 1: ICER Based upon PrONTO Trial Results

Strategy Cost Incremental Cost QALYs Incremental QALYs ICER
Ranibizumab $59,884 6.75

Pegaptanib $96,674 $36,791 5.98 (0.78) Dominated
PDT $103,276 $43,392 5.60 (1.15) Dominated

ICER=incremental cost-effectiveness ratio; PDT=photodynamic therapy; QALYs=quality-adjusted life-years

These results demonstrate that if the PrONTO
approach were found to be as effective in
clinical practice as seen in the ANCHOR and
MARINA trials (or as seen in the PrONTO
report), the cost of care with ranibizumab would
be reduced by over 57% and dominate both
pegaptanib and PDT as a method for treatment
of macular degeneration. Interestingly, this
reflects the nature of clinical practice seen in the
US and Canada, where anecdotal evidence
shows that pegaptanib and PDT have fallen into
disuse in favor of ranibizumab (or bevacizumab)
when used according to the PrONTO protocol.

One caution should be noted here. The PrONTO
results are based upon a very small,
uncontrolled, non-experimental study. Thus, the
large amount of uncertainty surrounding the
observed effect should be considered by those
who are setting policy. This is the precise reason
this report was not incorporated into the original
CADTH analysis. In the US, the National Eye
Institute is conducting the Comparison of AMD
Treatment Trials (CATT) trial® that seeks a more
definitive answer to this question (among others,
including the comparative effectiveness and
safety of bevacizumab). It is hoped that the
results of this study will provide evidence from
which stronger inferences can be drawn.

4.2 Including the “Fellow Eye”
in Analyses

The original report for CADTH' was based upon
the assumption that only one eye would be
treated per person. This raises a subject that is
somewhat controversial among those conducting
cost-utility analyses of vision interventions. It
has long been asserted that vision-related quality
of life is determined by the better-seeing eye,’
although this is a subject that has only been
tested by comparing correlation of utility scores

to visual acuity measured between the better-
and worse-seeing eyes. No consideration has
been given to testing the correlation between
utility scores and binocular visual acuity,
although it has been shown that binocular visual
acuity is more highly correlated with vision-
related quality of life than either the better- or
worse-seeing eye, as reported in the National
Eye Institute Visual Function Quesionnaire.®

This being the case, cost-utility analyses of
vision-related interventions is typically
conducted assuming that the better-seeing eye is
treated. This was seen recently in the evaluation
of treatment of macular degeneration with
ranibizumab both in the US’ and in the draft
evaluation of NICE.’ In contrast, in a modern
clinical setting, it is the worse eye that gets
treated for macular degeneration, unless the
patient has not had access to care for so long that
their better-seeing eye has deteriorated
sufficiently to create vision problems so severe
as to prompt them to seek care. In the Age-
Related Eye Disease Study (AREDS)," less than
25% of those with advanced macular
degeneration were found to have bilateral
disease at enrollment.

At the same time, there is no doubt that visual
impairment in one eye substantially reduces
quality of life, particularly when the disease is
chronic and progressive. This has been shown in
a number of utility studies, and seems to be
robust to other aspects of health.'"'? In the
absence of studies of utility that might better
illuminate these questions, we are left to make
assumptions concerning what drives utility and
the effectiveness of our interventions, and to be
transparent in those assumptions.

If we assume that the treated eye — be it the
better- or worse-seeing eye — is responsible for
the utility for the patient, and further assume that
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treatment of the fellow eye, while necessary,
does not add to utility, but only to cost, we have
probably overstated the utility benefit of
treatment of the first eye, and understated the
benefit of treatment of the fellow eye. While this
is undoubtedly the case in absolute terms, what
impact it might make on the ICER (at the
margin) is not clear.

The AREDS' found that, over five years, there
was a 43% probability that people with category 4
macular degeneration in one eye would progress to

the same condition in the second eye. This
translates into an annualized probability of 7.4%.
To ease comparison for this report, we modified
the model presented in the earlier section to
include this probability of progression. For anyone
who developed bilateral disease, we assumed that
the cost of treatment doubled, but other costs
associated with visual impairment remained the
same. We also assumed (for the reason just
described) no change in utility due to progression.
The results are given in Table 2.

Table 2: ICER Based Upon PrONTO Trial Results and Second Eye Progression

Strategy Cost Incremental Cost | QALYs | Incremental QALYs ICER
Ranibizumab $79,704 6.73

Pegaptanib $124,139 $44,435 5.98 -0.75 Dominated
PDT $125,196 $45,492 5.60 -1.13 Dominated

ICER=incremental cost-effectiveness ratio; PDT=photodynamic therapy; QALY=quality-adjusted life-year

The results show a substantially (33%) increased
cost of ranibizumab treatment, with a smaller
increase in the other two treatment modalities.
This is likely due to the increased risk of
progression to “severe visual impairment” in
these other two categories. We have made the
assumption in our model that once a participant
has progressed to this stage of impairment,
additional treatment is futile, and thus treatment
is ceased.

4.3 Comparison of
Ranibizumab and
Bevacizumab to “Watchful
Waiting”

The NICE evaluation® relied on a comparison of
treatment with ranibizumab and pegaptanib to
“best supportive care.” We are not certain what
is meant by this type of care, as many AMD
patients in the US or Canada would receive
V-PDT or pegaptanib, but we assume it would
be comparable to “watchful waiting” (i.e., no
care other than routine office visits and referral
to social services for low vision rehabilitation, if

indicated). To conduct a comparison of
ranibizumab and bevacizumab to “watchful
waiting,” we assumed that the “watchful
waiting” group would be at risk for the same
average loss of VA as seen in placebo groups of
the ranibizumab trials (i.e., 10 letters per year)."
Again, to ease comparison for this report, we
used the model developed for the PrONTO trial,
but included only the ranibizumab (or
bevacizumab) and “watchful waiting.” The
results are given in Tables 3 and 4.

We have conducted two pair-wise comparisons
rather than compare three treatment options as a
group. Given that the current evidence base does
not include head-to-head evidence from
randomized controlled trials for comparing
ranibizumab with bevacizumab, a three-way
comparison would require a method of indirect
comparison, which may be misleading due to the
lack of suitable clinical evidence suggesting the
efficacy of bevacizumab. If a decision-maker
was to assume similar efficacy to ranibizumab
and bevacizumab given current anecodotal
evidence, bevacizumab would be more
favourable due to its lower price.
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Table 3: Comparison of Ranibizumab to “Best Supportive Care” (i.e., “Watchful Waiting”)

Strategy Cost Incremental Cost QALYs Incremental QALYs ICER
Watchful $39,414 5.60

Waiting

Ranibizumab $60,092 $20,678 6.75 1.15 $17,965

ICER=incremental cost-effectiveness ratio; QALY=quality-adjusted life-year

Table 4: Comparison of Bevacizumab to “Best Supportive Care” (i.e., “Watchful Waiting”)

Strategy Cost Incremental Cost QALYs | Incremental QALYs ICER
Bevacizumab $12,180 6.74

Watchful $40,408 $28,228 5.60 -1.14 Dominated
Waiting

ICER=incremental cost-effectiveness ratio; QALY=quality-adjusted life-year

Compared to “watchful waiting,” treatment with
ranibizumab results in more QALY's at more
cost, although this is based upon the unrealistic
assumption that these patients would not have
been treated otherwise. Due to its lower cost
(i.e., $126 per injection versus $1,680, including
clinic-related costs), treatment with
bevacizumab dominates “watchful waiting.” It
should be noted that costs for “watchful waiting’
in Tables 3 and 4 reflect random number
generation that is used in the mathematical
model to reflect statistical variation.

>

4.4 Utility Estimates in the
CADTH Report versus
NICE

As Tables 1 to 4 indicate, the incremental
QALYs gained from the treatment of people
with macular degeneration using ranibizumab
(or bevacizumab) results in a gain of
approximately 1.15 QALYs. This is
considerably more than that found in the NICE
report,” which found incremental QALY's of
0.45 to 0.73, depending upon the scenarios
adopted.

Given the logic of decision analyses, there can

be three reasons for this difference:

1. There are substantial differences in the
model structure.

2. There are differences in the time horizon

3. There are differences in the baseline utility
estimates themselves.

As the NICE report does not detail the model
structure, we must find alternative methods to
evaluate potential differences in the model
structure. We do this by comparing the
incremental cost estimated between the NICE
model and that evaluated for CADTH. The
NICE model reported an incremental cost
between $13,015 and $34,998 (pound sterling
converted to Canadian dollars), depending on
the assumptions employed, for treatment with
ranibizumab compared to best supportive care
(See Table 4 at
http://www.nice.org.uk/nicemedia/pdf/ AMDFA
DSHTACAdditionalAnalysesTablesACD1.pdf),
' compared to the incremental cost of $41,163
in the CADTH model. This reflects monthly
dosing for the remaining lifetime, which is the
assumption employed for only two years in the
scenario at the upper end of the NICE range.

The NICE model was based upon an average
treatment window of 10 years. In the CADTH
model, we ran the scenario until all hypothetical
cohort participants had died; this resulted in an
average life expectancy of 12 years. This, along
with the difference in dosing schedule, is likely
to account for the difference in incremental cost
between the two models, and provides support to
our assumption that there are few major
structural differences between the two models.

We tested the hypothesis that the difference in
time frame may account for the difference in
utility estimates by limiting the CADTH model
to 10 years. The new incremental utility estimate
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was 1.09 QALYs, a reduction of 0.06 from
previous, but it remains 0.3 to 0.5 above the
NICE estimates, indicating that the difference in
time frame does not account for the difference in
utility estimates.

This leaves our third possibility — that of the
difference in base utility estimates. There is
considerable controversy in the field of health
economics (as it relates to vision) concerning the
proper estimates of utility. This is reflected in
the NICE report’ that discusses this at length.
(See sections 4.2.2.4,4.2.2.8, and 4.2.3.4, of the
“Final Appraisal Determination,” which all
discuss different utility estimates to be used in
the analyses. In the end, the panel recommends
that new estimates should be developed — see
section 4.2.4.1.) A recent report'? found
remarkable variation in the reported utility
estimates for macular degeneration, with
incremental differences varying by as much as
two-fold between reports. The NICE report
relied on relatively conservative estimates on
which to base the model,'" while the CADTH
report' relied on a report by a Canadian group'”
that resulted in a relatively liberal estimate of
utility loss associated with progression of vision
loss (and thus liberal gains from the prevention
of decline in vision). This is likely to be the
primary reason for the differences in estimate. It
should be noted, however, that these differences
in utility estimates between the two models did
not result in a difference in the cost-
effectiveness decision. Both the NICE and
CADTH reports found that treatment was more
costly and more effective than their comparators.

5 CONCLUSIONS AND
IMPLICATIONS FOR
POLICY MAKERS

Macular degeneration is the leading cause of
blindness and visual impairment in Canada.'®

Recent advances in the treatment of this disease
have, for the first time, provided promise that
clinicians might reverse the progression of
vision loss seen in AMD, along with the
consequent disability. Recent work by CADTH'
has shown that treatment with ranibizumab may
not be perceived as cost-effectiveness by
Canadian health authorities, but only at the
margin. In addition, this model was based upon
the dosing schedule (i.e., once a month)
employed in the ANCHOR and MARINA trials,
a schedule that anecdotal evidence has shown
most clinicians do not employ in caring for their
patients. We have shown here that if such a less
frequent dosing schedule were employed (and
directed by the results of OCT testing),
treatment with ranibizumab would dominate
both PDT and pegaptanib strategies, assuming
that the results were similar to those seen in the
PrONTO trial. However, policy makers are
cautioned that the evidence to support the
effectiveness of this strategy is very weak.

We have also shown that treatment of patients
with AMD using bevacizumab dominates
treatment with ranibizumab, assuming that
bevacizumab has a similar effect on visual
deterioration to that seen with ranibizumab, and
that it has a similar side effect profile. Again,
this is a strong assumption upon which to base
our modeling strategy, where there is little more
than anecdotal evidence to support the strategy.
There is the possibility that direction may be
forthcoming to resolve these questions from the
CATT trial, which is currently enrolling 1,200
participants in the United States
(http://www.nei.nih.gov/CATT). However,
results from this trial are not expected to be
reported until late 2009, or later.
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APPENDIX 1: Technical Appendix for The Role Of
Pharmacologic Management in Neovascular Age-Related
Macular Degeneration: Clinical and Cost-Effectiveness

The purpose of this appendix is to provide
technical detail regarding the model used in our
paper, as suggested by the Panel on Cost-
Effectiveness in Health and Medicine.'” For the
reader familiar with these methods, this
information should be sufficient for replicating
our results given the same data. Other readers
should find this appendix useful for assessing
the validity of our methods, evaluating the
source of parameters used in the model, or
determining how specific assumptions or
methods were tested. If, after reviewing this
appendix, important questions remain

unanswered, the reader is encourage to contact
us at kymes@vrcc.wustl.edu.

The parameters of the model are detailed in
Appendix 2. The table includes the variable
name of the parameter, a description, and the
formula used to calculate the value of the
parameter in the model. (Also included in the
table is information related to the Monte Carlo
simulation and sensitivity analysis that will be
addressed further on.) The formulas reference
keywords that are used in TreeAge Pro 2007
(Release 1.5; TreeAge Software Inc.,
Williamstown, MA; 2007), as follows:

Discount: | Discounts the given utility (or other value) at the given discount rate for the given

period of time. The three arguments enclosed indicate (in order) the parameter to be

discounted, the discount rate (5% in the base model), and the periods to be used for

discounting (_stage in this case, see below).

Rounds the given value to the nearest integer.

Round: | The Markov cycle; in this case, 1 year.

_stage: | Evaluates a condition, then returns a true value if it is true or a false value if it is false.
If: | The three arguments enclosed indicate (in order) the desired condition, the true value

(1 in the model), and the false value (0 in the model).

A copy of the decision tree (in TreeAge Pro®
format) is available, by request, by contacting
kymes@vrcc.wustl.edu.

Aging of the Cohort

As age is associated with risk of age-related
macular degeneration, the model was stratified

by age. For this purpose, we calculated the age
distribution by evaluating the mean age of
patients in the four major trials used for data
collection (TAP'®, VISION'", ANCHOR?,
MARINA? at their clinically relevant doses (i.e.,
0.3 mg for pegaptanib and 0.5 mg for
ranibizumab).

Table 1: Baseline Age of Study Participants in AMD Treatment Trials

Clinical Trial Mean Age of Patients (Years)
TAP 74.9
VISION No mean reported
ANCHOR 76.8 £ 8.6
MARINA 77+8

AMD=age-related macular degeneration
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Therefore, the patients’ initial age when entering
the model was determined by a normal
distribution with a mean of 77 years and a
standard deviation of seven (7) years. With each
Markov cycle (one year), the cohort was aged from
their initial age.

Mortality changed on an annual basis with the
estimated age-specific death rate taken from US
census life tables.” In running the model, Markov
cycles were continued until all people in the
hypothetical cohort model had died (40 years).

Estimating Initial Visual Acuity

Visual acuity has been chosen to be reported in
the number of letters read correctly. We
calculated the initial visual acuity distribution by
evaluating the mean number of letters read on
the Early Treatment Diabetic Retinopathy Study
(ETDRS) charts at 2 meters at baseline for
patients in the four major trials used for data
collection (TAP, VISION, ANCHOR,
MARINA) at their clinically relevant doses (i.e.,
0.3 mg for pegaptanib and 0.5 mg for
ranibizumab).

Table 2: Baseline Visual Acuity of Study Participants in AMD Treatment Trials

Clinical Trial Baseline Visual Acuity of Study Participants
TAP 52.8

VISION 52.8

ANCHOR 47.1+13.2

MARINA 53.7+£12.8

AMD=age-related macular degeneration

Therefore, the patients’ initial visual acuity
when entering the model was determined by a
normal distribution with a mean of 53 letters
correct and a standard deviation 14 letters.

Estimating the Progression of
Visual Acuity Loss with
Photodynamic Therapy,
Pegaptanib, and Ranibizumab

The mean change in ETDRS, along with the
associated standard error, was calculated for the
various treatment groups analyzed in the
economic model. Because the clinical systematic
review was limited to studies that included

photodynamic therapy (PDT) as a treatment
comparator, an additional search was completed
to identify randomized controlled trials (RCTs)
that included any of the treatment comparators
included in the economic model. When data was
available from multiple studies for a treatment
group, data was pooled using random effects
meta-analysis.”' Data from PDT was taken from
the TAP and ANCHOR trials; for ranibizumab,
data was taken from the ANCHOR and
MARINA trials, along with a report by Heier et
al.;** and the pegaptanib data was taken from the
VISION trial (see previous section for
references for the TAP, ANCHOR, VISION,
and MARINA trials).

Table 3: Mean Change in Visual Acuity in AMD Treatment Trials

Treatment Modality n Mean SE
Studies Change

PDT* 2 -5.62 1.33

Ranibizumab* 3 7.23 0.79

Pegaptanib 1 -7.00 0.32

AMD= age-related macular degeneration; PDT=photodynamic therapy; SE=standard error;
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These mean changes and standard errors were
used as parameters to create normal distributions
for the visual acuity changes with each
treatment.

Calculation of Weighted
Average Annual Risk of Side
Effects with Ranibizumab for
All-Lesions Markov Model

The side-effect profiles in the two ranibizumab
RCTs were identical, but as these trials were
independently conducted based on lesion type
(ANCHOR —predominantly classic; MARINA
— minimally classic and occult), the incidence
of side effects were different, depending upon
lesion characteristics. In the Markov model
constructed to compare ranibizumab and
pegaptanib for all lesion types, a weighted
average for annual risk of side effects was
calculated based on the frequency of lesions in
age-related macular degeneration, to combine
the incidence of side effects across the trials.

A study by Olsen et al. determined the frequency
of lesions in age-related macular degeneration
by fluorescein angiography.” The study showed
the following frequencies: predominantly classic
— 20%, minimally classic — 73%, and occult
— 7%. Within the MARINA trial, the
percentage of minimally classic and occult
lesions were 62.1% and 37.9%, respectively.
These frequencies were then used to calculate
the weighted average of annual risk.

The calculation of the weighted average of
annual risk for ocular inflammation will be
shown as an example. All occurrences of side
effects were taken from the ranibizumab arm
dosed with 0.5 mg as  this is the clinically used
drug dosage. In the ANCHOR trial, 24 out of
140 patients in the 0.5 mg-arm experienced
ocular inflammation, while 50 out of 239
patients in the 0.5 mg-arm of the MARINA trial
experienced ocular inflammation. Using the
frequencies of side effects in the two trials, the
frequency of CNV lesion in age-related macular
degeneration, and the division between

minimally classic and occult lesions in the
MARINA trial, the following formula can be
used to calculate the weighted average of annual
risk for ocular inflammation:

Equation 1: Calculation of the
weighted average annual risk of side
effects

Weighted Average =
0.2*(24/140)+(0.73*0.621*[50/239])+(0.07*0.3
79*[50/239]) = 0.13

By substituting the frequency of the desired side
effect in the above formula, the weighted
average of annual risk can be determined for the
entire side-effect profile for ranibizumab in the
all-lesions Markov model.

Estimating the Cost of
Treatment

The appropriate treatment regimen for each
intervention was determined from the
appropriate randomized controlled trials. The
cost of physician fees, procedure fees, and
medications for the therapeutic approaches were
obtained from Ontario Benefits and PPS Pharma
except for the wholesale price of lucentis, which
was taken from the 2007 Red Book.**

Photodynamic Therapy

Since PDT was administered on the basis of
active choroidal neovascularization (CNV)
leakage by fluorescein angiography, not all
study participants received the same number of
treatments.

To calculate the annual cost of PDT therapy, the
average annual number of treatments was
calculated from the TAP trial data. Patients were
seen in follow-up at three, six, nine, and 12
months with the total percentage of patients
remaining in the verteporfin arm and the
percentage of patients receiving treatment in the
verteporfin arm being reported.
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Table 4: Number of Treatments Received by TAP Trial Participants

Follow-up Total Number of Number of Participants Total Number of
Participants Remaining Receiving Treatment Treatments Received

Initial 402 402 1

3 months 398 365 2

6 months 392 318 3

9 months 379 280 4

12 months 379 256 5

Using this information, the average number of
annual treatments was calculated with the
following equation:

Equation 2: Calculation of the
average annual number of PDT
treatments

Annual PDT = ([402/402]*1 + (365/398)*2 +
(318/392)*3 + (280/379)*4 + [256/379]*5)/5 =
2.3

Once the annual number of treatments was
determined, the annual cost of PDT treatments
was calculated assuming the need for two IOP
checks with each treatment, four FAs, and eight
OCTs during the course of one year:

Equation 3: Calculation of the annual
cost of PDT treatments

Cost of PDT = 2%$3,306 + 2*$5 + 4%$150.88 +
8*$100 = $8,026 (rounded)

Pegaptanib

In the VISION trial, pegaptanib was given via
intravitreal injection every six weeks. This
dosing regimen equates to approximately eight
injections per year. Each injection would require
an associated office visit. The expert panel also
stated that the progression of CNV leakage
would need to be followed by both FA and
OCT, and divided the number of tests equally
between the two modalities. Therefore, the total
annual cost of pegaptanib treatments are as
follows:

Equation 4: Calculation of the annual
cost of pegaptanib treatments

Pegaptanib = 8*$995 + 8*$104.95 + 4*$100 +
4*$150.88 = $9,803 (rounded)

Ranibizumab

In the ANCHOR and MARINA trials,
ranibizumab was given via intravitreal injection
every four weeks. This dosing regimen equates
to 12 injections per year. Each injection would
require an associated office visit. The expert
panel also stated that the progression of CNV
leakage would need to be followed by both FA
and OCT, and divided the number of tests
equally between the two modalities. Therefore,
the total annual cost of ranibizumab treatments
are as follows:

Equation 5: Calculation of the annual
cost of ranibizumab treatments

Ranibizumab = 12*$2,438 + 12*$104.95 +
4*$100 + 4*$150.88 = $31,513 (rounded)

Estimating the Cost of Side
Effects

To determine the appropriate treatment of each
side effect (except stroke and non-fatal
myocardial infarction with ranibizumab), three
ophthalmologists were consulted for their expert
opinions. From these opinions, a consensus
therapeutic approach was determined. The cost
of physician fees, procedure fees, and
medications for the therapeutic approached were
obtained from Ontario Benefits and PPS
Pharma.

12 Supplement to “The Role of Pharmacologic Management in Neovascular
Age-Related Macular Degeneration: Clinical and Cost-Effectiveness”




Photodynamic Therapy

Site Infection

Site infections developed at the IV site for the

injection of verteporfin. It was determined that
these infections could be treated with a 14-day
outpatient course of Keflex-Oral.

Pegaptanib

Endophthalmitis

Endophthalmitis can be treated by two clinical
routes: vitrectomy or vitreous tap with injection
of intravitreal antibiotics (tap/inject) usually
based on the patients’ presenting visual acuity. It
was determined that 80% of cases would be
treated with tap/inject and 20% would be treated
with the surgical option of vitrectomy. Also,
these patients would require five outpatient
ophthalmologic consultations and a course of
topical steroids. See Equation 6 for calculation
of total cost.

Equation 6: Calculation of the cost of
endophthalmitis

Cost of endophthalmitis = 0.8*$812.32 +
0.2*$2910.94 + 5*$66.30 + 2*$8.36 = $1,580

Traumatic Cataract

It was determined that the treatment of this lens
injury would require cataract extraction, three
outpatient consultations, and a course of topical
steroids. See Equation 7 for calculation of total
cost.

Equation 7: Calculation of the cost of
traumatic cataract

Cost of traumatic cataract = $1553.09 +
3*$66.30 + 2*$8.36 = $1,769 (rounded)

Retinal Detachment (RD)

Retinal detachment was treated with cryotherapy
with buckle/vitrectomy, three outpatient
consultations, and courses of topical steroids, as
well as antibiotics. See Equation 8 for
calculation of total cost.

Equation 8: Calculation of the cost of
retinal detachment

Cost of RD = $2910.94 + 3*$66.30 + 2*$8.36 +
2*$3.34 = $3,133 (rounded)

Ranibizumab

Endophthalmitis

See previous discussion regarding cost of
endophthalmitis

Ocular inflammation

The treatment of ocular inflammation would not
require any surgical intervention. We assumed
that patients would need six outpatient
consultations, topical steroids, and topical
dilators. See Equation 9 for calculation of total
cost.

Equation 9: Calculation of the cost of
ocular inflammation

Cost of ocular inflammation = 6*$66.30 +
2%$8.36 +2*$3.00 = $420.51

Non-ocular hemorrhage

Non-ocular hemorrhages included disorders
from epistaxis to upper gastrointestinal bleeding.
However, the majority of these conditions were
fairly benign (e.g., epistaxis, ecchymosis, and
hematoma) and could be managed with
outpatient observation by a primary care
physician. It was determined that these lesions
would need two outpatient visits for
management. See Equation 10 for calculation of
total cost.

Equation 10: Calculation of the cost
of non-ocular hemorrhage

Cost of non-ocular hemorrhage = 2¥$56.10 =
$112.20

Stroke

The cost of stroke was determined from an
unpublished work by Goeree et al. (Ron Goeree,
PATH Research Institute, Hamilton: personal
communication, 2008 Aug 12). In this study,
the authors determine the mean values and
standard errors for the treatment of stroke in
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both the first year as well as subsequent years.
The mean cost in the first year is $20,351
(standard error = $175) and $4,624 (standard
error = $87) in subsequent years. These means
and errors were used to parameterize gamma
distributions.

Non-fatal Myocardial Infarction

The same unpublished work by Goeree et al.
(Ron Goeree, PATH Research Institute,
Hamilton: personal communication, 2008 Aug
12) also evaluated the cost of myocardial
infarction in the first and subsequent years of
treatment. The mean cost in the first year is
$10,579 (standard error = $155) and $3,483
(standard error = $175) in subsequent years.
These means and errors were used to
parameterize gamma distributions.

Utility Loss due to AMD

Utilities were calculated based upon the formula
developed by Sharma et al."”

Equation 11.0: Conversion of visual
ac:;sity to utility score (per Sharma et
al.”™)

Utility = 0.374*(visual acuity in better-seeing
eye) + 0.514

While Sharma included a multivariate version of
the formula in his report, the only significant
variable in the model is visual acuity; therefore,
we relied on the univariate version to estimate
utilities. One complication in making these
estimates is that while it is not specified in
Sharma’s report, it is reasonable to assume that
the visual acuity (VA) estimate used in his
model was taken at the standard test distance
(i.e., 6 meters) while the initial VA used in our
estimates is based upon the testing done in the
ANCHOR and MARINA trials, which were both
at 2 meters. Therefore, to make the conversion
from 2 to 6 meters, it was necessary to subtract
24 letters from the 2-meter distance prior to
conversion of the ETDRS score to the decimal
equivalent required for the Sharma formula. See
Equation 12.0 for this conversion.

Equation 12.0: Conversion of letters
correct at 2 meters to logMAR score
at 6 meters

(45 — [Letters correct — 24])* 0.02

Probabilistic Estimation of the
Model

Both models (the “all-lesion” and
“predominantly classic only”) were estimated
using a microsimulation approach.” As the
method was employed here, both a first-order
and second-order Monte Carlo simulation
process was incorporated. First-order variation
was captured by modeling a theoretical cohort of
5,000 participants. Each “participant” goes
through the decision tree on an individual basis,
randomly choosing their direction at each
decision node based upon the probability at that
node, collecting rewards and costs as they
proceed. The “participant” continues their
“walk” through the model, completing all the
required Markov cycles, and at the completion
the data is stored by TreeAge and the next
participant proceeds. Once the entire cohort has
been simulated, a new random draw is made of
all the probabilistic parameters and the cohort
proceeds again through the model. The cohort
of 5,000 went through the model for 500 random
draws, for a total of 2.5 million trials.

The details of the distribution for all parameters
is provided in Appendix 2 (more information, if
desired, is available upon request by contacting
kymes@vrcc.wustl.edu). As the AMD treatment
trials did not provide data on the distribution of
participant characteristics, or the rate of change
in visual acuity, we made the strong assumption
that these parameters were normally distributed.
Consistent with most practice in this field, we
used a beta distribution to parameterize the
incidence of side effects and the utility loss
associated with side effects. A gamma
distribution was used to parameterize the costs
associated with side effects. Distributions were
parameterized only if variance data was
provided by the source used for the mean
estimate. If this was not provided, only the point
estimate was incorporated into the model.
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We made the assumption that medication costs
for ranibizumab, pegaptanib, and PDT with
verteporfin were set by national or provincial
authorities at the rate included in the model, and
would remain at this level for the life of the
participant. Therefore, there was no variance
incorporated into these estimates. Similarly, the
algorithm provided by Sharma et al."” for the
calculation of utilities (see Equation 10) does not

provide for the estimation of standard errors for
the coefficients. Therefore, while the model
provides for first-order variation in utility (i.e.,
there is a utility assigned for each participant
based upon the participant’s randomly assigned
visual acuity), there is no second-order variation
in the utility (i.e., each level of VA is assigned a
single, non-varying utility score).
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APPENDIX 2: Parameters included in the model

Name Description Formula Value Distribution
Parameters
Age Baseline age of AgeParticipant 77 Normal, Mean = 77, Std
participant Dev = 7; Expected
value: 77
Change in VA Lucent Change if VA after ChgVALucent 10.23 Normal, Mean = 10.23,
Lucent Treat Std Dev = 0.44;
Expected value: 10.23
Change in VA Mac Change in VA from | -ChgVAMac -3.27 Normal, Mean = 3.27,
Macugen Treat Std Dev = 0.45;
Expected value: 3.27
Change in VA PDT Change in Visual -ChgVAPDT -9.97 Normal, Mean = 9.97,
Acuity from Std Dev = 0.68;
Treatment Expected value: 9.97
Cost_Endo Cost of Discount(1869;Discount_Rate; stage) $1,869 Not parameterized
Endophthalmitis
Cost Mild Imp Cost of Mild Discount(Cost_of Mild Impairment;Discount Rate; stage) $2,252 Gamma, alpha =
Impairment (225272)/(114972),
lambda =
2252/(114972);
Expected value: 2252
Cost Mod_Imp Cost of Moderate Discount(Cost_of Moderate Impairment;Discount Rate; stage) | $ 8,787 Gamma, alpha =
Impairment (878772)/(4483"2),
lambda =
8787/(4483"2);
Expected value: 8787
Cost_Nonocular  Heme | Cost of Non-Ocular | Discount(112.2;Discount Rate; stage) $112 Not parameterized
Hemorrhage
Cost_Ocular Cost of Ocular Discount(420.51;Discount_Rate; stage) $421 Not parameterized
Inflammation Inflammation
Cost_of NFMI Init Inital Cost of Non- Discount(Cost_of NFMI Initial;Discount Rate; stage) $10,579 Gamma, alpha =

fatal MI

4658.283, lambda =
.44033; Expected value:
10579.072513796
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Description

Formula

Distribution
Parameters

Cost_of NFMI_Sub Subsequent year cost | Discount(Cost_of NFMI_ Subsequent;Discount Rate; stage) $ 3,483 Gamma, alpha =
of Non-fatal MI 396.1237, lambda =
0.11373; Expected
value: 3483.018552713
Cost_of Site Infection Cost of Site Discount(13.28;Discount_Rate;_ stage) $13 Not parameterized
Infection with PDT
Cost_of Stroke Init Initial Cost of Stroke | Discount(Cost of Initial Stroke;Discount Rate; stage) $ 20,351 Gamma, alpha =
13523.7, lambda =
0.664522; Expected
value:
20351.019228859
Cost_of Stroke Cost of Stroke in Discount(Cost_of Stroke Sub;Discount Rate; stage) $ 4,624 Gamma, alpha =
Subsequent Subsequent Years (462472)/(87"2),
lambda = 4624/(87°2);
Expected value: 4624
Cost PDT Treatment Cost of PDT Discount(8059.38;Discount_Rate;_stage) $ 8,059 Not parameterized
Treatment
Cost_Peg Treatment Cost of Pegaptanib Discount(9803.12;Discount_Rate;_stage) $ 9,803 Not parameterized
Treatment
Cost_Ran_Treatment Cost of Ranibizumab | Discount(21162.92;Discount Rate;_ stage) $21,163 Not parameterized
Treatment
Cost RD Cost of Retinal Discount(4576;Discount_Rate; stage) $4,576 Not parameterized
Detachment
Cost_Severe Imp Cost of Severe Discount(Cost_of Severe Impairment;Discount Rate; stage) $31,007 Gamma, alpha =
Impairment (3100772)/(15820"2),
lambda =
31007/(15820"2);
Expected value: 31007
Cost_Traumatic_Cataract | Cost of Traumatc Discount(1769;Discount_Rate; stage) $ 1,769 Not parameterized
Cataract
Discount_Rate Discount rate for 0.05 Not parameterized
model
incDiewithNFMI Incidence of Dying 0.177 Not parameterized
with Non-fatal MI
incDiewithStroke Incidence of Dying 0.0625 Not parameterized

after Stroke
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Description Formula Distribution

Parameters
incEndophPeg Incidence of EndophPeg 0.013 Beta, Real-numbered
Endolphamitis parameters, alpha =
Pegatinib 11.583, beta = 879.417;
Expected value: 0.013
incEndophRan Incidence of EndophRan 0.014 Beta, Real-numbered
Endophthalmitis parameters, alpha =
with Ranibizumab 1.946, beta = 137.054;
Expected value: 0.014
incHeme Incidence of Non- Heme 0.021 Beta, Real-numbered
ocular hemorrhage parameters, alpha =

2.919, beta = 136.081;
Expected value: 0.021

incNFMI Incidence of Non- NFMI 0.021 Beta, Real-numbered
fatal MI parameters, alpha =
2.919, beta=136.081;
Expected value: 0.021
incOcularInf Incidence of Ocular OcularInf 0.171 Beta, Real-numbered
Inflammation parameters, alpha =
23.769, beta = 115.231;
Expected value: 0.171

incRD Incidence of Retinal | RD 0.0067 Beta, Real-numbered
Detachment with parameters, alpha =
Pegaptinib 5.9697, beta =

885.0303; Expected
value: 0.0067

incSite Incidence of Site Site 0.134 Beta, Real-numbered
Infection parameters, alpha =
53.734, beta = 347.266;
Expected value: 0.134
incStroke Incidence of Stroke Stroke 0.007 Beta, Real-numbered
parameters, alpha =
0.973, beta = 138.027;
Expected value: 0.007
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Description

Formula

Distribution
Parameters

incTraumaCat Incidence of TraumaCat 0.0056 Beta, Real-numbered
Traumatic Cataract parameters, alpha =
Pegaptinib 4.9896, beta =
886.0104; Expected
value: 0.0056
Inital VA Baseline Visual 53 Normal, Mean = 53, Std
Acuity (letters Dev = 14; Expected
correct) value: 53
Util NFMI Utility of Non-fatal Discount((-Utility NFMI);Discount Rate; stage) -0.183 Beta, Real-numbered
MI parameters, alpha =
0.896, beta = 4;
Expected value:
0.183006536
Util_Stroke Utility of Stroke Discount((-(1-Utility Stroke));Discount Rate;_stage) -0.320 Beta, Real-numbered

parameters, alpha =
511.32, beta =

240.6212; Expected
value: 0.679999979

MI=myocardial infarction
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