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Abstract

Background The decision matrix applied by the Institute for Quality and Efficiency in Health Care (IQWiG) for the quan-
tification of added benefit within the early benefit assessment of new pharmaceuticals in Germany with its nine fields is
quite complex and could be simplified. Furthermore, the method used by IQWiG is subject to manifold criticism: (1) it is
implicitly weighting endpoints differently in its assessments favoring overall survival and, thereby, drug interventions in fatal
diseases, (2) it is assuming that two pivotal trials are available when assessing the dossiers submitted by the pharmaceutical
manufacturers, leading to far-reaching implications with respect to the quantification of added benefit, and, (3) it is basing
the evaluation primarily on dichotomous endpoints and consequently leading to an information loss of usable evidence.
Objective To investigate if criticism is justified and to propose methodological adaptations.

Methods Analysis of the available dossiers up to the end of 2016 using statistical tests and multinomial logistic regression
and simulations.

Results It was shown that due to power losses, the method does not ensure that results are statistically valid and outcomes of
the early benefit assessment may be compromised, though evidence on favoring overall survival remains unclear. Modifica-
tions, however, of the IQWiG method are possible to address the identified problems.

Conclusion By converging with the approach of approval authorities for confirmatory endpoints, the decision matrix could
be simplified and the analysis method could be improved, to put the results on a more valid statistical basis.

Keywords IQWiG - Early benefit assessment - Benefit quantification - Dichotomization - Pivotal trials - Statistical validity
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Introduction are used and if an added benefit can be observed, this benefit

is categorized in three different levels[1-3]. This scheme is

Within the early benefit assessment, the Institute for Quality
and Efficiency in Health Care (IQWiG) uses a 3 X 3 matrix,
to quantify a potential added benefit of a new drug. For the
endpoints analyzed in the dossier, three different categories
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well-documented in the IQWiG method paper[4] and has
also been published in relevant literature[1]. Nevertheless,
the IQWiG approach is unique and can hardly be compared
to the established methods applied by other Health Technol-
ogy Assessment (HTA) agencies.

IQWiG assumes that the international regulatory standard
of two pivotal phase III studies is met, and that these two
studies are pooled for the early benefit assessment. Based
on the pooled data set, IQWiG has derived upper bounds of
the confidence limits for each of the three types of endpoints
and each of the three levels of added benefit, resulting in the
above-mentioned 3 X 3 matrix used in the evaluation.

This matrix is designed, such that an added benefit for
the endpoint ‘overall mortality’ can be demonstrated easily.
Also, any prolongation of survival has per default at least
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a minor added benefit, whereas there is a lower boundary
for all other endpoints in place, below which an additional
benefit will not be concluded, even if a difference between
the new therapy and the reference therapy was proven.

Points of criticism

As every HTA body, IQWiG has to apply a standardized
method and when designing such a method, has to stick to
the law [5, 6]. There are, however, some points of critique
with regard to the method introduced by IQWiG:

1. By favoring ‘overall mortality’, drugs also that have
mortality as primary endpoint in the phase III studies
may be preferred over drugs whose primary endpoint
is not overall survival, even if the drug may be a thera-
peutic breakthrough in the respective indication. Such
a drug may, nevertheless, not be granted a major added
benefit, simply because the endpoint, in which success
in this specific indication is measured, falls in a less
favored IQWiG category [2, 5].

2. Despite the regulatory norm of two pivotal phase III
studies, the reality currently seen in drug approval is that
more and more drugs are approved with only one piv-
otal study. IQWiG, however, uses its evaluation matrix
for such dossiers as well, thereby, applying confidence
bounds calculated for at least twice the number of
patients, making it harder to stay below the critical upper
limit for dossiers with less patients than anticipated [2,
5, 7]. This phenomenon is even reinforced, when only a
small subgroup of the entire study population becomes
relevant for IQWiG’s assessment [8, 9].

3. IQWiG always evaluated a dichotomous endpoint and
if the original endpoint was not measured in a dichoto-
mic manner, IQWiG will dichotomize such an endpoint.
This, however, is accompanied with a loss of informa-
tion and usually results in a loss of precision (i.e., a
wider confidence interval) and could lead to the situation
that an added benefit, which can be demonstrated in the
original endpoint, is either of lower effect size or even
disappears in the dichotomized endpoint [2].

These points are dealt with in the present article.
The IQWiG method in detail

In a first step, every endpoint is transformed to a 2 X2
matrix, with the four fields being the product of a response
category (yes/no) and the treatment category (new/refer-
ence). Based on this matrix, relative risks or hazard ratios,
respectively, are calculated. The governing law, the Legis-
lative Decree on the benefit assessment of pharmaceuticals
(in German Arzneimittel-Nutzenbewertungsverordnung:
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AM-NutzenV), requires that different levels of added
benefit are derived based on the effect size, and IQWiG
interprets the Decree in a way that it presupposes to con-
sider not only the magnitude of the effect, but the outcome
itself (e.g., mortality, adverse events, health-related quality
of life etc.), as well [10]. IQWiG has decided to use the
upper bound of the 95% confidence intervals to measure
the effect size. For ratios, this means that the closer the
upper bound of the 95% CI is to 1, the lesser the effect.
Since two pivotal studies are assumed to be available and
every single study is designed and powered to show a sta-
tistically significant effect, the pooled analysis has to be
adjusted to the higher number of patients, to derive mean-
ingful confidence intervals. Based on the 2 X 2 matrix,
IQWiG assumes that the dichotomized endpoint is tested
by a chi-squared test. IQWiG sets a relative risk of 0.5 to
represent a relevant effect and then applies the respective
formulas to derive corresponding confidence bounds for a
major added benefit [1, 11].

IQWiG interprets the Legislative Decree such that dif-
ferent types of endpoints must be evaluated differently, as
well [1, 10]. This is how IQWiG gets to the 3 x 3 evalua-
tion matrix it does apply in the early benefit assessment
(see Table 1). The confidence bound calculated for two
studies and a relative risk of 0.5 is used as reference for
a major added benefit, demonstrated in overall mortal-
ity. To fill the other fields of the 3 X 3 evaluation matrix,
IQWiG divides the range of relative risks in six parts and
assigns each of the six values to one field in their matrix.
The assumed relative risk increases with deceasing added
benefit, and compared to the risk for a given level of added
benefit in the overall mortality endpoint category, the other
endpoint categories will get a lower relative risk (i.e., it
will be harder to demonstrate the same level of added ben-
efit in other categories compared to mortality). Based on
the given relative risks and the assumed sample size, the
necessary confidence bounds for all fields of the matrix
are derived.

This approach is based on two assumptions that in real-
ity may be violated:

1. Data from two studies are available and can be pooled
for the benefit assessment.
2. Endpoints are dichotomous.

Furthermore, the relative risks and the confidence
bounds derived from them are quite arbitrarily chosen by
IQWiG. Only the starting relative risk of 0.5 for a major
benefit in survival is justified by IQWiG, citing one sin-
gle reference [11]. All other relative risks were chosen by
IQWiG in “pragmatic manner” to be a multiple of 1/6 of
the interval O-1[1].
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Does the IQWiG method prefer indications?

As stated above, the IQWIG method prefers the endpoint
mortality by making it easiest to get an added benefit
approved in this category. One might expect that this leads
to a preference of indications that have survival as the pri-
mary endpoint, irrespectively of the effect size. To test this
hypothesis, all available dossiers were downloaded from
the IQWiG homepage [12] and transferred to a database.
The dossiers were downloaded on 11-DEC-2016. Dossi-
ers not published at that date, were not considered for the
analysis. Filtering the published dossiers to:

Department Drug assessment
Report type Dossier assessments
Therapeutic area All

Year All

resulted 174 available dossiers.

To test the hypothesis, the indication of each dossier
was recorded in the database as well as a high-level indi-
cation (e.g., all oncological indications were grouped
together). The 174 dossiers were about 121 substances in
23 high-level indications. For 38 substances, more than
one dossier was available, either because that substance
has more than one indication or after a temporarily granted
benefit an update of the dossier with additional data had
to be re-submitted to IQWiG. A large portion of dossiers
(102 of 174) could not be analyzed, because there was no
demonstrated added benefit in any endpoint or because
IQWiG deemed the dossier unsuitable. The main reason
of IQWiG to reject a dossier was the inclusion of unsuited
studies (44 of 102). In 34 of these, there was no study
available at all and in the other 10 cases, the submitted
studies were not accepted by IQWiG. In 27 dossiers, the
reference treatment (appropriate comparative therapy)
chosen by the sponsor was not the reference treatment set
by the Federal Joint Committee (in German Gemeinsamer
Bundesausschuss: G-BA). IQWiG evaluated all endpoints
according to its 3 X 3 matrix. Therefore, the analysis of the
remaining dossiers could be performed on an endpoint
level. In the 72 dossiers, eligible for analysis, 568 end-
points were assessed. Of these, 403 were risk ratios, haz-
ard ratios, odds ratios or were transformed to such for the
early benefit assessment. These 403 endpoints were used
for analysis. The fact that 165 endpoints were other meas-
ures, e.g., mean differences, Hedges g, is quite remark-
able, given that IQWiG actually requires a dichotomous
or dichotomized endpoint for the dossier.

If the hypothesis is true that IQWiG’s method prefers
indications, for which the primary endpoint is measured as
survival, this should result in a preference of oncological
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or cardiovascular indications, as survival as a primary end-
point will be more commonly used in these indications
than in the others.

Methods

To investigate the question, if the IQWiG method prefers
some indications over others, all 403 evaluable endpoints
and their respective evaluation by IQWiG were analyzed.
To compare the different types of endpoints, homogeneity
between the four types of endpoints would be necessary.
This is tested by comparing the four mean estimates of the
endpoint types by an F test. The underlying hypothesis for
the F test is:

H, : All group means are equal
versus

H, : At least one pair of means is different.

The endpoints are rates and rates usually are distrib-
uted log-normal. Therefore, log-transformed values were
used for the F test. The F test was also used to compare the
mean upper confidence interval bounds of the four types of
endpoints.

If the F Test shows differences between the mean esti-
mates or the mean upper confidence limit, the analysis of the
IQWiG evaluations has to take this non-homogeneity into
account. This would be done by statistical modeling. The
variable to be explained, added benefit, is ordinal with more
than two factors. This means that the appropriate statistical
model for this type of variable is the multinomial logistic
regression. The model equation would be:

added benefit = indication + upper confidence limit.

If the F test shows no difference between the endpoint
types, the model would be reduced to:

added benefit = indication.

The logistic regression models chances (odds) and the
calculated estimators from the model can be interpreted as
odds ratios after transformation using the exponential func-
tion. With the target variable being qualitative, a reference
must be given, to model the odds ratios for the other catego-
ries compared to the reference. It is assumed that the IQWiG
method favors fatal diseases. Therefore, malignant tumors
were set as reference for the analysis. Results of the logistic
regression are, therefore, the chances of an indication to get
a higher added benefit than a malignant tumor, if necessary
adjusted for differences in the upper confidence limits. This
approach uses all available endpoints and one can object
that even if IQWiG has not specified how different benefit
signals will be combined to come to an overall judgement for
a compound, it can safely be assumed that only the strongest
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signal will in the end be the used one to set the overall added
benefit, provided no signal of harm was detected. Using all
endpoints, therefore, would be a biased analysis, as end-
points not relevant for the overall added benefit are included
as well. For sensitivity reasons, the analysis will be repeated
with the highest rated endpoint only. In case that endpoints
of different types have the same added benefit, and that this
is also the highest rated added benefit, the following order
will be used to decide which endpoint is included in the
sensitivity analysis:

“severe symptoms” comes from dossier A15-29 Edoxaban
and was used there as such by IQWiG, without assign-
ing it to one of the four categories. This observation is,
therefore, excluded from further analyses. The result of
the F test shows that the various endpoint categories differ
and consequently the upper confidence bound needs to be
included in the final model as explanatory variable.
Results of the logistic regression (Table 3) show that
the odds for comparison of malignant tumors with the
other indications are in favor of tumors as well as against

Mortality — Morbidity — Side Effects/AE — Health-related quality of life

This order was chosen, as it emulates the IQWiG deci-
sion matrix. The IQWiG matrix differentiates between seri-
ous adverse events (SAE) and non-serious adverse events
(AE), which we do not in our analysis to keep it more com-
prehensible. The IQWiG matrix values equally SAE and
health-related quality of life (HRQoL). However, in most
cases where some data on HRQoL were presented, no added
benefit could be derived [13]. Furthermore, for explorative
HRQoL endpoints, no agreement between market authori-
zation and early benefit assessment is ascertainable [14].
Thus, we decided to rank our category side effects higher
than HRQoL.

If not mentioned otherwise, analyses were conducted
using the software SAS Version 9.4 (SAS Institute, Cary,
North Carolina).

Results

Table 2 shows the summary statistics for the risk ratios
and the upper confidence limits. The one observation with

them. Remarkable is the estimated odds for metabolic dis-
orders, which is favored over tumors. This may probably
be due to the fact that most substances in that class are
for treatment of diabetes mellitus and most of the dossi-
ers were rejected by IQWiG due to an inappropriate com-
parator or an inappropriate implementation of the control
intervention. The comparator given by the Federal Joint
Committee (Sulfonylurea), however, does not represent the
current standard of care and, therefore, any drug that actu-
ally provides accepted comparative study data for mortal-
ity vs that treatment has quite high chances to prove a
major added benefit [i.e., for the combination of sitaglip-
tin with metformin compared with sulfonylurea (glipizide)
plus metformin]. However, all confidence intervals for the
odds (except for lung diseases) include the neutral value 1,
which means that indication does not have a statistically
significant influence on the assigned added benefit. This
also means that the underlying hypothesis that oncological
indications are favored by the IQWiG methodology, could
not be proven.

Table2 Summary statistics

. . Variable Mortality Morbidity Side effects/AE HRQoL Severe p value
for the risk r.atlf)s and upper symptoms
confidence limits (all endpoints)
Risk ratio
N 74 129 163 36 1
Mean 0.76 0.68 0.46 0.69 0.89 <0.0001
Std 0.53 0.46 0.23 0.21
Min 0.14 0.03 0.03 0.33 0.89
Med 0.73 0.60 0.47 0.67 0.89
Max 431 3.10 1.14 1.47 0.89
Upper CI bound
N 74 129 163 36 1
Mean 1.75 1.51 0.71 0.94 0.96 <0.0001
Std 4.26 2.93 0.27 0.29
Min 0.54 0.13 0.16 0.72 0.96
Med 0.93 0.87 0.74 0.89 0.96
Max 36.38 29.48 2.37 2.26 0.96
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Table 3 Results of the logistic
regression (all endpoints)

Comparison Odds ratio
Lower CI Estimate Upper CI

Eye diseases vs malignant tumor 0.187 1.346 9.663
Vascular diseases vs malignant tumor 0.299 0.580 1.125
Cardiac diseases vs malignant tumor 0.722 2.295 7.297
Immunosuppressive agents vs malignant tumor 0.277 0.999 3.606
Infections vs malignant tumor 0.700 0.868 10.772
Blood diseases vs malignant tumor 0.132 2.051 31914
Pulmonary diseases vs malignant tumor 0.127 0.350 0.963
Nervous system disorders vs malignant tumor 0.558 1.789 5.734
Metabolic disorder vs malignant tumor 0.499 1.215 2.958
Viruses vs malignant tumor 0.438 0.800 1.462
Benign tumor vs malignant tumor 0.100 0.346 12.154

Table4 Summary statistics for the risk ratios and upper confidence
limits (highest rated endpoints)

The baseline status of the sensitivity analysis, which
included the highest available endpoint per drug only, shows
similar results as the main analysis. The mean upper bounds

Variable Mortality Morbidity Side effects/AE p value
of the confidence intervals are different for the types of end-
Risk ratio points and have to be included as corrective factor in the
N 30 21 21 analysis (Table 4).
Mean 0.59 046 0.38 0.0045 When looking at the frequencies of added benefit per
Std 0.18 025 0.19 indication, one problem of this analysis can be observed:
Min 0.22 0.03 0.10 some combinations have no counts and the remaining classes
Med 059 0.4 0.42 have very few counts (Table 5). This results in failure of the
Max 1.02 1.06 0.64 numeric algorithms to provide estimates from the logistic
Upper CI bound regression.
N 30 21 2l In summary, the sensitivity analysis did not have suf-
Mean 091 0.83 0.62 0.0023 ficient observations to provide estimates for the statistical
Std 0.33 041 0.20 analysis and the main analysis, which included all endpoints,
Min 0.54 022 0.24 did not support the hypothesis that the IQWiG methodology
Med 0.82 0.81 0.67 favors indications with survival endpoints, like malignant
Max 220 231 091 tumors. For a conclusive analysis of this question, more data
Table 5 Frequency count of N Added benefit
added benefit by indication
Major Considerable Minor None
N (%) N (%) N (%) N (%)
Eye diseases 1 1 (100.00) 0 (0.00) 0 (0.00) 0 (0.00)
Vascular diseases 5 0 (0.00) 4 (80.00) 1 (20.00) 0 (0.00)
Cardiac diseases 2 0 (0.00) 2 (100.00) 0 (0.00) 0 (0.00)
Immunosuppressive agents 2 0 (0.00) 1 (50.00) 0 (0.00) 1 (50.00)
Infections 1 0(0.00) 0(0.00) 0(0.00) 1 (100.00)
Blood diseases 1 0 (0.00) 1 (100.00) 0 (0.00) 0 (0.00)
Pulmonary diseases 6 0 (0.00) 2(33.33) 3 (50.00) 1(16.67)
Nervous system disorders 3 0 (0.00) 2 (66.67) 1(33.33) 0 (0.00)
Metabolic disorders 5 3 (60.00) 1 (20.00) 0 (0.00) 1 (20.00)
Viruses 8 2 (25.00) 5 (62.50) 0 (0.00) 1(12.50)
Benign tumor 1 1 (100.00) 0 (0.00) 0 (0.00) 0 (0.00)
Malignant tumor 37 25 (67.57) 8 (21.62) 1 (2.70) 3(8.11)
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is needed and with additional benefit dossiers being pub-
lished constantly, this analysis may be repeated in the future.

Problems inherent to the IQWiG
methodology

Since the early benefit assessment starts immediately after
market approval of a drug, the dossiers are based on the
phase III studies also used for market authorization of the
drug. This causes some problems, because the approach
taken by IQWiG to answer the question of an added benefit
is different from the approach taken by an approval author-
ity, like EMA or FDA. For approval, the main focus is to
prove efficacy of a new drug. Phase III studies are, therefore,
planned for usually one or at most two primary endpoint(s)
that are accepted as valid endpoints for efficacy in the indica-
tion of interest. Approval of the drug is tied to the outcome
of the associated statistical test:

H, : The drug does not work
versus

H, : The drug does work.

It does not really matter with which statistical method
this hypothesis is tested for a specific indication. Important
is the fact, that the whole study is planned to test this one
hypothesis. When planning a study, three parameters have
to be kept in mind:

e TypeIerror (a)
e Type Il error (B)
e Clinically relevant difference in the primary endpoint (A)

The clinically relevant difference is usually agreed upon
with the approval authority beforehand and is, therefore, set.
The type I error denotes the error when the statistical test
rejects the null hypothesis incorrectly. This can be interpreted
as the regulatory risk, as it would mean that a non-working
drug would get approved. The approval authorities have an
interest to keep this error as low as possible, and the traditional
agreement for approval studies is @=0.05. For approval of a
drug, usually two independent studies have to show the effec-
tiveness of a drug for this given type I error of 5%. Exceptions
are, however, possible, especially if the observed p value is
very low, a deviation from the two-study requirement is possi-
ble [15, 16]. Nowadays, the exception has become the standard
especially for pharmaceuticals with oncological indications
and a lot of approvals are based on only one phase II or IIT
pivotal study and only the results of the phase II or III study/
studies are then incorporated in the value dossier [17]. This
is a further problem of the IQWiG method, which is covered

further on. For the current problem, only the fact that through
regulatory requirement, the type I error given as well is rel-
evant. Therefore, the only variable that can be changed when
planning a phase III study is the type II error. This is the error
of not rejecting the null hypothesis, although it should have
been rejected. This can be seen as the sponsors’ risk, because
it would mean, that a working drug is not identified as such.
Given the two variables (a, A), it holds, that the lesser the
type Il error, the higher the required sample size for the study.
Balancing economic and ethical aspects of a study, a range of
10-30% for the type II error has been proven to be feasible.
If looking at the complementary probability (1 — /), instead
of S, this represents the chance that a working drug is identi-
fied as such. This is called power. Given the above-mentioned
error rates, typical phase III studies have a power of 70-90%,
with a power of 80% being the desired target in planning. In
summary, the sample size in a phase III study was planned
for the clinically relevant difference in the indication, a=0.05
and #=0.2. If there is more than one endpoint for a given
indication, adjustments have to be made (see below), but the
typical case is one endpoint. IQWiG, however, does look at all
endpoints of a study and this is an inherent problem, because
for the given sample sizes, the values of a and f in this end-
point are unknown. As the approval authorities, IQWiG sets
a=0.05, which still leaves f as completely unknown for the
given endpoint. The given sample size, therefore, can be too
high or too low. Too low a sample size is the case that can be
understood most easily. If the sample size is too low, the type
II error increases, because a and A are set. With increasing
type 11 error, the reliability of the statistical test decreases. A
statistical test can be seen as an arbitrary tool for decision mak-
ing, obviously sophisticated enough, to protect against errors.
But if the power falls below 50%, the decision to reject the
null hypothesis or not, would be better taken by a coin toss,
which has a power of 50%, instead of the statistical test. Too
low a sample size, leads sooner or later to the point at which
the statistical test loses its validity. Too high a sample size
seems to be less problematic, because it would increase the
power of the test and, therefore, the validity. To understand
that too high a power, does also have adverse effects, one has
to look at the clinically relevant difference (4). A is the limit
that must be achieved from a medical perspective, at least to
make a difference in treatment of patients. When planning
a study, this is usually given. If the drug does not reach the
pre-specified A, the null hypothesis will not be rejected, or
at least there is a high probability for it, to be not rejected. If
the power of a test increases, it does so for the “real” A, but it
does so for all other potential values of A as well, even for the
values considered to be too low, from the medical treatment
perspective. In other words, if the power of a test is too high,
the chances increase that the null hypothesis is rejected for a
A that is not considered clinically relevant, but too low. Too
high a power, therefore, can actually increase the probability
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to reject the null hypothesis for a drug, with insufficient effect.
One can now object that IQWiG uses confidence intervals and
not tests, but both are interrelated. 95% confidence interval
actually means that there is a 5% risk of having a true effect
outside the confidence interval. So, the 95% represent 1 —a of
a corresponding test. The decision, to correctly reject the null
hypothesis, would be equivalent to the confidence interval not
including the neutral value (e.g., 1 for rates), and the power
of a test, is corresponding to the probability of the confidence
interval, excluding the neutral value correctly. In this sense,
it does not matter, if the decision is based on a test or on a
confidence interval and, therefore, the term of statistical tests
(e.g., power) is used in this text also for decisions, based on
confidence intervals.

The studies that are submitted to IQWiG have not been
planned for this kind of evaluation, and the fact that IQWiG
analyzes all available endpoints is, therefore, a problem,
because it is completely unknown, which type II error is
associated with the various endpoints. And, this in conclu-
sion means that it is unknown, with what level of validity the
results are associated. Given the process of the early benefit
assessment, it is almost impossible to submit a dossier with
studies designed for the benefit analysis, although this would
be the gold standard. Having to accept the sub-optimal situa-
tion as it is now, the problem of the unknown f is difficult to
solve. The most meaningful approach would be that IQWiG
would require a power calculation for all endpoints, given the
sample size of the included studies, and include only endpoints
with a reasonable power (e.g., 70-90%) in the early benefit
assessment.

As mentioned above, having more than one endpoint for
decision making is a problem of its own. If more than one test
is conducted, there are two types of type I error:

1. The type I error of each individual test. This is called
comparisonwise type I error and is denoted by a,.

2. The overall risk of having at least one test in which the
type I error is committed. This is called the experiment-
wise type I error, denoted by a,.

If n independent tests are conducted and the null hypothesis
would be true for all tests, then (1 —a,) would be the prob-
ability of a correct test decision for each individual test. The
probability of x type I error in all n tests is the binomial dis-
tributed and given as:

|
P(x) = mo@(l —a)" " (x=1,...n).

The probability to conduct no type I error is then:

Px=0)=(1-a)".
And, the probability of at least one type I error:

Px21)=1-Px=0)=(-a)"=a.
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If n=35, then the probability of conducting at least one
type I error in the 5 tests is 0.226, which is considerably
higher than the individual type I error of a,=0.05.

There are multiple methods, to adjust for multiple tests
and keep the experimentwise error at 0.05 [18-23], but taken
the high number of endpoints in an IQWiG dossier, even
these methods would be driven to their limits. Since IQWiG
does look at the overall picture as presented in the dossier,
it may be acceptable, if a few of the endpoints, showing an
added benefit, do so erroneously. That there is some kind of
added benefit would not be doubted.

In summary, the problem of the completely unknown
power is an issue that is caused by the IQWIG approach,
and which casts a doubt on whatever is seen in a dossier,
unless the added benefit is seen in the primary endpoint, for
which the studies were planned.

Number of available studies

Another issue with the method used by IQWiG is that the
critical limits for the risk ratio and the confidence interval
are calculated, based on the assumption that two studies
are available and part of the dossier. As stated earlier, this
is not reflecting the regulatory reality, and more and more
approvals are based on only one study. A second problem is
that IQWiG requires dichotomous variables and, if neces-
sary, variables have to be transformed to a 0—1 scheme for
the dossier. The consequences of these two assumptions are
investigated in this section.

Two studies are assumed but not available

Table 6 shows that in nearly 3 out of 4 dossiers, submitted
to IQWiG, only one study was included. Since IQWiG
does not adjust the critical limits to this fact, this is a
problem. In [1] IQWiG describes detailed, how it derives
the critical bounds, based on a chi-squared test and two
studies. The critical upper confidence bound of 0.85 for
the reference category is calculated, based on two studies
powered at 80%. But what happens, if only one study is
available and, therefore, the number of patients is only half
the assumed size? Furthermore, even in cases with more

Table 6 Number of studies in the available dossiers

# studies Frequency
Absolute Relative (%)
52 72.22
15 20.83

3 5 6.94

The number of studies refers to the dossier in general and not to spe-
cific patient subpopulations being evaluated
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than one study, a meta-analysis might not be feasible due
to heterogeneity or different patient groups. Even worse
with regard to potential power losses, becomes the situa-
tion, where only a subgroup of the entire study population
is included in IQWiG’s assessment.

Methods

To investigate the consequences, the necessary sample
size for a chi-squared test for different values of p, and
a relative risk of 0.5 with a power of 80% is calculated.
Then, this number is cut by half, and the resulting power
is calculated.

Results

Table 7 shows that with only half the needed sample size,
the power falls to values around 50%. This means, that
only because of the fact that one instead of two studies
is forming the dossier, the power falls to a critical value,
which puts the statistical test on one level with a coin
toss. This applies to the primary endpoint only, as only
for this endpoint it is known that the study was designed
to achieve 80% power. For all other endpoints, the previ-
ously mentioned problem that the power is not known is
just worsened, because whatever power may be there in
case of two studies, it is dramatically reduced, if only one
study is available. The calculations assume that the origi-
nal study had a dichotomous endpoint. If that is not the
case, dichotomization will increase the problem of loss of
power even further, as we will see below. Furthermore,
this problem worsens, if only a subpopulation instead of
the entire labeled population is used for the early benefit
assessment.

Table 7 Power calculations for chi-squared test with only half the
needed sample size

Risk p, Relative risk Alpha Power
0.1 0.5 0.05 0.507
0.2 0.5 0.05 0.504
0.3 0.5 0.05 0.503
04 0.5 0.05 0.507
0.5 0.5 0.05 0.503
0.6 0.5 0.05 0.498
0.7 0.5 0.05 0.483
0.8 0.5 0.05 0.480
0.9 0.5 0.05 0.483

Endpoint dichotomization

IQWiG dichotomizes endpoints, to fit study endpoints into
the evaluation matrix. For endpoints not measured on 0-1
categories, that means a loss of information. The conse-
quences of this loss are investigated in this section.

Methods

Parkinson’s disease is chosen as example. The severity of the
disease is measured by the Unified Parkinson’s Disease Rat-
ing Scale (UPDRS). The UPDRS is calculated by answers
to 42 questions, and the range of the UPDRS score is 0-199
[24]. Due to the wide range, this scale can be assumed to
be nearly continuous and the distribution is a quasi-normal.
So, the UPDRS score is tested, using the common ¢ test. A
reduction of at least 8 points in the UPDRS scale is consid-
ered to be a clinically relevant difference [24]. In clinical
studies, a baseline score of around 31 points was observed,
with a standard deviation of around 12 points [25, 26]. With
these data, the needed sample size for a power of 80% can be
calculated. With this sample size, a data set of normally dis-
tributed data is then created, having a reduction of 8 points
in one group and 0 in the other. For dichotomization, a sec-
ond variable is calculated, based on the randomly generated
data, resulting in 1 for response if the difference is at least 8
points and 0 otherwise. For the dichotomized variable, the
chi-squared test is then calculated. By means of Monte Carlo
simulation, this is repeated 5000 times to estimate the power
of the chi-squared test on the dichotomized variable. Based
on this real life example, the simulations are repeated with
other, artificial, values for differences of the mean and stand-
ard deviation, to get a feeling for the range of loss of power.

Results

Using SAS PROC POWER, a needed sample size of N=37
per group was calculated for a difference of at least 8 points
between the groups, a baseline value of 31 points and a
standard deviation of 12 points. Monte Carlo simulations
were performed also for the ttest, to confirm that 5000 runs
are sufficient. The simulated power for the ¢ test with 5000
iterations was 80.18%, which is a very good result, given
the theoretical power of 80%, and shows that 5000 runs are
sufficient for reliable results.

The same 5000 runs, using the dichotomized variable and
a chi-squared test instead of the original variable and the ¢
test, resulted in a power of 58.22%. In this example, dichoto-
mization resulted in a loss of power of over 20%.

Using means differences of 1-5 points and a standard
deviation of 5 and 8 points, respectively, these results were
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confirmed. Dichotomization from normally distributed
data leads to a loss in power of approximately 20%, with
results having a variability of only a few percentage points.

Discussion
Interpretation of the results

The IQWiG methodology is subject to various criticisms.
Our analyses investigated some of this critique. The first
point was that due to the different types of endpoints and
different critical bounds, indications measuring their suc-
cess in survival, could be favored by IQWiG’s methodol-
ogy. Analysis of all dossiers by means of logistic regres-
sion could not verify this hypothesis; however, due to the
limited number of dossiers (74), the results of this analysis
are not valid enough, to answer the question definitively.
The analysis will have to be repeated in the future, when a
meaningful number of dossiers can be included.

The fact, that IQWiG includes all available endpoints,
leads, without any adjustment for multiple testing, to
an unknown power and an unknown number of positive
results, that may happen to be the outcome of a high exper-
imentwise type I error rate only. Both issues are obvious,
and at least for regulatory approval of new drugs adjust-
ment for multiplicity is required [27]. With multiple meth-
ods for adjustment available, it is surprising, that IQWiG
ignores this problem completely.

Another problem is that IQWiG still assumes that two
pivotal studies form the dossier, despite their own data,
showing that this is not the case nowadays. Lacking the
second study, we could show, that the power could drop
down to the critical limit of 50% or, if the power was
below 80% in the study, it could fall even below 50% in
the IQWiG analysis, making a coin toss more reliable than
the statistical test. It is more than surprising, that IQWiG
does not adjust its decision boundaries to the number of
studies at all, and stays in a virtual reality of the two stud-
ies gold standard.

The last point of critique was that IQWiG dichotomizes
all endpoints, not originally available as 0—1 variable. For
data originally normally distributed and analyzed by the ¢
test, it was shown that this decreases the power of the test
by approximately 20%.

In summary, IQWiG is facing a major problem with the
power of the analyses it is performing on the endpoints.
For most endpoints, the power is unknown, but due to
methodological issues, it can safely be assumed that the
power will be low anyway. It is, therefore, reasonable to
investigate how this problem can be overcome and if this
is feasible at all.
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Modification of the IQWiG method

Unequal treatment of endpoints and a problem with reli-
ability of the results, due to an unknown but presumably low
power, are the two problems of the IQWiG method. Looking
at the text of the Legal Decree, and in contrast to the inter-
pretation of the IQWiG, we do not see the strict necessity
for different types of endpoints. But, similar treatment of
all endpoints should remain an option, when modifying the
IQWiG methodology.

The problem of an unknown power, however, can be
addressed and corrected. The current method has already
included a mechanism to protect against too high a power.
If the power is too high, this would result in a clinically not
relevant difference (i.e., a higher than assumed risk ratio)
but an upper confidence bound below the critical value. If
IQWiG would decide, if added benefit can be established
or not, not only on the upper confidence interval bound,
but also on the estimated risk ratio, a too high power would
result in failure to meet both criteria. And, since IQWiG sets
the risk ratios to calculate the critical values for the upper
bounds, it can easily use both values in the decision.

However, too low power seems to be the more promi-
nent problem, as shown in the previous part. As indicated,
it may be useful to include only endpoints with at least a
minimal power in the analysis. This would ensure that each
single endpoint analysis has certain validity. It would still
not adjust for multiplicity, but the more signals for added
benefit are seen, the less important the single endpoint will
become. Multiplicity will only be a problem, if the final
decision is based on very few, or in an extreme example on
only one endpoint. Including only endpoints with a mini-
mal power, would reduce the number of endpoints and to a
certain degree also the chances to get an additional benefit
granted, but the decision itself would come with a higher
reliability. Furthermore, pharmaceutical manufacturers
could include HTA endpoints in their phase III study plan-
ning, to adjust for such a modified methodology, and ensure
that a sufficient number of endpoints meet the requirement
of minimal power.

As already indicated in the power analysis earlier, IQWiG
should also use multiple matrices for evaluation, depending
on the number of studies included. The formulas are avail-
able and easy to implement. It is quite surprising that this
is still not implemented, given the loss of power observed.

Dichotomization proves to be the trickiest problem of
the IQWiG methodology. A form of standardization and
also simplification is necessary, if IQWiG wants to follow a
similar process for each dossier. The alternative would be an
extensive consulting and evaluation process, similar to the
process when planning the submission of a new drug appli-
cation (NDA). For a HTA evaluation, a process similar to a
NDA, however, is simply too time consuming, too expensive
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and too complex. Having a method applied that is simple and
transparent, is therefore necessary, to uphold a national HTA
process. Despite its downside, dichotomization, therefore,
seems to be the only way for the early benefit assessment. In
summary, a modified IQWiG procedure could look like this:

e Non-dichotomous endpoints will be dichotomized

e Only (dichotomized) endpoints with a minimal power are
included. Since 50% is the critical value, a relevant dis-
tance to that value has to be maintained. Given that 80%
is the reasonable target in clinical studies, a lower level
of 70% is suggested, but is obviously open for discussion.
Important is that a lower level for inclusion is set at all.

e Currently, side effects are analyzed singularly. This
causes a lot of signals, partly confusing and makes it
hard to come to an overall conclusion, regarding harm or
benefit of the new drug. It is proposed, to analyze them
comprehensively using Cox regression with adjustment
for repeating events and/or competing events. Serious
and non-serious side effects should be analyzed sepa-
rately. Since this would increase the power of the analy-
sis, a lower type I error level should be applied, e.g., 1%
instead of 5%.

e The categories for endpoints are dropped. The critical
values of the current category “mortality” are applied to
every endpoint.

¢ Risk ratio and upper confidence interval bound are used,
to evaluate the added benefit. Only if both are met, the
respective benefit is granted. If there is a mismatch, the
lower category of benefit is granted only.

e The critical values for risk ratio and upper confidence
interval bound are adjusted for the number of studies.

e If only endpoints with a minimal power, i.e., an accept-
able statistical validity, are included in the analysis, the
highest observed benefit category could be taken as the
overall level of benefit granted for the drug, provided
there is no evidence of a harmful effect.

This algorithm is simple, transparent and could be con-
sidered in phase III planning by the pharmaceutical manu-
facturer. The benefit, compared to the current process, is that
only endpoints with a proven reliability are included, and
that the overall assessment therefore can be trusted more.
The downside is that less endpoints will be considered in
evaluation and, therefore, a potential added benefit may be
missed or that the decision relies on very few, or even just
one endpoint. Since [QWiG does not decide upon the added
benefit and the price of a new drug, the overall process,
however, can adjust for this downside. To protect against
too few endpoints forming the dossier, the pharmaceutical
manufacturers can include the most important HTA end-
points in their phase III planning. Since the process would
be published and everything is consequently known, this is

easily achievable, although it may mean a higher number of
patients have to be included in the studies and, thus, increas-
ing costs. If the overall decision is based on only few or
even just one endpoint, the Federal Joint Committee (G-BA)
may grant a restricted added benefit (as it can already and
increasingly does so), and require the applicant to deliver
more data for a second assessment [28].

Overall, it is possible with few adjustments to modify the
IQWiG methodology, such that most of the points of critique
can be addressed, and that the overall process of the early
benefit assessment in Germany with different stakeholders
involved, is not touched. There has been also a proposal
to include in IQWiG’s methodology patients’ preferences
for an explicit endpoint weighting [2, 29, 30], following an
approach discussed for the regulatory benefit-risk assess-
ment[31] as well as for HTA purposes [32]. In the past,
patient preferences with regard to endpoints in the treatment
of major depression and hepatitis C had been elicited on
behalf of [QWiG [33, 34]. The main objection, put forward
by IQWiG’s director, referred to the risk of inconsistencies
while handling interventions in different indications [2].
Obviously, the proposed modification in the present paper
is not the only one possible, but it stays as close as possible
to the current method.

Limitations

It should be mentioned that IQWiG is not the decision maker
in the German early benefit assessment, but the final deci-
sion (appraisal) is taken by the Federal Joint Committee
(G-BA), the German self-administrative body of physicians,
hospitals and health insurance funds. The Federal Joint
Committee considers IQWiGs assessments, but may rely on
other evidence (e.g., results of currently ongoing studies) as
well. We did focus in this work only on the methodology of
the IQWiG and how this may be improved, not taking the
overall process into account. Figure 1 shows the differences
between IQWiG’s assessments and Federal Joint Commit-
tee’s appraisals on a subgroup level with regard to the extent
of added benefit for all the early benefit assessments, orphan
drugs excluded, up to 2016 following[35]. To explore why
the assessment of the IQWiG and the final decision by the
Federal Joint Committee differ, is a separate question also
worth investigating.

Conclusion

The method used by IQWiG within early benefit assessment
of new pharmaceuticals in Germany, is subject to mani-
fold criticism. In general, the method does not ensure that
results are statistically valid, and outcomes of the early ben-
efit assessment may be compromised, due to power losses.

@ Springer



M. Herpers, C.-M. Dintsios

56
80% $%
70% IQWIG N ©
0
60% BFIC
50%
40%
30% % <
20% S . o ®
s, s £S5 By 5
MR I S IEE
o - o
0% — — — — — —
N\ (4 $ < N N
QO X Qo NS AN N
D X0 o Y () e
< ‘b“"@ N & & &
S ’b(\ @b &
0(\ o‘? s} <
C X O &
eo o’b N
X

Fig.1 Added benefit in IQWiG assessments and Federal Joint Com-
mittee’s appraisals on a sub-population basis (orphan drugs excluded)
up to end of 2016

By converging with the approach of approval authorities
for confirmatory endpoints, the analysis method could be
improved, to put the results on a more valid statistical basis.
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