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Abstract

In2013, Ly et al published a study in JAMA reporting a massive reduction in the frequency of severe hypoglycemic events when
the patients used sensor augmented insulin pump therapy with low glucose suspense. The data of this study were reanalyzed
by the IQWiG when this German institute started its evaluation of the evidence for continuous glucose monitoring (CGM)
usage. The IQWiG came to a contrary conclusion than the authors of the Ly study. Decisive for this was the statistical
analysis of the Ly study that led the IQWiG to evaluate this result as a lack of evidence for the superiority of CGM (plus
pump) for preventing hypoglycemia. In this commentary, a direct English translation of the IQWiG analysis is provided to
enable the reader to come to his or her own conclusion about this study.
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The German Institute for Quality and Efficiency in Health
Care (IQWiG) assesses the advantages and disadvantages
of medical procedures (eg, drugs, medical devices, and
surgical procedures) by conducting systematic searches
through international scientific literature for studies in
which the comparisons in question are described. The
IQWiG uses methods of evidence-based medicine for
selecting and assessing these studies. Based on this
research, IQWiG provides reports to the German Common
Federal Council (Gemeinsamer Bundesausschuss), which
makes decisions regarding the reimbursement of medical
procedures. IQWiG reports about advantages or disadvan-
tages of medical procedures usually have a large impact on
reimbursement decisions made by the Common Federal
Council.

In May 2015, the IQWiG released a report about potential
benefits of continuous glucose monitor (CGM) use in people
with  diabetes  (www.iqwig.de/de/projekte-ergebnisse/
projekte/nichtmedikamentoese-verfahren/d12-01-kontinui-
erliche-interstitielle-glukosemessung-cgm-mit-real-time-
messgeraten-bei-insulinpflichtigem-diabetes-mellitus.3258.
html). They concluded that while there was evidence that
CGM is beneficial with regard to HbAlc improvement in
adults with type 1 diabetes, there was less clear evidence for
the avoidance of severe hypoglycemia in this patient group.
Furthermore, the IQWiG found an indication that CGM
might be beneficial with regard to hypoglycemia avoidance
and HbA1c improvement in children with type 1 diabetes.

The IQWiG conservatively assesses CGM benefits in
their report; they prefer clinical end points such as severe
hypoglycemia over biochemical end points, that is, glucose
readings obtained with blood glucose meters or CGM sys-
tems. This preference of the IQWiG is shared by other regu-
latory bodies including the Federal Drug Administration and
the National Institute for Clinical Excellence.

In 2013, Ly et al from Australia published a study in the
highly ranked journal JAMA that reported a significant
reduction in the frequency of moderate hypoglycemia
(defined as the requirement of third-party assistance for
recovery from hypoglycemia) as well as severe hypoglyce-
mic events (SH; defined as a hypoglycemic episode accom-
panied by seizure or coma) in patients with type 1 diabetes
who used an insulin pump (continuous subcutaneous insulin
infusion; CSII) with low glucose suspend (LGS).! The
authors concluded that there is a benefit of using LGS in a
clinical end point (combined rate of severe and moderate
hypoglycemia). The study raised a lot of attention and was
widely cited and also found its way into standards of care, in
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Table I. Definition of SH Events and Serious Hypoglycemic Events.

Definition

Susceptibility to systematic bias

Severe®: Hypoglycemic event “Requiring assistance from another person™ or
specific neuroglycopenic symptoms (eg, impaired level of consciousness or

confusion), “Requiring assistance from another person™
Serious®: Hypoglycemic events with hypoglycemic seizure or coma

Possible, because based on information provided by
patient(s) or parents of patient(s)

Unlikely

*In the publication, defined as moderate hypoglycemia, although it better suits the definition of sum of severe and moderate hypoglycemia. It corresponds to the
definition of SH events for all other studies included in the IQWiG CGM report, as well as the definition by the ADA 2013. ®Patients > 12 years. “Patients <2 years.
“In the publication, defined as SH. The definition in the publication exclusively includes hypoglycemic events that fulfilled at least | criterion for serious adverse events.
For this reason, these hypoglycemic events are defined as serious hypoglycemic events in this report.

particular in pediatric standards.”* This publication was also
used in a HECON analysis which is used for reimbursement
attempts.’

The Ly study (as this article is most often referred to) was
submitted to IQWiG when this institute started its evaluation
of the evidence for CGM usage. The expectation was that
this study would strengthen the case for CGM, especially for
the combination of CGM with CSII because this study
proved the impact of CGM on the clinical outcome of severe
hypoglycemia rather than relying on biochemically defined
hypoglycemia or symptomatic hypoglycemia. This positive
outcome of such an efficacy analysis can be expected to shift
the weighing of benefits and disadvantages toward a
reimbursement for CGM.

We would like to emphasize that it is not our intention to
disrespect the Ly study in any way. We simply wish to pres-
ent the differing view of the IQWiG on the Ly study to enable
the reader to come to his or her own conclusion about this
study. This is also likely helpful to get a better understanding
of the requirements of outcomes studies in the view of regu-
latory authorities like the IQWiG. Please also acknowledge
the complexity of the definitions for hypoglycemic events
used (Table 1) by Ly et al and the IQWiG.

Evaluation of the Evidence for CGM
Usage by the IQWiG

The IQWIiG approached the study center in Australia to get
access to the study data. After receiving the data, the IQWiG
ran its own analysis. This procedure is also a reflection of the
scrutiny and systematic approach with which the IQWiG
performed the complete CGM analysis. It is clearly their aim
to come to reliable statements when analyzing published
studies. While the authors of the Ly study concluded that
“sensor augmented pump therapy reduced the rate of severe
and moderate hyperglycemia in patients type 1 diabetes,” the
IQWiG reached a contrary conclusion.

Decisive for this was the statistical analysis conducted by
Ly et al. During the 6-month study phase, 41% of CGM users
experienced at least 1 moderate or severe hypoglycemic
event, whereas only 31% of control patients were affected.
Thus CGM patients had a 57% higher likelihood to be
affected by at least 1 moderate or severe hypoglycemic

event. Also, the incidence rates of moderate and severe hypo-
glycemic events in the CGM group were more than 2-fold
higher than in the control group (28.4 vs 11.9 events per 100
patient months). There was also no significance test of this
huge difference reported by the authors of the Ly study. This
picture shifts completely if moderate and severe hypoglyce-
mic events rates were adjusted for prebaseline differences.
The incidence rates of hypoglycemic events in the CGM
group decreased from 28.4 to 9.5 events per 100 patient
months, whereas the event rate in the control group increased
from 11.9 to 34.2 events per patient months. This difference
was tested for statistical significance and yielded a positive
result in favor for CGM. This dramatic difference between
observed and adjusted event rates was due to a large baseline
difference in the hypoglycemic events rates (129.6 vs 20.7
hypoglycemic events per 100 patient months), which can be
perceived as very unfortunate given that this study was
randomized.

Another reservation of the IQWiG refers to the use of
event rates (in this case of moderate and severe hypoglyce-
mic events per 100 patient months). The IQWiG doubt that
likelihood of hypoglycemic events is equally distributed,
because it can be assumed that the likelihood of a first hypo-
glycemic event in a certain patient is different from the likeli-
hood of a repetitive event in another patient. Therefore the
use of Poisson models for significance tests of events rates
were considered as not appropriate. A more detailed explana-
tion of the problematic use of events rates is provided by
Windeler and Lange.® This led the IQWiG to evaluate this
result to not be evidence of the superiority of CGM for pre-
venting moderate or severe hypoglycemic events.

Also the second finding by Ly et al that the incidence of
SH (with coma and seizure) was significantly reduced by
CGM (0 events vs 2.2 events per 100 patient months,
P =.02) was not evaluated as evidence of the ability of CGM
to prevent clinical end points like SH by the IQWiG. The
reason for this was that an inquiry to the authors of the Ly
study revealed that the incidence rate of 2.2 events per 100
patient months was based on only 3 patients. Furthermore,
the IQWIG criticized that the use of event rates for severe
hypoglycemic events is highly problematic to compensate a
low statistical power due to study drop outs for the same rea-
sons as explained above.® Given that the significant result
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Table 2. Changes in HbAIc in the Ly study (Mean [95% Confidence Interval]; n/N).

Start of the study

End of the study (6 months)

Change in HbA I ¢ Group difference’ P value

LGS 7.6 [7.4,7.9]; 46/46
SMBG 7.4 (7.2, 7.6]; 49149

7.5[7.3,7.7]; 46146
7.4 [7.2,7.7]; 49149

-0.1 [-0.3, 0.03]
-0.06 [-0.2, 0.09]

0.07 [-0.2; 0.3]; P = 0.55

“Result from mixed-effects model repeated measures, adjusted according to HbA | c value at the start of the study, visit interaction, age group interaction, as well
as age group X visit interaction, age group X treatment group interaction, and treatment group X visit interaction. n, number of patients analyzed; N, number of

randomized patients.

was based on only 3 patients, a drop out of 9 patients out of
95 patients without performing an intention to treat analysis
was regarded as not convincing evidence for the prevention
of SH by the IQWiG.

Furthermore, it is obvious that in the Ly study not only
CGM as an intervention was studied, but the combination of
CGM with CSII versus self-monitoring of blood glucose
(SMBG) with CSII in the control group. The patients in the
intervention group used an insulin pump with LGS function
which automatically turned off the basal insulin supply for a
maximum of 2 hours if the glucose value measured by the
CGM device fell <60 mg/dl. From a more general point of
view, it is important to note that the IQWiG also consider the
extent of the lowering of blood glucose levels in the treat-
ment group as highly relevant to be able to interpret changes
in the hypoglycemic event rates observed in a controlled
study comparing different therapy options for lowering blood
glucose levels appropriately. Therefore, hypoglycemic
events in conjunction with long-term lowering of blood glu-
cose levels measured using HbA 1¢ values must also be eval-
uated in studies comparing LGS versus SMBG.

The IQWiG first analyzed the data with regard to the

1. extent of the long-term lowering of blood glucose
levels,

2. occurrence of severe/serious hypoglycemic events

3. combined assessment of severe/serious hypoglyce-
mic events and lowering of blood glucose levels.

The following text is an excerpt of the conclusion section of
the IQWiG CGM report (p. 166-174). It is a direct translation
(not a summary or the like).

This section is in italics to highlight this point.

Outcome Evaluation for HbA I ¢

Analyzing the percentage of patients with an HbAlc value
below a seemingly appropriate cutoff value appeared most
suitable as it allowed for analyzing individual patients hav-
ing attained glycemic control as recommended by medical
associations. Nonetheless, only the result of the difference in
mean HbAlc changes was reported in the Ly study. The
results of the Ly study showed a high risk of bias with respect
to HbAlc, as the difference in the percentage of data not
used is >5% (CGM 1/46 patients [2%]; BGSM 4/49 [8%)]):

Risk of bias at the study level—low,

Blinding of the end point investigator—yes, (state-
ment is based on asking the authors)

ITT principle adequately implemented—no,
Result-independent reporting—yes,

Additional aspects missing—yes,

Risk of bias at the end point level—high.

The analysis of the HbA 1 ¢ throughout the course of the study
(differences in mean changes)—comparison between LGS
versus SMBG (Table 2)—showed no statistically significant
differences between the groups. So, it is not possible to deter-
mine an effect in favor of either treatment option with regard
to HbAlc.

Outcome Evaluation for Hypoglycemic Events

In the Ly study, both severe and serious hypoglycemic events
were reported. No details were given on the frequency of
nighttime hypoglycemic events. Mild hypoglycemic events
were also not reported. The primary end point was the occur-
rence of SH events. In the Ly study, 3 different categories of
hypoglycemic events were used.

. moderate hypoglycemia,
. severe hypoglycemia, and
. sum of severe and moderate hypoglycemia.

All SH events also fulfilled criteria for moderate hypoglyce-
mic events, thus all SH events were recorded as the “sum o
severe and moderate hypoglycemia.” Serious hypoglycemic
events were recorded under “severe hypoglycemia” (defined
by coma or seizure).

The definition of moderate hypoglycemia corresponds
to the definition of SH events for other CGM studies evalu-
ated by the IOWiG as well as the ADA 2013 definition.”
According to this definition, SH must be included in the
category moderate hypoglycemic events. However, in the
Ly study, moderate hypoglycemia and SH were recorded
separately, but the sum of both was also reported. The defi-
nition of SH in the Ly study included only hypoglycemic
events which fulfilled at least 1 criterion for serious
adverse events.

The results reported for SH events were evaluated as
being subject to a high risk of bias:
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Table 3. Results for Severe Hypoglycemic Events.”

Incidence rate of SH events

Number of patients with at
least | SH event,” number
(%),” OR [95% CIJ; P value

Number of patients
n/N and group

per 100 patient months at
the end of the study (start of  (per 100 patient months),
the study), P value

Incidence rate of SH events Absolute number of SH events at
the end of the study (start of the

adjusted", P value study), P value

LGS
4146 17 (41)° 28.4 (129.6)
Control group
457149 14 (31)° 11.9 (20.7)°
1.57 [0.65, 3.80] Pnr
P=.359

9.5 35(175°)
34.2 19% (28°)
P<.00/ Pnr

“Includes the hypoglycemic events that were reported in the publication as sum of SH and moderate hypoglycemia. The definition of moderate hypoglycemia
corresponds to the definition of SH events for all other studies included in the IQWIG report, as well as the definition by the ADA 2013. The definition of SH in the

Ly study exclusively included hypoglycemic events which fulfilled at least | criterion for serious adverse events. For this reason, these hypoglycemic events are defined
as serious hypoglycemic events in this report. "The percentage refers to the number of analyzed patients (n). Five patients were excluded from the analysis as they
revoked their declaration of consent. One patient moved away, 3 patients discontinued treatment, and | patient did not show up to the follow-up appointments.
9Personal calculation. *Information for 45 patients. Four patients were excluded from the analysis as they revoked their declaration of consent. One patient moved
away, 2 patients discontinued treatment, and | patient was dissatisfied with the randomization. éThere were |3 moderate and 6 SH events reported; however for the
sum there were |3 hypoglycemic events (Table 2 of the publication) or |6 hypoglycemic events (page 1244 in the publication text). "Personal calculation, absolute
exact test (CSZ method). 'o-inflated Poisson model, adjusted in accordance with the values at the start of the study. CSZ, test statistics with chi-square statistic as
classification criterion; n, number of patients analyzed; N, number of randomized patients; nr, not reported; OR, odds ratio.

Risk of bias at the study level—low,
Blinding of the end point investigator—no,
ITT principle adequately implemented—yes,
Result-independent reporting—yes,
Additional aspects missing—no, (see below)
Risk of bias at the end point level—high.

The definition of SH events is regarded as problematic (see
below) as well as—with regard to the evaluation the number
of SH events per 100 patient months—the adjustment for the
baseline values.

The risk of bias for the results for serious hypoglycemic
events was also analyzed:

Risk of bias at the study level—low,

Blinding of the end point investigator—unclear,
ITT principle adequately implemented—no,
Result-independent reporting—yes,

Additional aspects missing—yes,

Risk of bias at the end point level—high.

The 9 patients who discontinued the study were not included
in the evaluation of both the SH and serious hypoglycemic
events. In view of the rarity of serious hypoglycemic events
this leads to a high risk of bias.

For SH events, the missing blinding of the end point
investigator as well as the definition itself was problematic—
the latter because it included the criterion “Requiring assis-
tance from another person” (Table 1). This criterion is
susceptible to a subjective influence as could also be under-
stood as, for example, the administration of dextrose by
another person when unspecific symptoms occur.

For serious hypoglycemic events, blinding of the end
point investigator was evaluated as unclear as it was rarely
reported by only the patients themselves, but also by the
attending doctors. Whether the latter was subject to blinding
is unclear from the study register entry or the publication.

The results of the Ly study for SH (Table 3) and serious
hypoglycemic (Table 4) events are summarized. With regard
to the number of patients with at least 1 SH event, the differ-
ence between the groups was not statistically significant.
Regarding the absolute number of SH events the numeric dif-
ference between the groups was clearly against a benefit of
CGM with LGS function. Information provided in the study
report shows that the number of events between patients var-
ies massively and is dominated by some outliers. Therefore,
analyses that are based on the number of events cannot be
interpreted sufficiently.

According to the study report, the results for SH events
reported in Ly et al do not refer to the whole study duration
(6 months), but only for the last 3 months. The results for this
period of time are in line with the number of patients with at
least 1 SH event and the total number of SH events reported
for the total study duration.

Therefore, using the available data, it is not possible to
determine a beneficial effect for either treatment option with
regard to the occurrence of SH events.

With regard to the number of patients with at least 1 seri-
ous hypoglycemic event, the difference between the groups
was not statistically significant. With regard to the incidence
rate of serious hypoglycemic events per 100 patients, a sta-
tistically significant difference was reported between the
groups in favor of CGM with LGS function. However, the
acceptance of independence of events used by the Poisson
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Table 4. Results for Serious Hypoglycemic Events®.

Number of patients with at least |

Number of patients serious hypoglycemic event’, number

Incidence rate of serious
hypoglycemic events (per 100
patient months) end of the study

Absolute number of serious
hypoglycemic events at end of the

n/N and groups (%)", P value (start of the study), P value study (start of the study), P value
LGS
4146 0 (0) 0(1.8) 0(5)
Control group
45949 3(7)¢ 2.2 (2.1) 6 (6)
P=.10/ P=.02 Pnr

“In the publication, defined as SH (added by LH: with seizure or coma). The definition in the publication exclusively includes hypoglycemic events which fulfilled at least
I criterion for serious adverse events. For this reason, these hypoglycemic events are defined as serious hypoglycemic events in this report. °The percentage refers to
the number of analyzed patients (n). “Five patients were excluded from the analysis. Four patients revoked their declaration of consent. One patient moved away, 3
patients discontinued the treatment. One additional patient did not show up to the follow-up appointments. “Four patients were excluded from the analysis as they
revoked their declaration of consent. One patient moved away, 2 patients discontinued treatment, and | patient was dissatisfied with the randomization. *Personal
calculation. Personal caleulation, absolute exact test (CSZ method, see above). ®P value for incidence rate using Poisson regression, exact calculation. Underline, result

of asking an author.

model to calculate the P value is contested, as the 6 hypogly-
cemic events occurred in 3 patients. Therefore, the result of
the reported analysis is questionable. Summarized, using the
available data, it is not possible to determine a beneficial
effect for either treatment option with regard to the occur-
rence of serious hypoglycemic events.

Combined Outcome Evaluation of Hypoglycemic
Events and HbA I c

A combined assessment was undertaken with regard to the
lowering of blood glucose levels and the occurrence of SH and
serious hypoglycemic events. The combined assessment of the
HbAIc value and the hypoglycemic events provided no indica-
tion for an advantage of CGM with LGS function vs SMBG.

Conclusions

The IQWiG reanalysis of the Ly study reached contrary con-
clusion than the study authors. In their publication, Ly et al
reported a statistically significant difference of moderate or
severe hypoglycemic events rates in favor of the group with
CGM plus LGS function with almost unchanged glycemic
control (HbAlc). However, the IQWiG concluded that
results regarding hypoglycemia were based on evaluations
which could not be classified as reliable, due to the use of
event rates. In addition, the huge baseline difference in the
prevalence of moderate hypoglycemia in spite of randomiza-
tion represents a big problem for the interpretation of the
hypoglycemia results. A further issue identified by the
IQWiG was the distribution of SH events and the low num-
ber of affected patients. The incidence reduction of SH relied
only on 3 patients out of 45 patients; underscoring the prob-
lems of using events rates instead of patients affected. In a
previous publication the current director of the IQWiG clas-
sified the use of event rates as a “dubious concept,” which

might be suited “for a chapter in Methodological Errors in
Medical Research.”

From the IQWiG regulatory perspective, it seems impor-
tant to assess both the effect of an intervention or device on
defined clinical outcomes as well as the methodological
quality of the study. Our conclusion is that the thorough
reanalysis by the IQWiG provides a new and different meth-
odological approach than the one used by both Ly et al and
the reviewers of JAMA. The following aspects should be
considered in further planning of CGM studies:

. Given these discrepancies in the evaluation of the
Ly study, a broader discussion appears to be called
for on the different views and interpretation of the
data by Ly et al and the IQWiG. It can be expected
that Ly et al will share their views on the IQWiG
position in a commentary or rebuttal letter.

. A discussion in the diabetes community at diabetes
meetings about the methodological standards of
regulatory authorities also seems necessary, given
the disappointing evaluation of the IQWiG report
toward the Ly study. It may also be worth discuss-
ing, although not at our discretion, whether each
regulatory authority should define its own method-
ological standards and the implication for the con-
duct of evaluation trials in the field of new medical
devices. This is a special problem in cases where
multinational studies are performed.

. For the use of CGM and LGS, more evidence is
needed to evaluate the efficacy and effectiveness of
the product. These studies should take into account
the additional evaluation criteria applied by IQWiG
for the Ly study. An open discussion at future dia-
betes meetings is needed about the benefits of LGS
and the quality of the evidence that supports the use
of this product.
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. For further studies evaluating potential benefits
of CGM with regard to clinical end points such as
moderate and severe hypoglycemia, it is impor-
tant to ensure a comparable distribution of mod-
erate and severe hypoglycemic events between
both groups at baseline. For avoiding important
baseline differences in spite of randomization, a
stratification strategy might be appropriate to
ensure a comparable distribution.

. To demonstrate that clinical end points such as
severe hypoglycemic episodes (accompanied by
coma or seizure) could be avoided, a sufficient
number of affected individuals should be recruited,
since the use of events rates seems problematic to
compensate for low statistical power which is fre-
quently associated with the study of rare events.

. A meta-analysis of all appropriate studies taking
into account the above mentioned methodological
issues to see how the conclusions by Ly et al fit
with the rest of the literature would be welcomed.

Abbreviations

CGM, continuous glucose monitoring; CSII, continuous subcutane-
ous insulin infusion; IQWiG, German Institute for Quality and
Efficiency in Health Care; ITT, intention to treat analysis; LGS, low
glucose suspend; SH, severe hypoglycemic event; SMBG, self-
monitoring of blood glucose.
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