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Memo
Date: March 25, 2015
Revised March 29, 2015

From: Fred Mills, Staff Scientist, OBP, Division 4

To: Gerry Feldman, Lab Chief, OBP, Division 4

Tracking number: NDA 022225

Sponsor: Merck

Product: Sugammedex ) for reversal of anesthesia from rocuronium or vecuronium 
(neuromuscular blocking agents)

Subject of Review: Immunogenicity review of binding antibody, IgG, and IgG assays used in 
the Study P101 for targeted hypersensitivity study submitted in the current (3rd) review cycle for 
NDA 02225. Consult as requested by the Sugammedex clinical review team in 
CDER/OND/ODEII/DAAAP.

Comments to the File
Review of the assay validation for the anti-Sugammedex  binding antibody assay used for Study 
P101 indicates that this assay is appropriately validated and suitable for its intended use, with a 
screening assay sensitivity of 0.28 ng/ ml and a confirmatory assay sensitivity of 0.69 ng/ ml, 
both which represent a high level of sensitivity.  Thus this assay can accurately support the 
Sponsor’s determined incidence of binding antibody formation, which is %.

Review of the assay validation for the anti-Sugammedex IgG assay used in Study P101 indicates 
that this assay is also appropriately validated.  This assay has a sensitivity of 143 ng/ml control 
antibody, which is adequate to detect antibodies posing the greatest theoretical risk; i.e. those 
found at moderate to high levels. This assay may not detect antibodies expressed at low levels, 
however. 

Review of the assay validation for the anti-Sugammedex IgE assay used in Study P101 reveals 
that this assay is not appropriately validated, as its sensitivity has not been defined.  Therefore,
no conclusions can be drawn regarding the Sponsor’s assessment of IgE incidence in this study. 

Executive Summary
Sugmammedex is used for reversal of anesthesia from rocuronium or vecuronium 
(neuromuscular blocking agents). Sugammadex is a -cyclodextrin, with a lipophilic 
core and a hydrophilic periphery, allowing it to sequester these anesthetics and neutralize their 
pharmacological activity.  In clinical data provided during the first NDA review cycle in 2008, 
incidents of hypersensitivity were reported upon Sugammedex administration, even for 
individuals who had not previously been exposed to the drug. The Sponsor was advised to 
explore potential mechanisms of hypersensitivity.  In response, the Sponsor performed  Study  
P06042 (2009-2010) which included several assessments of basophil function in treated patients, 
as well skin-prick data,  measurement of tryptase, anti-Sugammedex IgG, and anti-Sugammedex 
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IgE, with these results submitted during a 2nd review cycle. These studies did not provide any 
definitive mechanism underlying hypersensitivity. Moreover, the IgG and IgE data were difficult 
to interpret because the sensitivity of these antibody assays was not determined. 
To address deficiencies in Study P06042, the Sponsor performed a dedicated hypersensitivity 
Study, designated P101, with study results submitted in a 3rd review cycle.  In P101, there were 
375 healthy subjects, who were assigned to one of three parallel arms for treatment with 3 
successive single doses of one of the following treatments in a 2:2:1 ratio: 4 mg/kg sugammadex, 
16 mg/kg sugammadex or placebo (151, 148 and 76 subjects respectively).Validation of the 
binding antibody, IgG, and IgE assays used in this study is the subject of this review, as 
requested by the Sugammedex clinical review team in CDER/OND/ODEII/DAAAP.

The binding antibody assay uses a sensitive ECL-based methodology.  The Sponsor has 
appropriately set screening and confirmatory assay CutPoints from normal serum samples, and 
has determined that the screening CutPoint corresponds to the assay signal resulting from 0.28 
ng/ml control antibody and the confirmatory CutPoitn corresponds to 0.69 ng/ ml control 
antibody.  Therefore, this binding antibody assay can accurately support the determined 
incidence of binding antibody formation of  approximately 10%.

The IgG and IgE assays use an ELISA based antibody capture format.  The IgG assay has a 
sensitivity at the CutPoint corresponding to 143 ng/ml control antibody.  This should be adequate 
to detect antibodies posing the greatest theoretical risk; i.e. those found at moderate to high 
levels, although antibodies present at low levels may not be detected.   For the IgE assay, the 
Sponsor only confirmed reactivity of anti-human IgE detection antibody with  ELISA wells 
coated with human IgE, and sensitivity was not determined due to lack of an control anti-
Sugammedex IgE antibody.  Therefore, the Sponsor’s determined incidence of no IgE antibody 
formation is not reliable.  

In Study P101, There was a binding antibody incidence of approximately 10%. Assays for the 
presence of anti-Sugammadex IgG and IgE were carried out at baseline and ~4-5 weeks after 
each dose (subjects who completed all 3 dosing periods were tested 4 times) in all subjects with 
adjudicated hypersensitivity (n=25), subjects referred to the Adjuication Committee (AC) but 
without adjudicated hypersensitivity (n=69), and in a set of control subjects (n=91) who did not 
have findings of potential hypersensitivity and were not referred to the AC. There were 2 
subjects with adjudicated hypersensitivity with measurable anti-Sugammadex IgG. The first 
subject had been treated with 4 mg/ kg Sugammedex, and had anti-Sugammadex IgG at baseline, 
but did not have measurable anti-Sugammadex IgG after the 1st, 2nd and 3rd doses. The second 
subject was treated with 14 mg/ kg Sugammedex, and was negative at baseline, but then had 
anti-Sugamadex IgG in samples drawn after each dose. The Sponsor states that there were no 
IgE positives, but this conclusion is unreliable because the sensitivity of the IgE assay is 
unknown.
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Comments to the Sponsor

Your anti-Sugammedex binding antibody assay has been appropriately validated and has 
adequate sensitivity for analysis of clinical samples.  Similarly, your anti-Sugammedex IgG 
assay is appropriately validated and has sensitivity (143 ng/ ml control antibody) adequate for 
measurement of antibodies in the moderate to high range, where there is greatest concern.  
However, we note that this assay may not be able to detect low concentration IgG antibodies.  
You did not determine sensitivity for your anti-Sugammedex IgE assay, and thus we find that 
determination of IgE incidence with this assay is unreliable.
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hypersensitivity. A total of 450 subjects (150 per treatment arm) were to be randomized as this 
was considered a sufficient sample size to obtain an indication of the number and percentage of 
subjects with adjudicated hypersensitivity signs/symptoms for each dose of Sugammadex (4 and 
16 mg/kg) and placebo.

Hypersensitivity in Study P06042
Based on an extensive list of pre-defined possible hypersensitivity signs/symptoms, 68 cases of 
suspected hypersensitivity in 49 subjects (10.9% of overall treated subjects; 23.3% of 
Sugammadex 16 mg/kg treated subjects [35 subjects]; 6.8% of Sugammadex 4 mg/kg treated 
subjects [10 subjects]; and 2.7% of placebo treated subjects [4 subjects]) were sent to the 
Adjudication Committee for review, as identified by the investigator or after Sponsor review of 
all signs and symptoms. The constellation of hypersensitivity signs/symptoms of a total of 8 
subjects (1.8% of All Treated Subjects) were classified as hypersensitivity by the Adjudication 
Committee. Seven of these 8 subjects received Sugammadex 16 mg/kg, and the other subject 
received Sugammadex 4 mg/kg. One subject experienced anaphylaxis which
was confirmed by the Adjudication Committee to meet the definition of anaphylaxis according to 
the Sampson criteria. The same subject was confirmed by the Adjudication Committee to have 
experienced anaphylaxis, meeting the Rüggeberg definition at level 1 (highest) certainty. Two 
additional subjects were confirmed by the Adjudication Committee to have experienced 
anaphylaxis meeting the Rüggeberg definition at level 2 certainty.

The Sponsor stated that IgG- and IgE-specific anti-Sugammadex antibody evaluations did not 
support an immunoglobulin mediated mechanism as an etiology for the hypersensitivity 
reactions of the 8 subjects with adjudicated hypersensitivity.

None of the washed whole blood samples containing IgE-intact basophils of the 6 tested subjects 
with adjudicated hypersensitivity who responded to the positive control showed significant 
histamine release after challenge with a therapeutic relevant range of Sugammadex 
concentrations. This finding was further supported by the IgE stripping of basophils and passive 
sensitization experiments.

The Sponsor states that is unlikely that the hypersensitivity reactions were caused by a mast cell 
response, as no relevant increases in tryptase were observed, the skin prick test results were all 
negative, and only the subject with the anaphylactic shock SAE had a positive intradermal test 
result at a high Sugammadex concentration (a 1:10 dilution, 10 mg/mL). Ex vivo/in vitro 
basophil results suggest the absence of a direct non-IgE mediated histamine release from 
basophils.

Results of the additional hypersensitivity parameters evaluated for this study did not suggest that 
contact system activation, complement activation, potential predisposition regarding contact 
system activation, neutrophil and/or cytokine activation could explain the potential relationship 
between sugammadex and hypersensitivity reactions. Subjects were tested with an ECL-based 
screening antibody assay, followed by an ECL (PC control competition) confirmatory assay.  
Samples positive in the confirmatory assay were tested for IgG and IgE in and ELISA assay.  
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At the time of this study, which was submitted during the 2nd review cycle for this NDA, 
screening assay sensitivity was assessed as 35 ng/ml control antibody. IgG and IgE assay 
sensitivity was not established, as the Sponsor only confirmed IgG or IgE reactivity established 
by coating wells with human IgG or human IgE.

Study P06402 antibody testing results

Reviewer comments
The Sponsor’s binding antibody results are based upon an ECL assay that has appropriate 
sensitivity. These data indicate a low, but significant binding antibody incidence, which may be 
higher in subjects with adjudicated hypersensitivity, although the numbers are small (2 positive 
subjects out of 8 total). However, the Sponsor’s statement that no adjudicated hypersensitive
subjects were IgG or IgE positive cannot be confirmed, as the sensitivity of these assays was not 
established. 

Study P101: dedicated Hypersensitivity Study in Healthy Subjects (01/07/2014-08/01/2014)
This study was designed to address the deficiencies in Study P06402.
A total of 375 healthy subjects were randomized in P101 to one of three parallel arms assigned
to treatment with 3 successive single doses of one of the following treatments in a 2:2:1 ratio:
4 mg/kg sugammadex, 16 mg/kg sugammadex or placebo (151, 148 and 76 subjects
respectively). Dosing periods were spaced apart by approximately 5 weeks to allow potential
sensitization to develop. Each subject was examined after each dose at least three times for
signs and/or symptoms of hypersensitivity (at 0.5, 4 and 24 hours after each dose
administration) with a standardized Targeted Hypersensitivity Assessment (THA). Of the
375 treated subjects, 334 (89.1%) completed the study and received all 3 doses of the
assigned treatment.

A total of 94 subjects (45, 35 and 14 subjects in the 16 mg/kg Sugammadex, the 4 mg/kg
Sugammadex and the placebo treatment groups, respectively) were referred to the AC for
evaluation. Among these 94 subjects, the Adjudication Committee (AC) identified 25 subjects 
with adjudicatedhypersensitivity after receiving at least one dose of study medication. The 
incidence of adjudicated hypersensitivity was 6.6% (10 of 151 subjects) in the 4 mg/kg 
Sugammadex
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treatment group, 9.6% (14 of 148 subjects) in the 16 mg/kg Sugammadex treatment group,
and 1.3% (1 of 76 subjects) in the placebo treatment group. Only one case was adjudicated as 
anaphylaxis, and that individual was in the Sugammadex 16 mg/kg group, which corresponds to 
an incidence of 0.7% (95% CI [0.0%, 3.7%]; AN 5020 had adjudicated anaphylaxis by definition 
of Sampson (Criterion 1) on the first dosing occasion. No subject in either the 4 mg/kg 
sugammadex treatment group or the placebo treatment group had adjudicated anaphylaxis, which 
corresponds to an incidence of 0.0% (95% CI [0.0%, 2.4%]) for 4 mg/kg sugammadex and 0.0% 
(95% CI [0.0%, 4.7%]) for placebo.

The incidence of adjudicated hypersensitivity in all treatments of P101 was higher than
those observed in the corresponding treatments of P06042. Incidences of adjudicated
hypersensitivity in P101 and P06042 , as tabulated below:

P101 antibody testing results
In P101, was an approximate 10% binding antibody incidence.  Assays for the presence of anti-
Sugammadex IgG and IgE were carried out at baseline and ~4-5 weeks after each dose (subjects 
who completed all 3 dosing periods were tested 4 times) in all subjects with adjudicated 
hypersensitivity (n=25), subjects referred to the AC but without adjudicated hypersensitivity 
(n=69), and in a set of control subjects (n=91) who did not have findings of potential 
hypersensitivity and were not referred to the AC. There were 2 subjects with adjudicated 
hypersensitivity with measurable anti-Sugammadex IgG. The first subject had been treated with 
4 mg/ kg Sugammedex, and had anti-Sugammadex IgG at baseline, but did not have measurable 
anti-Sugammadex IgG after the 1st, 2nd and 3rd doses. The second subject was treated with 14 mg/ 
kg Sugammedex, and was negative at baseline, but then had anti-Sugamadex IgG in samples 
drawn after each dose. The Sponsor states that there were no IgE positives, but this cannot be 
confirmed because the sensitivity of the IgE assay is unknown.
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Reviewer comments
Given an ~10% binding antibody incidence, there were two IgG positives, both of whom were
adjudicated hypersensitive subjects.  It may difficult to assign an IgG incidence rate, however, 
because of the small numbers (2 positives out of 8 adjudicated subjects).  The Sponsor's 
statement that there were no IgE positives cannot be confirmed, because the sensitivity of the IgE 
assay was not established.
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P101 ECL binding antibody assay Validation Report BT00097 (04/23/2014)
An assay for the detection of human anti-Sugammadex antibodies was developed to
characterize any potential hypersensitivity reactions observed in human volunteers or patients 
treated with Sugammadex. An affinity-purified rabbit polyclonal anti-Sugammadex antibody is 
available. This antibody was made by first conjugating Sugammadex to keyhole limpet 
hemocyanin (KLH) and hyperimmunizing rabbits. An ELISA screen utilizing Sugammadex 
conjugated to BSA (Sugammadex-BSA) was used to identify rabbit sera that were specific to
Sugammadex.

This binding antibody assay is an ECL-based assay in which an antibody bridge is formed 
between anti-Sugammadex Ab in the test sample or controls and Sugammadex-BSA labeled in 
one of two ways: either with biotin or with trisbipryidine chelate (TAG). An immune complex is 
formed between the anti-drugAb, the TAG-labeled Sugammadex-BSA and the biotinylated 
Sugammadex-BSA. In the presence of the assay read buffer, a light signal is produced in 
proportion to the amount of anti-sugammadex antibody in the test specimen. An assay cutpoint 
was established, above which samples are considered as putatively positive. A confirmatory 
assay, where putative positives are incubated with excess free Sugammadex and evaluated for 
abrogation of the ECL signal, is utilized to ensure that reactive samples are specific for 
Sugammadex. Any positive sample is then characterized further in a separate isotyping assay
(ELISA –based) to establish if the response is IgG, lgE or both. In the ECL assay, serum samples 
are diluted 1/2.
Reviewer comment
The low serum dilution (1:2) should help ensure that potential antibody signals are not dilutied
below the detection range of the assays.

Cutpoint determination
Screening Cutpoint
The Screening Cutpoint was determined at a 95% confidence level by performing 5 assay runs 
employing two different analysts, with each run assessing the ECL signals from the same set of
50 individual human serum samples. These values have been provided in tabulated form as S/N 
(ECL Signal/ ECL Noise). From this data set of 250 values, 7 values were excluded as outliers 
by Tukey’s outlier test. As per FDA Guidance for Industry-Assay Development for 
Immunogenicity Testing for Therapeutic Proteins (2009),  a Cut Point was calculated by adding 
the mean response of serum sample to 1.645 times the standard deviation; i.e.

Cut Point= Mean (all NHS)+ 1.645 *SD (Standard Deviation)

Taking all the NHS serum values expressed as S/N, this CutPoint was found to correspond to 

1.19 + mean NSB (Non-Specific Background).

Using this formula, as expected twelve non-confirmed positive responses of the 243 acceptable
responses were still above the cut point factor, yielding a putative false positive rate of 5%.
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Therefore, the formula 1.19 + NSB was used as the criterion for calling patient samples positive 
or negative in routine assay runs. This CutPoint corresponds to 0.28 ng/ ml positive control.

Reviewer Comments
The Sponsor has used standard practice as per Guidance to establish a Screening Cutpoint. 
There were only a modest number of outlier values, indicating reproducibility of the assay.  The 
CutPoint corresponds to  0.28ng/ml positive control antibody (see discussion of Sensitivity-
below), supporting the view that this CutPoint is set so as to detect low levels of antibody.  For 
these reasons, I find that the Screening CutPoint is validated and set appropriately. 

Confirmatory Cutpoint
In parallel with the Screening Cutpoint validation, the Sponsor established a Confirmatory 
Cutpoint, analyzing the same set of 50 normal serum samples in 5 separate validation runs 
performed by two analysts. For the confirmatory assay, unlabeled MK-8616 (Sugammedex) 
is added to labeled reagent solution containing Biotin - MK-8616 and Tag-MK-8616 to a final 
concentration 3.3 g/ ml. Five of the 250 measurements were classified as outliers.  Calculating 
a 99% confidence rate, the Sponsor found this corresponded to a 53.5% binding assay inhibition; 
i.e. samples must show > 53.5% inhibition to be confirmed positive.  This corresponds to 0.69 
ng/ml positive control antibody.  

Again the Sponsor used standard practice as per Guidance to establish a Confirmatory Cutpoint. 
There were only 5 outlier values out of 250, indicating reproducibility of the assay.  The 
CutPoint corresponds to  0.69 ng/ml positive control antibody, so like the Screening Cutpoint, 
the  Confirmatory CutPoint is set so as to detect low levels of antibody.  Requiring a 53.5% 
inhibition of assay signal still leaves 46.5% of the assay signal, which should allow adequate 
detection by ECL. For these reasons, I find that the Confirmatory CutPoint is validated and set 
appropriately. 

Screening Assay Sensitivity and Selection of Low Positive Control
As shown below in Table 6, sensitivity was determined using data from 6 runs of dilutions of 
positive control antibody to interpolate a control antibody value at the CutPoint (CP). A seventh 
run was not used because a Signal/Noise value could not be interpolated. From the mean of 
these interpolated values (Mean Concentration), sensitivity was defined at a 95% confidence 
level as defined as 

Sensitivity=Mean Concentration +1.645 SD
=0.28 ng/ ml
Meaning that there is 95% confidence that control antibody levels > 0.28 ng/ ml can be detected
In order to provide high assurance that the Low Positive Control (LPC) could be detected in 
routine assay runs, the LPC value was set at a 99% confidence level above the Mean 
Concentration as 0.4 ng/ ml control antibody
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Reviewer Comments
The Sponsor has found that there is 95% confidence that their binding antibody assay has a
sensitivity of 0.28 ng/ml positive control antibody. This represents high sensitivity, as would be 
expected for an ECL assay.  The Sponsor has set their Low Positive Control (LPC)  at a 
concentration of 0.4 ng to ensure a 99% probability of detection in routine assay use. This 
sensitivity and LPC concentration indicate that the screening assay can detect even low 
concentration antibodies, and thus the sensitivity and LPC are appropriate.
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Confirmatory Assay Sensitivity and Low Positive Control Selection 
Using a similar procedure to that followed for determining screening assay CP and LPC, the 
Confirmatory Assay used data from 7 runs of dilutions of positive control antibody (data not 
shown in the interests of brevity) to interpolate a control antibody value at the CutPoint (CP). 
From the mean of these interpolated values (Mean Concentration), sensitivity was defined at a 
99% confidence level as

Sensitivity=Mean Concentration +2.326*SD
= 0.32 ng/ml + 2.326*0.16 ng/ ml
=0.69 ng/ml

So there is a 99% confidence that control antibody levels > 0.69 ng/ ml can be detected
In order to provide high assurance that the Low Positive Control (LPC) could be detected in 
routine assay runs, the LPC value was set at a 99% confidence level above the Mean 
Concentration as 0.89 ng/ ml control antibody

Reviewer Comments
The Sponsor has found that there is 99% confidence that their confirmatory binding antibody 
assay has a sensitivity of 0.69 ng/ml positive control antibody. The Sponsor set their Low 
Positive Control (LPC) at a concentration of 0.89 ng to ensure a 99% probability of LPC 
detection in routine assay use. This sensitivity and LPC concentration indicate that the Sponsor’s
assay can confirm even low concentration antibodies, and thus the sensitivity and LPC are 
appropriate.

Screening Assay Precision
The Sponsor performed 6 assay runs using the High Positive Control (HPC), Screening Low 
Positive Control sLPC, and Confirmatory LPC (cLPC), and determined the following variability 
values:

%CV
HPC: Intra-Assay Precision 6.6%
HPC: Inter-Assay Precisions 16.2%
sLPC: Intra-Assay Precision 9.2%
sLPC: Inter-Assay Precision 12.3%
cLPC: Intra-Assay Precision 2.2%
cLPC: Inter-Assay Precision 11 .7%
Reviewer comments
Inspection of the Sponsor’s tabulated data indicates that their statements regarding precision 
are accurate.  Both the intra-assay and inter assay % CVs are modest, and should support 
reproducible performance of the assay. Significantly, the %CVs for the LPCs are slightly better 
than those for the HPC, allowing accurate assignments of antibody status.  Therefore, the 
Screening Assay Precision validation is acceptable.
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Confirmatory Assay Precision
The Sponsor performed 6 assay runs using the High Positive Control (HPC), Screening Low 
Positive Control sLPC, and Confirmatory LPC (cLPC), and determined the following variability 
in the % inhibition of the assay by Sugammedex:
HPC: Intra-Assay Precision 0.1%
HPC: Inter-Assay Precision 0.0%
sLPC: Intra-Assay Precision 6.5%
sLPC: Inter-Assay Precision 6.9%
cLPC: Intra-Assay Precision 1.9%
cLPC: Inter-Assay Precision 4.0%
Reviewer comments
Inspection of the Sponsor’s tabulated data indicates that their statements regarding 
Confirmatory Assay precision are accurate.  Both the intra-assay and inter assay % CVs are 
modest, and should support reproducible performance of the assay.  Therefore, Confirmatory
Assay Precision validation is acceptable.

Matrix selectivity
Matrix selectivity of anti-MK-8616 antibodies serum obtained from normal
donors. All samples tested were potentially positive or reactive in the screening
assay with samples spiked at the HPC having higher responses than those
spiked at the sLPC. Samples with hemolysis level at grade C (140 mg/dl ) and
beyond showed an inconsistent positive rate for the sLPC. Therefore, hemolyzed clinical samples 
may show potential false negative results
Reviewer comment
In actual study of patient sera, only 2 out > 1000 samples had hemolysis at a level > 140 mg/dl,
so this concern did not significantly affect the Sponsor’s results

If pre-dose samples are reactive in-study, a post/pre ratio will be calculated and if
it is greater than or equal to 1.19 it will be called reactive and move on to the
confirmatory test. If post-dose samples are less than 1.19 the sample will be
considered negative for drug-induced antibodies.
Reviewer comment
The Sponsor needed to have some protocol to handle baseline positive patients.  The provision 
described above appropriately allows for scoring of increasing signal with these patients as 
antibody positive.
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Drug Tolerance

Reviewer comment
The assay is insensitive to on-board Sugammedex in the 0.01 ng/ ml -1 ng/ml range. In any case, 
sensitivity to on board product is not expected to impact clinical results, since antibody samples 
are collected pre-dose, doses in Study P101 were administered approximately 5 weeks apart, 
and Sugammedex serum concentrations become undetectable in <7 days, even in patients with 
severe renal impairment.

Assay specificity for Anti-MK-8616 (Sugammedex) antibody.
As show below, MK-8616, alpha-cyclodextrin, MK-8521 and beta-cyclodextrin were added to 
the negative control (NC), low positive control (cLPC) and the high positive
control (HPC) samples. Only addition of MK-8616 abrogated the response of
the anti-MK-8616 antibody above the confirmatory cut point.

Reference ID: 3721402



NDA 2225 Sugammedex for reversal of anesthesia,  immunogenicity     sponsor Merck US FDA 
 17 

Reviewer comment
The Sponsor as appropriately demonstrated specificity by showing that compared to several 
other cyclodextrins, only Sugammedex inhibits the binding antibody assay.

Stability of the positive control anti-Sugammedex antibody samples
PC room temperature stability
The Signal/Noise ratio (S/N) for sLPC and HPC remained well within the values for freshly 
prepared validation samples during storage for 21 hours at room temperature.

PC Freeze Thaw stability
For triplicate stability samples there was only modest variability in the S/N for sLPC and HPC 
upon 5 freeze-thaw cycles (< 6%), except for a single sLPC sample that dropped slightly below 
the CP (1.18 vs CP of 1.19) at the 3rd freeze-thaw cycle and then returned to within specification 
on the 4th and 5th cycles.

Stability at 4 0C.
Triplicate sLPC and HPC were stored at 4 0C for 7 weeks, and showed only modest variability 
(0.0- 3.0% CV) as compared to similar variability (0.0-2.6% CV) for samples stored over the 
same time period frozen.

Stability at -15 0C and   -70 0C
Triplicate sLPC and HPC were stored at < -15 0C and   < -70 0C for 1 month, and showed only 
modest variabitiy for this time period ;i.e

Reviewer comments
The Sponsor has assessed stability of the sLPC and HPC.  There is little variability of these 
controls upon RT, 4 0C, -15 0C and   -70 0C storage, as well as five freeze-thaw cycles.  
Therefore, the Sponsor has demonstrated acceptable stability of these important assay reagents.
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ELISA for IgG and IgE Validation BT00092 (04/28/2014)-used in Study P101
This assay is a typical sandwich ELISA in which Sugammadex conjugated to bovine serum 
albumin (SGDX-BSA) is coated onto 96-well microtiter plates. Following a blocking step, test 
samples or controls are added to the plates and incubated.  The IgG positve control is a rabbit 
polyclonal IgG anti-Sugammedex antibody.  Because the Sponsor did not develop an anti-
Sugammedex IgE positive control antibody, wells coated with human IgE are used as positive 
controls for the IgE assay. Bound IgG is detected with a protein-G HRP conjugate (IgG assay) 
while bound IgE is detected with an anti-human IgE specific antibody conjugated to HRP.  A
chromogenic substrate is added and absorbance read with a plate reader. Serum dilutions are 1:2 
for the IgE assay and 1:4 for the IgG assay. Samples are obtained pre-treatment and after 
washout, so drug interference was not assessed.
Reviewer comment
The low serum dilutions (1:2 for IgG, 1:4 for IgE, should help ensure that potential antibody 
signals are not dilution below the detection range of the assays.

Cutpoint Factor for the IgG Assay
Fifty normal serum samples were analyzed in 4 independent assay runs.  Applying Tukey’s 
outlier test, the Sponsor found 17 outlier data points out of 200.  Because this is a 2nd tier, or 
confirmatory assay, the CutPoint Factor was calculated at a 99% confidence level by simply
performing a non-parametric ranking of S/N values from lowest to highest of the S/N values.
Since there were 183 S/N values after excluding outliers, 
0.99 *183=181
which corresponds to S/N=1.82.
This value is used as a CutPoint factor; i.e. for a given assay run, the mean plate S/N 
CPplate=1.82*S/NNC

Cutpoint Factor for the IgE Assay
Similarly, for the IgE assay, fifty normal serum samples were analyzed in 4 independent assay 
runs.  Applying Tukey’s outlier test, the Sponsor found 2 outlier data points out of 200.
A  CutPoint Factor was calculated at a 99% confidence level by simply performing a non-
parametric ranking of S/N values from lowest to highest of the S/N values. Since there were 198 
S/N values after excluding outliers, 
0.99 *198=196
which corresponds to S/N = 1.17
This value is used as a CutPoint factor; i.e. for a given assay run, the mean plate S/N 
CPplate=1.17*S/NNC

Reviewer comments
As discussed by Shankar et al.2008, J. Pharm. Biomedical Analysis 48, pp 1267-1281, non-
parametric ranking to determine a CP can be a robust method, as it does not rely on 
assumptions of normal data distribution.  It is susceptible to outlier values, but the Sponsor has 
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excluded these before ranking. Therefore, the assignment of IgG and IgE CutPoints by non-
parametric ranking is acceptable.  

IgG Assay Sensitivity 
Sensitivity for the IgG ELISA was determined from 6 independent assay runs using standard 
procedure to interpolate the anti-Sugammedex positive control signal at the Cutpoint as a Mean 
Concentration of 100.671 ng/ml antibody.  As this is 2nd tier, or confirmatory assay, sensitivity 
was determined at a 99% confidence level as Mean Concentration +2.326*SD= 143 ng/ ml. An 
anti-MK-8616 Positive Control concentration of 325 ng/ml was set to lie above the Cutpoint,
with this value determined by 
PC= [Mean Concentration+ (t0.99 *SD)]*2

Reviewer comments
The sensitivity of this ELISA assay for anti-Sugammedex IgG is appropriately determined and 
adequate to detect patient antibodies at concentrations above a moderate range of 143ng/ ml.  
Therefore the assay can detect antibodies in the range of greatest concern. The assay does not
appear suitable for detecting low (<143 ng) concentrations of anti-Sugammedex IgG antibody.

Reference ID: 3721402



NDA 2225 Sugammedex for reversal of anesthesia,  immunogenicity     sponsor Merck US FDA 
 20 

IgE assay sensitivity
The Sponsor did not develop an anti-Sugammedex IgE positive control, so the positive control is 
simply reactivity of anti-human IgE detection antibody with ELISA plate wells coated with 
human 200 ng/ well human IgE. Therefore the sensitivity of the IgE assay is unknown.  

Reviewer comments
Because the Sponsor did not establish sensitivity for the IgE assay, it is not clear if the assay is 
suitable for its intended purpose, which is detection of anti-Sugammedex IgE, expected to be in 
the low nanogram range. Therefore the Sponsor’s IgE patient data cannot be interpreted.

Precision of the IgG assay
Precision was assed measuring the PC in 7 assay runs.

Reviewer comments
The range of S/N values (3.838-5.515) for the PC are consistent with those seen throughout the 
validation, with intra-assay % CV (0-6%), and inter-assay % CV  of 11.9%, that are modest.  
These data support the reproducibility of the assay. 

Summary of the Analytical performance of the IgG PC
The Sponsor has summarized the S/N values for the 325 ng/ ml IgG positive control, which was 
assayed in triplicates on each of 11 assay plates used in different phases of the validation, 
resulting in 33 individual values.  These S/N values range from 3.730-5.545, except for a single 
“high” value of 6.727.

Reviewer comment
The IgG PC signal shows a satisfactory degree of reproducibility for what is a qualitative assay, 
as discussed further below.
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Matrix Selectivity of the IgG Assay

Reviewer comment
As expected, this validation exercise gives low S/N values in the range 0.667-1.697 for un-spiked 
serum samples, and ~ 5-7 fold higher values for samples spiked with the positive control (325 
ng/ ml).  There is considerable individual variability for the S/N values for serum samples spiked 
with Positive Controls, consistent with the fact that is primarily a qualitative assay, simply 
indicating the presence of an anti-Sugammedex IgG signal above the CutPoint.

Effect of hemolysis on the IgG assay
One human serum lot was tested at varying degrees of hemolysis (35, 70, 140, 275,
550, 1100 mg/dL-corresponding to samples 1-6 in the following table.

Reviewer comment
Anti-Sugammedex IgG signal from the positive control appears insensitive to hemolysis.  In                                  
any case, hemolysis is unlikely to have affected the results for patient sera, as only four samples 
showed appreciable hemolysis.
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Cross-Reactivity/Specificity

Reviewer comment
The IgG and IgE detection reagents are not cross reactive, as expected.

IgG depletion efficiency

Reviewer comment
Complete competition of the assay signal is observed even at 1 mg/ ml positive control anti-
Sugammedex, demonstrating that an IgG assay signal can be confirmed by competition even at 
high antibody concentrations.

Stability of the anti-Sugammedex IgG PC
Room temperature stability of the anti-Sugammedex positive control (anti-MK-8616 PC)
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After 24 hours at RT, the PC shows a range of S/N values (4.026-4.237) within those seen in the 
precision study (3.865-5.151 for inter assay precision)

Stability of coated and blocked ELISA plates

Again, wells coated with PC and stored at 4 0C for 25 hours show a range of values (4.206-
4.353) within those seen for inter assay precision (3.865-5.151)

Freeze Thaw Stability of the anti-MK-8616 PC 

Seven freeze-thaw cycles do not change the ECL values for the PC outside of those determined 
for inter-assay precision.
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Reviewer comment
The Sponsor has demonstrated satisfactory stability of a critical reagent, the anti-Sugammedex 
PC, upon RT storage, coating in ELISA wells and storage of the plates at  4 0C, and after 7 
freeze thaw cycles.
.

Reference ID: 3721402
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MEMORANDUM  DEPARTMENT OF HEALTH & HUMAN SERVICES 
    Public Health Service 
    Food and Drug Administration 
    Center for Drug Evaluation and Research 
                                                                                                                               

DATE: August 28, 2013 

FROM: Yong Hu, Ph.D. 

SUBJECT: Addendum to Chemistry Review #3 of NDA 22225 for  
 (sugammadex) Injection  

Applicant:  Organon USA 

TO: NDA 22225 file 

This is a follow up to Chemistry Review #3 for the purposes of indicating the Office of 
Compliance’s recommendation in the Establishments Evaluation System (EES) and 
summarizing the CMC labeling issues. 

EES Recommendation:
The Office of Compliance’s overall recommendation, made on 27-Aug-2013 in EES, is 
“Acceptable” for this NDA. See the attachment. 

CMC Labeling Issues:
The following comments regarding the carton and container labels were sent to applicant 
on 15 Aug 2013 and the applicant has not provided a response so far. 

1. Label the product name and strength based on the active moiety. The product name 
and strength should be [TRADENAME] (sugammadex) Injection, 100 mg/mL 
instead of  

2. When possible, the information about the salt should be included on the side panel. 
For example, “Each mL contains 100 mg sugammadex, equivalent to 108.8 mg 
sugammadex sodium.” 

In addition, as recommended in my labeling review in the CMC Review #3, the 
“Description” section of the Prescriber’s Information (PI) should include information 
about the compound Org 48302, , in addition to the 
information about the principle compound Org 25969 (sugammadex sodium). The 
rationale is the following: 

• The applicant lists both compounds as the active ingredients in the NDA and 
states that Org 48302 has an activity and pharmacological profile comparable to 
that of Org 25969. This statement is concurred by the Pharmacology/Toxicology 
reviewer, Dr. Zengjun (Alex) Xu. 
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MEMORANDUM  DEPARTMENT OF HEALTH & HUMAN SERVICES 
    Public Health Service 
    Food and Drug Administration 
    Center for Drug Evaluation and Research 
                                                                                                                               

DATE: July 24, 2008 

FROM: Alan C. Schroeder, Ph.D. 

SUBJECT: Second Addendum to Chemistry Review #2 of NDA 22-225 for
 (sugammadex sodium) Injection  

Original NDA received October 30, 2007 
Applicant:  Organon USA 

TO:  NDA 22-225 file 

This is a final follow up to Chemistry Review #2 (CR2) for the purposes of indicating 
resolution of non-CMC consult issues that were open when CR2 was completed. 

Compliance has provided (on July 24, 2008) an overall acceptable recommendation for 
the facilities used in manufacture and control of the drug product and drug substance 
under this NDA.

CMC  Recommendation for NDA 22-225: Approval

cc:       Orig. NDA#22-225 
ONDQA/Division File 
ONDQA/ACSchroeder/7-24-08 
ONDQA/AAl-Hakim 
ONDQA/PM

File:  
N22225_second_addendum_memo.doc 

(b) (4)
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Ezvera®

(sugammadex sodium) 
Injection

NDA 22-225 

Division Director Review 
Chemistry, Manufacturing, and Controls 

Applicant:   Organon USA Inc. 
  56 Livingston Avenue 
  Roseland, NJ  07068 
 
Indication: reversal of shallow or profound neuromuscular blockade which is induced 

by the  rocuronium and vecuronium, and for immediate reversal of 
neuromuscular blockade at 3 minutes after administration of rocuronium. 

 
 Presentation:  Injection is supplied as a single strength, sterile,  100 

mg/mL solution of sugammadex sodium filled in single-use, 2 mL or 5 
mL vial, sealed with a grey  rubber stopper and a aluminum 
flip-top overseal cap.  Box of 10. 

 
EER Status:      Pending 
Consults: Biometrics Acceptable   9-JUN-2008 

Microbiology Approval  3-MAR-2008 
PharmTox    Approval 20-JUN-2008
PharmTox – Impurity    Approval 17-JUL-2008
EA – Categorical exclusion granted under 21 CFR §25.31(b) 

  Methods Validation –    Validation will not be requested. 
 
Original Submission:   30-OCT-2007  
      
Post-Approval Agreements:  

 The applicant agreed to revisit the impurity specifications for the drug substance 
 once  the applicant has manufactured drug substance at full scale using at least 10  
 different production lots of the . 
 
 The applicant agreed to revisit the specifications for degradants in the drug  
 product following additional experience with the commercial manufacturing  
 process.  
 
 
 
 
  

(b) (4)
(b) (4)

(b) (4)

(b) (4)
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Additional Items: 

All associated Drug Master Files (DMFs) are acceptable or the 
pertinent information has been adequately provided in the 
application.   

 
The applicant agreed to continue the stability studies on the 
primary stability batches through 36 months to firmly establish the 
proposed shelf life. 

The applicant agreed to continue the long-term stability studies of 
the first three commercial production lots of drug product for each 
strength and package configuration following the approved 
stability protocol. 

 
The applicant agreed to place at least one commercial production 
lot of the drug product per year on stability for each strength and 
package configuration following the approved stability protocol. 
 
The applicant agreed to submit the results of the ongoing stability 
studies periodically in the NDA Annual Report per 21 CFR Part 
314.81(b)(2)(iv). 
 
The applicant agreed to withdraw from the market any lots found 
to fall outside the approved specification for the drug product, 
unless evidence is available that the deviation is a single 
occurrence that does not affect the safety and efficacy of the drug 
product, and the continuing distribution of the batch has been 
agreed to by the FDA. 

 
The analytical methods used in the testing procedures (release,  

 stability, and in-process) are well known and widely used by the  
 pharmaceutical industry and  revalidation by Agency laboratories  
 will not be requested. 
 

Overall Conclusion: 
 
From a CMC perspective, the application is recommended for Approval , 

  pending a satisfactory recommendation from the Office of Compliance.  
 
 

Blair A. Fraser, Ph.D. 
Director 
DPA I/ONDQA 
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Initial Quality Assessment 
Division of Pre-Marketing Assessment I, Branch II 

Office of New Drug Quality Assessment 
Division of Anesthesia, Analgesia and Rheumatology Products   

 
 
OND Division:    Anesthesia, Analgesia and Rheumatology   
NDA:     22-225 
Applicant:    Organon 
Stamp date:    October 30, 2007 
PDUFA Date:    April 30, 2008 
Trademark:    Bridion  

Established Name:   Suggammadex Sodium (USAN) 
Dosage Form:    Intravenous Injection (100 mg/ml) 
Route of Administration:  Parenteral (IV) 
Indication:    Reversal of neuromascular block 
Pharmaceutical Assessment Lead:  Danae D. Christodoulou, Ph.D. 
      YES  NO 
ONDQA Fileability:                   
Comments for 74-Day Letter:                                  
 
 



Summary, Critical Issues and Comments 
 A. Summary  

The application is filed as a 505(b)(1), priority NDA with 6-month review clock, for the New 
Molecular Entity suggammadex sodium.  
Org 25969 (sugammadex sodium) is a novel compound, developed for the reversal of 
neuromuscular block which is induced by the neuromuscular blockers rocuronium and 
vecuronium. Org 25969 is a New Molecular Entity (NME), according to the definitions in the 
FDA Drug Classification MAPP 7500-3. Structurally, Org 25969 is a modified -cyclodextrin 
which forms 1:1 inclusion complexes with rocuronium or vecuronium. Sequestering of the free 
neuromascular agent results to rapid reversal of the neuromascular blockade.  
 
Bridion® (suggammadex sodium) Injection, is a sterile solution for intravenous injection; its 
strength is 100 mg/ml packaged in single dose vials.  The recommended clinical doses are 2 
and 4 mg/kg for routine and 16 mg/kg for immediate reversal of rocuronium. 
 
B. Review, Comments and Recommendations 
Drug Substance 
Molecular Structure, Chemical Name, Molecular Formula and Molecular Weight 
Org 25969 
1. CA: 6A,6B,6C,6D,6E,6F,6G,6H –octakis- S-(2-carboxyethyl) - 6A,6B,6C,6D,6E,6F,6G,6H – octathio- -
cyclodextrin octasodium salt 
2. IUPAC: octakis(6-S-(2-carboxyethyl)-6-thio)cyclomaltooctaose octasodium salt
Molecular formula: C72H104O48S8Na8

Molecular Weight:  2178.01 g/mol 
 
 

 
 

 2





The drug substance is manufactured by two different sites of N. V. Organon, in the 
Netherlands. Alternate stability testing is performed by a third Organon site, in Germany. 

Flow chart of synthesis of Org 25969 (suggammadex sodium)  

 4

(b) (4)
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14 Page(s) have been Withheld in Full as b4 (CCI/TS) immediately following this page



C. Critical issues for review and recommendation 

During assessment of the CMC information provided in this NDA, the primary reviewer 
should consider addressing issues identified above and other related ones, summarized here, 
for their impact on drug product quality and performance throughout the shelf-life: 
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(b) (4)



D. Comments for 74-day Letter:   
 Provide a name contact and telephone number at the foreign manufacturing sites. 

This information is required by the Office of Compliance in order to schedule 
foreign inspections.  

 Provide a Letter of authorization for DMF  and identify the referenced item 
and DMF holder.  

  
E. Recommendation for fileability:   The NDA is fileable based on sufficient 

number of primary stability, production scale and clinical batches, and 24 
month long term stability data for the drug substance and product. The NDA is 
suitable for evaluation and assessment based on FDA and ICH guidelines for 
submitting CMC information for New Drug Applications. 
Recommendation for Team Review: The NDA is not recommended for 
team review. Even though the drug substance is an NME, the  

 
 

 
  

 
Consults:
Since Bridion  is an injectable product, microbiology consult is required and 
was initiated.
Specifications for impurities including structural alerts should be evaluated in 
consultation with the Toxicology reviewer. 
The primary reviewer, in conjunction with the project manager, should initiate 
the following consults/requests as soon as possible (see fileability template 
below). 

 
 Danae D Christodoulou, Ph.D.    11/16/2007   
 Pharmaceutical Assessment Lead     Date 
 
Ali Al-Hakim, Ph.D.      11/20/2007  
Branch II Chief Date      
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(b) (4)

(b) (4)

(b) (4)



      Fileability Template 
 Parameter Yes No Comment 
1 On its face, is the section organized adequately?      
2 Is the section indexed and paginated adequately?       
3 On its face, is the section legible?      
4 Are ALL of the facilities (including contract facilities and test 

laboratories) identified with full street addresses and CFNs? 
    Contact names and 

telephone numbers not 
provided for the foreign 
sites 

5 Is a statement provided that all facilities are ready for GMP 
inspection? 

      

6 Has an environmental assessment report or categorical exclusion 
been provided? 

    Categorical exclusion 
requested 

7 Does the section contain controls for the drug substance?      
8 Does the section contain controls for the drug product?        
9 Has stability data and analysis been provided to support the 

requested expiration date? 
    Stability data have been 

provided  with statistical 
analysis 

10 Has all information requested during the IND phase, and at the 
pre-NDA meetings been included? 

  N/A   Supporting IND: 
68,029 
 

11 Have draft container labels been provided?      
12 Has the draft package insert been provided?      
13 Has a section been provided on pharmaceutical development/ 

investigational formulations section? 
     

14 Is there a Methods Validation package?      
15 Is a separate microbiological section included?     Injectable 
16 Have all consults been identified and initiated?    

   
N/A 
   
   
   

  
  
  
  
  
  
  

Pharm/Tox 
Statistics 
OCP/CDRH/CBER 
LNC 
DMETS/ODS 
Microbiology 

Have all DMF References been identified? Yes ( )   No (   ) 
DMF Number Holder Description LoA Included Status 

Type III Yes pending 

ype III No pending 

Type III Yes pending 

 

 22

(b) (4) (b) (4)



---------------------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.
---------------------------------------------------------------------------------------------------------------------
 /s/
---------------------
Danae Christodoulou
11/29/2007 10:56:18 AM
CHEMIST
Initial Quality Assessment

Ali Al-Hakim
11/29/2007 02:44:49 PM
CHEMIST




