EVALUATION OF AUTOMATIC CLASS III DESIGNATION FOR

Ventana MMR IHC Panel
DECISION SUMMARY
A. De Novo Number:
DEN170030
B. Purpose for Submission:
De novo request for evaluation of automatic class III designation of the VENTANA
Mismatch Repair Immunohistochemistry (MMR IHC) Panel.
C. Measurand:
Mismatch repair proteins MLH1, PMS2, MSH2, MSH6 and V600E mutated BRAF protein.
D. Type of Test:
Immunohistochemistry
E. Applicant:
Ventana Medical Systems, Inc.
F. Proprietary and Established Names:
VENTANA MMR IHC Panel
G. Regulatory Information:
1. Regulation section:
21 CFR 864.1866
2. Classification:
Class II (Special Controls)
3. Product code:
PZJ
4. Panel:

1

88- Pathology
H. Indications for use:
1. Indications for use:
The VENTANA MMR IHC Panel is a qualitative immunohistochemistry (IHC) test intended
for use in the light microscopic assessment of mismatch repair (MMR) proteins (MLH1,
PMS2, MSH2, and MSH6) and BRAF V600E proteins in formalin-fixed, paraffin-embedded
colorectal cancer (CRC) tissue sections. The OptiView DAB IHC Detection Kit is used with
MLH1, MSH2, MSH6 and BRAF V600E, and the OptiView DAB IHC Detection Kit with
OptiView Amplification Kit is used for PMS2 detection. The VENTANA MMR IHC Panel
is for use on the VENTANA BenchMark ULTRA instrument. The VENTANA MMR IHC
Panel includes VENTANA anti-MLH1 (M1) Mouse Monoclonal Primary Antibody,
VENTANA anti-PMS2 (A16-4) Mouse Monoclonal Primary Antibody, VENTANA antiMSH2 (G219-1129) Mouse Monoclonal Primary Antibody, VENTANA anti-MSH6 (SP93)
Rabbit Monoclonal Primary Antibody, and VENTANA anti-BRAF V600E (VE1) Mouse
Monoclonal Primary Antibody.
The VENTANA MMR IHC Panel is indicated in patients diagnosed with colorectal cancer
(CRC) to detect mismatch repair (MMR) proteins deficiency as an aid in the identification of
probable Lynch syndrome and to detect BRAFV600E protein as an aid to differentiate
between sporadic CRC and probable Lynch syndrome.
Results from the Ventana MMR IHC Panel should be interpreted by a qualified pathologist in
conjunction with histological examination, relevant clinical information, and proper controls.
The clinical performance of this device to guide treatment of MMR deficient patients has not
been established.
2. Special conditions for use statement(s):
Intended for in vitro diagnostic (IVD) use.
Prescription use only.

3. Special instrument requirements:
Ventana BenchMark Ultra instrument
I. Device Description:
The Ventana MMR IHC panel is comprised of five primary antibodies used to detect the
MMR proteins MLH1, PMS2, MSH2 and MSH6 and mutated BRAF V600E protein in CRC
tissue specimens. The primary antibodies are used in combination with individually
optimized detection reagents and in conjunction with ancillary reagents common to all
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positive system-level control for MMR antibodies to detect the intact protein. Alternatively,
pre-qualified normal colon tissue fixed and processed in the same manner as the patient
tissue can also be used as a positive system-level control. Normal colon will stain positive for
all antibodies in the MMR IHC panel. Since the MLH1, PMS2, MSH2, and MSH6 proteins
are expressed in all tissues, a normal negative tissue control does not exist for these
biomarkers. For a negative system level control, CRC with loss of an MMR protein can be
used as an appropriate tissue control for mismatch repair protein deficiency status. However,
lymphocytes, fibroblast and epithelial cells should exhibit staining and serve as positive
internal control cells in CRC samples with MMR protein deficiency (dMMR).
BRAF V600E: A case of CRC positive for BRAF V600E mutated protein by VENTANA antiBRAF V600E (VE1) IHC is an appropriate positive control. A negative system-level control is
achieved with the fibroblasts and lymphocytes in normal adjacent epithelium.
Instrumentation and Software:
The MMR IHC panel tests are fully automated. The MMR IHC panel antibodies are for use on
the BenchMark ULTRA instrument using Ventana System Software (VSS) software version 12.3
or earlier.

J. Standard/Guidance Document Referenced (if applicable):
CLSI guideline I/LA28-A2: Quality Assurance for Design Control and Implementation of
ImmunohistochemistryAssays; Approved Guideline – Second Edition

Guidance for Submission of Immunohistochemistry Applications to the FDA. 1998

K. Test Principle:
The MMR IHC panel is an immunohistochemistry test system used to stain FFPE colorectal
cancer (CRC) specimens to detect expression of the MMR proteins -MLH1, PMS2, MSH2
and MSH6- and the BRAF V600E mutated protein. The 5 antibodies of MMR IHC panel have
individualized staining protocols that are created using available staining parameters provided in
staining procedures in the VSS software that drives the BenchMark ULTRA automated staining
platform. The panel test is run individually on 5 separate tissue sections and the test process
involves sequential application of specific primary antibodies against the panel protein,
followed by detection reagents and chromogen deposition for visualization of the target
protein expression.
Briefly the assay steps are as follows 1) anti MMR/ BRAF V600E antibody binds to the epitope
in the target protein; 2) a Haptenated (HQ) secondary antibody binds to the primary antibody; 3)
a tertiary horseradish peroxidase (HRP)-labeled antibody directed against HQ binds to the HQlabeled secondary antibody; and 4) the resulting complex is visualized with hydrogen peroxide
and DAB, due to the formation of a visible brown precipitate at the antigen site. The PMS2 test
uses the OptiView amplification in addition of to the OptiView DAB detection system for signal
amplification by addition of hydrogen peroxide and Tyramide-HQ. The specimen slide is then
counterstained with hematoxylin and cover slipped. Results are interpreted using a light
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BRAF V600E

ANA
OPA
APA
ANA
OPA

48/48 100
60/60 100
60/60 100.0
60/60 100.0
60/60 100.0

(92.3,100.0)
(94.0,100.0)
(93.9,100.0)
(93.9,100.0)
(94.0,100.0)

b. Reproducibility:
The reproducibility of the Ventana MMR IHC panel was assessed at 3 sites with 40
archival FFPE CRC tissue specimens. For the 4 antibodies against MMR protein in
the panel (anti-MLH1, anti-PMS2, anti-MSH2, and anti-MSH6), 6 CRC tissue
specimens (3 intact and 3 loss cases) were included in the study, resulting in 24 cases
total for these 4 antibodies. In addition, for the anti-BRAF V600E antibody, 16 CRC
tissue specimens -8 positive and 8 negative cases- with adequate tumor content (at
least 50 viable tumor cells) were included in the study. Multiple tissue sections were
cut from each case. Three (3) external clinical sites stained all cases with the
designated antibody and the appropriate negative reagent control (NRC) antibody on
each of 5 non-consecutive days spanning a period of at least 20 days. Cases were
stained on a BenchMark ULTRA instrument in a different randomized order each day.
Specimen sets consisting of H&E, NRC, and antibody stained slide from all four
antibodies in the MMR IHC panel staining were combined and randomized into a dayspecific reading set in order to minimize recall bias within the study. The case slide
triplets for the anti-BRAF V600E antibody were combined into a separate,
randomized, day-specific reading set.
Two pathologists at each site independently evaluated the reading set for the MMR
IHC panel to determine the status (intact or loss) for each case. The same two
pathologists at each site independently evaluated the separate reading set for BRAF
V600E to determine the BRAF V600E status (positive or negative) for each case. The
pathologists also evaluated all of the case slides for staining artifacts and staining
failures affecting their ability to interpret the slides.
There were 720 observations for the four MMR markers (4 markers * 6 cases per
marker * 5 days* 2 readers * 3 sites =720 observations). There were 480 observations
for the BRAF marker (16 cases*5days*2 readers* 3 sites= 480 observations). When
pooling the observations of all five markers, there were 1200 observations.
MMR-intact cases and BRAF V600E-positive cases were used to calculate PPA, and
MMR-loss cases and BRAF V600E-negative cases were used to calculate NPA. Point
estimates for PPA, NPA, and OPA were and their 95% confidence intervals (CI) for
calculated by using the generalized linear mixed model (GLMM) approach. Modal
case reference status for calculation PPA, NPA and OA was derived on the most often
observed status of 30 observations.
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Study met acceptance criteria for MLH-1, MSH2 and MSH6
antibodies to support expiration dating of 24 months for these 3
antibodies. Real time stability studies in support of the 24 month claim
are on-going.
PMS2 antibody passed accelerated stability testing on storage at 370C
for 287 hours to support a 12 month dating and at 300C for 603 and
1081.5 hours. Results from real time stability for one lot of PMS2
antibody was provided to support stability claims based on accelerated
stability testing at lower temperatures (300C instead of 370C and
450C). One lot of antibody was tested for intended storage condition
(2-8 0C); ship stress (150C and 300C for 192 hours) and cold ship stress
(-200C, 192 hours) at 4 and 6 months with 6 PMS2 Intact and 3 Loss
cases and tonsil controls specimens. The PMS2 antibody lot passed the
6 month time point with PMS2 specific staining within 1 point and
background staining within 0.5 point when compared to baseline on a
0-4 point intensity scale. The data supports a stability claim of 12
months for PMS2. Real time stability studies in support of the claim
are on-going
BRAF V600E: Real time stability testing was conducted using 3
Stability Master Lots (SMLs). Each SML consisted of a 1 lot of antiBRAF V600E (VE1) antibody and 1 lot of OptiView detection kit.
Real time stability was assessed for the 3 stability master lots
beginning of the study (Day 0) and subsequently assessed for intended
storage, ship stress and freeze thaw cold ship stability for a total of 37
months with testing at 3, 4, 6, 8, 9, 12, 14, 18, 20, 24, 26 and 37
months. Intended storage (2-8 0C) was tested through 37 months,
heated ship stress (300C for 192 hours) was tested to 26 months and
Freeze thaw cold ship stress (-200C for 192 hours) for 37 months.
Initial assessment of stability was performed with thyroid papillary
carcinoma cases, and was subsequently confirmed with 6 CRC cases.
Testing included ship stress, freeze thaw and cold ship stability
parameters. Data supports expiration dating of 24 months for the anti
BRAF V600E antibody.
b) Cut slide Stability: Specimen stability with storage time and
temperature was assessed on cut sections stored prior to staining for
each of the panel proteins in separate studies. Studies for each of the
MMR panel protein used 1 normal colon and 2 CRC cases with
expression of MMR (Intact) in tumors. For BRAF V600 E section
stability 1 WT and 3 BRAF V600E mutation positive cases were
included. Slides were stored at 5±3°C or at 30±5°C. Two (2) slides
were stained with Ventana MMR antibody and 1 slide with negative
reagent control at different time points starting from the beginning of
the experiment (Day 0) up to six months (Week 26). Cut slides for
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PMS2 included 5 PMS 2 intact cases and stability was tested to 8
weeks. The anti-MMR panel antibody stained slides were evaluated by
pathologist for MMR protein status (Intact/Loss), stain intensity and
background. The negative reagent control stained slides were also
evaluated. The study required that the stain intensity will not vary by
more than 1.0 point when compared to Day 0 scores for a minimum of
four weeks after storage at 5±3°C and at 30±5°C. Table 16 lists
specimen stability as cut sections stored at 5±3°C and at 30±5°C for
each of the panel markers. The specimen block stability claim is the
same as the cut-section stability claim.
Table 16. Cut Section Stability by marker
Marker
Cut section stability*
MLH1
26 Weeks
PMS2
8 weeks
MSH2
26 Weeks
MSH6
26 Weeks
BRAF V600E
26 Weeks
* When Stored at 5±3°C and at 30±5°C

d. Detection Limit:
Not applicable
e. Analytical specificity:
Analytical specificity was addressed in two separate studies for each of the MMR
panel antibodies. The first addressed antibody specificity and the second
immunoreactivity in normal and neoplastic tumor specimen.
i. Western Blot and IHC: Western blots analyses were conducted to
demonstrate that the antibodies specifically detect the proteins of predicted
molecular weight for each of the 5 Ventana MMR panel antibodies using cell
lines with known MMR loss or intact status. Cell lines used in the study were
matched pair of human cell line HD PAR595 that expressed wild type MMR
proteins or were engineered with frame shift knockouts for PMS2 and MLH1
and complete knockout for MSH6 and MSH2. BRAFV600E containing cell
lines were engineered to express moderate and high levels of the V600E
protein. Western Blots confirmed presence of reactive bands at expected
molecular weighs for each of the 5 panel markers.
IHC tests using the same cell lines formalin-fixed, paraffin-embedded
conducted to assess nonspecific binding in the context of use. The results of
the IHC with engineered cell lines was consistent with expected reactivity.
The combined results from western blots and cell line IHC demonstrated
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proteins were analyzed. This data supports the use of a four antibody MMR IHC panel as
a screening tool for potential Lynch syndrome patients.
BRAF V600E mutation IHC to distinguish Sporadic and Germline CRC:
In 550 MMR mutation carriers, the BRAF V600E mutation frequency was only 1.4%
(95% CI: 0.06-2.52). The frequency of BRAF V600E mutations was 5% (95% CI: 3.66.9) in 1,623 microsatellite stable (MSS) cases, 36.1% (95% CI: 21.0-52.8) in MSI-H
cases without MMR mutations, and 63.5% (95% CI 447.0-78.5) in 332 cases
demonstrating MLH1 methylation or MLH1 expression loss.
Conclusion: Literature survey shows that IHC test that include the 4 dMMR markers can
identify MSI-H /dMMR phenotype in CRC subjects who can be directed to additional
testing for Lynch syndrome diagnoses. The survey presented also shows the
effectiveness of BRAF V600E IHC in distinguishing sporadic and germline CRC
patients.
4. Clinical cut-off:
The MMR IHC panel and BRAF V600E tests are qualitative in nature and marker status
(loss / intact or positive/negative) are determined based on unequivocal staining of FFPE
CRC tissue (see section I on staining interpretation and scoring) and do not rely on
discreet clinical cut off.
5. Expected values/Reference range:
Not applicable.
N. Proposed Labeling:
The labeling is sufficient and satisfies the requirements of 21 CFR Parts 801 and 809, as applicable,
and the special controls for this device type.

O. Patient Perspectives
This submission did not include specific information on patient perspectives for this device.

P. Identified Risks to Health and Identified Mitigations

Identified Risks to Health
False positive test result
False negative test result

Identified Mitigations
General controls and special controls (1)
and (2)
General controls and special controls (1)
and (2)
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(viii) Detailed specification of the criteria for test result interpretation and reporting.
(ix) Detailed information demonstrating the performance characteristics of the device,
including:
(A) Data from an appropriate study demonstrating clinical accuracy using wellcharacterized clinical specimens representative of the intended use population
(i.e., concordance to DNA sequencing results of the Lynch syndrome associated
genes or method comparison to the predicate device using samples with known
alterations in genes representative of Lynch syndrome). Pre-specified acceptance
criteria must be provided and followed.
(B) Appropriate device reproducibility data investigating all sources of variance
(e.g., for distributed tests, data generated using a minimum of three sites, of which
at least two sites must be external sites). Each site must perform testing over a
minimum of 5 nonconsecutive days evaluating a sample panel that spans the
claimed measuring range, and includes the clinical threshold. Pre-specified
acceptance criteria must be provided and followed.
(C) Data demonstrating reader reproducibility, both within-reader and betweenreader, assessed by three readers over three nonconsecutive days at each site,
including a two week washout period between reads, as appropriate.
(D) Device precision data using clinical samples spanning the measuring range
and controls to evaluate the within-lot, between-lot, within-run, between run, and
total variation.
(E) Analytical specificity studies including as appropriate, western blots, peptide
inhibition, testing in normal tissues and neoplastic tissues, interference by
endogenous and exogenous substances, and cross-reactivity and cross
contamination testing.
(F) Device analytical sensitivity data generated by testing an adequate number of
samples from individuals with the target condition such that prevalence of the
biomarker in the target population is established.
(G) Device stability data, including real-time stability and in-use stability, and
stability evaluating various storage times, temperatures, and freeze-thaw
conditions, as appropriate.
(H) The staining performance criteria assessed must include overall staining
acceptability, background staining acceptability, and morphology acceptability, as
appropriate.
(I) Appropriate training requirements for users, including interpretation manual,
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as applicable.
(J) Identification of risk mitigation elements used by the device, including a
description of all additional procedures, methods, and practices incorporated into
the instructions for use that mitigate risks associated with testing.
(2) The device’s 21 CFR 809.10(b) compliant labeling must include a detailed description of the
protocol, including the information described in paragraphs (b)(1)(i) through (b)(1)(viii) of this
section, as appropriate, and a detailed description of the performance studies performed and the
summary of the results, including those that relate to paragraph (b)(1)(ix) of this section, as
appropriate.
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