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INTRODUCTION

Here, we have developed and optimized a 9-color assay
and validated its reproducibility across two imaging
platforms, the Mantra Workstation and the Vectra Polaris.
This translational workflow offers an optimal balance
between multiplexing and sample throughput to facilitate
the research and support translational studies on whole
formalin-fixed paraffin-embedded (FFPE) tissue.
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Assay Development and Imaging: The panel was
designed on Akoya’s Mantra 2 Quantitative Pathology
Workstation multispectral microscope, which allows for
rapid assessment of staining performance. Once
optimized, multispectral images were acquired on both
the Mantra 2 and Vectra Polaris. The same five field of
view images were selected for each slide, which were
then analyzed to show equivalence between the two
platforms.
Analysis: Scans were unmixed and analyzed using
Akoya’s inForm® image analysis software. Projects were
created for scans from both platform scans to account for
differences in image parameters. Images underwent
tissue and cell segmentation, cell phenotyping, and
thresholding. Cell counts, densities, and spatial
parameters were generated using the R script package
phenoptrReports to produce outputs of the image analysis
data. These analyses were then used to evaluate
reproducibility of all markers across instrument platforms.
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Figure 1. Phenoptics Workflow Overview for 9-color Assay Development and Platform Concordance Analysis. Fourteen lung cancer serial sections were stained on the Leica
BOND RX using the Opal Polaris IHC Automated Detection Kit along with the addition of Opal 540 and Opal 650 reagents. The initial assay was developed and optimized using the
Mantra Workstation. Once the panel was complete, multispectral images (MSI) were acquired of the same five regions of interest on each slide on both the Mantra and Vectra Polaris.
Afterwards, separate inForm projects were created for the Mantra and Polaris scans. Separate projects were necessary due to the differences in imaging parameters for each
instrument. Images underwent tissue segmentation, cell segmentation, phenotyping, and thresholding. Data exported from inForm was processed in phenoptrReports and platform
concordance was assessed.
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METHODS
Tissue Staining: Fourteen serial sections of FFPE nonsmall cell lung cancer tissue were stained using Opal™
reagents. Tissues were stained against the following key
immuno-oncology markers of interest: CD8 (Opal Polaris
480), CD68/CD163 (Opal 620), FoxP3 (Opal 570), Ki67
(Opal 650), PD-1 (Opal 540), PD-L1 (Opal 520), ATPase/
CD45LcA/ CD33 (Opal Polaris 780), CK (Opal 690), and
DAPI nuclear counterstain.
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Figure 2. Mantra vs. Vectra Polaris Image
Comparison. A. Top left composite images are
representative of one of the five regions of interest
scanned on all slides on both the Mantra (teal
border) and Vectra Polaris (pink border). B. Tissue
segmentation maps. Mantra (teal border) and
Polaris (pink border) images were analyzed in
separate projects as the acquisition parameters are
unique for each platform. Tissue segmentation was
matched as closely as possible. C. Phenotyping
mask for both sets of imagery. D. Representative
images showing all individual Opal-marker pairings
for both the Mantra (teal border) and Vectra Polaris
(pink border).

Top 20 Mean Expression and CVs
Marker
Mantra
Polaris
CD8
CD68/CD163
FoxP3
Ki67
CK
PD-1
PD-L1
ATPase/ CD33/
CD45LcA

16 (15%)
14 (15%)
12 (15%)
26 (15%)
17 (11%)
13 (11%)
19 (15%)

10 (13%)
12 (12%)
11 (15%)
22 (15%)
14 (11%)
9 (9%)
14 (15%)

1 (11%)

1 (14%)

Table 1. Mantra vs. Vectra Polaris Quantitative
Analysis of Cellular Markers. Numbers are shown
as mean expression (% coefficient of variation). The
mean expression for the top 20 cells was calculated
for each marker for all slides for each instrument,
respectively. Overall, the average counts for both the
Mantra and Polaris fall within the recommended
Opal counts guidelines of 10-30, with the exception
of Opal Polaris 780, which has a recommended
count of 1-10. Average % CV was <15%, suggestive
of good reproducibility. Of note, PD-1 on the Polaris
only reached a count of 9, whereas its Mantra
counterpart was 13. Overall, counts were found to
be lower on the Polaris compared to the Mantra by a
range of one to six counts. This may be attributable
to innate differences found between the two
systems.
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To learn more about the Phenoptics workflow, please click here or scan the QR code to contact one of our imaging specialists.
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PLATFORM CONCORDANCE

PHENOPTICS WORKFLOW

In cancer research, advancing our understanding of the
underlying mechanisms driving disease progression is key
to developing new therapeutic regimens and improving
patient outcomes. Over the past several years, multiplex
immunofluorescence (mIF) has played a vital role in
elucidating novel immune-tumor interactions and
identifying targets of interest for drug discovery and
development.
Emerging studies utilizing mIF have revealed complex
cell-to-cell interactions within the tumor microenvironment
(TME), however, greater interrogation of the biology
comprising
these
interactions,
including
cellular
composition and functional status, require higher levels of
multiplexing. With the rapidly increasing number of
available multiplexing approaches, there is an inherent
tradeoff between capability and throughput.
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0.843

0.943
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Figure 3. Inter-platform concordance of cellular markers. Graphs represent concordance analysis
between cell densities for each marker on both the Mantra and Vectra Polaris imaging systems.
Phenotyped markers (CD8, CD68/CD163, FoxP3, Ki67, and CK) all displayed R2 values of 0.81 or greater,
indicating strong concordance. Expression markers (PD-1 and PD-L1) demonstrated the greatest
concordance, with R2 values of 0.91 and 0.97, respectively, indicating high concordance amongst
platforms. Average R2 for all phenotyped markers was 0.843, and for expression markers, 0.943. Total
instrument concordance across all markers was 0.872. ATPase/ CD33/ CD45LcA was used for
segmentation purposes only.

CONCLUSION
Our study has successfully established a 9-color multiplexed assay and
demonstrated a streamlined continuity workflow, wherein users can develop
a multiplex panel on the Mantra Workstation and transfer the optimized
assay for high-throughput use on the Vectra Polaris.
In general, we saw an average platform concordance of >84% for
phenotyping markers, and, perhaps more importantly, concordance of >94%
for PD-1 and PD-L1. All markers displayed counts within recommended
ranges, with the exception of PD-1, which had a count of nine on the
Polaris, one below the minimum count of 10. Interestingly, almost all counts
were slightly lower for the Polaris compared to the Mantra. This may be due
to innate differences between the two platforms. No additional crosstalk was
observed when images were spectrally unmixed, which is often inherent in
mIF assays with overlapping fluorophore signals. Reproducibility across
serial sections was <15% coefficient of variation for all markers in the assay.
Limitations associated with the study included drawing annotations for MSI
acquisition and regions of disinterest in inForm for all Polaris imagery. These
steps were required to achieve the most accurate data analysis possible, as
the Mantra field of view is rotated roughly 90° and smaller compared to the
1x1 stamp used when acquiring field of view MSI on the Polaris.
Taken together, this study provides a practical, reliable assay that can be
implemented to support translational, high-throughput studies in clinical
research.
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