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ABSTRACT

Tertiary lymphoid structures (TLS) are ectopic lymphoid structures that can arise in human cancers and are
associated with improved overall survival (OS) and response to immune checkpoint blockade (ICB) in
several cancers, including non-desmoplastic metastatic melanoma (NDMM). Desmoplastic melanoma
(DM) has one of the highest response rates to ICB, and we previously identified that primary DM (PDM)
contains TLS. Despite the association of TLS with survival and ICB response, it is unknown whether TLS or
associated markers of immune activity can differ between PDM and NDMM. We hypothesized that PDM
would contain higher frequencies of TLS than NDMM, that T and B-cell densities and proliferation would
be greater in TLS of PDM than TLS of NDMM, and that proliferation rates of T and B-cells in PDM TLS would
be concordant with those of intratumoral lymphocytes. We found that four features of TLS in PDM
distinguish them from TLS in NDMM. TLS were peritumoral in NDMM but intratumoral in PDM. CD8*
T-cell and CD20" B-cell densities and proliferative fractions were higher in PDM TLS than NDMM TLS.
Additionally, the proliferative fractions of T- and B-cells were concordant between the TLS and tumor site
in PDM and discordant in NDMM. Collectively, these data suggest that TLS and associated immune
markers can differ across melanoma subsets and suggest that PDM TLS may be more immunologically
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active and have enhanced immune cell trafficking between tumor and TLS compared to NDMM.

Introduction

Desmoplastic melanoma (DM) is an uncommon variant of
melanoma which has a higher tumor mutation burden than
non-desmoplastic cutaneous melanomas and one of the high-
est response rates to single-agent PD-1 blockade therapy in any
cancer, with objective tumor responses rates (ORR) in 70% of
the patients."”> Primary DM (PDM) has three key histologic
features: (i) a lentiginous melanocytic proliferation along the
dermo-epidermal junction, (ii) a dermal spindle cell popula-
tion within the desmoplastic stroma, and (iii) intratumoral
lymphoid aggregates.” In our previous work, we found that
some of these lymphoid aggregates in PDM comprise tertiary
lymphoid structures (TLS).’

TLS are ectopic lymphoid structures that are induced by
sustained antigenic stimulation in inflamed, infected, or neo-
plastic tissues.* Histologically, TLS are most commonly defined
by the presence of discrete, organized T and B-cell compart-
ments with at least one of the following: PNAd" high endothe-
lial venules (HEV), mature dendritic cells (DC) in the T-cell
areas, or a gene signature that includes CCL19, CCL21,
CXCL12, and CXCL13.> ® TLS are believed to aid in generating

antigen-driven immune responses outside of the spleen, lymph
nodes, and other secondary lymphoid organs.”

In cancers, including non-desmoplastic melanomas, TLS
have been associated with higher rates of disease-free survival
and clinical response to immunotherapy with PD-1 antibody
therapy.**'® Similarly, our prior studies found that TLS in
cutaneous NDMM were independently associated with
improved overall patient survival, thus highlighting the impor-
tance of TLS as an independent prognostic factor for
NDMM."" 1t is believed that TLS improve cancer prognosis
by serving as sites for expansion of tumor-reactive T-cells and
B-cells that can then be home to adjacent tumors and continue
to proliferate there.”'* Thus, finding TLS in PDM raises the
possibility that they may support anti-tumor immunity to
PDM tumors.

The high rates of clinical response of DM to immune ther-
apy raise the possibility that TLS in DM may support stronger
adaptive anti-tumor immunity. Interestingly, we have found
that TLS in PDM were exclusively located intratumorally,’
leading us to anticipate that T- and B-cells expanded in those
TLS may not encounter the same barriers to infiltrating the
tumor compartment as in NDMM. In the present work, we
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hypothesized that TLS would be more prevalent and numerous
in PDM than NDMM. Furthermore, we hypothesized that the
TLS from PDM would contain increased densities of lympho-
cytes and higher proportions of proliferating (Ki67") CD20"
B-cells and CD8" T-cells relative to NDMM. Additionally, we
hypothesized that lymphocytic proliferation rates within TLS
from PDM would correlate with lymphocytic proliferation
rates within tumor.

Methods
Patient selection and TLS identification

PDM:

With institutional IRB approval (IRB #19694), 11 cases of
“pure” primary desmoplastic melanoma located on the skin
or subcutaneous tissues that met inclusion criteria in our prior
work® were included in this study. Eight of these samples were
determined, in our prior work to have classical TLS, defined by
organized T-cell and B-cell regions in addition to PNAd"
vasculature.’

NDMM:

With institutional IRB approval (IRB-HSR #10803), 64 check-
point-therapy naive patients with stage IIIB-IV melanoma
metastatic to the skin or subcutaneous tissues that met inclu-
sion criteria were evaluated in our prior work,'' and 30 were
found to have classical TLS.

Clinical data collection

Clinical data for PDM and NDMM patients were collected
from the electronic medical record (EPIC) and melanoma
patient database (IRB #19694 and #10803) and published
previously.>'" Staging for PDM samples was performed for
the present work using the American Joint Committee on
Cancer (AJCC) melanoma staging system (8™ version)."
Staging for NDMM samples was previously published using
these same AJCC guidelines. Clinical data were then compared
between PDM and NDMM patients in the current study using
the Chi-Square test for categorical data and Mann Whitney test
for continuous data. Those performing multiplex immunohis-
tochemistry and image analysis were blinded to patient HIPAA
identifiers and clinical data.

Multiplex immunofluorescence histology and imaging

Five um thick sections were cut from FFPE tumor specimens.
Multiplex immunofluorescence histology (mIFH) was per-
formed according to the manufacturer’s protocol using the
OPAL Multiplex Manual THC kit, and antigen retrieval (AR)
buffers AR6 and AR9 (Akoya Biosciences, Marlborough,
Massachusetts, USA). Staining sequence, antibodies, and AR
buffers were as follows for the TLS identification panel:

AR9, CD8 (1:500, clone C8/144B Agilent Technologies,
Santa Clara, California, USA) Opal540; AR6, CD20 (1:1000,
clone 126, Agilent Technologies) Opal520; AR6, PNAd (1:1000
clone MECA-79, BioLegend, San Diego, California, USA)
Opal620; AR6, Ki67 (1:20, SP6, Abcam, Cambridge,

Massachusetts, USA) Opal690; and AR6, spectral DAPI
(Akoya Biosciences, Marlborough, Massachusetts, USA).
Following staining, slides were mounted using prolonged
diamond antifade (Life Technologies, Carlsbad, California,
USA) and scanned using the PerkinElmer Vectra V.3.0 system
and Vectra software (Akoya Biosciences, Marlborough,
Massachusetts, USA). Regions of interest (ROI) were selected
in Phenochart software (Akoya Biosciences, Marlborough,
Massachusetts, USA) that evaluated the whole tumor specimen
for PDM and NDMM. Additionally, in NDMM specimens an
additional scan and ROI selection was performed on each B-cell
cluster regardless of location intratumorally and peritumorally.
20x magnification images were acquired of each ROI with the
Vectra V.3.0 system, and images were then spectrally unmixed
using single stain positive control images in InForm software
(Akoya Biosciences, Marlborough, Massachusetts, USA).

Image analysis

B-cell clusters that were identified as TLS were further sub-
divided from the surrounding tissue using HALO Software
(Indica Labs, Albuquerque, New Mexico, USA) for analyses
of intra-TLS lymphocytes in this study. Specifically, an indivi-
dual box was drawn around the TLS in HALO for both PDM
and NDMM specimens. B- and T-cell areas were bounded,
using PNAd" vasculature to define the border periphery. This
enabled analyses of intra-TLS lymphocytes from other intra-
tumoral lymphocytes in PDM, and enabled a uniform analysis
of TLS T-cell regions in both PDM and NDMM. Immune cells
were quantified using HALO software (Indica Labs,
Albuquerque, New Mexico, USA). Lymphocyte density was
quantified as density of cells expressing a given marker (cells/
mm®) within the ROI. Fractions of lymphocytes expressing
a given activation marker were calculated by normalizing the
density of cells expressing the lymphocyte marker and the
activation marker by the density of cells expressing the lym-
phocyte marker (Example: Fraction of Ki67"CD8"
T-cells = CD8"Ki67"/CD8™). Fractions where the denominator
was zero were treated as zeros. TLS areas reported in
Supplemental Table S1 were quantified using HALO software.
Measurements of the total specimen areas reported in
Supplemental Table S1 were obtained on H&E stained speci-
mens and analyzed using Image]J software.'*

Statistical analysis

The Chi-Squared test was used to compare categorical variables
between NDMM and PDM including the total number of
tumor samples with TLS, the percentage of female patients,
and the percentage of patients at each stage of disease. The
Mann-Whitney U-test was performed to compare continuous
variables between PDM and NDMM, including age as well as
the density and proliferation index of immune cells. The
Wilcoxon signed-rank test was performed to compare the
density and proliferation index of immune cells between TLS
and tumor of the same patient specimen. Spearman’s rank
correlation coefficient was used to compare lymphocyte pro-
liferation index intratumorally and peritumorally as well as to
compare B-cell proliferation index to T-cell proliferation



index. P values were considered significant when < 0.05. All
statistical analyses were performed using R software V.3.5.3
and Microsoft Excel.

Results
Patient demographics

The median age of the 30 patients with NDMM containing TLS
was 56. Nineteen patients (63%) were female, 17 (57%) had
AJCC stage IIIB disease, and 13 (43%) had stage IV disease.
Among the patients with PDM containing TLS, the median age
was 67. Two patients (25%) were female, one (12.5%) had stage
1 disease, and seven (88%) had stage 2 disease. The median
PDM tumor thickness was 4.7 mm with a range of 1.8 mm-
20.8 mm. As expected, the patients with PDM had a less
advanced stage than the patients with NDMM. Age and gender
were not significantly different between groups. Clinical data,
survival status, and information on TLS are provided for each
of the evaluated PDM patients and NDMM patients in
Supplemental Tables S2 and S3, respectively. The sample
size for the PDM patients is not large enough to make formal
analyses about outcome, but six of the eight patients with TLS"
PDM (75%) are currently alive with a median follow-up of
75 months, while only one of the three TLS"*® PDM (33%)
patients are currently alive with a median follow-up of
37 months. For NDMM patients, analyses of associations
between TLS and clinical outcome have already been
reported.!

Frequency and size of TLS in tumor samples

In prior work, we reported on the proportions of tumors that
have TLS among the NDMM samples (47%, 30/64) and PDM
samples (73%, 8/ 11).>*"! However, we had not previously com-
pared them or tested for differences in those proportions. The
percentage of patients whose tumors contained TLS trended
higher for PDM (73%) than for cutaneous NDMM (47%);
however, this difference was not significant with these sample
sizes (p = .116, chi-square).

Among the 30 NDMM samples with TLS, the median
number of TLS per specimen was 4. Among the 8 PDM
samples with TLS, the median number of TLS per specimen
was 1.5 (p = .019). The total specimen area was not sig-
nificantly different between groups (p = .56). Nevertheless,
the number of TLS per tumor was also assessed after nor-
malizing for the tumor cross-sectional area. The median
numbers of TLS per cm® specimen area were 1.99 for
NDMM and 0.92 for PDM (p = .019). Thus, among mela-
nomas for which TLS were identified, they were less numer-
ous in PDM than in NDMM. The size of the TLS in PDM
and NDMM were also compared. The median TLS area
(mm?®) was 0.10 in PDM and 0.52 in NDMM (p = .02).
Thus, TLS were smaller in size in PDM. The data for the
TLS areas (mm?), biopsy specimen areas (cm?), numbers of
TLS per biopsy, and numbers of TLS per biopsy normalized
for the specimen cross-sectional area are provided in
Supplemental Table S1.
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Comparison of TLS location in tumor samples

In our prior work, we described TLS as being more commonly
intratumoral in PDM and peritumoral in NDMM but did not
evaluate the frequency of TLS location. In this assessment, we
have noted that in the 8 PDM with TLS, all TLS in all eight
samples (100%) were intratumoral, and none were peritu-
moral. On the other hand, for all 30 of the NDMM with TLS,
all TLS in all 30 samples (100%) were peritumoral, and none
were intratumoral. This difference in location is significant
(p < .001, chi-square). Examples of the TLS locations for
PDM and NDMM are shown by H&E staining Figures 1A
and 1B, respectively, to illustrate the location of the TLS rela-
tive to tumor areas. TLS were identified by mIFH, shown in
Figure 1(C-H) for a TLS containing PDM specimen, and
Figure 1(I-N) for an NDMM TLS-containing specimen. .

Comparison of lymphocyte density in PDM And NDMM TLS

The numbers of CD8" T-cells and CD20™ B-cells per TLS were
enumerated using mIFH with PNAd" cells as the boundary of
T-cell regions. The median number of CD8" T-cells per TLS
were 91 and 218 in PDM and NDMM respectively (p = .30,
data not shown). The median number of CD20" B-cells per
TLS were 416 and 394 in PDM and NDMM respectively
(p = .69, data not shown). The total TLS area was larger in
NDMM, thus we also evaluated the density of T and B cells
per mm?. Median numbers of CD8" T-cells in TLS per mm?
were 870 and 281 for PDM and NDMM, respectively
(p = .0007, (Figure 2A)). Similarly, the median densities of
CD20" B-cells in TLS per mm? were 2,508 and 578 for PDM
and NDMM, respectively (p < .0001, (Figure 2B)). Thus, PDM
TLS contained higher densities of B and T-cells than TLS in
NDMM.

Comparisons of lymphocyte proliferative activity in TLS
and tumor of both PDM and NDMM

Antigen-driven adaptive immune responses induce prolifera-
tion of T and B-cells, which can be identified by nuclear
expression of Ki67. The numbers of proliferating CD8"
T-cells and CD20" B-cells per TLS were compared between
PDM and NDMM. The median number of proliferating CD8"
T cells per TLS were 43 and 16 in PDM and NDMM respec-
tively (p = .02, data not shown). The median number of pro-
liferating CD20" B-cells per TLS were 157 and 13 in PDM and
NDMM respectively (p = .001, data not shown). We also
considered the density of proliferating T and B cells per mm?.
TLS within PDM had more CD8"Ki67* T-cells per mm?* (med-
ian 389 cellsymm?) than TLS of NDMM (18 cells/mm?
p = .0006, (Figure 3A)). Similarly, PDM TLS had more
CD20"Ki67" B-cells per mm? (median 1,182 cells/mm?) than
NDMM-TLS (13 cells/mm?, p = .00002, (Figure 3B)). The
densities of proliferating B and T-cells were significantly
greater in TLS compared to tumor for both PDM and
NDMM, except for proliferating CD8" T-cells in NDMM
TLS, which were significantly lower than NDMM tumor (med-
ian 18 cells/mm® NDMM TLS, 42 cells/mm* NDMM tumor,
p = .0015, Wilcoxon signed-rank test, Figure 3A).
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Figure 1. Representative images of TLS in PDM and NDMM. Images from hematoxylin and eosin (H&E)-stained tumor sections show the location of TLS relative to
tumor in PDM (A) and in NDMM (B). Multiplex and single marker images of TLS in PDM (C-H) and NDMM (I-N) show the markers evaluated in this study. Images are of the
5-color multiplex stain (C, I) as well as single marker stains depicting CD8 (D, J), CD20 (E, K), PNAd (F,L), and Ki67 (G,M) in combination with DAPI shown in blue and alone

in (H, N). Marker colors and image magnifications are indicated.

As stated above, the density of T and B-cells is higher in
PDM than NDMM, thus the significance of the increased
density of proliferating lymphocytes may simply reflect the
greater density of lymphocytes in PDM. Thus, we also

determined the fractions of lymphocytes proliferating (Ki67")
within the TLS and associated tumor regions. The fractions of
proliferating (Ki67") CD8" T-cells were higher in TLS of PDM
than in TLS of NDMM (medians 47% and 7%, respectively,
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Figure 2. T- and B-cell densities in TLS from PDM and NDMM. Box plots of CD8™ T-cell (A) and CD20" B-cell (B) densities within TLS from PDM and NDMM are plotted.
The central box represents values from the lower to upper quartile, 25th to 75th percentile. The middle bar identifies the median, the maroon diamond depicts the
mean, whiskers show minimum and maximum, and outliers are shown as red squares. Statistical comparisons were made by Mann-Whitney U test; ***p < .001.
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Figure 3. Densities of proliferating B- and T-cells in TLS and tumor of PDM and NDMM. Box plots of CD8*Ki67* T-cells (A) and CD20*Ki67* B-cells (B) densities at
the TLS and tumor site of PDM and NDMM. The central box represents values from the lower to upper quartile, 25th to 75th percentile. The middle bar identifies the
median, the maroon diamond depicts the mean, whiskers show minimum and maximum, and outliers are shown as red squares. Statistical comparisons were made by
the Mann-Whitney U test when comparing cell densities across PDM and NDMM specimens and by the Wilcoxon signed-rank tests when comparing cell densities at the

TLS and tumor site within the same biopsy specimen; *p < .05; **p < .01; ***p <.

p =.0014, (Figure 4A)). Similarly, the fractions of proliferating
(Ki67") CD20* B-cells within the B-cell compartment were
higher in TLS of PDM than in TLS of NDMM (medians 53%
and 4%, respectively, p < .0001, (Figure 4B)).

Interestingly, lymphocyte proliferative fractions were high
within TLS of most PDM as well as within adjacent tumor areas
(excluding TLS areas), and those proportions were similar
between TLS and tumor. The median proliferative fractions
of CD8" T-cells in PDM were 47% and 41% for TLS and tumor,

001.

respectively (p = .96, Wilcoxon signed-rank test, Figure 4A).
Similarly, proliferative fractions of CD20" B-cells were 53%
and 48% for TLS and tumor, respectively (p .96,
Figure 4B). In contrast, for NDMM, the proliferative fractions
were much lower in TLS than in tumor: median proliferative
fractions for CD8" T-cells were 41% and 7% for tumor and
TLS, respectively (p < .00001, (Figure 4A)) and for CD20"
B-cells, median proliferative fractions were 23% and 4% for
tumor and TLS, respectively (p < .00001, (Figure 4B)).
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Figure 4. Proportions of proliferating T- and B-cells in the TLS and tumor site of PDM and NDMM. Box plots of the proportions of proliferating CD8*Ki67" T-cells
(A) or CD20*Ki67* B-cells (B) at the TLS and tumor site in PDM and NDMM. The central box represents values from the lower to upper quartile, 25th to 75th percentile.
The middle bar identifies the median, the maroon diamond depicts the mean, whiskers show minimum and maximum, and outliers are shown as red squares. Statistical
comparisons were made by the Mann-Whitney U test when comparing cell proportions across PDM and NDMM specimens and by the Wilcoxon signed-rank tests when
comparing cell proportions at the TLS and tumor site within the same biopsy specimen; **p < .01; ***p < .001.

Comparisons of lymphocyte density and proliferative
activity in TLS and tumor of PDM by stage and BRAF
mutational status

The impact of tumor stage or BRAF mutational status on
lymphocyte density in melanoma associated TLS is unknown.
In our evaluated TLS containing NDMM subset, 17 specimens
were stage 3 and 13 were stage 4, additionally 12 specimens
were BRAF wild-type, 16 contained the BRAF V600E mutation
and 2 specimens were unclassified (Supplemental Table S1). In
the TLS positive PDM cohort, 7 PDM were stage 2 and 1
specimen was stage 1, of these 1 specimen was BRAF wild-
type; and the other seven were unknown (Supplemental Table
S1). However, BRAF mutations are not commonly found in
desmoplastic melanomas'>™'” and BRAF mutational status is
not typically evaluated in specimens that are of a lower stage.
Thus, the densities of CD8" T-cells and CD20" B-cells, num-
bers of proliferating lymphocytes and lymphocyte proliferative
fractions, and per TLS and tumor were compared in NDMM
specimens by stage (3 vs. 4) and BRAF mutational status (wild-
type vs. V60OE). No significant differences were found in the
densities of CD8" T-cells and CD20" B-cells, numbers of pro-
liferating lymphocytes, or lymphocyte proliferative fractions
between stage 2 and stage 4 NDMM specimens in the TLS or
tumor site (Supplemental Figure S1). Additionally, no signifi-
cant differences were found in the densities of CD8" T-cells
and CD20" B-cells, numbers of proliferating lymphocytes, or

lymphocyte proliferative fractions between BRAF wild-type or
BRAFV600E containing NDMM in TLS or tumor site
(Supplemental Figure S2).

Correlations between proliferating CD8* T and CD20*
B-cells

These findings that T-cell and B-cell proliferative fractions are
similar between the TLS and tumor compartments of PDM
raise questions about whether T- and B-cell proliferation are
similar within the same compartment. Within TLS, it may be
reasonable to expect that the organized T- and B-cell areas
function in an integrated way so that adaptive T-cell responses
in the T-cell compartment may be associated with proliferative
responses in the B-cell compartment in the same TLS. Thus, we
also assessed whether the proliferative (Ki67") fraction of
B and T-cells were correlated with each other within TLS, as
well as whether they were correlated with each other within
tumor compartments. In PDM with TLS, significant correla-
tions were noted between the proliferative fractions of CD8"
T-cells and CD20™ B-cells within the TLS (R = 0.95, p = .001,
Figure 5A). The associations were significant but slightly
weaker within the tumor areas (R = 0.76, p = .037,
Figure 5B). For NDMM, significant correlations were also
noted between proliferative fractions of CD8* T-cells and
B-cells within the TLS (R = 0.59, p < .001, Figure 5C) as well
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Figure 5. Correlation graphs comparing the fraction of proliferating T and B-cells within the TLS compartment and within the tumor compartment of PDM
and NDMM. Correlation graphs comparing the relationship between the fraction of proliferating B and T-cells within the TLS for PDM (A) and NDMM (C); and the
relationship between the fractions of intratumoral, proliferating B and T-cells in PDM (B) and NDMM (D). Correlation coefficient (R) and p values calculated by

Spearman’s rank correlation test.

as within the tumor (R = 0.54, p = .002, Figure 5D), though
those correlation coefficients for NDMM were lower than
for PDM.

Correlations between proliferative fractions of
lymphocytes in tumor and TLS

The findings that B- and T-cell proliferation are correlated
within the TLS and tumor compartments suggest that these
cells are proliferating in concert within the same compartment.
We also assessed whether the fractions of proliferating (Ki67")
T and B-cells correlated between TLS and tumor compart-
ments. In PDM, significant correlations were noted between
the fractions of proliferating (Ki67") CD8" T-cells within TLS
and the tumor (R =0.76, p =.037, Figure 6A) as well as between
the fractions of proliferating (Ki67") CD20" B-cells within TLS
and the tumor (R = 0.95, p = .001, Figure 6B). In contrast, for
NDMM, significant correlations were not found between the
fractions of proliferating (Ki67*) CD8" T-cells within TLS and
the tumor (R = 0.20, p = .297, Figure 6C). We had previously
reported that the fractions of proliferating (Ki67") CD20"
B-cells within TLS and the tumor were not concordant in
NDMM." For the present work, we used new boundary defi-
nitions for TLS (see Methods), with similar findings of poor
concordance between the proliferative fractions of B-cells of
TLS and tumor for NDMM (R = 0.13, p = .478, Figure 6D).

Discussion

This study follows on two prior studies, one being the first to
identify the immune cell aggregates in desmoplastic melanoma
to be TLS? and the other having identified features of TLS
associated with survival for cutaneous NDMM.'" In the present
report, we have evaluated these further and compared the TLS
of PDM to the TLS of NDMM, both in cutaneous sites. We
have identified four key features of TLS in PDM that distin-
guish them from TLS in NDMM.: (1) intratumoral location, (2)
increased densities of T- and B-cells, (3) higher proliferative
fractions of CD20" and CD8" cells, (4) concordance of lym-
phocyte proliferation rates between TLS and tumor areas.

We had hypothesized that PDM samples would contain
higher frequencies and numbers of TLS. While the proportion
of PDM samples containing TLS trended higher than NDMM,
this did not reach statistical significance. Furthermore, the
number of TLS per tumor was lower in PDM with TLS than
in NDMM with TLS, raising the possibility that the immuno-
logic activity within the TLS or immunologic “quality” of TLS
may be more important than the quantity of TLS. We did find
that PDM TLS had increased T and B-cell densities and pro-
liferative fractions relative to NDMM TLS. Thus, these data
suggest that adaptive immune responses may be enhanced in
PDM TLS. Such differences may be due to greater antigen
exposure, less immune cell inhibition, or enhanced dendritic
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Figure 6. Correlation graphs comparing the fraction of proliferating T- and B-cells at the TLS site and matched tumor site, in PDM and NDMM. Correlation
graphs showing the relationship between the fractions of proliferating CD8*Ki67" T-cells at the TLS site to those in the matched tumor in PDM (A) and NDMM (C); and
the proportions of proliferating CD20*Ki67* B-cells at the TLS site to those in the matched tumor in PDM (B) and NDMM (D). Correlation coefficient (R) and p values

calculated by Spearman’s rank correlation test.

cell maturation. Thus, future studies are warranted to address
these mechanistic questions.

We also found that the fractions of proliferating and T- and
B-cells were correlated between the TLS and tumor compart-
ments of PDM. Conversely, in NDMM, the intra-tumoral and
intra-TLS lymphocyte proliferation rates were not correlated.
The concordance of proliferative fractions in TLS and tumor of
PDM suggests crosstalk or active trafficking of T-cells between
tumor and TLS areas. These findings could be explained by
PDM’s unique intratumoral TLS location compared to the
extratumoral location of NDMM TLS.>»'" In pancreatic cancer,
extratumoral TLS density was not a prognostic marker, but
intratumoral TLS functioned as an independent favorable
prognosticator.'® Therefore, the intratumoral TLS in DM
could have important prognostic implications, and future stu-
dies that investigate T cell trafficking in these specimens are
needed.

There were limitations to this study. One is the limited
sample size of PDM, which reflects the low incidence rate of
desmoplastic melanoma in the population (two per million)."
Another potential limitation of our study is that we compared
primary cutaneous desmoplastic melanomas to cutaneous
metastatic melanoma. It may seem to be more logical to com-
pare PDM to primary non-desmoplastic melanomas or meta-
static DM to metastatic non-desmoplastic melanomas.
However, prior studies have reported that classical TLS, as we

have defined in this study, are rarely present in primary non-
desmoplastic melanomas.”>*' Thus, we focused our analyses
on NDMM, where classical TLS have been reported in up to
55% of the cases.”>*' Additionally, DM metastasis has been
reported to occur primarily in mixed subtypes of DM, which
contain portions of non-desmoplastic melanoma and thereby
may lack the unique dysplasia and stromal features of DM
throughout the tumor.”> Thus, we opted to analyze pure
PDM samples with unique desmoplastic stroma present and
NDMM samples with classical TLS. Future studies evaluating
the prevalence of TLS in primary desmoplastic melanomas
metastases and non-desmoplastic melanoma metastases are
underway and evaluations of lymphocytic densities and activity
in these TLS are warranted.

This current study is not powered to assess associations
between TLS status and survival in patients with PDM. In
our prior work with patients with non-desmoplastic cutaneous
melanoma metastases, we found that the presence of TLS was
associated with improved OS in patients treated with surgery
prior to the checkpoint blockade therapy era.'! Others have
reported that TLS are associated with response to checkpoint
blockade therapy in non-DM patients.'®**** Thus, it is reason-
able to hypothesize that desmoplastic melanomas may have
higher response rates to checkpoint blockade therapy when
TLS are found. A larger study is warranted and planned, to
test whether PDM with TLS have better clinical outcomes than



those without TLS, and whether patients with metastatic DM
are more likely to respond to checkpoint blockade therapy
when TLS are found in the metastatic lesions. Recent data
from a small study of 27 patients demonstrated a 56% patho-
logical complete response rate when pembrolizumab was
employed in the neoadjuvant setting for patients with resect-
able DM. These findings raise the question of whether TLS may
predict response to short-term PD-1 blockade, and whether
surgical resection may be reduced or avoided in patients that
respond to checkpoint blockade therapy. Thus, future studies
evaluating the association between the presence of TLS and OS
in patients with PDM treated with checkpoint blockade ther-
apy are warranted.

In conclusion, this is the first study, to our knowledge, that
has compared markers of immune activity between desmo-
plastic and non-desmoplastic subtypes of melanoma. We have
identified features of TLS in PDM that distinguish them from
TLS in NDMM and which suggest increased immunologic
activity and lymphocyte trafficking between TLS and tumor
in PDM. These unique immunologic features may contribute
to high response rates of DM to ICB and warrant further
study to better characterize the immunologic activity in
a larger sample size. The present study has focused on pro-
liferation as a marker of immunologic activity, but future
studies could evaluate markers of TLS maturation, B-cell
activity, and T-cell activity to evaluate whether effector
B and T cells are enhanced in DM related to non-DM.
T-cell receptor (TCR) sequencing studies could also aid in
the assessment of T cell trafficking between tumor and TLS
sites.
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