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ABSTRACT
Ocular adnexal sebaceous carcinoma (OASC) is an aggressive malignancy that frequently recurs locally
and metastasizes. Surgical extirpation may produce significant aesthetic morbidity, and effective sys-
temic therapies for locally advanced or metastatic disease are largely ineffective. Immune checkpoint
inhibitors have shown efficacy in the management of several solid tumors where tumor cell PD-L1
expression correlates with improved response. To determine whether OASC might be amenable to
immune checkpoint blockade, we performed comprehensive immune profiling for CD3, CD8, PD-1,
FOXP3, and PD-L1 in 24 patients with primary OASC. The composition, distribution and density of the
tumor associated immune infiltrate were quantified by automated image analysis and correlated with
measures of clinical outcome. Tumor cells in 12 OASCs (50%) expressed PD-L1. Higher densities of CD3+
(p = 0.01), CD8+ (p = 0.006), and PD-1+ (p = 0.024) tumor-associated T cells were associated with higher
T category (≥T3a per the 7th edition of the American Joint Committee on Cancer staging manual).
Higher tumor cell expression of PD-L1 correlated with higher density of PD-1+ tumor-associated T cells
(p = 0.021). Since a CD3+ CD8+ PD-1 + T-cell infiltrate represents a “suppressed T-cell phenotype”
apparently permissive toward OASC progression, our findings provide a mechanistic rationale for the
effective application of immune checkpoint blockade in OASC to abrogate PD-1/PD-L1 interaction and
effectively unleash the immune infiltrate to treat higher-stage tumors.
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Introduction

Ocular adnexal sebaceous carcinoma (OASC) is an aggressive
malignant neoplasm originating from the sebaceous glands in
the periocular region.1,2 OASC represents the second most
common eyelid malignancy in the United States, accounts for
5% of all eyelid malignancies.3,4 Sebaceous carcinoma is most
frequently seen in the periocular region, with the eyelid and
conjunctiva being the most common sites.5–7 Many features
contribute to the aggressive clinical course of OASC. First,
OASC clinically mimics more common inflammatory eyelid
conditions, such as blepharoconjunctivitis and chalazion; thus,
definitive diagnosis is delayed in up to 50% of patients.1,8,9

Furthermore, OASC exhibits discontinuous intraepithelial
extension together with a locally infiltrative growth pattern,
and in 13% to 23% of patients, orbital exenteration is required
to achieve local control, resulting in significant functional and
aesthetic morbidity.8–11 One of the largest studies of OASC to
date showed that at diagnosis, 18% of patients had regional
nodal metastasis and 8% had distant metastasis.12 Systemic

therapies for regional or distant metastases, however, remain
largely ineffective, and 6% to 22% of patients with OASC die of
the disease.8,10,12 Together, these observations underscore an
ongoing critical need to identify novel efficacious therapies to
achieve better control of both local and metastatic disease.

An emerging approach in cancer therapy is to exploit the
programmed death protein-1 (PD-1)/programmed death
ligand-1 (PD-L1) immune checkpoint blockade pathway to
activate the immune system to destroy tumor cells. PD-L1 is
endogenously expressed by immune cells and stromal cells.
PD-1, the primary ligand of PD-L1, is expressed by T cells.
Engagement of PD-1 with PD-L1 elicits inhibitory signals
delivered to T cells, culminating in a dampened immune
response. This pathway serves to avert excessive immune
stimulation and subsequent collateral tissue injury.13,14 Some
tumor types co-opt PD-L1 expression and therefore exploit
endogenous immune checkpoint pathways to evade eradica-
tion by the immune system. Immune checkpoint inhibitors
(anti-PD-1 and anti-PD-L1 antibodies) abrogate the PD-1/
PD-L1 interaction to promote prolonged activation of the
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immune system against tumor cell antigens and have pro-
duced dramatic responses in cancers resistant to conventional
systemic chemotherapies, including melanoma and Merkel
cell carcinoma, both of which are aggressive cutaneous
malignancies.15–17 Among the predictors of response to PD-
1 inhibitors, PD-L1 expression by tumor cells and high levels
of tumor-associated CD3-positive, CD8-positive (CD3+CD8
+) T cells in pre-treatment or early on-treatment tumor
biopsy samples correlate with clinical response to PD-1 or
PD-L1 inhibitors.18–24

Recent studies have associated the development of OASC
with the integrity of the host immune system. Specifically,
long-standing immunosuppression, including that related to
solid organ transplant and HIV/AIDS, has been shown to be an
important risk factor for the development of OASC.25–28

Therefore, given the paucity of effective therapeutic options
for OASC beyond surgery together with the delicate anatomic
location in the eye, the relationship between OASC and the
immune system underscores an important unmet clinical need
to determine if OASC might be amenable to immune check-
point blockade. To this end, we sought to define the composi-
tion, density and spatial distribution of the tumor associated
immune infiltrate in OASC and to ascertain whether OASC
expresses PD-L1 to determine if the immune system might be
reasonably leveraged to treat this aggressive ocular malignancy.

Results

Clinical features

Twenty-four primary OASCs from 24 patients, including 13
women and 11 men, were included in the final cohort. Patient
characteristics and results of immunohistochemical staining
are summarized in Table 1.

The median age at presentation was 69 years (range,
44–88 years). Sixteen specimens (67%) involved the upper
eyelid, 7 (29%) involved the lower eyelid, 4 (17%) involved
the conjunctiva, 4 (17%) involved the anterior orbit, and 2

(8%) involved the lacrimal gland/sac (6 specimens involved
multiple anatomic locations). T category (AJCC 7th Edition;
see methods) at presentation was T1 in 1 patient (4%), T2a in
2 patients (8%), T2b in 5 patients (21%), T3a in 8 patients
(33%), T3b in 7 patients (29%), and not available in 1 patient
(4%). Regional lymph node metastases were identified in 7
patients (29%), 3 of whom subsequently developed distant
metastases in the liver (3 patients), lungs (2), and bones (1).
The median follow-up time was 18 months (range,
2–87 months). At last follow-up, 20 patients were alive with-
out evidence of disease, 1 patient had been lost to follow-up,
and the 3 patients with distant metastases had died of their
disease 19, 22, and 32 months after initial diagnosis.

Immunohistochemical stains of the immune infiltrate

PD-L1+ tumor cells were identified in 12 of the 24 specimens
(50%). Overall, in our series of 24 primary OASCs, the density
of the tumor-associated T-cell infiltrate was higher along the
periphery of the tumor than in the center of the tumor for all
of the markers assessed.

Relationship between the composition, density, and
distribution of tumor-associated immune infiltrates and
other clinical and pathologic variables

We found no association between sex, age, or tumor size and
the density of immunohistochemical staining for CD3, CD8,
PD-1, or FOXP3 in any position in the tumor. However,
primary OASCs with T category of T3a or above in the AJCC
staging system contained higher densities of CD3+, CD8+, and
PD-1 + T cells at the tumor periphery than primary tumors
with T category less than T3a (Table 2). Our findings were
similar when considering the percentage of the immunohisto-
chemically positive immune cells in a given area of tumor and
tumor-associated stromal cells (considered as a binary variable
– above or below the median for the population of tumors
studied). Compared to primary OASCs with T category less
than T3a, primary OASCs with T category of T3a or higher
were more likely to have CD8 + T-cell density and PD-1 + T-
cell density above the median at the tumor periphery, and a
similar trend was observed for CD3 + T-cell density. Immune
cell densities within the tumor center were not significantly
associated with clinical (including T category) or pathologic
variables, and the density of FOXP3+ immune cells and PD-L1
+ tumor cells was not associated with T category.

When we considered metastatic disease progression, we did
not observe any statistically significant differences in the density
of the tumor associated immune infiltrates among primary
OASCs that produced metastases compared to the primary
OASCs that did not. (Table 2), suggestive that other features
(molecular-genetic) drive disease progression in OASC.

Relationship between composition, density, and
distribution of tumor-associated immune infiltrates and
PD-L1 positivity

Given the previously described mechanism by which tumor-
infiltrating T cells induce PD-L1 expression by tumor cells,29

Table 1. Patient characteristics and immunohistochemical staining data for
primary ocular adnexal sebaceous carcinomasa.

Variable N Median Min Max

Age, years 24 69 44 88
Tumor size, mm 24 15 3 42
Time to lymph node metastases, months 7 9 0 21
Time to distant metastases, months 3 21 6 21
PD-L1-positive tumor cells, % 24 0.5 0.0 20.0
CD3 density

At periphery 24 2258.38 149.03 4711.12
At center 17 230.30 11.98 2987.17
Total 24 1350.61 125.06 3358.39

CD8 density
At periphery 24 932.90 27.95 2797.24
At center 17 59.90 9.32 1168.25
Total 24 572.20 27.95 2775.20

PD-1 density
At periphery 24 400.08 19.92 2411.05
At center 17 59.79 5.32 510.90
Total 24 297.95 16.60 1277.31

FoxP3 density
At periphery 23 308.87 13.31 1549.32
At center 17 51.87 0.00 1275.95
Total 23 200.52 19.31 1221.02

a Values represent numbers of immunohistochemically positive cells per mm2

unless otherwise specified.
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we examined whether PD-L1 expression by OASC tumor cells
correlated with the density of the tumor-associated T-cell
immune infiltrates and whether the spatial distribution of
the tumor associated immune infiltrate also correlated with
PD-L1 expression by tumor cells. When we examined this
relationship, we observed that tumors expressing PD-L1
(staining of ≥1% of tumor cells) had significantly higher
PD-1 + T-cell density along the tumor periphery compared
to did tumors lacking PD-L1 expression (Table 3; Figure 2),
and PD-1 expressing lymphocytes were enriched in geo-
graphic areas with higher tumor cell PD-L1 expression
(Figure 2). No such association was observed between tumor

cell PD-L1 positivity and PD-1 + T-cell density in the tumor
center, and no associations were observed between PD-L1
positivity in tumor cells and the density of tumor-associated
CD3 + T cells, CD8 + T cells, or FOXP3 + T cells at the
periphery or the center of the tumor).

Discussion

In the current study, we performed deep immune profiling
and quantification of the tumor-associated immune infiltrate
in a series of 24 primary OASCs. We demonstrated that a
higher density of CD3+, CD8+, and PD-1 + T cells at the

Table 2. Association between immune parameters and AJCC (7th edition) T category at diagnosis or presence of metastases.

Immune parameter N Overall ≤T2b ≥T3a P No metastases Metastases P

Data analyzed as a continuous variablea

CD3 density
At periphery 23 2182 (1442) 1076 (1050) 2773 (1282) 0.01 1826 (1411) 2997 (1241) 0.071
At center 16 456.0 (715.0) 261.2 (220.9) 544.5 (848.4) 0.692 275.7 (270.4) 756.4 (1108.6) 0.329
Total 23 1577 (1087) 956 (1059) 1908 (978) 0.061 1388 (1112) 2010 (963) 0.161

CD8 density
At periphery 23 1162 (900) 566 (931) 1481 (726) 0.006 961 (900) 1623 (768) 0.071
At center 16 207.6 (337.5) 57.2 (38.0) 276.0 (392.2) 0.396 108.3 (174.6) 373.2 (484.0) 0.233
Total 23 873 (782) 531 (945) 1055 (641) 0.012 743 (760) 1170 (806) 0.142

PD-1 density
At periphery 23 524.5 (531.5) 243.6 (222.3) 674.4 (591.6) 0.024 497.2 (575.1) 587.0 (450.0) 0.423
At center 16 123.0 (150.1) 59.3 (93.2) 151.9 (165.5) 0.282 103.7 (128.0) 155.1 (190.1) 0.515
Total 23 383.7 (325.1) 215.7 (227.1) 473.3 (340.0) 0.045 373.0 (351.0) 408.3 (280.2) 0.593

FOXP3 density
At periphery 22 438.6 (460.3) 388.8 (528.4) 461.8 (443.1) 0.275 464.8 (504.5) 368.8 (343.7) 1
At center 16 161.3 (312.2) 114.7 (143.4) 182.5 (369.3) 0.777 99.1 (108.8) 265.0 (500.5) 0.914
Total 22 346.9 (387.8) 329.9 (464.7) 354.9 (364.4) 0.307 358.2 (391.4) 316.9 (413.0) 0.825

Data analyzed as a categorical variableb

PD-L1 status 23 1.000 0.371
Negative 11 (47.8) 4 (50.0) 7 (46.7) 9 (56.2) 2 (28.6)
Positive 12 (52.2) 4 (50.0) 8 (53.3) 7 (43.8) 5 (71.4)

CD3 status at periphery 23 0.089 0.069
Above median 12 (52.2) 2 (25.0) 10 (66.7) 6 (37.5) 6 (85.7)
Below median 11 (47.8) 6 (75.0) 5 (33.3) 10 (62.5) 1 (14.3)

CD3 status at center 16 1.000 0.608
Above median 8 (50.0) 2 (40.0) 6 (54.5) 4 (40.0) 4 (66.7)
Below median 8 (50.0) 3 (60.0) 5 (45.5) 6 (60.0) 2 (33.3)

CD3 status total 23 0.089 0.371
Above median 12 (52.2) 2 (25.0) 10 (66.7) 7 (43.8) 5 (71.4)
Below median 11 (47.8) 6 (75.0) 5 (33.3) 9 (56.2) 2 (28.6)

CD8 status at periphery 23 0.009 0.069
Above median 12 (52.2) 1 (12.5) 11 (73.3) 6 (37.5) 6 (85.7)
Below median 11 (47.8) 7 (87.5) 4 (26.7) 10 (62.5) 1 (14.3)

CD8 status at center 16 1.000 0.608
Above median 8 (50.0) 2 (40.0) 6 (54.5) 4 (40.0) 4 (66.7)
Below median 8 (50.0) 3 (60.0) 5 (45.5) 6 (60.0) 2 (33.3)

CD8 status total 23 0.089 0.069
Above median 12 (52.2) 2 (25.0) 10 (66.7) 6 (37.5) 6 (85.7)
Below median 11 (47.8) 6 (75.0) 5 (33.3) 10 (62.5) 1 (14.3)

PD-1 status at periphery 23 0.009 0.371
Above median 12 (52.2) 1 (12.5) 11 (73.3) 7 (43.8) 5 (71.4)
Below median 11 (47.8) 7 (87.5) 4 (26.7) 9 (56.2) 2 (28.6)

PD-1 status at center 16 0.308 1.000
Above median 7 (43.8) 1 (20.0) 6 (54.5) 4 (40.0) 3 (50.0)
Below median 9 (56.2) 4 (80.0) 5 (45.5) 6 (60.0) 3 (50.0)

PD-1 status total 23 0.089 1.000
Above median 12 (52.2) 2 (25.0) 10 (66.7) 8 (50.0) 4 (57.1)
Below median 11 (47.8) 6 (75.0) 5 (33.3) 8 (50.0) 3 (42.9)

FOXP3 status at periphery 22 0.381 1.000
Above median 10 (45.5) 2 (28.6) 8 (53.3) 7 (43.8) 3 (50.0)
Below median 12 (54.5) 5 (71.4) 7 (46.7) 9 (56.2) 3 (50.0)

FOXP3 status at center 16 1.000 0.633
Above median 7 (43.8) 2 (40.0) 5 (45.5) 5 (50.0) 2 (33.3)
Below median 9 (56.2) 3 (60.0) 6 (54.5) 5 (50.0) 4 (66.7)

FOXP3 status total 22 0.381 0.646
Above median 10 (45.5) 2 (28.6) 8 (53.3) 8 (50.0) 2 (33.3)
Below median 12 (54.5) 5 (71.4) 7 (46.7) 8 (50.0) 4 (66.7)

aValues are mean (standard deviation) unless otherwise specified. P values are based on Wilcoxon rank-sum test for continuous variables.
bValues are number (percentage) unless otherwise specified. P values are based on Fisher’s exact test for categorical variables.
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tumor periphery was associated with higher AJCC T category.
Further, we demonstrated that 50% of OASC specimens con-
tained tumor cells expressing PD-L1, and these tumors were
infiltrated by higher densities of PD-1 + T cells. Together,
these observations suggest that the PD-1/PD-L1 axis is opera-
tional in a subset of primary OASCs, serving to inhibit the
immune response and enable tumor progression, and further
suggest that abrogation of the PD-1/PD-L1 axis through PD-1
blockade may be effective in the treatment of locally advanced
or metastatic OASC.

The PD-1/PD-L1 axis has been studied extensively in
recent years given the clinical application in treatment of
metastatic cancer. PD-1 inhibitors have been approved by
the US Food and Drug Administration for several historically
treatment resistant solid tumors, including melanoma, renal

cell carcinoma, non-small cell lung carcinoma, head and neck
squamous cell carcinoma, Merkel cell carcinoma, and
Hodgkin lymphoma, and have produced impressive response
rates.16,17,30–32 However, responses to PD-1 blockade remain
challenging to predict, and only a few clinically available
biomarkers predict response to these agents. Numerous
reports have shown that PD-L1 expression by tumor cells in
pretreatment biopsy specimens correlates with better
responses to treatment with PD-1 inhibitors in melanoma
and other cancers.29,33,34 Immunohistochemical assays for
PD-L1 are thus used in clinical practice as predictors of
response to anti-PD-1 therapy31 and, more important, to
stratify melanoma patients for possible combination immune
checkpoint blockade.35 In addition, improved response to PD-
1 blockade has been observed for tumors infiltrated by high

Table 3. Association between immune parameters and tumor cell PD-L1 expression.

Immune parameter N Overall Negative PD-L1 staining Positive PD-L1 staining P

Data analyzed as a continuous variablea

CD3 density
At periphery 24 2106 (1460) 1686 (1592) 2526 (1239) 0.149
At center 17 429.9 (700.7) 283.2 (274.3) 560.2 (935.6) 0.923
Total 24 1519 (1101) 1217 (1113) 1820 (1047) 0.119

CD8 density
At periphery 24 1119 (906) 976 (986) 1262 (836) 0.299
At center 17 196.0 (330.3) 123.2 (194.5) 260.6 (418.5) 0.773
Total 24 839.0 (782.3) 698.2 (712.5) 979.9 (853.5) 0.273

PD-1 density
At periphery 24 505.2 (528.3) 280.0 (297.0) 730.5 (620.3) 0.021
At center 17 119.8 (145.9) 82.2 (131.0) 153.3 (157.8) 0.501
Total 24 370.4 (324.6) 246.6 (286.0) 494.3 (324.0) 0.038

FOXP3 density
At periphery 23 439.5 (449.7) 378.1 (473.6) 506.4 (434.6) 0.356
At center 17 155.0 (303.4) 80.2 (115.8) 221.5 (402.3) 0.386
Total 23 343.0 (379.3) 244.9 (258.7) 450.0 (467.7) 0.268

Data analyzed as a categorical variableb

CD3 status at periphery 24 0.220
Above median 12 (50.0) 4 (33.3) 8 (66.7)
Below median 12 (50.0) 8 (66.7) 4 (33.3)

CD3 status at center 17 0.637
Above median 8 (47.1) 3 (37.5) 5 (55.6)
Below median 9 (52.9) 5 (62.5) 4 (44.4)

CD3 status total 24 0.684
Above median 12 (50.0) 5 (41.7) 7 (58.3)
Below median 12 (50.0) 7 (58.3) 5 (41.7)

CD8 status at periphery 24 0.684
Above median 12 (50.0) 5 (41.7) 7 (58.3)
Below median 12 (50.0) 7 (58.3) 5 (41.7)

CD8 status at center 17 0.637
Above median 8 (47.1) 3 (37.5) 5 (55.6)
Below median 9 (52.9) 5 (62.5) 4 (44.4)

CD8 status total 24 0.684
Above median 12 (50.0) 5 (41.7) 7 (58.3)
Below median 12 (50.0) 7 (58.3) 5 (41.7)

PD-1 status at periphery 24 0.039
Above median 12 (50.0) 3 (25.0) 9 (75.0)
Below median 12 (50.0) 9 (75.0) 3 (25.0)

PD-1 status at center 17 0.153
Above median 8 (47.1) 2 (25.0) 6 (66.7)
Below median 9 (52.9) 6 (75.0) 3 (33.3)

PD-1 status total 24 0.220
Above median 12 (50.0) 4 (33.3) 8 (66.7)
Below median 12 (50.0) 8 (66.7) 4 (33.3)

FOXP3 status at periphery 23 1.000
Above median 11 (47.8) 6 (50.0) 5 (45.5)
Below median 12 (52.2) 6 (50.0) 6 (54.5)

FOXP3 status at center 17 0.637
Above median 8 (47.1) 3 (37.5) 5 (55.6)
Below median 9 (52.9) 5 (62.5) 4 (44.4)

FOXP3 status total 23 0.684
Above median 11 (47.8) 5 (41.7) 6 (54.5)
Below median 12 (52.2) 7 (58.3) 5 (45.5)

a Values are mean (standard deviation) unless otherwise specified. P values are based on Wilcoxon rank-sum test for continuous variables.
b Values are number (percentage) unless otherwise specified. P values are based on Fisher’s exact test for categorical variables.
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levels of CD8 + T cells as measured in pretreatment and early-
on-treatment biopsy specimens.23,36 Finally, high level of
immune infiltration by CD3+ and CD8 + T cells is associated
with improved survival of patients with colorectal and other
cancer types (the basis for the “immunoscore”), showing a
higher correlation with survival than the TNM stage in some
studies.37,38

PD-L1 has previously been shown to be expressed on
melanoma cells and antigen-presenting cells at the tumor-
stromal interface in a focal and geographically heterogeneous
pattern.39 We observed a similar pattern of geographically
heterogeneous expression of PD-L1 in the tumor cells of our
OASC specimens, with PD-L1 expression more common at
the tumor-stromal interface than in the central region of the
tumor. This observation is consistent with the previously
described mechanism of PD-L1 induction by tumor-infiltrat-
ing T cells, in which engagement of PD-1 with PD-L1

mediates adaptive immune resistance in melanoma.31,40 In
this context, T-cell activation occurs following exposure to
tumor-specific antigens, and in response, activated T cells
secrete IFN-γ and upregulate PD-1 expression. Both dendritic
cells and tumor cells in the vicinity of these T cells then
respond to IFN-γ by upregulating PD-L1 expression. The
engagement of PD-1 with PD-L1 with results in suppression
of T-cell activity. In our series of OASCs, the strong associa-
tion between PD-L1+ tumor cells and PD-1 + T cells
(p = 0.021) in the same geographically restricted regions
that we analyzed (Figure 2) suggests T-cell-induced expres-
sion of PD-L1 on tumor cells.

The clinical relevance of our findings remains to be inves-
tigated in future studies using anti-PD-1 therapy in patients
with locally advanced or metastatic sebaceous carcinoma.
Taken together, our findings that (1) high levels of PD-
1 + T cells correlated with PD-L1 expression in OASC

Figure 1. Representative example of quantification of the relative composition, density, and distribution of immune infiltrates in primary ocular adnexal sebaceous
carcinoma. (A-C) Scanning magnification shows an ocular adnexal sebaceous carcinoma after immunohistochemical studies for CD3 (A, 40x), CD8 (B, 40x), and PD-1 (C, 40x).
Green and red boxes delineate areas of the tumor in which the highest areas of immune cell density were assessed. Green boxes designate tumor periphery (3 x 0.25-mm2

boxes), and red boxes designate central areas (3 x 0.25-mm2 boxes). (D-F) Automated image analysis quantified the CD3-positive (CD3+) (D, 200x), CD8+ (E, 200x), and PD-1
+ (F, 200x) cells. Immunohistochemically positive (IHC+) cells were quantified according to intensity (1+ yellow, 2+ orange, and 3+ brown), and cells with IHC-negative
nuclei (including stromal and tumor cells) in a given area were counted and designated as a blue nucleus. IHC+ cells (including the sum of 1+, 2+, and 3+ cells) were
tabulated and quantified as (1) number of IHC+ cells per 0.25 mm2 or (2) percentage of the total nucleated cells in a given 0.25-mm2 area.
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tumor cells and (2) high levels of CD3+, CD8+, and PD-1 + T
cells at the tumor periphery (effectively a “suppressed T-cell
phenotype” which would be permissive toward tumor pro-
gression) correlated with advanced AJCC T category, provide
a compelling rationale for the application of PD-1 blockade in
OASC. Further, it is envisioned that reversing this “sup-
pressed T-cell phenotype” would likely unleash the endogen-
ous immune response and might prove clinically beneficial to
patients with OASC. We are aware of one anecdotal case
report that is expected to be published soon (OPRS in press)
of a patient with metastatic and locally advanced recurrent
sebaceous carcinoma of the eyelid and orbit who responded to
anti-PD1 therapy and based on findings in the current report
plan to design a clinical trial to further investigate the efficacy
of PD-1 inhibition for sebaceous carcinoma patients.

Whereas we found that more dense tumor-associated
immune infiltrates correlated with higher T category in this
study, most prior studies of other solid tumors have shown an
inverse correlation between the density of the tumor-asso-
ciated immune infiltrate and indices of patient outcome and
survival, including stage.41,42 However, our findings may be
analogous to similar observations in uveal melanoma, where
tumors with monosomy for chromosome 3, which is asso-
ciated with a higher risk for metastases, had a higher density

of tumor-associated lymphocytes than other subtypes.43

Mechanisms proposed to explain this phenomenon include
low density of tumor neoantigens, which contribute to the
development of a T-cell response,44 and an immune-privi-
leged environment that suppresses the local immune response
to the tumor.45 In addition, the infiltrate we observed to
correlate with advanced T category is a “suppressed T-cell
infiltrate” consisting of CD3+ CD8+ PD-1 + T cells in geo-
graphic proximity to PD-L1 expression by both tumor cells
and tumor-associated histiocytes. Thus, suppressed T-cell
activity due to engagement between PD-1 and PD-L1 may
additionally explain our observations. Another possible expla-
nation is that smaller eyelid carcinomas do not have a high
enough antigen load to instigate an immune-infiltrative
response.

Treatment options for metastatic sebaceous carcinoma are
currently limited and generally ineffective, underscoring the
importance of identifying novel biomarkers or avenues for
therapy. We previously reported whole-exome next-genera-
tion sequencing studies of cancer-associated genes in which
we demonstrated that 45% of patients with OASC harbored
somatically acquired mutations affecting potentially clinically
actionable genes.46 Specifically, we found frequent activation
of the PI3K signaling pathway, implying the utility of PI3K

Figure 2. Relationships between CD3+, CD8+, and PD-1 + T cells and PD-L1-expressing tumor cells in a primary ocular adnexal sebaceous carcinoma. (A) Scanning
magnification of an ocular adnexal sebaceous carcinoma (H&E, 40x). (B) Higher magnification shows infiltrating carcinoma in the same area where immunohistochemical
positivity was quantified (H&E, 200x). (C-E) Antibodies for CD3 highlight a cluster of CD3-positive (CD3+) T cells associated with the tumor periphery (C, 200x), and a subset of
these are CD8 + T cells (D, 200x) that also expressing PD-1 (E, 200x). (F) PD-L1+ tumor cells are seen in close proximity to these (F, 200x; inset 400x).
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pathway inhibitors in the management of locally aggressive or
metastatic OASC. Our finding in the current series of PD-1/
PD-L1 expression in 50% of OASC tumor samples, the corre-
lation of PD-1 expression by tumor-associated T cells with
PD-L1 expression by tumor cells, and the higher densities of
“suppressed” CD3+ CD8+ PD-1 + T-cell infiltrates in tumors
with AJCC T category of T3a or greater together strongly
suggest an additional potential role for immune checkpoint
inhibitors for management of OASC, particularly locally
advanced cases, in which tumor shrinkage due to neoadjuvant
therapy might significantly reduce surgical morbidity. Future
studies will assess possible clinical efficacy of this class of
drugs for patients with OASC.

Materials and methods

The Institutional Review Board of The University of Texas
MD Anderson Cancer Center approved this retrospective
study. We searched the electronic medical records system of
MD Anderson Cancer Center reviewed the pathology files to
identify cases of primary OASC diagnosed and treated at our
institution during 2007–2017. Of these cases, we included
only cases of primary OASC for which pathological and
clinical follow-up data and sufficient tissue for immunohisto-
chemical studies were available.

The following clinical and pathologic variables were col-
lected from patients’ medical records: age at presentation, sex,
primary tumor site, tumor size, T category, and presence of
regional or distant metastases. Staging criteria were applied at
the time of this study according to the system for eyelid
carcinoma in the seventh edition of the American Joint
Commission on Cancer (AJCC) cancer staging manual.47

Immunohistochemistry

Immunohistochemical studies were performed as previously
described.30 Briefly, a Leica Bond autostainer was used with
the following antibodies and 3,3ʹ-diaminobenzidine chromo-
gen: CD3 (Dako A0452; 1:100), CD8 (Life Sciences
Technologies MS457s; 1:25), FOXP3 (BioLegend 206D;
1:50), PD-1 (ABCAM ab137132; 1:250), and PD-L1 (Cell
Signaling 13684S; 1:100).

Image analysis

Slides were scanned at 20x magnification on a digital slide
scanner (Aperio AT Turbo; Leica Biosystems). Aperio
ImageScope image analysis software (v12.3.2.8013) was used
to quantify the number of positive cells within designated
areas, as previously described.30 Given the relatively small
size of immune cells, a modified version of the Nuclear v9
algorithm was applied to determine immune marker positiv-
ity. Intensity thresholds were manually adjusted to remove
background artifacts and to account for variable differences in
cell size (especially for PD-L1).

Expression of CD3, CD8, PD-1, and FOXP3 was quantified
in lymphocytes. For each marker, the tumor areas containing
the highest densities of associated immunohistochemically
positive cells were delineated with fixed squares, each with

an area of 0.25 mm2 (0.5 x 0.5 mm). For each marker, up to 3
squares were drawn at the tumor periphery, defined as an
approximately equal area of the leading edge of tumor cells
and the adjacent stromal interface, and up to 3 squares were
drawn in the tumor center, defined as central portions of the
tumor separated from/not touching the tumor periphery)
unassociated with peripheral aspects of the tumor. When the
periphery or center of the tumor was to small to accommo-
date 3 × 0.25 mm2 squares, then fewer 0.25-mm2 squares, but
as many as possible, were designated. For 7 cases in which the
tumor surface area was insufficient for distinction of the
periphery from the center, only the periphery was considered.
In each square, the cells immunohistochemically positive for
the marker of interest were digitally tabulated and summed,
and the total number of positive cells was divided by the total
area (in mm2) in which cells were counted (Figure 1).
Immune cell densities were tabulated either as raw numbers
(number of immunohistochemically positive cells/mm2) or as
a percentage of the nucleated cells in the designated area.

Because PD-L1 expression on tumor cells is difficult to
quantify using automated image analysis software owing to
its membranous location and co-expression of PD-L1 on
tumor-associated stromal cells, PD-L1+ tumor cells were
counted manually, and results were reported as the percentage
of PD-L1+ tumor cells.

Statistical analyses

We interrogated relationships between the composition,
density, and distribution of the tumor-associated immune
infiltrates and various clinical and pathologic variables. We
also compared the composition, density, and distribution of
the primary tumor–associated immune infiltrate between
patients who developed metastatic OASC and those who
did not. Categorical variables were summarized by frequen-
cies and percentages, and continuous variables were sum-
marized using means, standard deviations, medians, and
ranges. Fisher’s exact test was used to assess associations
between categorical variables, and Wilcoxon rank-sum test
was used to assess the differences between groups. Pearson’
correlation coefficients were calculated to assess the associa-
tions between 2 continuous variables. Statistical analyses
were performed using R version 3.3.1. All statistical tests
used a significance level of 5%. No adjustments for multiple
testing were made.
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