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Abstract

PURPOSE: To evaluate the expression of programmed death ligand 1 (PD-L1) and programmed 

death ligand 2 (PD-L2) in ocular adnexal sebaceous carcinoma (OASC), and to appraise these 

findings within the context of recent comparable studies.

DESIGNS: Retrospective case series.

METHODS: Twenty cases of primary OASC were immunostained for PD-L1, PD-L2 and CD8. 

PD-L1 and PD-L2 expression were graded with both the combined positive score (CPS) and 

the tumor proportion score (TPS). Both raw CPS and TPS were reported, as well as positivity 

with TPS and CPS ≥1. CD8 expression was graded on a 0–3 scale. Charts were reviewed for 
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clinical correlations. The results of the current study were compared with results of similar recent 

investigations.

RESULTS: For the 20 cases, mean expression of PD-L1 with CPS was 29.7 (range 0–101.5) 

and with TPS was 12.2 (range 0–95.8); mean expression of PD-L2 with CPS was 7.9 (range 

0–37.3) and with TPS was 1.9 (range 0–12.9). PD-L1 CPS ≥1 was detected in 95% of OASC, 

while PD-L1 TPS ≥1 was found in 75%. PD-L2 CPS ‡1 was present in 60%, while only 20% 

had PD-L2 TPS ≥1. Immune cells appeared to contribute to a substantial proportion of PD-L1 and 

PD-L2 positivity, and a conspicuous CD8-positive T-lymphocytic infiltrate was present in most 

tumors. Significant correlations were identified between tissue expression of PD-L1, PD-L2, and 

CD8. Tissues with greater levels of PD-L1 tended to express higher levels of PD-L2 and CD8. The 

degree of PD-L1 and PD-L2 expression was also associated with the area in millimeters squared of 

the immunostained tumor, suggesting that tumor sampling may influence interpretation of PD-L1 

and PD-L2 expression in ocular adnexal tumors.

CONCLUSIONS: The current and preceding studies confirm that PD-L1 and PD-L2 are 

expressed in a high percentage of OASCs. These results support the premise that checkpoint 

inhibitor drugs hold considerable therapeutic promise for patients with OASC and stimulate the 

institution of clinical trials.

Drugs targeting the programmed death 1 (PD-1) receptor and its 2 ligands, programmed cell 

death ligand 1 (PD-L1) and programmed cell death ligand 2 (PD-L2), have been accorded 

an essential role in the treatment of many nonophthalmic neoplasms.1 By subverting the 

normal PD-1/PD-L1/PD-L2 system, tumor cells can evade the body’s immune response. 

Blockade of PD-1, PD-L1 or PD-L2 with a class of antibody-based drugs called immune 

checkpoint inhibitors (ICI) allows the body’s immune system to become reactivated so that 

it once again recognizes and destroys malignant cells.1 In nonophthalmic malignancies, 

expression of PD-L1 and PD-L2 has been found to correlate with tumor response to ICI 

drugs.2 Furthermore, expression levels of PD-L1 can serve as a prognostic biomarker of 

response for certain tumors.3,4 Expression of PD-L1 within the tumor microenvironment 

helps guide decisions toward patients receiving ICI drugs and helps to determine whether 

they are eligible to enter clinical trials.5

ICI drugs are not yet routinely used for ocular adnexal malignancies. In fact, ICI drugs are 

recognized by ophthalmologists today for their ophthalmic inflammatory side effects.6–11 

Despite such side effects, checkpoint inhibitor drugs should not be disregarded by the 

ophthalmic community because there exists tremendous potential for their use in the 

treatment of selected ocular adnexal malignancies, particularly for those where there are 

limited therapeutic options. Eyelid sebaceous carcinoma is not infrequently misdiagnosed 

histopathologically, and among nonmelanomatous eyelid malignancies has the greatest 

potential for local recurrences and ultimately metastases.12

ICI drugs have been used off-label to treat small numbers of select patients with advanced 

ocular adnexal neoplasms with success,13–17 but more comprehensive studies embracing a 

range of disease severities have not yet been undertaken. A major barrier to the wider use 

of ICIs in the treatment of advanced ocular adnexal malignancies is the relative dearth of 

preclinical data obtained from ophthalmic tissues, although change in this area is rapid. 
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Recent studies have found that PD-L1 and PD-L2 are expressed in high levels in ocular 

surface squamous carcinoma18,19 but at low levels in adenoid cystic carcinoma.20 At 

the inception of the current study, there were no published reports on PD-L1 or PD-L2 

expression in sebaceous carcinoma. However, by the completion of this study and writing 

of this article, 4 other studies have reported the expression of these markers with varied 

results.21–24 In addition, 2 case reports have described the successful use of ICIs in patients 

with advanced ocular adnexal sebaceous carcinoma (OASC).13,14 Therefore, the goals of the 

current study are to assess the growing literature on PD-L1 and PD-L2 expression in OASC, 

and to place these results within an overall broader context in an effort to resolve selected 

conflicting results.

METHODS

THIS STUDY WAS APPROVED BY THE INSTITUTIONAL REVIEW board of 

the Massachusetts General Hospital and Partners Healthcare (IRB #2014P000478) and 

is compliant with the Declaration of Helsinki and Health Insurance Portability and 

Accountability Act regulations. A search of the Massachusetts General Hospital and 

Massachusetts Eye and Ear pathology files using the terms “sebaceous carcinoma,” “eye,” 

and “ocular” was performed for cases submitted between 1990 and 2017. Forty-five cases 

were identified. Pathology reports, existing histopathologic slides, and tissue blocks from the 

identified cases were reviewed. Twenty cases were found to have sufficient material in tissue 

blocks for immunohistochemical studies. All 20 were primary OACSs. Clinical charts were 

reviewed, and when possible, a tumor stage was assigned according to the 8th edition of 

the American Joint Committee on Cancer (AJCC)25 (Table 1). Some patients did not have 

clinical charts available for review because of a transition in our hospital’s medical record 

keeping system.

Immunostaining was performed on 5-μm paraffin sections at the Massachusetts General 

Hospital’s Immunopathology Laboratory. The following antibodies were used: PD-L1 

(rabbit monoclonal antibody clone E1L3N, 1:30 dilution; Cell Signaling Technology, 

Danvers, Massachusetts, USA), PD-L2 (rabbit monoclonal antibody clone D7U8C, 1:100 

dilution; Cell Signaling Technology), and CD8 (rabbit polyclonal antibody, #ab4055, 1:200 

dilution; Abcam, Cambridge, Massachusetts, USA). The area of the immunostained tumor 

within in the tissue sample on the slide was measured and was on average 41 mm2 (range 

2–190 mm2). Most slides had normal tissue present surrounding the tumor, and the normal 

ocular tissue was not included in the area measurement.

Immunostained slides were scored independently by 2 pathologists. Expression of PD-L1 

and of PD-L2 for each sample was scored with both the tumor proportion score (TPS) 

and combined positive score (CPS).26–32 For each sample, raw CPS and TPS scores were 

reported, as well as CPS and TPS ≥1 (Table 1 and Supplementary Table 1). Interobserver 

reliability scores between the 2 pathologists were calculated (Supplementary Table 1). 

Intraclass correlation (ICC) (agreement) scores were calculated for the raw CPS and TPS 

scores. For PD-L1 scored with CPS, the ICC (agreement) was 0.918; for PD-L1 scored with 

TPS, the ICC (agreement) was 0.961; for PD-L2 scored with CPS, the ICC (agreement) 

was 0.729; and for PD-L2 scored with TPS, the ICC (agreement) was 0.326. Agreement 
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between the 2 pathologists in grading samples as having CPS or TPS ≥1 was also assessed. 

Agreement for CPS ≥1 for PD-L1 was 100%, agreement for TPS ≥1 for PD-L1 was 95%, 

agreement for CPS ≥1 for PD-L2 was 100%, and agreement for TPS ≥1 for PD-L2 was 95% 

(Supplementary Table 1).

Overall CD8 immunostaining was graded on a 0–3 scale, with 0 indicating no infiltration 

and 1, 2, and 3 indicating low, moderate, and high levels of infiltration, respectively.19,20

Results of immunohistochemical studies for PD-L1 and PD-L2 were analyzed with respect 

to CD8 expression, area of tumor immunostained on the slide, and clinical characteristics, 

including patient gender, age, eyelid involved, treatments before biopsy procedure, sentinel 

lymph node biopsy procedure, metastases or recurrences, and AJCC stage. Because of small 

sample sizes, certain statistical analyses could not be performed. Statistics were performed 

with TIBCO Statistica 13.5 (Palo Alto, California, USA). The Fisher exact test was used 

for cross tabulation when comparing categorical variables. Ordinal scores were compared 

between groups using 1-way analysis of variance. Pearson and Spearman correlations were 

used to test for relationships between ordinal variables. P < .05 was considered statistically 

significant.

RESULTS

PATIENT CLINICAL CHARACTERISTICS:

Twenty patients were included in this study, with 14 (70%) women and 6 (30%) men (Table 

1). The mean age at diagnosis of sebaceous carcinoma diagnosis was 72.2 years (range 

44–91 years). Sixteen (80%) patients were white, 1 (5%) was black, 2 (10%) were Asian, 

and 1 (5%) was of mixed ethnicity. Nine (45%) tumors were on the right side, while 11 

(55%) were on the left. Ten (50%) involved the upper eyelid, 8 (40%) involved the lower 

eyelid, and 2 (10%) involved the medial canthus (Figure 1). Tumors ranged in size from 

2 to >45 mm (Table 1). Tumor node metastases (TNM) and 8th edition AJCC stages were 

determined for 16 of 20 patients who had clinical records available for review. One tumor 

was intraepithelial and was AJCC stage 0, 7 tumors were AJCC stage Ia, 5 tumors were 

AJCC stage IIa, 1 tumor was AJCC stage IIb, 1 tumor was AJCC stage IIIa, and 1 was 

AJCC stage IIIb upon presentation (Table 1).

Of the 16 patients with available medical records,12 (75%) had undergone a preceding 

surgical intervention (ranging from a small incisional biopsy procedure to a larger excision) 

before the surgical procedure that had produced the tissue that was immunostained in the 

current study, 1 (6%) patient had no previous surgical or medical interventions, 1 (6%) had 

undergone surgery and topical interferon therapy, 1 (6%) had been treated with surgery, 

cryotherapy, mitomycin C, and interferon, while 1 (6%) had been treated with surgery, 

topical tobramycin-dexamethasone, and systemic doxycycline because of initial suspicion 

for a chalazion rather than sebaceous carcinoma (Table 1).

Of these 16 patients, 7 (44%) elected to undergo a sentinel lymph node biopsy procedure, 

while 9 (56%) did not. Of the 7 who chose to undergo a sentinel lymph node biopsy 

procedure, in 2 (29%) patients the tracer did not migrate to an identifiable lymph node 
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and the sentinel lymph node biopsy procedure could not be performed, in 4 (57%) patients 

the sentinel lymph node biopsy procedure was negative, and in 1 (14%) patient the biopsy 

specimen was positive. Of the 4 patients who had sentinel lymph node biopsy procedures 

with negative results, 1 subsequently developed metastases in the parotid gland. In total, 2 of 

16 patients (12.5%) developed metastases, and in both cases metastases were in the parotid 

gland.

HISTOPATHOLOGIC FINDINGS:

Tumors from 20 patients were immunostained for PD-L1, PD-L2, and CD8. For many 

samples, the tissue on the slide included both normal eyelid structures and tumor. The 

area of tumor on the immunostained slide ranged from 2–190 mm2. PD-L1 and PD-L2 

expression were graded with both the CPS and TPS systems.30–32

Nineteen samples (95%) expressed some degree of PD-L1 with the CPS, while 17 samples 

(85%) expressed some degree of PD-L1 with TPS (Figure 2). The difference in CPS and 

TPS confirmed that in 2 (10%) samples PD-L1 positivity was solely related to immune cell 

positivity rather than tumor cell positivity. For those samples exhibiting any positive PD-L1 

expression, the mean PD-L1 CPS was 27.9 (range 1.3–101.5) while the mean PD-L1 TPS 

was 14.4 (range 0.3–95.8).

With regard to PD-L2, 13 samples (65%) expressed some degree of PD-L2 with the CPS, 

while only 4 samples (20%) expressed some degree of PD-L2 with TPS (Figure 2). As 

with PD-L1, PD-L2 expression was largely contributed by immune cells rather than tumor 

cells, with 9 tumors (45%) harboring PD-L2 expression solely on immune cells. The mean 

expression of PD-L2 with CPS in those samples that had any PD-L2 expression was 12.1 

(range 3–37.3), while the mean expression of PD-L2 with TPS in those samples that had any 

PD-L2 expression was 9.4 (range 7–12.9).

PD-L1 and PD-L2 TPS and CPS were also scored as ≥1 or <1 because a score of ≥1 is often 

used as a cut-off in clinical trials or clinical practice for deciding whether a patient should 

be treated with immunotherapy. Nineteen samples (95%) had CPS ≥1 for PD-L1; 15 (75%) 

had TPS ≥1 for PD-L1; 12 (60%) had CPS ≥1 for PD-L2; and 4 (20%) had TPS ≥1 for 

PD-L2 (Table 1 and Supplementary Table 1). Concordance in scoring samples as ≥1 or <1 

was 100% for PD-L1 CPS, 95% for PD-L1 TPS, 100% for PD-L2 CPS, and 95% for PD-L2 

TPS for 2 pathologists.

All 20 tumors had associated CD8-positive T lymphocytic infiltrates (Figure 2). On a 0–3 

scale, the mean ± standard deviation expression of CD8 was 1.75 ± 0.72.

Expression of PD-L1, PD-L2, and CD8 were analyzed to determine whether there were any 

relationships among the expression of these markers, and also between the expression of 

these markers and any clinical characteristics (Supplementary Tables 2–4). Certain analyses 

could not be performed because of the small sample size.

Relationships were identified between expression of PD-L1, PD-L2, and CD8 

(Supplementary Tables 2–4). Samples with higher expression of PD-L1 tended to have a 

higher expression of PD-L2 based on CPS (P < .01). Samples with higher expression of 
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PD-L1 also tended to have a higher expression of CD8 based on CPS (P = .01) and TPS (P 
< .01). Similarly, there appeared to be a trend for samples with higher expression of PD-L2 

to have a higher expression of CD8 (P = .087 with the χ2 test, P = .18 with the Fisher exact 

test), but the overall number of samples expressing PD-L2 was lower than those expressing 

PD-L1, making statistical correlations less reliable.

No relationships were identified between PD-L1 and PD-L2 expression and patient age, 

gender, or tumor laterality. The sample size was deemed too small to determine if there were 

any significant relationships between PD-L1 or PD-L2 expression and interventions before 

biopsy procedure, tumor recurrence or metastases, sentinel lymph node biopsy procedure, 

and AJCC stage. For the most part, relationships were not found between expression of 

PD-L1 or PD-L2 and tumor location on the upper or lower eyelid, except for PD-L2 ≥1 CPS 

(P = .05). Of note, a relationship was identified between PD-L1 and PD-L2 expression and 

the area of tumor immunostained. Samples with larger immunostained tumor areas tended to 

have greater PD-L1 expression with CPS (P < 0.01) and TPS (P < 0.01). Similarly, samples 

with larger immunostained tumor areas tended to have greater PD-L2 expression with CPS 

(P < 0.03; Supplementary Tables 2–4).

DISCUSSION

THE CURRENT STUDY CONFIRMS THAT PD-L1 AND PD-L2 ARE expressed in a 

high percentage of OASCs, with PD-L1 positivity found in a greater percentage of tumors 

compared with PD-L2. In many tumors, PD-L1 and PD-L2 are expressed to a greater degree 

on the stromal cells that are intimately associated with the tumor rather than in the tumor 

cells themselves, although some tumors have a pronounced tumor-predominant PD-L1 and 

PD-L2 expression. The current study confirms that there is a correlation between high tissue 

expression levels of PD-L1, PD-L2, and CD8, with the caveat that statistical analyses on 

small numbers of patients may not accurately reflect findings revealed in larger groups. 

In addition, the current study suggests that sample size of the tissue immunoassayed may 

influence PD-L1 and PD-L2 expression results. The findings in the current study expand 

upon the results of recent comparable studies and support the premise that ICI drugs should 

be used on a trial basis for the treatment of advanced OASC.

To date, 5 studies, including the present study, have examined the expression of PD-L1 

in sebaceous carcinoma (Table 2).21–24 Three of these studies have also looked at the 

expression of PD-1,21–23 while 2 (including this study) have investigated the expression of 

PD-L2.21 Although there are several similarities among the studies, there are also notable 

differences. For example, the degree of PD-L1 positivity varies substantially, ranging from 

43%−95% (Table 2). These differences may stem from the variability that is inherent in 

studies with a low sample size, although the differences may also result from the use of 

different antibodies and different grading scales (Table 2); several antibodies currently exist 

for PD-L1 and PD-L2, as well as several grading scales.33–36 Among the 5 studies, 4 

different PD-L1 antibodies were used, and 4 different scales were used to grade PD-L1 

expression (Table 2). In some scales only positive tumor cells are counted, while in other 

scales both tumor and immune cell expression of the marker is scored; some scales use 1%, 

while others use 5% as a cut-off for positivity or a system combining many elements. 
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Another confounding factor in scoring tumor positivity is the heterogeneity of PD-L1 

expression within tumors,37,38 with our current data suggesting that sample area evaluated 

may influence positivity results.

In clinical practice and in clinical trials in areas such as head and neck oncology, the 2 most 

commonly used scoring systems for PD-L1 expression are the CPS and the TPS.5,30–32,39,40 

Similar scoring systems have not been generally agreed upon for PD-L2. In the current 

study, raw CPS and TPS numbers are reported for both PD-L1 and PD-L2 in order to 

facilitate comparisons with other studies in the literature (Table 1 and Supplementary Table 

1) in addition to less refined ≥1 or <1 scores. The TPS differs from CPS in that it only 

considers tumor cells that immunostain positively for PD-L1, while the CPS also includes 

infiltrating immune cells that immunostain positively. Recently there has been increased 

appreciation of the importance of PD-L1 expression on immune cells.41 By providing both 

CPS and TPS in the current study, one fact that becomes apparent is that PD-L1 and PD-L2 

positivity in a significant proportion of samples stems from positivity on immune cells rather 

than from tumor cells. While 95% of samples were positive (≥1) with CPS for PD-L1, 

only 75% of samples were positive (≥1) with TPS for PD-L1, confirming that in 20% of 

samples PD-L1 positivity was derived from immune cells. This difference was even greater 

with PD-L2, where 60% of samples were positive with CPS ≥1, but only 20% of samples 

were positive with TPS, confirming that 40% of samples derived their PD-L2 positivity from 

immune cells. The relative importance of PD-L1 and PD-L2 expression on tumor cells as 

opposed to immune cells is an area of ongoing investigation.41

Regarding preceding studies in the ophthalmic literature, Kandl and associates,23 from the 

University of Texas MD Anderson Cancer Center, examined the expression of PD-L1 in 

primary OASCs from 24 patients. Using the 13684S antibody and a scoring system that 

considered membranous staining in >1% of tumor cells as positive, but which discounted 

the stromal cells, 12 (50%) of the 24 samples in their study had positive PD-L1 expression. 

This scoring system of Kandl and associates23 is similar to the TPS. By directly comparing 

the results of Kandl and associates23 (50% positivity) to other studies such as the current 

one, where PD-L1 positivity with TPS ≥1 was 75%, and the results of Xu and associates,24 

which are discussed below, PD-L1 positivity of OASC falls into a similar range. Kandl and 

associates’23 results, however, may underestimate PD-L1 positivity if compared with studies 

that use CPS. Kandl and associates23 also examined PD-1 expression on T-lymphocytes and 

the density of CD8-positive T-lymphocytes. PD-1-positive CD8 T-lymphocytes were found 

at the peripheries of tumors, and their densities were greater in tumors with a higher AJCC T 

category. Tumors expressing PD-L1 had denser infiltrates of PD-1–positive T-lymphocytes. 

These data support the concept that the PD-1/PD-L1 axis is active in some OASCs and that 

checkpoint blockade may be therapeutically beneficial.

Xu and associates24 from China examined the expression of PD-L1 in 41 samples: 20 

primary OASCs, 11 recurrent OASCs, and 10 tumors metastatic to the lymph nodes. The 

SP142 antibody was used for PD-L1 detection, and samples were considered positive if 

≥1% of tumor cells displayed membranous staining; stromal cells were not included in the 

count. This scoring approach, is again, similar to the TPS. Fourteen of 20 (70%) primary 

tumors, 5 of 11 (45%) recurrent tumors, and 8 of 10 (80%) metastatic tumors had positive 
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PD-L1 expression. PD-1 and PD-L2 expression were not assessed. The expression levels 

of PD-L1 (70%) in primary OASC in Xu and associates’24 study are similar to those 

found in our current study with TPS (75%), although Xu and associates’24 study may again 

underestimate positivity compared with studies that have used the CPS scoring system.

A third study by Jayaraj and associates22 from India examined expression of PD-L1, PD-1, 

and CD8 in OASC. Although the same E1L3N antibody was used for PD-L1 detection as 

the one in our current study, a complex scoring system that incorporated both degree of 

tumor positivity and degree of staining intensity was applied, making it difficult to compare 

their results to those of our study. Tumor positivity was scored from 0–3; for example, 

tumors with <5% of positive cells were considered to have a score of 0 in the positivity 

score, while tumors with 5%−25% positivity were given a score of 1. Staining intensity was 

also graded from 0–3, and this score was added to the tumor positivity score. Tumors were 

overall positive if they had total scores of ≥3. Using this method, 13 of 30 (43%) samples 

were found to have a high PD-L1 expression level. When compared with TPS and CPS, 

this scoring system is significantly more complex. It is also significantly more stringent 

than the 1% cut-off used in most studies of OASC and may therefore underreport PD-L1 

positivity. If reassessed with the TPS or CPS systems, positivity may be a great deal higher 

and comparable to the rates found in our study or the study by Xu and associates.24 As in 

Kandl and associates’ study,23 an association was found between high expression of PD-L1 

and high expression of PD-1 on tumor-infiltrating immune cells.

The fourth of these studies by Bowen and associates21 differed from the current study and 

other preceding studies in that 1 mm2 core biopsy specimens were taken from each paraffin-

embedded block to create tissue microarrays for immunohistochemical staining rather than 

using larger sections. The microarrays were immunostained for PD-1, PD-L1, and PD-L2, as 

well as for several inflammatory cell markers. The 405.9A11 antibody was used for PD-L1 

detection; for PD-L2 detection the D7U8C antibody was used, the same antibody as in the 

current study. Tumor cells or infiltrating immune cells were considered positive if ≥5% had 

staining for PD-L1 or PD-L2 in the 1-mm2 tumor area. In essence, this scoring approach is 

most similar to CPS, but with a 5% cut-off rather than the more common 1%. Bowen and 

associates21 found that PD-L1 was not significantly expressed on the surfaces of tumor cells 

in the 28 tumors, but that it was expressed on the stromal cells of 11 of 24 (46%) tumors. 

PD-L2, on the other hand, was expressed on the surface membranes of tumor cells in 13 of 

the 28 (46%) cases and on tumor-associated stromal cells.

Bowen and associates’21 PD-L1 and PD-L2 results differ to some degree from results of 

other studies by having overall lower rates of PD-L1 and PD-L2 marker expression. In 

part this may be because only a small 1-mm2 area was immunostained from each sample; 

PD-L1 and PD-L2 expression is known to be highly variable throughout tissue samples, with 

several studies finding higher expression of markers near tumor peripheries.23,41 Therefore, 

if a core biopsy specimen is taken from the center of a tumor rather than the edge, the 

immunostaining result may underestimate the overall expression of the marker. Indeed, in 

our current study, we found that the area of the tumor immunostained appeared to have a 

statistically significant effect upon the degree of PD-L1 or PD-L2 expression, where larger 

samples tended to have higher PD-L1 and PD-L2 TPS and CPS. For example, in the current 
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study the mean PD-L1 CPS for the 5 smallest tumors with an immunostained area ≤5 mm2 

each was 13.3, while the mean CPS for the 5 tumors with the greatest immunostained areas 

was 50.8. The same holds true for PD-L2 in the current study, where the 5 tumors with 

the smallest immunostained areas had a mean CPS of 0.7, while the 5 tumors with the 

largest immunostained area had a mean CPS of 11.8. An additional factor that may have 

contributed to lower PD-L1 and PD-L2 scores in Bowen and associates’ study21 compared 

with other studies is that a 5% cut-off was used for positivity rather than the 1% cut-off used 

in other studies or the ≥1 often used for TPS and CPS. In addition, a PD-L1 antibody that 

was not used in any of the other studies was used. As tumor samples from ocular adnexal 

structures are often diminutive compared with tumor samples from other parts of the body, 

the potential effects of sample size and tumor heterogeneity on the expression of tumor 

markers are critical to keep in mind for future studies and clinical practice.

In summary, all 5 studies of PD-L1 expression in OASC have shown that PD-L1 is 

expressed at high levels on either tumor cells or on surrounding immune stromal cells. A few 

select patients with advanced OASC have now been treated off-label with ICIs with success. 

Domingo-Musibay and associates14 reported a patient with sebaceous carcinoma metastatic 

to the brain. Immunostaining of excised brain metastases revealed high (100%) PD-L1 

staining. The patient was treated with the PD-1 inhibitor pembrolizumab with a decrease 

in tumor burden but subsequently developed adrenal insufficiency. Kodali and associates13 

reported a 72-year-old woman who underwent orbital exenteration for advanced OASC. 

Two years after exenteration she developed cervical lymphadenopathy and a recurrent mass 

involving the superomedial orbit and ethmoid sinuses with intracranial extension through the 

skull base. The recurrence was considered inoperable and was treated with a combination 

of carboplatin and pembrolizumab. There was a favorable response with tumor regression. 

The patient remained tumor-free for ≥15 months after completion of combination therapy. 

Of interest, retrospective immunostaining for PD-L1 of this patient’s previously biopsied 

tumor displayed <1% positivity, which was not predictive of such a robust response. This 

phenomenon is not unique to sebaceous carcinoma. In a clinical trial in 23 patients treated 

with pembrolizumab for advanced Merkel cell carcinoma, of the 14 patients who responded 

to treatment only 8 (57%) had PD-L1–positive tumors, while 6 (42%) had PD-L1–negative 

tumors with <1% of tumor cells staining positively.42 Kandl and associates reported a third 

case of metastatic OASC that had responded to PD-L1 inhibition, but details are lacking 

because the manuscript is still under review.

The current and previous studies have minor methodologic differences and some 

unpredictable and inexplicable biologic behavioral aspects among them that do not vitiate 

the overall shared findings. A total 139 tumors have been tested in the 5 recent studies 

for PD-L1 expression with 75 (54%) deemed to have positive expression. Forty-eight 

tumors have been tested for PD-L2 expression, with 25 (52%) considered to be positive, 

again, taking account of differences in methodologies among the studies. Consequently, 

there is now a pressing and inescapable rationale for the implementation of ICI drugs in 

clinical trials particularly at advanced stages of OASC. Another insight supplied by recent 

experience in select patients with OASC is that even those with low expression of PD-L1 

can, on occasion, benefit from ICIs.
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FIGURE 1. Clinical presentation of ocular adnexal sebaceous carcinoma. (Left) Clinical 
photograph of a sebaceous carcinoma in the left medial canthus (courtesy of Daniel R. Lefebvre). 
(Right) Axial computed tomography scan of the same patient. The left medial canthal mass is 
indicated by the arrow and does not extend deeper into the orbit. No bony erosion was detected.
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FIGURE 2. Programmed cell death ligand 1 (PD-L1) and programmed cell death ligand 2 
(PD-L2) expression in ocular adnexal sebaceous carcinoma. (Top left) Photomicrograph of 
ocular adnexal sebaceous carcinoma. These variably vacuolated tumors were heterogeneously 
positive for PD-L1 and PD-L2 (hematoxylin and eosin, ×40). (Top right) Immunostaining 
for PD-L1 revealed a heterogeneous pattern of positivity, with some areas of the tumor 
weakly staining (left side), while other areas had diffuse PD-L1 positivity (right side; 
immunoperoxidase reaction, diaminobenzidine chromogen, hematoxylin counterstain, ×10). 
(Middle left) Some tumors had a predominance of PD-L1 positivity in the stromal (S) cells, 
with an absence of immunostaining in the adjacent tumor (T) cells (immunoperoxidase 
reaction, diaminobenzidine chromogen, hematoxylin counterstain, ×60). (Middle right) Other 
tumors displayed a predominance of membranous PD-L1 immunostaining in the tumor cells 
(immunoperoxidase reaction, diaminobenzidine chromogen, hematoxylin counterstain, ×60). 
(Bottom left) PD-L2 positivity in a membranous pattern was manifested by the tumor cells. 
There was also positivity on some intermixed stromal cells (immunoperoxidase reaction, 
diaminobenzidine chromogen, hematoxylin counterstain, ×60). (Bottom right) Many sebaceous 
carcinomas had a heavy infiltrate of associated CD8-positive T-lymphocytes (immunoperoxidase 
reaction, diaminobenzidine chromogen, hematoxylin counterstain, ×60).
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