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Recent Developments 
in the Management of Orbital 
and Periocular Neoplasms

Jeremy A. Goldfarb and Bita Esmaeli

1  Eyelid and Periocular Melanoma

Melanoma of the periocular region is rare, comprising less 
than 2% of all eyelid lesions [1, 2]. It may arise on eyelid 
skin, conjunctiva, or both. Eyelid skin melanoma behaves 
similarly to cutaneous melanoma in other anatomic sites and 
thus histologic features such as tumor thickness (Breslow 
thickness), presence of ulceration (microscopic, histologic 
ulceration), and mitotic figures are correlated with the risk of 
nodal and distant metastases and disease-free survival [3, 4]. 
The status of sentinel lymph node (SLN) is viewed as the 
single most important prognostic factor for patients with 
early-stage cutaneous melanoma [5].

The majority of patients with newly diagnosed eyelid 
melanoma have early-stage disease. In such patients, surgery 
is the treatment of choice and is curative in most cases [6]. 
Two significant recent advances that will be highlighted in 
this section in relation to management of periocular melano-
mas are sentinel lymph node (SLN) biopsy for identifying 
microscopic nodal metastasis and availability of targeted 
therapy and immune checkpoint inhibitors for patients with 
metastatic or locally advanced melanoma.

1.1  Sentinel Node Biopsy for Conjunctival 
and Periocular Melanomas

Status of local lymph nodes is a major prognostic factor and 
is highly correlated with survival in patients with cutaneous 
and conjunctival melanoma [7–9]. Sentinel lymph node 
biopsy is a method of biopsying one or two lymph nodes that 
drain the lymphatics from a given anatomic region. The sen-
tinel lymph node(s) that are biopsied are then carefully eval-

uated through breadloafing and careful pathologic evaluation, 
to find microscopic metastasis. The technique used at our 
center entails the injection of 0.3–0.4 mci of technetium in 
0.2 cc volume around the site of the primary lesion by the 
ophthalmic plastic surgeon 24 h prior to surgery [8]. For con-
junctival lesions, the injection is subconjunctival and for 
periocular skin melanoma, the injection is intradermal. 
Preoperative lymphoscintigraphy and more recently single- 
photon emission computerized tomography/computed 
tomography (SPECT/CT) scans (Fig. 1) are obtained prior to 
surgery to help with localization of the sentinel lymph node. 
Intraoperatively, a handheld gamma probe is used transcuta-
neously to confirm increased radioactivity overlying a lymph 
node basin. The sentinel lymph nodes are then dissected out 
and sent for histopathologic evaluation.

In a recent American Academy of Ophthalmology 
Technology Transfer review article, the authors reported that 
there have been 127 reported cases of sentinel lymph node 
biopsy for periocular melanoma; 85 of these are conjunctival 
and 42 are eyelid cutaneous melanoma [10]. Of these 
patients, 19 (15%) were found to have tumor-positive senti-
nel node biopsy result. Included in this group, is the largest 
single cohort of 51 patients from our institution that had a 
similar positivity rate of 20%, or 10 patients [8]. The median 
number of SLN sampled was 2 and the most common lymph 
node basins sampled were the intraparotid and level 2. This 
publication also demonstrated that certain key histological 
features correlate with risk of positive SLN biopsy; tumor 
thickness, greater number of mitotic figures, and presence of 
histologic ulceration. Importantly, this study and others, 
examining SLN biopsy for different periocular cancers, have 
shown excellent safety profile with adverse events reported 
in 17 of 197 patients [10]. These included seven cases of 
transient conjunctival staining with blue dye, seven patients 
with transient facial nerve weakness, one case of neck hema-
toma, and one case of suture abscess [10].

The role of positive sentinel node biopsy in further man-
agement decisions is evolving, especially in the context of 
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Fig. 1 (a) SPECT/CT scan in a patient with caruncular conjunctival 
melanoma demonstrating the area of injection of technetium in the sub-
conjunctival space in the right caruncular area (arrow). (b) A coronal 

image showing the draining sentinel lymph node in the submandibular 
basin (arrow). (c) An axial image showing the same draining sentinel 
lymph node (arrow)

emerging therapies. Historically, of the 127 reports of SLN 
biopsy for periocular melanoma, treatment is reported in 7 
cases and includes completion of neck dissection, paroti-
dectomy, radiation therapy, immunotherapy, and experi-
mental melanoma vaccine therapy [10]. Treatments are 
tailored to the individual patient. The recent availability of 
effective immune checkpoint inhibitor therapy is rapidly 
changing the management of patients with positive SLN 
biopsy results in favor of immune checkpoint inhibitor ther-
apy rather than parotidectomy, neck dissection, or adjuvant 
radiation therapy [11].

1.2  Targeted and Immunotherapy 
for Periocular Melanomas

1.2.1  Targeted Therapies
BRAF kinase plays a key role in cell growth and prolifera-
tion and is encoded by the BRAF gene. The BRAF mutation 
is found in 66% of cutaneous melanomas, 90% of which is 
the specific V600E mutation [12, 13]. This mutated protein 
results in abnormal activation of the MAPK signaling cas-
cade and results in increased survival and proliferation of 
affected cells. Currently, there are three U.S. Food and Drug 
Administration (FDA)-approved BRAF inhibitors. 
Vemurafenib (Zelboraf®, Genentech) was FDA-approved in 
2011 for the treatment of unresectable or metastatic mela-
noma, in patients with confirmed V600E mutation [14]. 
Dabrafenib (Tafinlar®, Novartis) was FDA-approved in 2013 
for the treatment of V600E-positive, unresectable or meta-
static melanoma. It is also approved in combination with tra-
metinib (Mekinist, Novartis), an MEK inhibitor, as adjuvant 

therapy in patients with positive lymph nodes following 
complete melanoma resection or as first-line therapy for 
V600E- or V600K-positive unresectable or metastatic mela-
noma [15]. The most recently approved BRAF inhibitor is 
encorafenib (Braftovi®, Array BioPharma Inc), which is 
approved in combination with binimetinib (Mektovi®, Array 
BioPharma), an MEK inhibitor, for the treatment of unre-
sectable or metastatic melanoma with V600E or V600K 
mutation. The addition of MEK inhibitors to BRAF inhibi-
tors improves disease-free survival in patients with meta-
static melanoma compared with BRAF inhibitor therapy 
alone [16].

Clinical trials using BRAF inhibitors alone have shown 
overall response rate of 40–54%, progression-free survival 
of 6–9 months, and overall survival of 17–19 months [16]. 
Patients treated with BRAF inhibitors in combination with 
an MEK inhibitor show improved outcomes, with a response 
rate of 63–76%, progression-free survival of 9–15 months, 
and an overall survival of 22–34 months [16]. Due to the syn-
ergistic efficacy of BRAF and MEK inhibitors, combination 
therapy has largely replaced BRAF inhibitor monotherapy. 
There are few published case reports investigating BRAF 
inhibitor therapy for eyelid or conjunctival melanoma [17–
20]. All reported cases demonstrated clinical response, with 
progression-free survival ranging from 4 to 23 months. Yet, 
despite these encouraging results, resistance to treatment 
develops in many cases with re-growth of previously respon-
sive metastasis [21].

The most common side effects of BRAF inhibitors include 
arthralgia, alopecia, nausea, pruritus, photosensitivity, 
fatigue, and skin rash [22]. The combination of BRAF inhib-
itors and MEK inhibitors has been found to significantly 
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increase certain adverse events including pyrexia, chills, 
hypertension, vomiting, liver toxicity, and ocular side effects 
such as central serous chorioretinopathy and retinal detach-
ment [23]. BRAF inhibitor monotherapy has also been asso-
ciated with an increased rate of squamous cell carcinoma 
(SCC) in up to 12.5% of patients versus 3% in patients 
treated with BRAF and MEK inhibitor combination therapy 
[24, 25].

1.2.2  Immune Checkpoint Inhibitors
Improved understanding of the pathophysiology of mela-
noma, coupled with discoveries related to the role of the 
immune system in tumor control, has yielded a new class of 
systemic medication for locally advanced and/or metastatic 
melanoma and for many other cancer types called immune 
checkpoint inhibitors. Programmed cell death protein 1 (PD- 
1) and cytotoxic T-lymphocyte antigen 4 (CTLA-4) are pro-
teins found on the surface of activated T-lymphocytes. When 
these surface proteins are activated, they halt the prolifera-
tion of cancer fighting T-cells. It is thought that abnormal 
activation of these immune checkpoints (PD-1 and CTLA-4) 
prevents the activation of T-lymphocytes and allows evasion 
by host immune response and proliferation of cancer cells. 
Development and now commercial availability of monoclo-
nal antibodies directed against PD-1 and CTLA-4 have revo-
lutionized the management of patients with metastatic 
melanoma by improving disease-free and overall survivals in 
such patients. Several immune checkpoint inhibitors have 
been approved by the U.S. Food and Drug Administration 
(FDA) over the last 10  years, with expanding indications. 
Ipilimumab (Yervoy®, Bristol-Myers Squibb) is a CTLA-4 
inhibitor approved by the FDA in 2011 [26]. It is indicated 
for the treatment of adult and pediatric patients with meta-
static or unresectable melanoma, as well as an adjuvant ther-
apy for patients with cutaneous melanoma and pathologically 
confirmed lymph node involvement of more than 1 mm who 
have undergone complete resection, including lymphadenec-
tomy. Nivolumab (Opdivo®, Bristol-Myers Squibb) and 
pembrolizumab (Keytruda®, Merck) are two FDA-approved 
anti-PD-1 agents approved in 2014 and are indicated in the 
treatment of metastatic or unresectable melanoma, and as 
adjuvant therapy in patients with metastatic or lymph node 
involvement after complete resection [27, 28]. Pivotal multi-
center, prospective, randomized trials have shown improved 
survival in patients with unresectable or metastatic mela-
noma treated with ipilimumab [29, 30], pembrolizumab [31], 
and nivolumab [32]. Studies show that the combination of 
ipilimumab with nivolumab or pembrolizumab increases 
efficacy but is also associated with increased toxicity [33].

There are emerging, promising results in case reports and 
series that support the use of immune checkpoint inhibitors 
in the periocular region. Sagiv et al. [34] reported on 5 cases 
of metastatic conjunctival melanoma treated with nivolumab 

or pembrolizumab, 4 of which had complete response with 
no evidence of disease at 1–36 months after treatment com-
pletion. Other case reports and series have demonstrated 
similar partial or complete response with this class of medi-
cation [35–38].

It should be noted that immune checkpoint inhibitors are 
associated with significant immune-related adverse events. 
Different from traditional chemotherapy reaction, immuno-
therapy side effects result from over-activation of the 
immune system. Common adverse events including entero-
colitis, dermatitis, hepatitis, thyroiditis, arthritis, and myo-
sitis have all been reported but can be mitigated with 
medical treatment with steroids or similar anti-inflamma-
tory strategies. The incidence of fatal events is between 0.3 
and 1.3%, and most fatal events are due to colitis, pneumo-
nitis, or hepatitis. Ten percent of patients will have a grade 
3 or worse reaction, and the common side effects include 
fatigue and rash, diarrhea, and endocrinopathies [40]. 
Treatment of these side effects is systemic immunosuppres-
sion, most commonly steroids, in a targeted fashion, and 
most resolve without lasting complications [41]. 
Immunotherapy is also costly. Therefore, the use of immune 
checkpoint therapy in the periocular region should be 
reserved for locally advanced, surgically unresectable, and/
or metastatic disease (Fig. 2).

2  Eyelid and Periocular Squamous  
Cell Carcinoma

Cutaneous squamous cell carcinoma (SCC) is the second 
most common eyelid malignancy accounting for 5–10% of 
all eyelid cancers [42–44]. SCC has a reported rate of local 
recurrence that ranges from 6.8 to 36.9% [45–48] and a pro-
pensity for perineural invasion (PNI) along cranial nerves in 
up to 25% of patients [45, 46]. Distant metastasis is rare 
(0.8–6.2%) [48–51] and regional nodal metastasis ranges 
from 1.3 to 24% [45, 46, 49, 52].

Surgical excision with histologic confirmation of tumor- 
free margins on frozen section is the standard treatment for 
most patients with eyelid and periorbital SCC [52–54]. In 
locally advanced cases or in the presence of PNI, postopera-
tive adjuvant radiation therapy, concurrent chemo-radiation 
therapy, or immunotherapy may be considered to improve 
local control or to treat metastatic disease. In a recent series 
of 109 patients with eyelid and periorbital SCC from our 
center, 59 patients (54%) had eye-sparing surgery with fro-
zen section control of margins, and 34 patients (31%) had 
eye-sparing surgery with frozen section control of margins 
followed by adjuvant radiotherapy or concurrent chemora-
diation. Thirteen additional patients (12%) had orbital exen-
teration followed by adjuvant radiotherapy or chemoradiation. 
Thirty-six of the 40 patients with PNI (90%) received adju-
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Fig. 2 (a, b) External photographs of a 58-year-old woman with a 
biopsy-proven conjunctival melanoma that involved all four quadrants 
and also both the upper and lower eyelid tarsal and palpebral conjunc-
tiva and caruncle. (c, d) Slit lamp photographs of the only remaining 
areas of faint pigmentation (yellow circles) remaining after 12 months 

of treatment with nivolumab. These areas were biopsied and found to 
contain macrophages with pigment, and no residual melanoma. Patient 
has remained without evidence of disease for 2 years after end of treat-
ment with nivolumab

vant radiotherapy [45]. Overall, slightly over 40% of patients 
had adjuvant radiation or concurrent chemo-radiation 
therapy.

Historically, cytotoxic chemotherapy (e.g., cisplatin, 
doxorubicin, bleomycin, peplomycin, methotrexate, 
5- fluorouracil) was used for patients with locally advanced 
or metastatic squamous carcinoma. However, these older 
drugs have fallen to second- and third-line options in favor of 
the more recently available targeted therapies such as epider-
mal growth factor receptor (EGFR) inhibitors and immuno-
therapy. In this section, we will focus on advances made in 
the treatment of locally advanced and/or metastatic periocu-
lar SCC using EGFR-based targeted therapy and immune 
checkpoint inhibitor therapy as recent advances in the man-
agement of periocular cutaneous SCC.

2.1  Epidermal Growth Factor Receptor 
(EGFR) Inhibitors for Locally  
Advanced Periocular SCC

EGFR is a transmembrane receptor protein that is involved 
in proliferation of keratinocytes, cellular migration, and 
increased survival and resistance to apoptosis [55, 56]. 
Overexpression of EGFR has been found in cutaneous 
SCC [57].

Several EGFR inhibitors (cetuximab, panitumumab, gefi-
tinib, lapatinib, erlotinib) are approved by the U.S. FDA, and 
are typically used either as single agent or in combination 
with other chemotherapy for treatment of patients with meta-
static or locally advanced head and neck squamous cell car-
cinoma (HNSCC) [58]. Cetuximab (Erbitux, Lilly) is a 
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monoclonal antibody EGFR inhibitor that is FDA-approved 
to treat locally or regionally advanced head and neck SCC 
(HNSCC) in combination with radiation therapy or recurrent 
or metastatic HNSCC progressing after treatment with 
platinum- based therapy. Erlotinib (Tarceva, Genentech) is an 
oral drug, a small-molecule tyrosine kinase EGFR inhibitor, 
that has been studied as an off-label potential treatment for 
locally advanced HNSCC [59]. Addition of EGFR inhibitors 
to radiation therapy as adjuvant therapy has improved locore-
gional control in patients with locally advanced HNSCC in 
several large-scale multi-institution phase III trials [59, 60].

EGFR is overexpressed in cutaneous SCC as well as in 
conjunctival SCC [61]. For patients with recurrent periocular 
SCC with orbital invasion and/or with regional metastasis 
secondary to periocular cutaneous SCC, both cetuximab and 
erlotinib have been used successfully with good responses in 
a few cases published by our group [62]. Cetuximab in com-
bination with platinum-based chemotherapy can also be used 
in the neoadjuvant setting to chemo-reduce large periorbital 
SCC, such as primary lacrimal sac/duct carcinomas, to 
decrease surgical morbidity (Fig. 3).

The side effects of EGFR inhibitors are relatively minor 
and include an acneiform rash, pruritus, nail changes, diar-
rhea, and secondary infections. More specifically, the fol-
lowing ocular side effects have also been reported: mild 
superficial keratopathy, and notably trichomegaly, and rarely 
uveitis [63, 64].

2.2  Immune Checkpoint Inhibitors 
for Locally Advanced or Metastatic 
Periocular SCC

The discovery of immune checkpoints, specifically pro-
grammed cell death protein 1 (PD-1), has revolutionized the 
management of patients with locally advanced or metastatic 
squamous carcinoma. This class of drugs was first approved 
for use in melanoma (please see detailed discussion above in 
the section on periocular melanoma) but are now also 
approved for use in patients with locally advanced cutaneous 
SCC. Cemiplimab (Libtayo, Regeneron Pharmaceuticals, 
Tarrytown, NY, USA) and Pembrolizumab (Keytruda, 
Merck, Kenilworth, NJ, USA) are human monoclonal anti-
bodies directed against programmed death 1 (PD-1) recep-
tor, that are specifically FDA-approved in the USA for 
locally advanced or metastatic cutaneous SCC [65, 66]. 
Currently, immunotherapy is being employed as first-line 
treatment for cutaneous SCC that is metastatic, or locally 
advanced and not amenable to surgery and radiation [67]. 
For locally advanced cutaneous SCC, cemiplimab treatment 
has demonstrated a response rate of 12%, 36%, 31%, and 
13% for progression, stable disease, partial response, and 

complete response, respectively [68]. Its role in these and 
other settings is the subject of 14 current prospective clinical 
trials at the time of the writing of this chapter [69]. Of these, 
two are neoadjuvant, seven are primary treatment, two are 
adjuvant, two are adjuvant and neoadjuvant, and one is for 
intralesional injection of cemiplimab. While new research 
supports the cost effectiveness of cemiplimab for advanced 
SCC when compared to traditional second-line chemother-
apy [70], the cost and potential side effects of immunother-
apy in the neoadjuvant setting have to be considered carefully 
in the treatment decisions and patient selection.

Currently, there are only case reports of the off-label use 
of pembrolizumab for locally advanced periocular SCC and 
the results have been promising [71]. At the time of this 
chapter’s writing, our group has submitted a cohort of seven 
patients treated with cemiplimab (in six patients) and pem-
brolizumab (in one patient) for locally advanced periorbital 
SCC.  Our findings in this cohort suggest that anti-PD-1 
immunotherapy can be highly effective at reducing the size 
of locally advanced periorbital cutaneous SCC (Fig. 4). In all 
seven patients, measurable clinical and/or radiologic 
response was observed. In five patients, administration of 
immunotherapy was followed by surgery with or without 
postoperative radiation therapy. In two patients with multiple 
recurrent periorbital SCC heavily pretreated with surgery 
and radiation and with massive perineural invasion involving 
the skull base, surgery was not done after immunotherapy as 
it was felt that the recurrent lesions were not surgically 
resectable. Both of these patients remained without evidence 
of disease at last follow-up, 17  months and 14  months, 
respectively, after completion of immunotherapy. The off- 
label use of immune checkpoint inhibitors in the neoadjuvant 
setting is an area of active study [39, 40].

Immune checkpoint inhibitors are generally safe, but seri-
ous immune-related adverse events are common and may 
require prompt management. Please see the section above 
under immunotherapy for periocular melanoma for a more 
detailed discussion of expected side effects with 
immunotherapy.

3  Eyelid and Periocular Basal  
Cell Carcinoma

Basal cell carcinoma (BCC) is the most common human can-
cer and comprises 90% of eyelid tumors [72]. Mortality rates 
from BCCs are rare and metastases rarely occur at a rate of 
0.0028–0.5% [73, 74]. Typically, periocular BCC is amena-
ble to surgical excision, with a 5-year recurrence rate of 
1–5.3% [75]. Excision with intraoperative frozen sections 
and Mohs micrographic surgery (MMS) are the most com-
monly employed techniques for ensuring complete patho-

Recent Developments in the Management of Orbital and Periocular Neoplasms



316

a b

c d

Fig. 3 (a) A 53-year-old man presented with a large squamous carci-
noma of the right lacrimal sac/duct area. (b) Magnetic resonance imag-
ing (MRI) in the same patient shows an infiltrative mass involving the 
lacrimal sac, nasolacrimal duct, and medial maxilla. (c) After three 
cycles of cetuximab plus carboplatin and paclitaxel, the mass in the 

medial canthal area is completely resolved; note the maculopapular 
rash on the face secondary to cetuximab. (d) After three cycles of neo-
adjuvant chemotherapy plus cetuximab, the patient had surgery; the 
surgical specimen showed a complete pathologic response with no 
tumor present
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Fig. 4 (a) Axial-T1 post-contrast magnetic resonance (MR) image 
with fat-saturation shows abnormal enhancement at the right orbital 
apex and superotemporal right orbit (large arrows) as well as involving 

the right sphenoid bone (small arrow). (b) Axial-T1 post-contrast MR 
with fat-saturation demonstrates near complete resolution of the 
enhancement

logical excision and are associated with low local recurrence 
rates of 2.0% and 2.1%, respectively [76, 77]. For locally 
advanced periocular BCC, characterized by large tumor size 
or recurrent disease with extension into the orbit or paranasal 
sinuses, definitive surgical treatment may be impossible 
without significant ocular morbidity or removal of the eye 
and orbital contents. While surgery remains the preferred 
treatment modality, recent advances in the medical manage-
ment of advanced periocular BCC will be the focus of the 
following segment.

3.1  Sonic Hedgehog Inhibitors

The discovery of mutations in the hedgehog pathway has 
enabled the emergence of targeted medical therapy for BCC 
[78]. The hedgehog pathway includes the Patched-1 trans-
membrane receptor (Ptch-1), which is a tumor suppressor. 
Ptch-1 normally inhibits the downstream receptor 
Smoothened (Smo) [79, 80]. A mutation in the hedgehog 
pathway leads to hedgehog protein binding to Ptch-1. This 
leads to a reversal of the normal inhibition of Smo, as well as 
expression of the downstream product GLI-1, which is 
thought to lead to the formation of BCC [80]. Medications 
that target this pathway can cause regression of BCC tumors.

Vismodegib (Erivedge®; Genentech) was the first sonic 
hedgehog inhibitor to be approved by the U.S.  Food and 
Drug Administration (FDA) in 2012. Vismodegib is a selec-

tive hedgehog pathway inhibitor that blocks hedgehog sig-
naling by binding to Smo, inhibiting downstream activation 
of hedgehog target genes [81]. Its approval was based on 
results from the ERIVANCE trial, which showed 43% and 
30% response in patients with locally advanced BCC and 
metastatic BCC, respectively [82]. Adverse events were 
reported in 20% of patients and included muscle spasms, 
alopecia, dysgeusia, weight loss, fatigue, nausea, decrease in 
appetite, and diarrhea [82].

Since the ERIVANCE trial was published, the role for 
vismodegib in the periocular setting has been examined and 
refined. For periocular BCC treated with vismodegib, most 
patients show partial response, some have complete response, 
and a small subset will have stable disease [83]. The neoad-
juvant use of vismodegib for locally advanced periocular 
BCC has been reported by our group at MD Anderson as an 
effective strategy in patients who would otherwise need an 
orbital exenteration or major disfiguring surgery (Fig.  5) 
[84]. In this cohort, patients were treated for a median of 
14 months (4–36), underlining the need for long-term treat-
ment to observe response. Also in this group, we observed 
that over half of patients achieved a complete response with 
no residual microscopic disease found at the time of surgery. 
Careful follow-up is needed to confirm long-term disease 
control.

Sonidegib (ODOMZO®, Novartis) is the second sonic 
hedgehog inhibitor approved by FDA in 2015 based on 
results from the phase 2 BOLT trial [85]. Similar to vismo-
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Fig. 5 (a) A 45-year-old man with a locally advanced recurrent basal 
cell carcinoma of the left medial canthus with anterior orbital soft tissue 
involvement and some bony erosion. (b) After 9 months of treatment 
with daily vismodegib, the lesion has nearly totally resolved based on 

clinical examination with the exception of a small residual area of 
ulceration noted (yellow circle). This area was excised surgically with 
negative margins and the scarred area in the left lower eyelid biopsied 
in multiple areas and found to have no tumor present

degib, sonidegib also binds Smo, inhibiting downstream 
activation of hedgehog target genes. Its efficacy in the BOLT 
trial was 34–36% response rate and it had a similar adverse 
event profile to vismodegib, including muscle spasms, dys-
geusia, alopecia, nausea, elevated serum creatine kinase lev-
els, weight loss, and fatigue [85].

Published reports on the specific use of sonidegib in the 
periocular region are limited to one published case showing 
complete response to treatment [86]. However, this is very 
likely due to the fact that sonidegib became available several 
years after vismodegib. Both drugs are very similar in their 
mechanism of action, expected efficacy in treatment of BCC, 
and their side effect profile.

3.2  Immune Checkpoint Inhibitors 
for Locally Advanced BCC

Pembrolizumab (Keytruda®, Merck) is a programmed cell 
death protein-1 (PD-1) inhibitor that has demonstrated effi-
cacy in multiple cancer types, including squamous cell carci-
noma and melanoma as mentioned earlier in this chapter. A 
nonrandomized, open-label study of patients with locally 
advanced BCC showed a response rate of 38% (6 of 16 
patients) with pembrolizumab given with or without vismo-
degib [87]. Efficacy has also been shown in case reports of 
pembrolizumab for metastatic BCC that has failed hedgehog 
pathway inhibitors [88]. Overall, the off-label use of pem-
brolizumab in patients with locally advanced BCC is reserved 
for surgically unresectable or metastatic disease that is not 
responsive to vismodegib or sonidegib.

Cemiplimab (Libtayo®, Regeneron Pharmaceuticals) is a 
PD-1 inhibitor originally FDA-approved for patients with 
metastatic or locally advanced squamous cell carcinoma who 
are not candidates for curative surgery or radiotherapy [89]. 
Recently, cemiplimab received accelerated approval to 
expand its indication to include surgically unresectable or 
metastatic BCC that has failed treatment with a hedgehog 
inhibitor [89]. This approval was based on interim results of 
a phase 2 clinical trial for advanced or metastatic BCC that 
has failed or is intolerant to hedgehog inhibitors. Of 84 
patients enrolled in the locally advanced arm of the study, 26 
showed an objective response with 5 patients showing a 
complete response. Of the remaining patients, 41 had stable 
disease and only 9 had progression at a median follow-up of 
15  months [90]. In the metastatic group, of 28 patients 
treated, 6 patients had partial response and 13 patients had 
stable disease [91].

4  Ocular Adnexal Lymphoma

The term ocular adnexal lymphoma (OAL) has been used to 
refer to lymphomas of the conjunctiva, orbit, and eyelid [92]. 
The vast majority of OAL is non-Hodgkin lymphoma (NHL). 
NHL is further classified based on its presumed cell of origin 
as defined by the World Health Organization (WHO) 
Classification of Tumors of Hematopoietic and Lymphoid 
Tissue [93]. Greater than 98% of ocular adnexal lymphomas 
are of B-cell NHL variety [92, 94]. OAL can develop primar-
ily in the ocular adnexal area as the first and only site of 
manifestation of lymphoma or the ocular adnexal lymphoma 
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may represent relapsed lymphoma with systemic involve-
ment in other extraocular sites in the past [94]. While OAL 
accounts for only about 2% of all lymphomas, it is the most 
common primary orbital malignant neoplasm in adults [95]. 
Of note, OAL is usually low grade with marginal zone lym-
phoma accounting for 60–70% of cases followed by low- 
grade follicular lymphoma (FL) and diffuse large B-cell 
lymphoma (DLBCL) as the next most frequent histologic 
varieties [96]. OAL must be distinguished from intraocular 
lymphoma, which are typically a high-grade diffuse large 
B-cell lymphoma with a distinct therapeutic strategy [96].

Treatment of OAL depends on the histologic variety and 
stage of OAL at the time of diagnosis. The Ann Arbor Staging 
and, more recently, the american joint committee on cancer 
(AJCC) Cancer Staging Manual are the most common meth-
ods for staging of ocular adnexal lymphoma [97]. Initial 
steps in management of OAL entail a fresh tissue biopsy for 
lymphoma studies to establish the exact histologic subtype 
followed by staging work-up that usually includes a total 
body positron emission tomography (PET)/CT scan, a bone 
marrow biopsy, and an MRI of orbit if the lesion is suspected 
to have an orbital component on clinical grounds [98, 99].

We herein will highlight two recent advances in the man-
agement of OAL that are noteworthy: the “ultra-low-dose” 
radiation, the so-called “boom-boom” for low-grade OAL; 
and the use of rituximab in combination with other chemo-
therapy for management of diffuse large B-cell lymphoma 
and for low-grade OAL that involves extraocular sites.

4.1  Ultra-Low-Dose External Beam 
Radiation Therapy

External beam radiation therapy (EBRT) is the most com-
monly used treatment modality for OAL, particularly low- 
grade lymphomas such as extranodal marginal zone 
lymphoma (EMZL), follicular lymphoma (FL), and small 
lymphocytic lymphoma (SLL) without systemic involve-
ment (i.e., stage IE by Ann Arbor staging criteria) [100, 101]. 
Historically, OAL was treated with moderate to high radia-
tion doses, from 25 to 54 Gy [102–104]. These dosages yield 
excellent local control from 90 to 100%; however, there is 
some risk of ocular toxicity [105]. Late toxic side effects, 
including keratitis, severe dry eye syndrome, glaucoma, reti-
nopathy, and cataracts, have been reported in up to 47% of 
patients treated with the higher-dose range of EBRT for OAL 
[104]. More recently, in a report by Pinnix et al. from our 
institution, we reported complete response or significant par-
tial response in 100% of 22 patients with low-grade OAL 
who were treated with only 4 Gy of radiation, and only two 
sessions of radiotherapy—the so-called “boom-boom” regi-
men. This is a significantly lower radiation dose compared 
with “historical standard dose,” is delivered over only 2 days 

(instead of 2–3  weeks), and is associated with negligible 
radiation-related ocular toxicity to date [106]. Complete 
response as defined by RECIST criteria [107] was observed 
in 86% of patients (Fig.  6), while 14% of patients experi-
enced partial response. Only one of the 22 patients had very 
mild dry eye symptoms; no other ocular toxicity was seen in 
this report. We have completed a prospective trial of the 
same regimen of 4 Gy of radiation in 40 patients with low- 
grade OAL treated to date confirming essentially the same 
findings as was reported in our retrospective study. A report 
summarizing the findings in our prospective trial and long- 
term data on patients treated off-protocol for a total of 
approximately 70 patients with OAL treated with ultra-low- 
dose radiotherapy is currently under preparation.

4.2  Rituximab-Based Chemotherapy 
Regimens (R-CHOP, Rituximab, 
cyclophosphamide, vincristine sulfate, 
and prednisone (R-CVP), 
R-Bendamustine) for High-Grade OAL 
or Low-Grade OAL with Extraocular 
Sites of Involvement

Newer chemotherapy regimens add rituximab to well- 
established combination protocols such as CHOP—cyclo-
phosphamide, hydroxydaunorubicin, oncovin, and 
prednisone—for diffuse large B-cell lymphoma (DLBCL). 
Prior to the addition of rituximab, the 3-year complete 
response rate and overall survival of patients with diffuse 
large B-cell lymphoma treated with CHOP was 40–50% and 
35–40%, respectively [108]. The addition of rituximab 
increased the rate of complete response and overall survival 
to 60% and 76%, respectively, at 3  years and has become 
standard of care for DLBCL [108]. For patients with low- 
grade lymphomas, rituximab as single-agent monotherapy is 
associated with about 50% relapse rate [109]. The addition 
of bendamustine to rituximab as first-line therapy has yielded 
an overall survival of 96% at 4 years in patients with mucosal 
associated lymphoid tissue (MALT) lymphoma, which was 
significantly higher than rituximab alone or rituximab CHOP 
regimens [110].

5  Lacrimal Gland Carcinoma

Malignant epithelial tumors of the lacrimal gland include 
adenoid cystic carcinoma (ACC), carcinoma ex pleomorphic 
adenoma, adenocarcinoma, mucoepidermoid carcinoma, 
and a number of other rare variants. These cancers are quite 
rare with an overall incidence estimated at one per one mil-
lion per year [111], ACC, which accounts for about 60% of 
cases of lacrimal gland carcinoma, is associated with a high 
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Fig. 6 (a) Computed tomography, axial image, in a patient with mar-
ginal zone lymphoma of the superolateral orbit (arrow). (b) Coronal 
image in the same patient further delineates the mass (arrow). (c) Axial 

image in the same patient 3 months after delivery of 4 Gy of radiation 
to the right orbit shows total resolution of the mass. (d) Coronal image 
again confirming complete resolution of the mass

rate of local recurrence and distant metastasis and is associ-
ated with death in about half of patients [112]. Carcinoma ex 
pleomorphic adenoma, which accounts for about 20% of lac-
rimal gland carcinomas, can occur either de novo or after 
incomplete excision of a pleomorphic adenoma [113]. 
Another 10% of cases of lacrimal gland carcinoma are ade-
nocarcinoma and these can be high- or low-grade.

The treatments for lacrimal gland carcinoma have evolved 
considerably in the last decade or so and there is a shift away 
from orbital exenteration and toward eye-sparing multidisci-
plinary strategies [114–120]. Advances in the area of eye- 
sparing multimodality management of lacrimal gland 
carcinoma and the use of neoadjuvant intra-arterial chemo-

therapy specifically in patients with adenoid cystic carci-
noma of lacrimal gland will be highlighted in the following 
section.

5.1  Eye-Sparing Surgery and Adjuvant 
Radiotherapy

Eye-sparing surgery, followed by adjuvant radiotherapy, is 
an approach that has gained in popularity in recent years 
[114–120]. Lacrimal gland carcinomas that are anatomically 
amenable to gross total resection are candidates for eye- 
sparing surgery. Outcomes of eye-preserving surgery with or 
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without adjuvant therapy have shown favorable results in 
several published series [114–120]. One large series of 37 
patients by Woo et al., combining patients from two centers 
including ours, concluded that multimodality eye-sparing 
treatments are associated with locoregional control rates 
similar to that of orbital exenteration with a very reasonable 
ocular toxicity profile and good visual and ocular function 
for patients who have eye-sparing surgery followed by eye- 
sparing adjuvant radiation therapy [115]. A visual acuity of 
20/40 or better was found in 68% of patients with vision- 
limiting ocular toxicity most commonly occurring from dry 
eye and radiation retinopathy. A more recent updated series 
from MD Anderson reported on 55 patients with lacrimal 
gland carcinoma that were treated over a recent 20-year 
period [121]. In this series, orbital exenteration with adju-
vant therapy and eye-sparing surgery with adjuvant therapy 
produced similar recurrence outcomes, although eye-sparing 
surgery was associated with better disease-specific survival. 
The reported rates of local recurrence, distant metastasis, and 
death from disease were 22%, 29%, and 20%, respectively. 
The reported 5-year local-recurrence-free survival rate was 
0.77 (95% confidence interval [CI]: 0.59–1), and the 5- and 
10-year distant-metastasis-free survival rates were 0.67 
(95% CI: 0.53–0.85) and 0.49 (95% CI: 0.30–0.81), respec-
tively. Five- and 10-year disease-specific survival rates were 
0.81 (95% CI: 0.69–0.95) and 0.75 (95% CI: 0.60–0.94), 
respectively. Other investigators have shown similar local 
control and survival rates with eye-sparing surgery and adju-
vant radiation therapy. For example, Wolkow et al. reported 
that 4 out of 18 (22%) patients with ACC of the lacrimal 
gland treated with eye-sparing surgery followed by adjuvant 
proton radiation therapy experienced local recurrence and 3 
(17%) died of metastatic disease [116].

5.2  Neoadjuvant Intra-Arterial 
Chemotherapy for Adenoid  
Cystic Carcinoma

In an attempt to improve the outcomes in patients with lacri-
mal gland ACC, Tse et al. used intra-arterial cytoreductive 
chemotherapy (IACC) using cisplatin and doxorubicin as a 
neoadjuvant treatment followed by orbital exenteration fol-
lowed by radiation therapy and additional adjuvant chemo-
therapy [122]. Tse et  al., in a long-term study using this 
regimen in 19 patients with lacrimal gland ACC, divided the 
patients into two groups (patients with the “lacrimal artery 
intact” and patients with the “lacrimal artery not intact”) and 
concluded that all patients with an intact artery (8/8 patients), 
and 72% (8/11 patients) of those with the artery not intact, 
were alive more than 10 years after treatment. The authors 
did not specifically report the overall 5- and 10-year disease- 
specific survival for their cohort of 19 patients, but overall 

close to 80% of patients were still living at 10 years, some 
with active disease [122].

Subsequent studies from other institutions report cases of 
late relapse with distant metastasis and disease-specific death 
after IACC, and also significant morbidity and side effects 
associated with IACC in patients with lacrimal gland ade-
noid cystic carcinoma [123, 124].

As a future direction, it may be interesting to study the 
role of intravenous or intra-arterial chemotherapy in the neo-
adjuvant setting in patients with large lacrimal gland ACC in 
an attempt to reduce the size of tumor and make it more sur-
gically resectable and potentially allow for a lesion that 
would otherwise require an orbital exenteration to be treated 
with eye-sparing surgery instead.
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