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Abstract

• PURPOSE: To report the therapeutic efficacy of integrating neoadjuvant chemotherapy with 

conventional bimodal therapies for lacrimal gland adenoid cystic carcinoma by providing an 

additional 8 years of follow-up data on the same cohort of patients whose cumulative 10-year 

disease-free survival outcomes were reported in 2013.

• DESIGN: Non-randomized, retrospective, interventional case series.

• METHODS: Nineteen consecutive patients treated with neoadjuvant intra-arterial 

cytoreductive chemotherapy (IACC), orbital exenteration, chemoradiotherapy, and adjuvant 

intravenous chemotherapy at a single institution were included. Analyses were undertaken of 

locoregional recurrences and distant metastases, disease-free survival time, TNM tumor stage at 

presentation, response to IACC, and prognostic impact of positive resection margins. The main 

outcome measures were overall survival, disease-free survival, disease relapse, positive tumor 

resection margins, and tumor stage at presentation.

• RESULTS: Eight patients with an intact lacrimal artery (group 1), 7 with AJCC stage T4a-

c, had significantly better overall survival (87.5% versus 14.3% at 15 years), disease-specific 

mortality, and recurrences (all < .001, log-rank test) than prior conventionally treated patients 

from the Bascom Palmer Eye Institute. Group 1 was superior to group 2, patients lacking an 
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intact lacrimal artery, concerning overall survival (P = .042) and recurrence (P = .017), but with 

no significant difference in disease-specific mortality (P = .23). Group 2 was associated with a 

significantly lower cause-specific mortality than the institutional comparator group (P = .039). 

Prior tumor resection with lateral wall osteotomy and failure to adhere to all protocol elements 

were adverse prognostic factors for suboptimal outcomes. Positive tumor margins increased the 

risk of all-cause mortality 4.1 times (P = .036, stratified Cox proportional hazards regression) and 

disease-specific mortality 8.0 times (P = .043, stratified Cox proportional hazards regression) than 

a patient with negative margins.

• CONCLUSIONS: Extended follow-up supplemented with AJCC staging data supports 

neoadjuvant IACC as an integral component of a trimodal treatment strategy in patients with 

an intact lacrimal artery. Protocol elements implemented as designed appear to have improved 

overall survival and decreased disease relapse in this cohort. This extended long-term IACC 

dataset suggests that a critical bar of at least 15 years of follow-up is appropriate for assessing the 

efficacy of current conventional and future globe-sparing bimodal therapies.

INTRODUCTION

LACRIMAL GLAND ADENOID CYSTIC CARCINOMA (LGACC) is a rare orbital 

malignancy notorious for its unpredictability and universal devastating lethality. The 

difficulty in achieving a cure for this disease is principally attributable to the complex 

regional orbital anatomy, the tumor’s aggressive biological behavior, infiltrative growth 

pattern, distinct propensity for perineural infiltration with retrograde intracranial extension, 

hematogenous dissemination, and delay in diagnosis. 1–8 The tumor often infiltrates and 

spreads through bone. 9 , 10 Intracranial involvement and metastatic disease are the principal 

causes of death. 1 , 11

Controversy remains regarding the optimal treatment strategy for this orbital tumor, ranging 

from globe-sparing tumor resection, proton beam therapy, bimodal therapy of exenteration 

with or without adjacent bone removal followed by external beam radiation therapy to 

radical multidisciplinary intervention with cranio-orbital resection. 8 , 12 , 13–16 Much of the 

early management philosophy was influenced by Halsted’s doctrine of radical mastectomy 

for breast cancer: cutting more equals living more. 8 , 9 , 12 , 15 , 16 However, the dogma that 

cutting more orbital tissues for local disease control in LGACC equals living more has not 

proven to be true. 17–19 Despite various surgery and radiation therapy permutations, these 

patients’ survival outcomes remain dismal. 1 , 3–6 , 8 , 9 , 12 , 20–25 Font and Gamel reported 

an actuarial survival rate of < 50% at 5 years and a bleak 20% at 10 years, regardless of 

treatment methods, 4 with virtually no patients surviving beyond 15 years with conventional 

therapies. 26 Improvements in local disease control are unlikely to impact survival until 

LGACC is viewed as a systemic disease rather than a local orbital disease. A multi-modal 

treatment strategy integrating a systemic approach needs to be developed to prevent local 

recurrence and distant metastatic disease.

To address the principal shortcomings of prior conventional bimodal locoregional therapies, 

Meldrum and associates 27 introduced a trimodal protocol in 1998. This treatment paradigm 

has 3 integral components: chemotherapy, orbital exenteration, and radiation therapy. The 
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core element of the strategy is neoadjuvant intra-arterial cytoreductive chemotherapy (IACC) 

– delivery of a high concentration of chemotherapeutic agent to the tumor through an intact 

lacrimal artery before exenteration. The rationale of regional infusion of cisplatin is the 

delivery of a concentration of drug that otherwise cannot be safely delivered through the 

venous route, achieving local drug concentration exceeding the usual blood level to increase 

efficacy. This firstpass effect may result in the drug concentration overwhelming the tumor’s 

nucleotide excision repair system to prevent DNA replication. 28–31 The principal intent of 

the neoadjuvant phase of chemotherapy is to induce tumor cell death and cytoreduction to 

enhance tumor margin clearance at the time of exenteration and to minimize dissemination 

of viable tumor cells before and during surgical manipulation. It also offers the theoretical 

advantage of eliminating occult tumor cells beyond the surgical margins.

In 2013, Tse and associates reported this trimodal therapy’s long-term outcomes in a non-

randomized, retrospective treatment comparison study of 19 consecutive patients from a 

single institution. The 19 patients were stratified into 2 groups in a post-hoc analysis. 

Group 1 (intact lacrimal artery and protocol adherence) comprised patients with an intact 

lacrimal artery and no prior tumor resection or surgical disruption of the bone barrier 

who completed all aspects of the treatment protocol as designed - in sequential order and 

within an optimal timeframe. Group 2 (non-intact lacrimal artery or protocol non-adherence) 

comprised patients without an intact lacrimal artery and disruption of the bone barrier from 

tumor resection before referral for IACC treatment, except 1 patient who failed to adhere 

to the integral elements of exenteration and adjuvant chemotherapy. The study’s findings 

demonstrated a beneficial long-term advantage of an IACC-anchored trimodal protocol in 

achieving local disease control and disease-free survival even for patients with advanced-

stage tumors. 32–34

The main objective of the current report is to provide an additional 8 years of follow-up 

data on the same cohort of patients and to scrutinize the therapeutic benefits of this 

treatment strategy. Additionally, it proposes a new standard for future survival follow-up 

time reporting in assessing the treatment efficacy of current and globe-preservation therapies 

for LGACC. This study provides the longest follow-up time in the literature to evaluate the 

therapeutic effectiveness of integrating chemotherapy into conventional bi-modal treatment 

for a disease in which effective therapy has remained elusive. This case series reports that 

IACC delivered through an intact lacrimal artery appears to pro-long disease-free survival in 

this cohort of patients with LGACC.

MATERIALS AND METHODS

The University of Miami Miller School of Medicine Institutional Review Board approved 

the case series review. The treatment was conducted under the Declaration of Helsinki 

provisions and was performed in compliance with the Health Insurance Portability and 

Accountability Act.

• PROTOCOL DESCRIPTION:

The chemotherapy arm of the trimodal protocol consists of 6 cycles of chemotherapy - 2 

or 3 neoadjuvant cycles and 4 or 3 adjuvant cycles. 27 A neoadjuvant cycle consists of 
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intra-arterial perfusion of cisplatin 100 mg/m 2 on day 1 and intravenous doxorubicin 25 

mg/m 2 on days 1 to 3. To avoid direct brain or retina perfusion through an internal carotid 

artery access, the internal maxillary artery (IMA), a branch of the external carotid artery is 

cannulated. A second intra-arterial cycle is administered in 3 weeks. Three to 4 weeks after 

completing the second cycle, MRI or CT of the orbits is obtained to assess tumor response, 

which typically shows visible shrinkage of tumor volume, in some cases downstaging the 

tumor to a surgically resectable mass. However, if the posterior tumor margin shrinkage in 

the orbital apex is incomplete, rendering tumor resection margin clearance less likely, a third 

cycle is administered to achieve further cytoreduction. The decision to implement the third 

cycle is also guided by the patient’s tolerance or side effects to the initial cycles. After 2 (or 

possibly 3) intra-arterial chemotherapy cycles and following hematologic recovery, orbital 

exenteration is performed without delay to prevent tumor progression. Surgery is followed 

by adjuvant radiotherapy 2 to 4 weeks later with concomitant weekly IV cisplatin 20 mg/m 
2 for radiosensitization. Following chemoradiation therapy, 3 or 4 cycles of adjuvant IV 

cisplatin 100 mg/m 2 on day 1 and intravenous doxorubicin 20 mg/m 2 on days 1 to 3 every 

3 weeks are administered, so patients would optimally receive a total of 6 cycles of systemic 

chemotherapy.

• PARTICIPANTS:

The clinical records of 19 consecutive patients with LGACC treated with neoadjuvant IACC 

were retrieved from the Bascom Palmer Eye Institute (BPEI) and University of Miami 

Hospital and Clinics. The study period extended from 1988 to 2021. The American Joint 
Committee on Cancer TNM Classification , 7 th edition 35 for tumor staging was added. 

Seven patients were treated consecutively by conventional therapies between 1967 and 

1984, with information gathered for the 2013 study remaining unchanged. This previously 

reported cohort of patients constituted the institutional comparator of the treatment group 

(Supplementary Figures 1–3). Disease-related mortality was defined as death due to 

LGACC. The 2 previously reported cases with alternate histology were excluded.

All the surviving participants from the 2013 study were contacted in January 2021 in 

a telephone interview regarding their overall medical status, with particular emphasis on 

disease-free survival. Referring ophthalmologists or medical oncologists were contacted 

for medical status confirmation, supplemental information relating to late sequelae of 

chemotherapy complications, or cause of death. The cause of death was confirmed by 

medical records and the primary treating physician. Information on locoregional recurrence, 

distant metastases, disease-free survival time, and medical status were updated.

• STATISTICAL ANALYSES:

The efficacy of treatments with Kaplan-Meier survival analyses for 3 endpoints was 

compared: mortality from all causes (overall survival), mortality due to LGACC with 

patients censored at death due to other reasons (disease-specific survival), and time to 

recurrence (progression-free survival). There is some controversy in the oncology literature 

regarding the most appropriate assessment of mortality: all-cause or disease-specific. 36,37 

This is a particular issue for small retrospective studies wherein 2 considerations come into 

play: (1) the uncertainty of obtaining accurate cause of death information from contacting 
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relatives and (2) the reduction in statistical power associated with fewer endpoints in cause-

specific mortality. For both reasons, all-cause mortality is preferred but disease-specific 

mortality is also reported. The survival time was calculated as the number of days from 

protocol initiation to the endpoint, last follow-up examination, or contact date. Statistical 

significance was assessed with the log-rank test. The reporting of progression-free survival 

and overall survival are well accepted standards for assessing cancer therapies in oncologic 

literature and they are universally utilized to compare data across studies. Instead of 

demonstrating overall survival advantages, especially for diseases with multiple lines of 

treatment or long-term survivorship, which may take years to confirm, progression-free 

survival has been used as a surrogate endpoint for which new treatments for malignant 

disease have been FDA approved. These end-points are therefore reported here, consistent 

with clinical trial assessments.

Patients were divided into 2 groups receiving IACC: group 1 and group 2, depending 

on the integrity of the lacrimal artery. The latter group included 1 patient (case 8) with 

an intact lacrimal artery who received neoadjuvant therapy but deviated from protocol by 

refusing exenteration and adjuvant treatment. Survival was measured by specific cumulative 

proportions illustrated in the Kaplan-Meier curves, the benchmark statistic for interpreting 

survival. 38 In addition to standard median follow-up (F/U) time-all for all patients, median 

F/U time-alive only for patients surviving at the end of the time of this report was also 

reported. Because LGACC mortality manifests only after many years, 26 recently treated 

patients with short follow-up contribute little to treatment efficacy assessment. The median 

F/U time-alive is a gauge for identifying studies including patients with short follow-up.

Cumulative proportions were compared with the log-rank test of statistical significance. 

The risk ratio associated with positive tumor margins on each endpoint was studied with 

univariate Cox survival regression stratified by group and employing the likelihood ratio test 

for statistical significance.

RESULTS

The patient demographics, treatment characteristics, clinical data, TNM stage at 

presentation, length of follow-up, and cause of death are summarized in Table 1 . No 

patients were lost to follow-up.

• TREATMENT-RELATED ADVERSE EVENTS:

The toxicities of therapy were summarized in the 2013 paper as supplemental data (Table 

5, available at http://aaojournal.org ). The toxicities were those expected from exposure 

to aggressive chemotherapy consisting of repeated cycles of cisplatin and doxorubicin, 

including cytopenias (anemia and thrombocytopenia at times requiring transfusion), 

neutropenic fever, elevated creatinine, and tinnitus. There were no catheter placement 

or infusion complications, including stroke (embolic or ischemic), CNS hemorrhage, or 

bleeding at the arterial puncture site. There were no episodes of cardiac failure. Toxicities 

unique to the treatment program included trismus, facial nerve palsy, and hearing deficit 

identified in a minority of patients – none were permanent. One patient (case 3) required 

renal transplant 5 years after treatment and died of unrelated cancer at 18.5 years after 
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diagnosis. The etiology of renal impairment was not directly related to the administration of 

chemotherapy. There were no additional unexpected toxicities since the 2013 report.

• AMERICAN JOINT COMMITTEE ON CANCER CLASSIFICATION AND 
HISTOPATHOLOGICAL FEATURES:

The 7th American Joint Committee on Cancer classification at initial diagnosis was as 

follows: T2aN0M0, 2 patients; T3aN0M0, 2 patients; T4aN0M0, 2 patients; T4bN0M0, 7 

patients; and T4cN0M0, 6 patients. Histopathological examination of the surgical specimens 

demonstrated perineural infiltration in 11 patients, bone invasion in 8 patients, and positive 

resection margins in 8 patients. Tumor histological subtypes of the 19 patients were as 

follows: cribriform, 7 patients; basaloid, 8 patients; and mixed type with cribriform and 

basaloid, 4 patients (Table 1 ).

• SURVIVAL OUTCOMES – GROUP 1:

Of the 8 patients in group 1, 7 (88%) had advanced T4a-c tumors (Table 1 ). Three patients 

in this group have died, 2 from unrelated diseases; 1 (case 18) with T4c disease developed 

LGACC recurrence at 74 months (6.2 years) and succumbed to the disease 2 years later. 

Cumulative proportions surviving at 10 and 15 years (Table 2 ) are 87.5% and 87.5%, 

respectively, including 2 > 20-year survivors, 4 > 15-year survivors, and 1 > 10-year survivor 

(Table 1 ). The group 1 median F/U time-all was 219 months (18.3 years) (98–389 + 

months). Of the 5 patients in group 1 who are alive, the median F/U time-alive was 216 

+ months (18.0 years) (range 131 + to 389 + months). Case 1 is the longest disease-free 

survivor at 32.4 + years whose T4c disease with intracranial involvement was initially 

judged to be inoperable.

• SURVIVAL OUTCOMES – GROUP 2:

Eleven patients were in group 2; 10 had excisional biopsy by a lateral orbitotomy approach 

for presumed pleomorphic adenoma without a prior incisional biopsy. The diagnosis of 

LGACC was made after tumor resection. Ten patients (90.9%) had ≥ T3 disease (Table 

1 ). Intra-arterial chemotherapy was delivered to the surgical bed without an intact lacrimal 

artery. Seven of 11 patients have died. Four (36.4%) patients (cases 6, 8, 11, and 19) died of 

metastatic LGACC disease, all with T4b-c disease at presentation. The median disease-free 

survival time for these 4 deceased patients was 60.5 months (5.0 years) (range 32–135 

months). Three (cases 2, 9, and 12) died from an unrelated malignant disease. The median 

duration of disease-free survival time for these 3 deceased patients was 134 months (11.2 

years) (range 120–159 months). Two of the 4 patients (cases 13, 14, 15, and 16) alive 

in group 2 developed late disease relapse. Case 13 had T4b disease and developed lung 

metastases after 168 months of disease-free survival. Case 14 presented with T2 disease, had 

tumor resection with bone take-down for a presumed pleomorphic adenoma, developed a 

lung nodule at 57 months after IACC, and underwent metastasectomy; he was disease-free 

until 184 months (15.3 years) when lung and liver nodules were noted. Two cases (15 and 

16) are disease-free at 14.6 and 12.8 years, respectively. Cumulative proportions surviving at 

10 and 15 years were 63.6% and 34.1%, respectively. The group 2 median F/U time-all was 

135 months (11.3 years) (32–190 months). Of the 4 patients in group 2 who are alive, the 

median F/U time-alive is 179.5 + months (15.0 years) (range 154–190 months). Compared 
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to historical bimodal therapy group 3, group 2 was associated with a significantly lower 

cause-specific mortality than the institutional comparator group (P = .039) (Supplementary 

Figure 2).

• ENDPOINT COMPARISON BETWEEN GROUPS 1 AND 2:

Figures 1 to 3 display cumulative proportions of patients surviving for each endpoint by 

the group. Group 1 was superior to group 2 with respect to both all-cause mortality (P = 

.042) and recurrence-free survival (P = .017). Similar in character to the other endpoints, 

disease-specific mortality was greater in group 2 than group 1, but not significantly so (P = 

.23).

• ALL-CAUSE MORTALITY OF PATIENTS WITH STAGE T3 AND T4 TUMORS:

In addition to the analysis of all patients described above, including T2 patients, an ancillary 

analysis was performed for the higher risk T3 and T4 tumors. Group 1 comprised 7 patients 

(88%) with T4 tumors and 1 patient (12%) with a T2 tumor. Group 2 comprised 8 patients 

(73%) with T4 tumors, 2 patients (18%) with T3 tumors, and 1 patient (9%) with a T2 

tumor. Among the subset of patients with ≥ T3 tumors, group 1 had overall survival superior 

to group 2 (P = .025, log-rank test). After 10 years of follow-up, cumulatively, 85.7% 

of group 1 patients survived versus 50.0% in group 2. After 15 years of follow-up, the 

cumulative proportion of patients surviving in group 1 remained 85.7%, while group 2 

dropped to 18.8% (Table 2 ).

• EXTRAORBITAL OR INTRACRANIAL EXTENSION (T4C) AND CYTOREDUCTION:

Four patients in group 1 presented with tumor margins extending beyond the orbital confines 

through the superior orbital fissure to involve the intracranial compartment (cases 1, 4, and 

17) or through the inferior orbital fissure to infiltrate the infratemporal fossa (case 18). 

Cases 1 and 4 were judged to be inoperable for a cure because of intracranial extension. 

After 2 IACC cycles, a substantial reduction in the intracranial mass was noted in both 

cases, converting an unresectable disease to a resectable condition. Of the 2 remaining 

patients, case 17 at presentation had dural enhancement consistent with tumor involvement 

but displayed no enhancement after completing IACC. Exenteration specimen margins and 

dura biopsy were negative. Case 18 had a positive margin at the inferior orbital fissure and 

succumbed to the disease at 98 months.

Thus, 3 patients with apparent unresectable disease at presentation achieved complete 

resection after cytoreductive chemotherapy. In group 2, 1 (case 9) of 2 patients with T4c 

disease (extraorbital) survived > 10 years without recurrence but died of an unrelated cause.

• RISK OF RECURRENCE WITH POSITIVE MARGINS:

Two of 8 patients in group 1 and 6 of 11 patients in group 2 had positive tissue margins 

(Table 1 ) at resection. The finding of positive tumor margin(s) after definitive resection 

increased the risk of disease-specific mortality by a factor of 8.0 (P = .043, stratified Cox 

proportional hazards regression) compared to that of negative margins. The relative risk of 

tumor recurrence (risk ratio) with positive tumor margins was 4.0, but this did not reach 

statistical significance (P = .083). This apparent paradox may be associated with the small 
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sample size – a type 2 error due to a lack of statistical power. In this limited case series, 

a P -value only marginally > .05 associated with a risk ratio of 4.0 suggested that positive 

margins are likely associated with recurrence. Perineural infiltration, bone invasion, and 

basaloid histology were not associated with increased risk of any of the endpoints (all P > 

.05, stratified Cox survival regression) in the way that positive margins were.

DISCUSSION

This report updates the original paper from 2013 on the 19 patients with LGACC managed 

by a trimodal treatment protocol (neoadjuvant intra-arterial chemotherapy, exenteration, 

concurrent chemoradiation, and adjuvant intravenous chemotherapy) in a single center by 

the same surgeon and medical oncologist. Eight additional years is a substantial increase 

in follow-up time for patients with this disease, primarily covering the critical period when 

many patients suffer mortality, in which 37% live for 10 years, and essentially none live 

beyond 15 years. 26 In a study cohort maintaining a 100% follow-up with no dropouts, 

the median follow-up time for the entire group was 13 years, and for surviving patients, 

15 years. All survivors were followed for > 10 years, ranging from 10.9 to 32.4 years – 

the most extended longitudinal study for any LGACC study cohorts. These findings affirm 

that integrating neoadjuvant intra-arterial delivery of a high concentration of chemotherapy 

through an intact lacrimal artery in a coordinated treatment strategy is pivotal in improving 

disease-free survival and reducing disease relapse for this lethal malignancy. Adherence 

to all elements of the IACC protocol as designed for patients whose tumor had an intact 

lacrimal artery (group 1) is vital in achieving significantly better outcomes. This is supported 

by the demonstration that all-cause mortality (P = .042) and recurrence (P = .017) measures 

in group 2 patients are inferior to group 1 patients with extended follow-up, accompanied 

by a note-worthy, though not statistically significant, reduced disease-specific mortality in 

group 1. Table 2 and Supplementary Figures 1 to 3 present outcomes for the current groups 

1 and 2 and 3 historical control comparators that were used in the 2013 report (BPEI 

historical control) 17 , 25 , along with data from 2 cohorts receiving globe-sparing treatment 

to be addressed below. 39,40 Group 1 significantly outperformed all 3 historical control 

comparators for all endpoints for which data were available in the previously published 

reports. Thus, the presence of an intact lacrimal artery appears to be an integral characteristic 

of optimal treatment outcomes.

As illustrated in Supplementary Figures 1 to 3, survival endpoint metrics for group 2 are 

significantly better than BPEI historical bimodal treatment (all P < .05, log-rank test), 

demonstrating that the integration of chemotherapy into “standard” therapies appears to 

improve outcomes, even in patients with disrupted lacrimal artery anatomy. In particular, 

there is a steep initial drop off in the historical bimodal comparator series during the 

first few years not seen with the IACC groups, suggesting that while the absence of an 

intact lacrimal artery (group 2) may not prolong survival as in group 1 (Figures 1 and 2 ), 

inclusion of chemotherapy in the treatment algorithm may delay recurrence and therefore 

increase survival times, shifting the survival curves to the right. These findings would 

seem to validate the anatomical and chemotherapeutic rationales underpinning the design 

of the chemotherapy component of the protocol. The stratification of patients into 2 groups 
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reinforces the benefits of IACC for patients with intact lacrimal arteries who receive the 

entire course of treatment.

To illustrate the importance of assessing outcomes in the context of the patient group under 

treatment, the current series was compared with 2 contemporary globe-sparing surgery 

reports with sufficient raw data to abstract for K-M curve construction: PCSWo 39 and 

PCSH. 40 PCSWo reports a series of patients treated with proton beam therapy after 

conservative surgery. 42 The Kaplan-Meier survival curves derived from the 2 reports appear 

similar to the IACC per-protocol (group 1). However, it is essential to recognize a significant 

difference in patient selection. In the current population, 17 of 19 patients (89.5%) had ≥ 

T3 (15 of 19 T4a-c). Of the 10 patients treated by external beam radiation therapy in the 

Han report (PCSH), 40 there were no patients with T4 and 2 with T3. Likewise, in the 

Wolkow series (PCSWo), 39 there were no T4 patients, 1 T3 patient, and 17 (94%) < T3. 

These cohorts represent the opposite spectrum of disease severity. Given these differences 

in baseline stage with an overwhelming majority of the current patients having locally 

advanced T4 disease and very few in the other PCS series (no T4), the apparent, comparable 

outcomes could well be attributed to patient selection.

Another notable difference is identified in follow-up times. In the Han report, 40 the median 

was 89.5 months. The median time to recurrence was 88.5 months in the current series, with 

a median follow-up of > 13 years. Since half the patients in the Han series were followed 

for 89 months (7.4 years), the study would appear to lack the maturity to identify all the 

potential recurrences in a patient population that tends to relapse late; consider case 13 in the 

group 2 series who developed disease relapse at 168 months (14 years) following therapy.

In an editorial accompanying the 2013 publication, Bradley and Bradley 26 questioned 

whether adding neoadjuvant chemotherapy to conventional bimodal therapies in patients 

with LGACC improves survival. The authors discounted random variability and the potential 

confounding factor of age as unlikely explanations for the study’s favorable findings. 

However, they raised the question of tumor size and nodal status in the IACC patients, 

as tumor staging at presentation has emerged as a determinant of long-term survival in 

LGACC. 41,42 The current report supplies these data: in group 1, 7 patients (88%) had 

advanced T4a-c tumors, while in group 2, 10 patients (91%) had ≥ T3 disease, 8 of which 

(73%) were T4a-c tumors. The disease severity in this population is more advanced than 

in previously reported studies. In reviewing treatment efficacy of various permutations of 

conventional therapies, globe-sparing or non-globe-sparing, the current study is the only 

series with a cohort of 6 patients with an advanced T4a-c tumor achieving disease-free 

survival of > 15 years - a result unmatched in the literature. Patient safety may be examined 

in studies with shorter follow-ups, but treatment efficacy can only be studied with long-term 

follow-ups. Given the outcomes of the established high-risk population reported here with 

advanced-stage disease and a 15-year cumulative survival proportion of 87.5% in group 1, 

with a median F/U time-all of 219 months (18.3 years), it is believed that a trimodal strategy 

improves survival of patients with LGACC.
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• TUMOR STAGE – GROUPS 1 AND 2 (TABLE 1):

The intra-arterial chemotherapy delivery was singularly responsible for tumor cytoreduction 

in contracting the peripheral intracranial tumor margin to within the orbit, such that 

exenteration achieved tumor margin clearance in 6 of 8 patients in group 1. These data 

highlight that response to neoadjuvant chemotherapy can produce down-staging of the 

tumor.

It is believed that optimal management of LGACC requires adherence to all protocol 

specifications, including rapid cycling of therapy, treatment intensity, and timely 

exenteration to avoid interval tumor regrowth. 34 More significantly, none had prior bone 

or tumor mass manipulations, and all had an intact lacrimal artery.

In group 2, at presentation, 3 of 11 patients (27.3%) had stage ≤ T3 disease, while 8 of 11 

patients (72.7%) had T4 disease. In addition to extensive disease (T4b-c) at presentation, 

all 4 patients in group 2 who died of disease (cases 6,8, 11, and 19) had 2 or more risk 

factors – basaloid histology with perineural or bone infiltration, lateral wall disruption, 

incomplete primary tumor resection, or positive tumor margins at exenteration. Cases 6 

and 19 illustrated the importance of minimizing tumor manipulation and achieving tumor 

margin clearance at initial tumor resection surgery. Case 6 had lateral wall take-down and 

incomplete primary tumor resection. Despite undergoing the IACC protocol and achieving 

tumor margin clearance after 3 IA cycles, the patient developed metastatic lung disease 

at 50 months. It is unclear whether the metastatic disease had occurred at the time of 

tumorigenesis or was the result of surgical manipulation in disseminating tumor cells; 

she survived for > 11 years with the disease. Case 19 represents the possible negative 

consequence of conservative surgery and the failure of adjuvant radiation for a T2 tumor 

with basaloid and perineural histologic characteristics. At relapse, the patient presented 

with a T4c tumor with a large mass in the ipsilateral ethmoid sinus. The recurrent orbital 

disease was most likely due to incomplete resection, and adjuvant radiation was ineffective 

in addressing the residual disease in the globe-spared orbit. It was hypothesized that 

the residual tumor cells most likely gained entrance to the sinus mucosa by retrograde 

tracking along the lacrimal nerve toward the trunk of the ophthalmic nerve (V 1 ) in the 

trigeminal ganglion to enter the intracranial compartment. The tumor cells then crossed to 

the nasociliary nerve, a branch of V 1 in the cavernous sinus, and tracked in an antegrade 

manner toward the anterior and posterior ethmoidal branches to infiltrate the sinus mucosa, 

similar to the reported mechanism of tumor cells dissemination in Case 4. 43

Case 8 32 in group 2, along with all 8 patients in group 1 with an intact lacrimal artery, 

had dramatic radiographic evidence of tumor shrinkage after 2 cycles of IACC through 

ECA (Table 1 ) – an unequivocal confirmation that the intactness of the lacrimal artery 

is a sine qua non for the delivery of high-concentration chemotherapy to the tumor. The 

uniform tumor cytoreduction validates the anastomotic vessel connections of ECA to the 

lacrimal artery for effective chemotherapy delivery. IACC has less effect in delivering the 

high concentration of cisplatin to the orbital tumor bed in the absence of an artery after 

debulking surgery (group 2 patients). Cases 9 and 12 died of diseases unrelated to LGACC; 

IACC likely prolonged their survival to 120 months (10 years) and 134 months (11.3 years), 

respectively.
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Overall, 1 of 19 patients (5%) with < T3 tumors and 8 of 19 patients (42%) with ≥ T3 

tumors developed recurrence. Five of 19 patients (26.3%) with > T3 tumors died of disease, 

and no-one with < T3 tumors died since the inception of the IACC study period with a 

maximum follow-up of 32 years.

• POSITIVE TUMOR MARGINS:

Eight of 19 patients (42%) in this study had microscopic positive tumor margins on 

examining exenteration specimens - 2 in group 1 and 6 in group 2 (Table 1 ). Statistical 

analysis showed that positive tumor margins increased the risk of all-cause and disease-

specific mortality by a factor of 4 and 8, respectively (P < .05, stratified Cox regression 

analysis). Four patients with positive margins (Table 1 , all with T4 tumors) died of LGACC 

disease relapse despite receiving chemotherapy with or without an intact lacrimal artery, 

which raises concerns about patients treated with globe-preserving surgeries with residual 

disease followed by adjuvant radiotherapy. 43 Case 19 initially had globe-sparing resection 

of a T2 tumor followed by radiotherapy and recurred as a T4c tumor.

Case 18 illustrates the impact of initially unrecognized intramedullary bone involvement 

and positive bone tumor margin in a patient with T4c disease and infiltration of the inferior 

orbital fissure who developed tumor extension to the jaw and metastatic disease to the lungs 

74 months (6.2 years) following completion of all elements of the treatment protocol; he 

is the only patient in group 1 who died of LGACC. Although tumor cytoreduction with 3 

cycles of intra-arterial cisplatin was demonstrated on orbital CT scan, multiple lucencies 

and a permeative pattern involving the intramedullary cavity, subtle signs of deeper tumor 

infiltration were not initially recognized (Figures 4 and 5 ). 44

Microscopic pitting of the greater wing of the sphenoid noted at the time of exenteration 

was not surgically resected, except for burring the involved cortex due to its proximity to 

the superior orbital fissure. Tumor cells may have been embedded deep in the Haversian 

canal system of the medullary bone, rendering it challenging to attain bone tumor margin 

clearance. This case highlighted the limited effectiveness of penetration depth by radiation 

or chemotherapy perfusion through bone to address sequestered cancer cells. 9 , 10 Tumor 

cells harbored within the bone or in the orbital apex soft tissues may have served as a 

nidus to spawn late locoregional recurrence and hematogenous metastases. Intramedullary 

bone lucencies accompanied by cortical erosion adjacent to the lacrimal gland mass should 

heighten concern for disseminating tumor cells at diagnosis. The affected bone is a potential 

source for treatment failure, and en bloc bone resection should be considered. However, 

recent data have suggested that cranio-orbital resection with bone removal does not improve 

patient survival, 19 thus complicating the utility of en bloc bone resection.

In the current intraoperative management approach, if the area of bone involvement is broad 

and resection is unfeasible or safe, burring the pitted cortical bone is an option. A maneuver 

mentioned by Rose and associates, 19 though not proven, applies absolute alcohol to bone 

with microscopic pitting. Instead of bone resection, 2 freeze-thaw cycles of cryotherapy 

with liquid nitrogen spray are now used after burring to address potential sequestered tumor 

cells deep within the intramedullary bone. Bone cryosurgery has been well-recognized as a 

safe and effective limb or joint-sparing surgical treatment for various bone tumors to induce 
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tissue necrosis with ablative intent in obviating the need for resection surgery. 45,46 Only 

long-term follow-up will determine whether these 2 intraoperative safeguard measures will 

offer the theoretical advantage in “sterilizing” the concealed tumor cells to minimize late 

dissemination.

• LATE RELAPSE:

Cases 18 and 13 developed lung metastases at 74 months and 168 months, respectively, 

after completing all protocol elements as designed. Case 14 developed a lung lesion at 57 

months and liver metastases at 184 months. These 3 cases illustrate the clinical reality that 

despite optimal local disease control, late distant metastases could arise years later as a 

critical systemic hallmark of this disease. While hematogenous dissemination of tumor cells 

or seeding into the cranial diploe during debulking surgery may have occurred, 19 cancer cell 

dormancy is a newer biological insight into disease relapse to consider in LGACC. 47 The 

incompletely understood cellular dormancy phenomenon appears to mediate through various 

mechanisms, leading to the down-regulation of Ras/MAPK and PI (3)K/AKT signaling 

cascades governing cancer cell survival, progression, and treatment resistance. Therapeutic 

implications of cancer cell dormancy should give rise to the consideration of targeted 

supplemental adjuvant maintenance therapy guided by the resected tumor’s molecular and 

genomic profiles. 48

• SURVIVAL DATA REPORTING:

Due to the small number of patients having this uncommon tumor with slow growth, 

extended follow-up is required to assess treatment efficacy. With conventional treatments 
17 , 25 substantial mortality may occur within 5 years of therapy, allowing outcome 

comparisons with statistical survival methods within this time-frame. However, with IACC 

and newer eye-preservation proton or photon beam modalities, 43 substantial mortality does 

not appear until 10 or even 20 years after treatment. This information suggests follow-up 

until death or survival ≥15 years should be considered a requirement for assessing outcomes 

of these newer modalities.

The inclusion of median time followed for surviving patients is further recommend to 

describe treatment efficacy and identify the maturity of the patient cohort. Because of 

improved efficacy with new therapies manifesting longer times until recurrence or death, a 

critical bar of 15 years of follow-up is suggested for assessing the effectiveness of current 

conventional and future globe-sparing treatments. Notwithstanding, concerning safety data 

on new therapies such as early deaths or complications would be reported with short follow-

up, as appropriate. Following conventions of recent papers, 32,39,40 survival and recurrence 

data should be summarized with follow-up-specific cumulative proportions illustrated in 

Kaplan-Meier curves.

Most studies on survival outcomes of various treatments on LGACC have short-term 

follow-ups and a lack of completeness of raw data. None of the reported case series 

provided additional follow-up information on their initially reported cohort of patients. 

This report is the only long-term study assessing a single unified protocol’s therapeutic 

efficacy on the same cohort of patients reported earlier. It would be helpful for authors 
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of previous publications to do likewise. For this rare disease, where single centers have 

difficulty accumulating sufficient cases from which to assess the impact of risk factors 

and treatments, the publication of raw data sets is encouraged so that others can make 

use of them to test future hypotheses. The current study’s more comprehensive patient 

survival data seems to validate the trimodal protocol treatment design. This study’s favorable 

long-term therapeutic efficacy findings may form the foundation for integrating neoadjuvant 

intra-arterial chemotherapy as the core element to reduce the tumor mass and to improve 

resection margin clearance in a future trimodal globe-preservation treatment strategy.

• LIMITATIONS:

The authors acknowledge that the limitations of this study are the small sample size, 

retrospective review, and lack of randomization. The absence of balanced comparison 

groups precluded inferences of causality and limited statistical adjustment for potential 

confounding. In this cohort, most patients were T4, with 4 ≤ T3 tumors. Some patients had 

previous surgeries by referring surgeons, which was the reason for the disruption of the 

lacrimal artery and stratification into group 2 - a post hoc analysis. These variables need 

to be considered in assessing survival and recurrence, but the small sample size makes 

multivariable statistical approaches both underpowered and susceptible to over-fitting. 

However, this was a consecutive series of patients with LGACC, and an alternate treatment 

strategy for lesions with a lesser tumor burden at presentation was not selected.

In this rare disease with late-onset mortality endpoints, the role of a randomized trial in 

assessing treatment efficacy is limited, unless a consortium of investigators is available and 

committed to more than a decade of recruitment and follow-up. Post hoc analyses of case 

series are characteristically performed to mine data for possible insights; alternatively, if 

substantial progress is made in identifying a surrogate outcome highly associated with the 

mortality end-point, that parameter could be ascertained after a few years of follow-up, 

which could lead to the design of a manageable short-term trial.

To conclude, this report describes the outcome of a high-risk and advanced tumor stage 

population of patients with LGACC treated by a trimodal therapy with neoadjuvant intra-

arterial chemotherapy as the core element of the strategy. The strengths of this study are 

the study duration, follow-up rate, in-depth data analysis incorporating AJCC TNM tumor 

staging, and comparison of survival outcomes. The report documents lengthy follow-up 

data to a cumulative duration of 15 years associated with excellent survival outcomes, 

which are attributed to the integration of neoadjuvant intra-arterial and adjuvant intravenous 

chemotherapy as the third arm of the trimodal strategy. An intact lacrimal artery appears 

central to IACC delivery for an optimal survival outcome. An incisional biopsy, not 

resection, should be performed in patients presenting with a lacrimal gland mass to 

plan appropriate therapy. Bone take-down and tumor debulking resulting in disruption of 

the lacrimal artery portend an unfavorable outcome. Tumor cytoreduction with cytotoxic 

chemotherapy improves resectability and attainment of negative resection margins. Survival 

for those patients who relapse appears better than comparable patients reported in literature 

without chemotherapy integrated into the treatment regimen. Future directions include 

molecular studies to identify biomarkers for possible actionable targets. The authors believe 
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that these results strongly support the hypothesis that chemotherapy improves outcomes and 

form the basis of hypothesis building to establish future improved treatment.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
All-cause mortality comparison of intra-arterial cytoreductive chemotherapy (IACC) as 

designed versus protocol deviation. group 1 (IACC as designed) had significantly better 

overall survival (P = .042) than group 2 (IACC protocol deviation).
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FIGURE 2. 
Cause-specific mortality comparison of intra-arterial cytoreductive chemotherapy (IACC) 

as designed versus protocol deviation. In this analysis, deaths due to causes other than 

lacrimal gland adenoid cystic carcinoma (LGACC) were censored instead of counted as 

endpoints. Similar in trend to all-cause mortality, group 1 (IACC as designed) had higher 

disease-specific survival but was not statistically significantly improved over group 2 (IACC 

protocol deviation, P = .24). It is essential to note that the lack of a statistically significant 

difference cannot be equated to a lack of difference in this setting of small sample analyses.
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FIGURE 3. 
Time to recurrence comparison of intra-arterial cytoreductive chemotherapy (IACC) as 

designed versus protocol deviation. Group 1 (IACC as designed) had significantly better 

progression-free survival (P = .017) than group 2 (IACC protocol deviation); that is: group 2 

had a significantly shorter time to recurrence.
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FIGURE 4. 
Pre-intra-arterial cytoreductive chemotherapy (IACC) treatment tumor appearance of case 

18, group 1. A) Axial CT view showing a 3.8×4.6×2.0 cm T4c LGACC tumor of the left 

orbit. The mass envelops the lateral rectus muscle with extension into the superior orbital 

fissure. Bony erosions of the lateral orbital wall (arrow) and intracranial linear enhancement 

(arrowhead) are present. B) Coronal view showing the mass infiltrating the central orbit with 

extension into the inferior orbital fissure (arrow). Note pitting of the greater wing of the 

sphenoid bone. C) The sagittal orbital view shows thinning and erosion of the orbital roof 

(arrow). D) Axial view displaying the permeative pattern of the intramedullary cavity with 

multiple lucencies (arrow).
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FIGURE 5. 
Post-intra-arterial cytoreductive chemotherapy (IACC) cytoreductive response and disease 

relapse of a T4c LGACC. A) There is shrinkage of the tumor mass and retraction of the 

peripheral tumor margin at the orbital apex and from within the inferior orbital fissure 

(arrow). B) Contracture of the tumor margin within the inferior orbital fissure after 3 

intra-arterial chemotherapy cycles (arrow). C) The patient developed local recurrence in the 

inferior orbital fissure (arrow) 74 months following completion of all treatment protocol 

elements. D) Tumor extension to adjacent structures from recurrent lesion within the inferior 

orbital fissure (arrow).
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