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Purpose: Folate receptor alpha (FRα) is overexpressed in various cancer entities while expression in normal tissue is limited. Thus, FRα
is an attractive target in cancer therapy. Currently, various therapeutic and diagnostic approaches are under investigation in clinical trials.
The aim of this study was to assess the expression and clinical relevance of FRα in adenoid cystic carcinoma of the head and neck.
Patients and Methods: In this retrospective cohort study, 43 patients with adenoid cystic carcinoma (ACC) of the head and neck
were included. FRα expression was analyzed in tumor tissue and tumor-free margin in a tissue microarray using immunohistochemical
staining. Protein levels were correlated with clinical parameters.
Results: FRα staining was positive in 47% of ACC patients. The tumor-free margin was positive in 22%. Patients with positive tumor
tissue showed positive margin staining in 55%. FRα expression was not associated with the clinical parameters (sex, age, staging,
grading, perineural invasion, lymphovascular invasion).
Conclusion: FRα expression is common in ACC of the head and neck. Therefore, FRα should be further evaluated as a therapeutic
target in ACC.
Keywords: folate receptor alpha, adenoid cystic carcinoma, prognosis, targeted therapy, head and neck

Introduction
Adenoid cystic carcinoma (ACC) of the head and neck accounts for 1% of all head and neck carcinomas and 20% of
salivary gland malignancies. It annually affects up to 4.5 new patients per million. While the short-term outcome is
favorable, the disease is characterized by late recurrences and distant metastasis. Mainstay of treatment is surgical
resection and postoperative radiotherapy. Treatment options of recurrent and metastatic disease are limited as response
rates to chemotherapy are poor. Therefore, chemotherapy is reserved for rapid progression or symptomatic disease. The
rare nature of the disease makes the investigation of new therapeutic targets difficult. Among various investigated
therapies, only targeting MYB and NOTCH1 seem promising. Therefore, investigation of new therapeutic targets is
crucial to overcome therapeutic limitations of recurrent and progressive ACC of the head and neck.1–4

Folate is essential for DNA synthesis, repair and methylation. The uptake into cells is mediated by three transport
mechanisms: The main transport is via the reduced folate carrier (RFC), followed by the proton-coupled folate transporter
(PCFT) and the folate receptors. While RFC is ubiquitously expressed, PCFT is mainly responsible for the intestinal folate
uptake. Among the folate receptors, the folate receptor alpha (FRα) is the most interesting for cancer treatment. FRα is
a membranous glycoprotein and facilitates folate uptake via endocytosis of the folate-bound receptor.5–7 While expression
in normal tissue is rare, FRα is commonly found in cancers, such as lung adenocarcinoma, breast and ovarian cancer.8–12

The prognostic role of FRα in cancer is controversial since it is linked to a better and worse prognosis depending on the
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cancer type.10,11,13 Currently, a plethora of targeted therapies against FRα are under evaluation in clinical trials in various
cancers (phase I–III).7,14–18 Additionally, different approaches to use FRα as a diagnostic imaging tool are being
investigated.5–7

The aim of this study was to evaluate FRα protein expression in ACC of the head and neck. Furthermore, the
association with clinicopathologic parameters and outcome was investigated.

Patients and Methods
Patients and Study Design
Forty-three patients with ACC of the head and neck were included in this retrospective study. They were treated at the
Department of Otorhinolaryngology, Head and Neck Surgery of the Medical University of Vienna between 1996 and
2016. Exclusion criteria were diagnosis of a second carcinoma, age under 18 years or incomplete patient records. Data
were obtained by review of medical patient records. The study was approved by the institution’s ethics committee (EK
1517/2018) and complies with the Declaration of Helsinki. All patients who are treated at the Department of
Otorhinolaryngology of Medical University of Vienna comply with scientific use of their data. Therefore, no additional
written consent had to be obtained for this retrospective study.

Patient and Public Involvement
It was not appropriate or possible to involve patients or the public in the design, or conduct, or reporting or dissemination
plans of our research.

Tissue Microarray and Immunohistochemistry
A tissue microarray with three tumor cores and two tumor-free margin cores per patient was analyzed for FRα
expression using immunohistochemistry. In short, the tissue was deparaffinized and rehydrated. FRα was stained using
the Folate Receptor alpha IHC Assay Kit (Biocare Medical, CA, USA). The staining was visualized using AEC
Substrate Kit (BD Biosciences, NJ, USA) and counterstaining was performed with Mayer’s hemalum solution. Tissue
slides were scanned using PANNORAMIC Digital Slide Scanner. Analysis of staining intensity was performed using
QuPath (Version 0.2.3) under the visual control of the researcher J.S. Tissue was analyzed for the intensity of staining
(negative, low positive, moderately positive, high positive) and the percentage (0–100%) of stained cells. To stratify
protein levels, a score was calculated (3 x % of cells with high positive staining + 2 x % of cells with moderately
positive staining + 1 x % of cells with low positive staining) ranging from 0 to 300. Protein expression was considered
positive when the calculated score was >5, indicating positive staining at any intensity in more than 5% of cells.
Positive protein levels were further stratified into low positive (5–15), moderately positive (15–50) and high posi-
tive (>50).

Statistical Analysis
Statistical analysis was calculated with Stata (Stata Corp., TX, USA) and visualized using Prism GraphPad software
(GraphPad Software, CA, USA). FRα was correlated with clinicopathological parameters (sex, age, staging, grading,
perineural invasion, lymphovascular invasion) using Fisher’s exact or chi-squared test. The median survival was
calculated using the method by Schemper et al.19 Overall survival (OS), cause-specific survival (CSS) or disease-free
survival (DFS) were calculated from the date of surgery to the date of death, disease-specific death or recurrence,
respectively. Survival curves were visualized using Kaplan–Meier curves and analyzed for significance using Log rank
test. The cox proportional hazard model was used to calculate uni- and multivariable analysis. The multivariable model
was corrected for staging and perineural invasion. Continuous data are reported as median and 25th and 75th percentiles
and categorical values as absolute frequencies.
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Results
Baseline Analysis
Forty-three patients with ACC of the head and neck were included in this study (Table 1). Fifty-three percent (n = 23) of
patients were female. Most patients presented with an advanced stage (II–IV in 72%, n = 31) without lymph node
metastasis (N0 in 77%, n = 33) or distant metastasis (M0 in 93%, n = 40). Perineural invasion was present in 51% (n =
22). Patients were treated with primary resection in 88% (n = 36) and postoperative radiotherapy in 46% (n = 19) and/or
chemotherapy in 20% (n = 8). The median observation period was 77 months (49–173). The median OS was 121 months
(76–173), the median CSS was 121 months (49-not reached) and the median DFS was 52 months (25-not reached). Fifty-
two percent (n = 22) of patients developed a recurrence.

Expression of FRα and Correlation with Clinicopathological Features
FRα expression was investigated using immunohistochemistry and was considered positive if more that 5% of cells
expressed FRα. ACC FRα staining was positive in 47% (n = 20) and was generally localized in the membrane and the
cytoplasm (Figure 1). In detail, FRα staining was low positive in 21% (n = 9), moderately positive in 19% (n = 8) and
high positive in 5% (n = 2). The median FRα expression score was 2.6 (0.1–17.7). All FRα positive tissues showed
cytoplasmic staining of granules. Tumor-free margin tissue was available in 74% (n = 32) and was FRα-positive in 22%

Table 1 Baseline patient characteristics of adenoid cystic carcinoma patients

Number of Patients Percentage (%)

Sex Female 23 53%

Male 20 47%

T Stage 1 5 12%
2 6 14%

3 8 19%

4 23 53%
x 1 2%

N Stage 0 33 77%

1 4 9%
2 6 14%

M Stage 0 40 93%

1 3 7%
Stage I 5 12%

II 7 16%

III 5 12%
IV 25 58%

x 1 2%

Grading - Spiro 1 26 60%
2 10 23%

3 3 7%

x 4 9%
Grading - Perzin/Szanto 1 7 16%

2 22 51%
3 10 23%

x 4 9%

Localization Minor 28 65%
Major 15 35%

Perineural Invasion No 21 49%

Yes 22 51%
Lymphovascular Invasion No 37 86%

Yes 6 14%
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(n = 7) of patients. The median FRα expression score in the tumor-free margin was 0.8 (0.2–4.7). In detail, margin tissue
was low positive in 13% (n = 4), moderately positive in 6% (n = 2) and high positive in 3% (n = 1). 55% (n = 6) of
patients with positive tumor staining showed positive margin staining (fisher’s exact p = 0.003). Association with
clinicopathological parameters (sex, age, staging, grading, perineural invasion, lymphovascular invasion) was investi-
gated using Fisher’s exact and chi-squared test (Table 2). However, no association was found.

Analysis of Cause-Specific Survival and Disease-Free Survival
The association of FRα expression was investigated for the association with CSS and DFS (Figure 2). Patients with
positive FRα levels showed a longer CSS (121 months vs not reached, p = 0.093) and DFS (48 vs 51 months, p = 0.826);
however, the difference was not significant. Next, uni- and multivariable analysis, corrected for staging and perineural
invasion, was performed. There was no significant change in risk for death or disease recurrence (all p > 0.05, Table 3).

Discussion
ACC of the head and neck is one of the most common salivary gland malignancies. Long-term survival rates decrease
steadily over time since the disease is characterized by late recurrences and distant metastasis. The preferred therapeutic
options are surgery and radiotherapy. Due to the slow-growing characteristics of the disease the effect of chemotherapy is
dismal. Therefore, investigation of new therapeutic options and biomarkers is required.3,4

In this study, FRα protein expression was evaluated in 43 patients with ACC of the head and neck using
immunohistochemistry. FRα levels were positive in 47% of patients with ACC of the head and neck. The intensity of

Figure 1 (A) Negative, (B) low positive, (C) moderately positive and (D) high positive staining of FRα in ACC.
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staining intensity was mostly low (21%) and moderate (19%), and only 5% showed high FRα staining. The staining was
generally localized in the cytoplasm and membrane, with stained granules in all positive cells. This staining pattern is
consistent with the transport mechanism of FRα. Folate is bound by membranous FRα. Subsequently, the folate-bound
receptor is invaginated and transported into the cytoplasm as an endosome. Here, the pH in the endosomes acidifies and
causes the release of folate from FRα, which further allows the transport of folate into the cytoplasm.20 Therefore, we
hypothesize that the granules found in the immunohistochemical staining may represent the formed endosomes with

Table 2 Correlation analysis for associations between expression of FRα and clinicopathological features

FRα

Negative Positive p value

Sex Female 12 (52%) 11 (55%)

Male 11 (48%) 9 (45%) 0.853
Age ≤59 10 (43%) 9 (45%)

>59 13 (57%) 11 (55%) 0.92

T Stage T1-2 5 (22%) 6 (32%)
T3-4 18 (78%) 13 (68%) 0.504

N Stage N0 16 (70%) 17 (85%)

N1-2 7 (30%) 3 (15%) 0.294
M Stage M0 20 (87%) 20 (100%)

M1 3 (13%) 0 (0%) 0.236

Stage I–II 5 (22%) 7 (37%)
III–IV 18 (78%) 12 (63%) 0.323

Grading - Spiro 1 12 (57%) 14 (78%)

2 7 (33%) 3 (17%)
3 2 (%) 1 (%) 0.449

Grading - Perzin/Szanto 1 3 (14%) 4 (22%)

2 11 (52%) 11 (61%)
3 7 (33%) 3 (17%) 0.56

Localization Minor 16 (70%) 12 (60%)

Major 7 (30%) 8 (40%) 0.512
Perineural invasion No 12 (52%) 9 (45%)

Yes 11 (48%) 11 (55%) 0.639

Lymphovascular Invasion No 19 (83%) 18 (90%)
Yes 4 (17%) 2 (10%) 0.669

Note: Correlation was analyzed using Fisher’s exact or chi-squared test.

Figure 2 Kaplan–Meier survival curves for (A) cause-specific survival (CSS) and (B) disease-free survival (DFS) and FRα protein expression. Survival was analyzed using log-
rank test. p, log-rank p value.
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folate-bound FRα. In conjunction with the membranous FRα staining, this indicates active FRα folate transport in ACC.
However, the granules were not analyzed for endosomal markers.

Different therapeutic approaches targeting FRα, such as small molecules, antibodies and drug conjugates, are
currently under investigation.5 The observed FRα staining in ACC of the head and neck indicates a mostly weak to
moderate heterogeneous staining pattern. Patient outcome was not associated with FRα levels. In ovarian cancer and lung
adenocarcinoma, FRα expression is mostly moderate or strong.8,10 While FRα is linked to a worse prognosis in ovarian
cancer, high expression of FRα was associated with a better prognosis in lung cancer.11,21 In ovarian cancer, patients who
received additional Vintafolide, a folate-conjugate, showed a better progression-free survival. When analyzed for FRα
expression with Etarfolatide (a folate-technetium conjugate imaging agent), patients with 100% FRα expression showed
the highest benefit.21 In contrast, there are also treatment options which may tolerate heterogeneous FRα expression. For
example, Mirvetuximab, an antibody–drug conjugate, showed a cytotoxic effect in FRα-negative cells adjacent to FRα-
positive cells.22 However, in a Phase III trial, ovarian cancer patients with high levels of FRα showed a better response
regarding secondary endpoints but no difference in progression-free survival.18

Next, the tumor-free margin was analyzed. Here, the tumor-free margin tissue showed (mostly low) positive FRα
staining in 22%. Interestingly, patients with positive FRα levels in the tumor showed positive margin staining in 55%.
However, margin tissue was only available for 74% of ACC patients. In normal tissue FRα generally shows limited
expression. Positive FRα expression is reported in the salivary glands, pancreas, thyroid, kidney, lung, placenta and
breast.11,23 In contrast to our results, O’Shannessy et al observed strong staining of all investigated salivary gland
samples (n = 3).11 When the radiolabeled folate [18F]AzaFol was investigated as a PET radiotracer for FRα-imaging, the
uptake in salivary glands was generally low.24 Due to the limited expression of FRα in normal tissue which is mainly
present at the apical surface, adverse effects of FRα targeted therapies may be less than those of chemotherapy.7,18

However, based on the available data, no clear conclusion can be drawn regarding the physiological expression of FRα in
salivary glands.

Limitations, of this study are the retrospective setting and the small study cohort. FRα staining was investigated on
a tissue microarray with three representative cores per tumor and two cores per tumor-free margin. However, distribution
of staining may vary when examined on whole tissue slides. Therefore, external validation on whole tissue slides or using
FRα specific imaging is recommended to further evaluate the feasibility of FRα targeted therapy in ACC of the head and
neck. Furthermore, the margin samples are microscopically tumor-free, but may be altered at the molecular level.

In conclusion, FRα protein is present in 47% of ACC of the head and neck and shows no association with patient
outcome. Based on the observed staining pattern which indicates active FRα transport mechanism, further evaluation
of FRα as a targeted therapy in ACC of the head and neck is warranted. Altogether, a more detailed analysis is needed
to further evaluate the distribution of FRα expression in ACC using either FRα specific imaging or whole tumor
analysis.

Abbreviations
ACC, adenoid cystic carcinoma; CSS, cause-specific survival; DFS, disease-free survival; FRα, folate receptor alpha;
OS, overall survival; PCFT, proton-coupled folate transporter; RFC, reduced folate carrier.

Table 3 Univariable and multivariable analysis of cause-specific survival (CSS) and disease-free survival (DFS) and FRα expression

Univariable Multivariable

HR 95% CI p value HR 95% CI p value

CSS FRα 0.39 0.12–1.22 0.105 0.48 0.14–1.67 0.247

FRα score 0.66 0.34–1.28 0.221 0.68 0.35–1.31 0.249
DFS FRα 0.91 0.38–2.15 0.826 1.04 0.41–2.63 0.932

FRα score 1.23 0.81–1.88 0.332 1.83 0.80–2.03 0.305

Note: Multivariable analysis was corrected for staging and perineural invasion.
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval.
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