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Introduction

Adenoid cystic carcinoma (ACC) is a rare malignancy, making up 10% of salivary gland
tumors overall. ACC is a rare cause of head and neck cancer, accounting for approximately
1% of malignancies in the region [1]. Nonetheless, it is the most common malignant tumor
of the minor salivary glands [2,3], although the submandibular and parotid glands are the
most common individual sites [4]. In addition to major and minor salivary glands, ACC
may arise at a variety of sites throughout the head and neck including the lacrimal gland,
sinonasal cavity, external auditory canal, larynx, and trachea [5-9]. Its clinical behavior
often follows a slow growth, aggressive local invasion with early perineural invasion,
infrequent regional lymph node metastasis, and common hematogenous spread to the lung,
liver, and bone [10-12].

Despite encouraging early survival, patients with ACC experience poor long-term outcomes.
Reported 5-year survival rates range from 68 to 83% falling to 21-25% at 20 years of follow
up [1,13]. Reported 5, 10, and 20-year recurrence rates are 48%, 61%, and 74%, respectively
[13]. Well-established predictors of survival include T-classification, age, and skull base
involvement [14-16]. Perineural invasion (PNI), a hallmark of ACC, has been regarded as a
negative prognostic indicator; however, a recent international review found no relationship
between PNI and survival [17-19]. A recent meta-analysis found lymphovascular invasion
(LVI) to be a significant predictor of poor prognosis [20]. Because ACC is a rare disease
with variable biologic phenotypes requiring long-term follow up, the literature is limited by
small single-institution analyses. Because of this, it inherently lacks large cohorts that would
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facilitate analysis of prognostic factors and potential interventions. Furthermore, advanced
ACC currently lacks effective long-term treatments.

The influence of type-2 diabetes mellitus on ACC has seldom been assessed, though it is
typically thought to be a negative prognostic factor for survival due to diabetic patients’
poorer overall health [21]. Untreated type-2 diabetes is associated not only with increased
cardiovascular disease and mortality, but also with an increased cancer risk, thought to be
due to chronically elevated glucose and insulin levels [22]. Metformin is often prescribed as
a safe and affordable first-line therapy for type-2 diabetes.

The combination of the metabolic effects of metformin, directing cellular pathways toward
catabolism, with its favorable side-effect profile has led to interest in its potential protective
roles in cancer. It neither causes hyperinsulinemia nor carries a risk of hypoglycemia,
making it a viable adjuvant therapy for cancer patients [23,24]. Recent systematic reviews
have found that metformin may provide a survival benefit in pancreatic, colorectal, and
prostate cancer as an adjuvant therapy [25,26] and it has been shown to lower the risk of
developing head and neck squamous cell carcinoma in diabetics [27]. There are currently
fewer than ten active clinical trials investigating metformin’s potential as an adjuvant
therapy in head and neck cancer [28], all focused on squamous cell carcinoma. However, no
studies have assessed metformin’s effects in salivary gland malignancies such as ACC.

This study aimed to determine prognostic factors associated with overall survival (OS) and
disease-free survival (DFS), and further delineate the time course of recurrence and long-
term progression of ACC in the head and neck, with special attention to the associations
of outcome with metformin and diabetes. Hereafter, this paper presents the first report of a
protective effect of metformin in salivary gland malignancy.

Materials and Methods:

The Ohio State Cancer Institutional Review Board (IRB) approved this study (protocol
number 2018C0033). ICD9/ICD10 codes were used to identify patients with the diagnosis
of ACC treated at the OSUCCC—James from 1990 to 2017. Date of initial diagnosis
spanned from 1978 to 2017. Two hundred thirty-six patients with a diagnosis of ACC
were initially identified. Patients with ACC originating outside of the head and neck were
excluded, leaving 206 adults with ages ranging from 20 to 92 years. Data related to

patient characteristics, tumor characteristics, clinical features, and treatment modalities was
collected via a retrospective review of medical records. Major salivary glands were defined
as parotid, submandibular, and sublingual, while remaining cases in the head and neck
were classified as minor gland disease. Pathologic grading scale was determined by degree
of solid patterns as described by Szanto et al [29]. Patients with diabetes were defined

as having an established diagnosis of type-2 diabetes at the time of their ACC diagnosis.
Metformin users were those confirmed to be taking metformin at the time of their ACC
diagnosis throughout follow up. Follow up was through April 2019.

Descriptive statistics were used to characterize the study population. For survival analysis,
nine patients with metastasis at presentation, two with inoperable disease, and two with no
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post-operative follow-up data were excluded, leaving 193. OS was defined from time of
diagnosis to time of death. Patients were censored for OS at last follow up if still alive.

DFS was defined from time of surgery to time of recurrence. Both biopsy-proven local
relapse and radiographic evidence of distant metastasis were considered recurrence for DFS
calculations. Patients were censored for DFS at last follow up if no recurrence. Survival
curves were plotted using the Kaplan-Meier method. Cox proportional hazards models were
first used to assess univariate associations between potential predictors and DFS or OS.
Variables with a p-value < 0.10 (excluding baseline diabetes status and metformin use)
were then entered into multivariable models for OS and DFS. Variables were removed
sequentially from the multivariable models via backward selection. The associations of
diabetes or metformin with OS or DFS were modeled by Cox proportional hazards
regression, controlling for the significant predictors maintained after backward selection.
Adjusted hazard ratios (HR) and profile likelihood-based p-values and 95% confidence
intervals (CI) were reported. A p-value of < 0.05 in the multivariable model was considered
statistically significant. All analyses were conducted using the SAS system, version 9.4
(SAS Institute Inc., Cary, NC).

Cohort demographics and disease course

One-hundred-ninety-three patients were included in statistical analysis (Table 1). The cohort
was composed of 88 men (46%) and 105 women (54%), with race distributed between 24
black (12%), 164 white (85%) and 5 other races (3%). The median age at diagnosis was 55
years (range 20-92). The most common presenting symptom was a painless mass (n = 129,
67%). Pain (36%) was another common presenting symptom, and otalgia was observed

in 14% of patients. Additional presenting symptoms covered a wide range, including

nasal obstruction, chronic sinusitis, facial numbness, tooth pain, headache, facial twitching,
odynophagia, and eustachian tube dysfunction.

The most common primary tumor site was parotid gland (n = 53, 27%), followed by
sinonasal tumors (n = 50, 26%), and oral cavity/oropharynx (n = 43, 22%). The remaining
47 tumors were in the submandibular gland, larynx, trachea, ear, and lacrimal gland.
Seventy-six patients (40%) underwent neck dissection, with 16 (21%) nodal positive. As
noted above, 9 patients presenting with distant metastasis, all in the lung, were excluded
from the study cohort.

Twenty patients had diabetes at the time of their ACC diagnosis, and 16 of these were

being treated with metformin. All patients taking metformin continued taking it throughout
the study period. Non-metformin diabetics were insulin dependent at baseline and did not
take metformin at any point during the study. Two metformin users were on insulin during
the study with one beginning insulin 12 months after diagnosis. However, both patients
remained on metformin the entire study period. A subgroup demographic analysis of the
diabetic population versus remaining patients showed diabetics were significantly more
likely to be obese (p=0.001) and have hyperlipidemia (o = 0.031), however no other
variables exhibited a statistically significant difference, demonstrating they otherwise closely
represent the overall study population.
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Recurrence of disease was observed in 90 patients (47%). Of these 90 patients with
recurrence, 28 had distant metastatic disease, 38 had locoregional recurrence, and 24 had
combined locoregional and distant recurrence. The most common site of distant metastasis
was the lung (n = 48, 75%), followed by bone (n = 16, 25%) and liver (n = 8, 12.5%).

The median time to initial recurrence was 36 months (IQR 16—70 months). Locoregional
recurrence was observed as at up to 210 months after initial diagnosis, while distant
metastasis was discovered at 240 months for one patient. Among patients who developed
metastasis, those with bone and liver metastasis had substantially shorter median OS (45.5
months (95% CI: 24.3, 64.8)) than patients with only lung metastasis (93.3 months (95%
Cl: 55.9, 163.9)). The 17 patients with metastasis to bone and/or liver had a median DFS of
18 months (95% CI: 11.3, 36). Conversely, patients with only lung metastasis had a median
DFS of 41 months (95% ClI: 23, 60).

Median time to death was 77 months (inter-quartile range (IQR) 26-138 months), and
median follow up for surviving patients was 79 months (IQR 44-128 months).

Prognostic Factors, including diabetes and metformin

Five and 10-year DFS were 63% and 46%, respectively, while 5- and 10-year OS were 87%
and 61%. The median OS was 155 months (95% CI: 125, 180) and the median DFS was 96
months (95%ClI: 70, 144). Univariate analysis (Table 2) for OS found that PNI, lymph node
disease, positive resection margins, T4, advanced overall stage, pathologic grade 3, sinonasal
disease, and history of myocardial infarction (MI) were associated with decreased survival.
Those with diabetes showed no significant difference in OS despite their expected poorer
health in comparison to the remainder of the cohort (Figure 1). Positive resection margins,
LVI, PNI, T4, overall stage, sinonasal site, and pathologic grade were associated with shorter
DFS on univariate analysis, while diabetes (HR (95% CI) = 0.4 (0.16, 0.98)) p=0.0295

and metformin use HR (95% CI) = 0.29 (0.09, 0.91) p= 0.0180 were both significantly
associated with decreased risk of recurrent disease (Figure 2).

Five and 10-year DFS for those with diabetes at presentation was 87% and 59%, compared
to 61% and 45% for the remaining cases. Five- and 10-year DFS for metformin users was
93% and 69%, respectively, compared to 61% and 44% for non-users. Five- and 10-year OS
rates for those with diabetes were 79% and 73%, respectively, compared to 78% and 60%
for the remaining cohort. Metformin users were comparable with 5- and 10-year OS rates of
74% and 65%, respectively.

To evaluate the associations of diabetes and metformin use with DFS and OS in more

detail, we used Cox multiple regression analyses to control for other significant predictors
identified through backward elimination. Due to significant overlap in the diabetic and
metformin populations, diabetes and metformin were each examined separately with respect
to DFS and OS. The results of these analyses showed a significant improvement in DFS

for both baseline diabetes (HR (95% CI) = 0.44 (0.16, 0.99); p= 0.046) (Table 3) and
metformin (HR (95% CI) = 0.35 (0.09, 0.93); p= 0.032) (Table 4). In the subgroup of

16 metformin users, only three experienced recurrence (18.8%), compared to 49.2% of the
remaining cohort. Of 16 metformin users, seven were deceased and only three of these died
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of ACC. This is in contrast with 177 patients not taking metformin, of which 62 out of the
83 deceased died due to ACC.

Discussion:

Diabetes and metformin in ACC

This study, one of the largest and most comprehensive ACC cohorts with long-term follow
up, is the first to demonstrate an association of metformin treatment and diabetes with
improved DFS in ACC patients. These results held even after controlling for the major other
variables associated with DFS, PNI and a sinonasal site. Despite the expected poorer overall
health of patients having diabetes and using metformin, and a previous report suggesting that
diabetes was associated with shorter OS in patients with ACC [21], they were not associated
with shorter OS in the present study.

Our results suggest that metformin use rather than diabetes per se was the main factor
accounting for the improved DFS. Within the diabetic subgroup, patients taking metformin
had a lower rate of recurrence (18.8%) compared to diabetics not taking metformin

(50%). The metformin group displayed significantly better disease control compared to

all metformin non-users with a 32% 5-year DFS improvement, and 24% improvement at
10-years. The fact that improved DFS is more strongly associated with metformin use than
diabetes supports the hypothesis that metformin is responsible for this protective effect.

To our knowledge, there is only one other report that even discusses a possible relationship
between diabetes and outcome in ACC. In a study of 88 patients of whom only 5 (5.7%)
had diabetes, Choi et al. reported that diabetes mellitus was associated with shorter DFS and
OS [21]. That study, however included no information regarding metformin use. Thus, those
results might be consistent with the present results if metformin is providing the protection
from disease recurrence and diabetics in the Choi et al. study were less likely to have been
taking metformin.

Other results on ACC

The majority of our other findings are fairly consistent with the existing literature (Table
5). This study adds to the patients included in Oplatek et at. [30], more than doubling the
sample size and increasing both follow-up times and the number of variables analyzed.
Advanced stage has been a consistent predictor of decreased OS across multiple studies
[13-15,30,31]. In this study we found age > 50, T- and N-classification, sinonasal disease,
and history of Ml to be associated with shorter OS. Consistent with prior reports, nodal
positivity was found in<10% of patients with ACC (16 of 193) but was strongly associated
with shorter OS when present.

An international multicenter study by Amit et al. reported significantly decreased OS of
patients with ACC of the paranasal sinuses [32]. We similarly found sinonasal location to
be a significant independent predictor of death, as sinonasal tumors had a lower median
overall survival (97 months (95% CI: 79, 155)) than all other sites (173 months (95% CI:
128, 204)). ACC of the major salivary glands may be detected earlier in disease progression
due to anatomic location, potentially accounting for this finding. In our cohort major gland
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disease was less likely to be locally advanced at presentation (23% T4) than was minor
gland disease (40% T4), supporting this hypothesis.

We found distant metastasis, a common late complication of ACC and an important
predictor of survival [31], in 58 patients (28%). Within this group of patients, we separated
lung from bone or liver metastasis, as the latter sites have been identified as a potential
subset of ACC patients with more aggressive disease strongly associated with activating
NOTCH1 mutations [33]. Our findings also suggest that patients with bone and/or liver
metastasis represent a distinct group with a more aggressive clinical course. The 17 patients
with metastasis to bone and/or liver had substantially decreased survival intervals in both
DFS and OS compared to those with only lung metastasis.

Strengths and weaknesses of the present study

There are several limitations to acknowledge for this study in addition to its retrospective
nature. Some patients treated nearly three decades ago may have received slightly different
care than under modern standards. Patients diagnosed through 2017 were included, meaning
a subset of the cohort has relatively short follow up considering the indolent nature of

ACC, and recurrence rates could be expected to increase over time. Nevertheless, this study
represents the largest single-institution ACC cohort to date.

Although the number of metformin users was small, the association of metformin with
longer DFS even after controlling for other clinical variables is a striking finding for a rare
disease that has lacked significant progress in treatment. Additionally, the lack of association
with OS supports the improvement related to metformin use in a population that typically
has worse OS in long term studies. Furthermore, patients who were diagnosed with diabetes
or started metformin at times after presentation with ACC were not considered diabetics

or metformin users for survival analysis, potentially missing some additional association of
those clinical variables with DFS and OS. This exclusion, however, was important to avoid
survivorship bias that might occur if patients who simply lived long enough to develop
diabetes later were included as diabetics. Our results thus were able to highlight important
prognostic factors and further define the long-term course of this disease.

Implications for research

Metformin is the most widely used oral antihyperglycemic medication for type-2 diabetes.
Its mechanism as an anticancer agent has been studied extensively in recent years and
dozens of clinical trials are currently evaluating its therapeutic role in cancer. Current
reviews in the literature cites the regulation of AMP-activated protein kinase (AMPK) as

a main mechanistic target of metformin among other pathways [22,24,25,34]. This and
other proposed mechanisms are largely tied to the overall benefit of tight glycemic control,
avoidance of hyperglycemia, and directing cellular pathways towards catabolism [22]. In
pancreatic cancer, metformin causes upregulation of hsa-miR-150, leading to a decrease in
MYB and inducing cell cycle arrest and apoptosis [36]. Rearrangements of the MYB gene
are common in ACC and are thought to be a driver of pathogenesis [37]. This mechanistic
link offers a potential explanation for the improved outcomes observed in the metformin
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subgroup. Metformin is a compelling adjuvant therapy in patients without diabetes because
it is well tolerated without many side effects and does not induce hypoglycemia [24].

There are two possibilities to consider as potential explanations for the decrease in
recurrence observed with metformin. The first is that metformin users develop less
aggressive primary tumors as a result of their medication regimen. In an attempt to
determine if this was the case, a subgroup analysis of diabetics versus the remainder of

our cohort was performed. This showed the diabetic patients to have higher incidence of
obesity and hyperlipidemia, but otherwise closely represent the demographics of the overall
population without significant differences in TNM classification or pathologic grade. This
does not address potential differences in tumor biology and genetics. The second possibility
is that, by some currently unidentified mechanism, metformin causes ACC to follow a

less aggressive disease course and to recur or metastasize less frequently. If this is the

case, then metformin would serve as an excellent adjuvant therapy for patients suffering
from ACC who are marred by frequent recurrence despite optimal therapy. These findings
warrant further mechanistic studies in the laboratory and humans to discern if this is a viable
treatment option for ACC patients.

Conclusions

In conclusion, we present clinicopathologic predictors of survival and recurrence for ACC
of the head and neck based on a large cohort with long-term follow up from a tertiary care
comprehensive cancer center. We found metformin usage to be protective against recurrence
and significantly improved DFS. Our results necessitate further research to uncover the
mechanism of metformin’s protective effect and its influence on tumor cell physiology.
Additionally, we believe these findings warrant further studies and clinical trial investigation
into the potential therapeutic use of metformin in patients with ACC.
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Figure 1.

Kaplan-Meier plots for OS, separated by pre-existing diabetes and metformin users versus

remaining cohort.
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Figure 2.

Kaplan-Meier plots for DFS, separated by pre-existing diabetes and metformin users versus
remaining cohort.
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Patient demographics and disease characteristics.

Patient Characteristics

No. of Patients (%)

No. of Patients
Male

Female

Median Age (range)
<50

Race

Black

White

Other

Alcohol

Never

Past

Current

Smoking

Never

Past

Current

Baseline Diabetes
Metformin
History of Ml
Primary Site
Parotid
Submandibular
Sinonasal

Oral Cavity/pharynx
Larynx/Trachea
Other

Major Salivary Gland
Minor Salivary Gland
T-Classification

1

2

3

4
N-Classification
0

1

2

193
88 (46)

105 (54)

55 (20 - 92)
77 (40)

116 (60)

24 (12)
164 (85)
5(3)
Missing 14
99 (55)

34 (19)

46 (26)
Missing 13
71 (39)

80 (44)

29 (16)

20 (10)

16 (8)
4(2)

53 (27)
26 (13)
50 (26)
43 (22)
10 (5)

11 (6)

80 (42)
111 (58)
Missing 8
55 (30)
39 (21)
27 (15)
64 (34)
Missing 3
174 (91)
9 (5)
7(4)

Table 1
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Patient Characteristics

No. of Patients (%)

Resection Margin
Negative

Positive
Pathologic Grade
1

2

3

PNI (Missing 7)
LVI (Missing 10)
Adjuvant Therapy
None

Radiation
Chemoradiation
Recurrence
Locoregional

Distant

Combined Locoregional and Distant

Missing 6
82 (44)
105 (56)
Missing 82
52 (47)
29 (26)
30 (27)
130 (70)
43 (24)
Missing 1
63 (33)
117 (61)
12 (6)

90 (47)
38 (20)
28 (15)
24 (13)
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