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ORIGINAL ARTICLE

Adenoid cystic carcinoma of head and neck: 
clinical predictors of outcome from a  
Canadian centre
J.J. Ko md,* J.E. Siever msc,† D. Hao md,* R. Simpson mbchb,‡ and H.Y. Lau md§

ABSTRACT

Objectives Adenoid cystic carcinoma (acc) is often treated with surgery, with or without adjuvant radiation therapy 
(rt). We evaluated disease characteristics, treatments, and potentially prognostic variables in patients with acc.

Methods Our retrospective analysis considered consecutive cases of acc presenting at a tertiary care hospital 
between 2000 and 2014. Factors predictive of overall survival (os) and disease-free survival (dfs) were identified by 
univariate analysis.

Results The 60 patients analyzed had a mean age of 58 years (range: 22–88 years), with a 2:1 female:male ratio. Tumour 
locations included the major salivary glands (40% parotid, 17% submandibular and sublingual), the oro-nasopharyngeal 
cavity (27%), and other locations (16%). Of the 60 patients, 35 (58%) received surgery with adjuvant rt; 12 (20%), rt 
only; 13 (22%), surgery only. Of 18 patients (30%) who experienced a recurrence within 5 years, 3 (5%) developed local 
recurrence only, and the remaining 15 (25%), distant metastasis. The 5-year os and dfs were 64.5% [95% confidence 
interval (ci): 45.9% to 78.1%] and 46.2% (95% ci: 29.7% to 61.2%) respectively. In patients without recurrence, 5-year os 
was 77% (95% ci: 52.8% to 89.9%), and in patients with recurrence, it was 42.7% (95% ci: 15.8% to 67.6%). Patients treated 
with rt only had a 5-year os of 9.2%. Predictors of 5-year dfs were TNM stage, T stage, nodal status, treatment received, 
and margin status; age, nodal status, treatment received, and margin status predicted 5-year os.

Conclusions Despite surgery and rt, one third of patients with acc experience distant recurrence. Patients 
whose tumours are not amenable to surgery have a poor prognosis, indicating a need for alternative approaches to 
improve outcomes.
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INTRODUCTION

Adenoid cystic carcinoma (acc) is a relatively uncommon 
cancer with an annual incidence of approximately 1200 
cases in the United States1. Adenoid cystic carcinoma oc-
curs primarily in the major and minor salivary glands, but 
can also be found at other sites2. The disease usually pres-
ents in a localized manner, but is known for its propensity 
for late metastasis (up to 15 years after initial diagnosis)3. 
Although acc can be found at any age, it typically presents 
in the 5th decade (median age: 57.4 years), and it has a slight 
female preponderance (up to 60% of cases)2. Organs of 
presentation include the major salivary glands (50%) and 

the minor salivary glands of the oral cavity (35%)2,4. Rare 
occurrences in other sites have been reported, including 
the oropharyngeal and nasopharyngeal spaces, external 
ear, trachea, breast, lacrimal gland, skin, and lower female 
genital tract. Stage at initial presentation is variable. 
Approximately 50% of cases are limited to the primary 
sites; another 30% have regional lymph node involvement 
at diagnosis. A small proportion of patients present with 
distant metastatic disease, usually in the lungs.

Surgery, the traditional mainstay of treatment for 
localized acc, results in improved survival5–8. Negative 
prognostic indicators in surgically resectable cases include 
positive margins, perineural invasion, and positive lymph 
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nodes4,9–11. In cases in which surgery is not possible, radio-
therapy alone has been used, but with inferior results8,12–18. 
The role of adjuvant radiation therapy (rt) after surgery 
varies widely depending on the centre19–23.

The objectives of the present study were to evaluate 
patient and disease characteristics and treatment modali-
ties in acc, and to identify variables that are prognostic of 
treatment outcomes.

METHODS

The Tom Baker Cancer Centre is a tertiary cancer centre 
that serves a referral base for southern Alberta. Consecu-
tive patients diagnosed with acc and presenting to the 
Tom Baker Cancer Centre between January 2000 and 
September 2014 were identified by a pathology registry 
review of Calgary Laboratory Services and a review of the 
Alberta Cancer Registry, coded by histologic diagnoses. 
Electronic medical records for each patient were reviewed 
to ascertain patient demographics at diagnosis; clinical 
and pathology staging according to the American Joint 
Committee on Cancer staging manual24; tumour sites at 
diagnosis; details of surgery and rt; information about 
follow-up visits; outcomes, including locoregional control, 
disease-free survival (dfs), and overall survival (os); and, 
if applicable, cause of death. The study was approved by 
the Health Research Ethics Board of Alberta.

Data were analyzed using the Stata S/E software ap-
plication (version 13: StataCorp LP, College Station, TX, 
U.S.A.). Categorical variables are expressed as frequencies 
and percentages; patient age is expressed as mean and stan-
dard deviation. Overall survival was defined as the period 
from date of diagnosis to date of death or last follow-up visit, 
with patients censored at their last follow-up visit. Disease-
free survival was defined as the period from date of diagno-
sis to date of relapse, progression, death, or last follow-up 
visit, and was similarly censored at the last follow-up visit. 
The Kaplan–Meier method was used to estimate both 3- and 
5-year os and dfs for the sample overall and for subgroups 
based on age, sex, TNM stage, T stage, N stage, treatment, 
margin status, and perineural invasion. Local and distant 
recurrences were also examined. For each estimate, 95% 
confidence intervals are also reported, and a log-rank test 
was used to analyze the equality of survivor functions by 
subgroup for the same variables. A p value less than 0.05 
was considered statistically significant.

RESULTS

Table i summarizes patient and disease characteristics 
for the 60 eligible acc patients who were identified. Mean 
age in the cohort was 58 years (range: 22–88 years), with 
a female preponderance (67% vs. 33%). The sites most 
commonly involved were the parotid glands (40%), the 
submandibular and sublingual glands (17%), the oral 
cavity (15%), and the nasal cavity, paranasal sinus, or na-
sopharynx (12%). More than half the patients presented 
with earlier-stage disease (T1/2: 58%); most had a nega-
tive nodal status (88%); and 60% presented with TNM 
stages i and ii. Most patients were treated with surgery 
with or without rt, but 20% were treated with rt alone. 

Of patients who received surgical treatment, 62% had 
positive margins. The presence or absence of perineural 
invasion was documented in 46 patients (77%), 70% of 
whom had perineural invasion.

Table ii and Figures 1 and 2 present survival outcomes 
stratified by disease and treatment variables. With a medi-
an follow-up duration of 32 months (range: 2–165 months), 
the os and dfs rates at 5 years were 64.5% (95% ci: 45.9% 
to 78.1%) and 46.2% (95% ci: 29.7% to 61.2%) respectively. 
The os for disease stages i/ii and iii/iv did not differ statis-
tically, although we observed a trend toward improved os 
for earlier TNM stages (3-year os: 87.2% vs. 74.3%, log-rank 
p = 0.227; 5-year os: 75.9% vs. 46.7%, log-rank p = 0.198). 
On the other hand, dfs was significantly different between 

TABLE I Patient and disease characteristics

Characteristic Value

Patients (n) 60

Mean age (years) 58±15

Sex [n (%)]

Women 40 (67)

Men 20 (33)

Primary site [n (%)]

Parotid 24 (40)

Oral cavity 9 (15)

Trachea 1 (2)

Submandibular or sublingual glands 10 (17)

Oropharynx 5 (8)

Nasal cavity or paranasal sinus or nasopharynx 7 (12)

Cutaneous 4 (6)

T stage [n (%)]

T1–2 35 (58)

T3–4 25 (42)

Nodal status [n (%)]

Negative 53 (88)

Positive 7 (12)

TNM stage [n (%)]

I/II 36 (60)

III/IV 24 (40)

Treatment [n (%)]

Radiotherapy 12 (20)

Surgery 13 (2)

Surgery and radiotherapy 35 (58)

Margins [n (%)]

Negative 18 (38)

Positive 30 (62)

Perineural invasion [n (%)]

Yes 32 (53)

No 15 (25)

Unknown 13 (22)
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the stage groups (3-year dfs: 79.8% vs. 33.2%, log-rank p = 
0.001; 5-year dfs: 62.1% vs. 22.1%, p = 0.002). Earlier T stage 
predicted improved dfs but not os, and negative nodal 
status predicted both improved dfs and os.

Surgery was the only treatment in 13 patients (22%); 
all had stage i/ii disease, none had positive lymph nodes, 
and 3 (23%) had a positive margin after surgery. An ad-
ditional 35 patients (58%) had surgery followed by rt, 

and the most of them (n = 27, 77%) had a positive margin 
after surgery. Patients treated with rt only (n = 12, 20%) 
had been deemed unresectable after surgical evaluation, 
having presented mostly with stage iii/iv disease (n = 11, 
91%), and 3 (25%) had positive lymph nodes. The os and 
dfs were most favourable in patients treated with surgery 
only and worst in patients treated with rt only (Table ii). 
Patients with a positive surgical margin after resection had 

FIGURE 2 Disease-free survival by TNM stage, T stage, nodal status, treatment received, margin status, and perineural invasion. RT = radiotherapy.

FIGURE 1 Overall survival by TNM stage, T stage, nodal status, treatment received, margin status, and perineural invasion. RT = radiotherapy.
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far worse 5-year os and dfs rates than did patients with 
negative margins (5-year os: 100% vs. 59.4%, log-rank p = 
0.040; 5-year dfs: 100% vs. 45.4%, log-rank p = 0.014). In 
contrast, the presence of perineural invasion did not affect 
os or dfs (Table ii).

Within 60 months, 17 patients had experienced a recur-
rence. Another 3 patients experienced a recurrence after 60 
months. Local recurrence was experienced by 3 patients 
(5%); distant recurrence, by 8 patients (13%); and both 
local and distant recurrence, by 9 patients (15%). Factors 
associated with the rate of freedom from distant recurrence 
were similar to those associated with dfs (data not shown). 
Among patients who were recurrence-free at 5 years, os at 
5 years was 77% (95% ci: 52.8% to 89.9%); patients with any 
recurrence at 5 years had an os of 42.7% (95% ci: 15.8% to 
67.6%; data not shown).

DISCUSSION

Consistent with the literature, our study of patients with 
acc found a median age of approximately 60 years and a 
female preponderance, although the female:male ratio in 
our study is much higher than has been reported in other 
studies2,25–27. Female sex did not affect survival in our co-
hort. The data related to female sex as a prognostic factor 
are conflicting: A study based on the U.S. National Cancer 
Institute’s Surveillance, Epidemiology, and End Results 
database suggested improved os; another study showed 
a worse dfs, even after matching for stage2,28. Although 
hormones or other sex-dependent biologic factors might 
explain a greater female:male ratio, whether the same 
factors affect disease behaviour or outcomes is unknown. 
Likewise, some—but not all—studies showed an associa-
tion between advanced age and more advanced disease 
stage or dfs9,25. In the present study, advanced age (that is 
>60 years) did not affect dfs, implying that age alone does 
not modify the natural history of acc. The parotid and 
other salivary glands, followed by the oro-nasopharyngeal 
spaces, were the most common sites of origin, consistent 
with the literature11,28,29.

Our study confirms that acc is often a locoregional 
disease at diagnosis, but that it relapses with distant, and 
often late, recurrences. Almost one third of our patients 
developed distant metastasis; only 15% of the recur-
rences were locoregional. Those findings contrast with 
results published by other authors who have reported 
locoregional recurrences in 30%–50% of all patients with 
recurrence11,17,26,30. Without recurrence, the 5-year os in 
our cohort was 77%; with recurrence, it was 43%, indicating 
that, although recurrence is associated with mortality, the 
disease is not rapidly fatal. The reported tumour doubling 
time in acc ranges from 86 days to 1064 days, with an av-
erage of 393 days, explaining why subclinical metastatic 
deposits can manifest as disease 10–15 years after initial 
treatment31. In addition, 10% of the recurrences presented 
after 5 years of follow-up, suggesting the importance of 
long-term clinical follow-up given the indolent nature of 
acc and its potential for late recurrences.

Despite advances in surgical and adjuvant rt tech-
niques, acc remains a challenging disease to cure. We 
report a 5-year os of 64.5%, comparable to other published 

results that have reported os to be in the 60%–90% range 
at 5 years (Table iii). The differences in published survival 
rates could be reflective of a higher rate of distant metas-
tasis, relative underutilization of adjuvant rt, or a higher 
proportion of initially unresectable tumours in our cohort, 
perhaps because of late clinical presentation. For example, 
Fordice et al.10 reported that 88% of their patients received 
both surgery and rt; only 2% received rt alone. In our 
cohort, 58% received both therapies and 20% received rt 
alone at initial diagnosis. One third of the patients studied 
by Fordice et al. experienced a recurrence, but at least one 
third of the recurrences were locoregional; of our patients, 
more than 85% experienced their recurrence as distant 
metastasis. In contrast, Monteiro et al.30 reported that 
60% of their patients received both surgery and rt, and 
11% received rt alone; 5-year os in their cohort was 68%, 
similar to that in our cohort.

Our findings suggest a need for novel systemic thera-
pies to lower the rate of distant relapse and to improve 
survival. The current standard of therapy for localized acc 
is surgery with or without adjuvant rt. Based on similar 
small retrospective studies, the U.S. National Comprehen-
sive Cancer Network guideline34 suggests that adjuvant rt 
should be offered to patients with risk factors for recurrence 
such as high grade, positive margins, perineural invasion, 
lymph node metastasis, and lymphovascular invasion 
(evidence category 2B). However, adjuvant rt is associated 
with improved locoregional control or dfs, but not with 
os when patients are matched for stage30,32,33. In addition, 
patients treated with rt alone in our study had a poor 5-year 
os of 9.2%. This particular group is marked by advanced 
(and therefore unresectable) tumour stage and contin-
ued local and distant progression despite rt. The use of 
chemoradiation therapy in patients with unresectable acc, 
with platinum-based chemotherapy as a radiosensitizer, 
has been reported in a small study that achieved limited 
success, but that approach is not considered a standard of 
care because of the unclear evidence for benefit with the 
addition of chemotherapy35,36. A better understanding 
of the disease’s genomic pathogenesis could potentially 
lead to new therapeutic targets; one example is the recent 
discovery of a tumour-specific translocation—t(6:9)(q22–
23;p23–24)—that results in the fusion of the MYB oncogene 
to the transcription factor NFIB37.

In our cohort, predictors of dfs included T and 
N stages, TNM stage, and margin status; N stage and mar-
gin status were also associated with 5-year os. Perineural 
invasion did not predict either dfs or os. Prognostic factors 
for acc are quite variable and often inconsistent across 
studies (Table iii). The prognostic factors most consistently 
reported for os include T and N stages, age, and histology. 
TNM stage shows no consistent association with os, sug-
gesting the possibility that an assessment and revision of 
the TNM staging is needed to reflect survival outcomes. 
In the literature, margin status (microscopic and macro-
scopic) and perineural invasion (most importantly, the 
major nerves) both variably predicted dfs or os. It is likely 
that, although a positive resection margin and perineural 
invasion both adversely affect locoregional outcomes, the 
addition of adjuvant rt could, to some degree, be able to 
overcome their impact35,38,39.
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Our study was limited by a small number of patients, 
its retrospective methodology, and a relatively short 
follow-up in a disease with a long natural history. To the 
best of our knowledge, this cohort is the largest Canadian 
series reported. The small number of patients in each sub-
group means that we were not able to meaningfully match 
outcomes for stage or other risk features, nor to assess 
whether significant factors in the early-stage group were 
also present within the advanced-stage group. A larger 
nationwide database would represent a useful resource for 
better analyzing and understanding the clinicopathologic 
factors that influence outcome in acc. Such a database 
could also form the basis for a tumour bank to study the 
underlying biology of acc. Lastly, acc can be a complex 
histologic diagnosis, whose differential included entities 
such as pleomorphic adenoma, acinic cell carcinoma, 

and polymorphous low grade adenoma; expert pathology 
review is therefore recommended.

CONCLUSIONS

Adenoid cystic carcinoma is a relatively rare tumour 
of head and neck. Despite aggressive therapy with sur-
gery and rt, one third of patients experience distant 
recurrence. Patients whose tumours are not amenable to 
surgical resection at presentation have a poor prognosis, 
indicating a need for alternative approaches to improve 
outcomes. Larger prospective studies are needed to better 
characterize the disease and to define optimal treatments, 
because smaller, previously published retrospective 
studies have reported variable prognostic factors and 
survival outcomes.

TABLE III Prognostic factors for locoregional control, distant disease-free survival, disease-free survival, and overall survival, as reported in the 
literature

Reference Country Pts
(n)

Median
follow-up
(months)

Cohort characteristics (%) Factors that significantlya,b predict ...

Stage I/II
vs.

stage III/IV

5-Year
overall
survival

Disease-free
survival

Overall
survival

Fordice et al., 1991 10 U.S.A. 160 78 Unreported Unreported — N stage
Symptoms
Histology

Perineural invasion
Bhayani et al., 200127 U.S.A. 60 198 Unreported Unreported — —
Marcinow et al., 201013 U.S.A. 87 98 53 vs. 47 Unreported Perineural invasion TNM stage

Positive margin Site of origin
Lymphovascular invasion

Balamucki et al., 201232 U.S.A. 120 103.2 41 vs. 59 68 — T stage
Perineural invasion

Shen et al., 2012 30 China 101 78.1 Unreported 91.7 T stage —
Treatment received

Choi et al., 201333 South Korea 88 57.1 53 vs. 47 89.7 Tumour grade Age
N stage Diabetes mellitus

Adjuvant RT
Diabetes mellitus

Monteiro et al., 201329 Portugal 114 90 53 vs. 47 60.5 Sex Age
Perineural invasion TNM stage

Histology
Perineural invasion

Van Weert et al., 20134 Netherlands 105 78.1 54 vs. 46 68 Histology Histology
T stage T stage
N stage N stage

Margin status Margin status
Zhang et al., 201311 China 218 63.6 59 vs. 41 Unreported T-stage —

N-stage
Present work Canada 60 32 60 vs. 40 64.5 TNM stage Age

T stage N stage
N stage Treatment received

Treatment received Margin status
Margin status

a  One-sided p values less than 0.05 were deemed significant in all studies. Univariate and multivariate analyses were both considered.
b Histology = solid vs. non-solid (cribriform, tubular).



ACC OF HEAD AND NECK: CLINICAL PREDICTORS OF OUTCOME, Ko et al.

32 Current Oncology, Vol. 23, No. 1, February 2016 © 2016 Multimed Inc.

ACKNOWLEDGMENT
The authors thank the Alberta Cancer Foundation via Daniel 
Topolinksy for providing research funds in support of the ad-
enoid cystic carcinoma projects at the Tom Baker Cancer Centre.

CONFLICT OF INTEREST DISCLOSURES
We have read and understood Current Oncology’s policy on dis-
closing conflicts of interest, and we declare that we have none.

AUTHOR AFFILIATIONS
*Department of Medical Oncology, Tom Baker Cancer Centre, 
University of Calgary, Calgary, AB; †Department of Biostatistics, 
Public Health Innovation and Decision Support Population and 
Public Health, Alberta Health Services, AB; ‡Department of Pa-
thology, Foothills Medical Centre, University of Calgary, Calgary, 
AB; §Department of Oncology, University of Calgary, Calgary, AB.

REFERENCES
 1. Spiro RH, Huvos AG, Strong EW. Adenoid cystic carcinoma of 

salivary origin. A clinicopathologic study of 242 cases. Am 
J Surg 1974;128:512–20.

 2. Ellington CL, Goodman M, Kono SA, et al. Adenoid cystic 
carcinoma of the head and neck: incidence and survival 
trends based on 1973–2007 Surveillance, Epidemiology, and 
End Results data. Cancer 2012;118:4444–51.

  3. Matsuba HM, Simpson JR, Mauney M, Thawley SE. Adenoid 
cystic salivary gland carcinoma: a clinicopathologic cor-
relation. Head Neck Surg 1986;8:200–4.

 4. van Weert S, Bloemena E, vander Waal I, et al. Adenoid cystic 
carcinoma of the head and neck: a single-center analysis 
of 105 consecutive cases over a 30-year period. Oral Oncol 
2013;49:824–9.

 5. Bradley PJ. Adenoid cystic carcinoma of the head and neck: a 
review. Curr Opin Otolaryngol Head Neck Surg 2004;12:127–32.

 6. Sur RK, Donde B, Levin V, et al. Adenoid cystic carci-
noma of the salivary glands: a review of 10 years. Laryngo-
scope1997;107:1276–80.

 7. Casler JD, Conley JJ. Surgical management of adenoid cystic 
carcinoma in the parotid gland. Otolaryngol Head Neck Surg 
1992;106:332–8.

 8. Reddy SP, Marks JE. Treatment of locally advanced, high-
grade, malignant tumors of major salivary glands. Laryn-
goscope 1988;98:450–4.

 9. Bhayani MK, Yener M, El-Naggar A, et al. Prognosis and risk 
factors for early-stage adenoid cystic carcinoma of the major 
salivary glands. Cancer 2012;118:2872–8.

 10. Fordice J, Kershaw C, El-Naggar A, Goepfert H. Adenoid 
cystic carcinoma of the head and neck: predictors of mor-
bidity and mortality. Arch Otolaryngol Head Neck Surg 
1999;125:149–52.

 11. Zhang CY, Xia RH, Han J, et al. Adenoid cystic carcinoma of 
the head and neck: clinicopathologic analysis of 218 cases in 
a Chinese population. Oral Surg Oral Med Oral Pathol Oral 
Radiol 2013;115:368–75.

 12. Bonner Millar LP, Stripp D, Cooper JD, Both S, James P, 
Rengan R. Definitive radiotherapy for unresected adenoid 
cystic carcinoma of the trachea. Chest 2012;141:1323–6.

 13. Joshi NP, Haresh KP, Das P, et al. Unresectable basaloid squa-
mous cell carcinoma of the trachea treated with concurrent 
chemoradiotherapy: a case report with review of literature. 
J Cancer Res Ther 2010;6:321–3.

 14. Allen AM, Rabin MS, Reilly JJ, Mentzer SJ. Unresectable 
adenoid cystic carcinoma of the trachea treated with chemo-
radiation. J Clin Oncol 2007;25:5521–3.

 15. Douglas JG, Laramore GE, Austin-Seymour M, Koh W, Stelzer 
K, Griffin TW. Treatment of locally advanced adenoid cystic 

carcinoma of the head and neck with neutron radiotherapy. 
Int J Radiat Oncol Biol Phys 2000;46:551–7.

 16. Maziak DE, Todd TR, Keshavjee SH, Winton TL, Van Nos-
trand P, Pearson FG. Adenoid cystic carcinoma of the air-
way: thirty-two-year experience. J Thorac Cardiovasc Surg 
1996;112:1522–31.

 17. Wang CC, Goodman M. Photon irradiation of unresectable 
carcinomas of salivary glands. Int J Radiat Oncol Biol Phys 
1991;21:569–76.

 18. Vikram B, Strong EW, Shah JP, Spiro RH. Radiation therapy 
in adenoid-cystic carcinoma. Int J Radiat Oncol Biol Phys 
1984;10:221–3.

 19. Al-Mamgani A, van Rooij P, Verduijn GM, Meeuwis CA, 
Levendag PC. Long-term outcomes and quality of life of 
186 patients with primary parotid carcinoma treated with 
surgery and radiotherapy at the Danielden Hoed Cancer 
Center. Int J Radiat Oncol Biol Phys 2012;84:189–95.

 20. Coates JM, Martinez SR, Bold RJ, Chen SL. Adjuvant ra-
diation therapy is associated with improved survival 
for adenoid cystic carcinoma of the breast. J Surg Oncol 
2010;102:342–7.

 21. Lloyd S, Yu JB, Wilson LD, Decker RH. Determinants and 
patterns of survival in adenoid cystic carcinoma of the 
head and neck, including an analysis of adjuvant radiation 
therapy. Am J Clin Oncol 2011;34:76–81.

 22. Chen AM, Granchi PJ, Garcia J, Bucci MK, Fu KK, Eisele DW. 
Local-regional recurrence after surgery without postopera-
tive irradiation for carcinomas of the major salivary glands: 
implications for adjuvant therapy. Int J Radiat Oncol Biol 
Phys 2007;67:982–7.

 23. Bell RB, Dierks EJ, Homer L, Potter BE. Management and 
outcome of patients with malignant salivary gland tumors. 
J Oral Maxillofac Surg 2005;63:917–28.

 24. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti 
A, eds. AJCC Cancer Staging Manual. 7th ed. New York, NY: 
Springer–Verlag; 2009.

 25. Ciccolallo L, Licitra L, Cantu G, Gatta G on behalf of the 
eurocare Working Group. Survival from salivary glands 
adenoid cystic carcinoma in European populations. Oral 
Oncol 2009;45:669–74.

 26. da Cruz Perez DE, de Abreu Alves F, Nobuko Nishimoto I, 
de Almeida OP, Kowalski LP. Prognostic factors in head and 
neck adenoid cystic carcinoma. Oral Oncol 2006;42:139–46.

 27. Khan AJ, Di Giovanna MP, Ross DA, et al. Adenoid cystic 
carcinoma: a retrospective clinical review. Int J Cancer 
2001;96:149–58.

 28. Marcinow A, Ozer E, Teknos T, et al. Clinicopathologic pre-
dictors of recurrence and overall survival in adenoid cystic 
carcinoma of the head and neck: a single institutional expe-
rience at a tertiary care center. Head Neck 2014;36:1705–11.

 29. Monteiro D, Lino J, Bernardo T, Fernandes J, Monteiro E. 
Adenoid cystic carcinoma of the head and neck: epidemiol-
ogy and predictors of prognosis. Int J Otolaryngol Head Neck 
Surg 2013;2:165–73.

 30. Shen C, Xu T, Huang C, Hu C, He S. Treatment outcomes and 
prognostic features in adenoid cystic carcinoma originated 
from the head and neck. Oral Oncol 2012;48:445–9.

 31. Umeda M, Nishimatsu N, Masago H, et al. Tumor-doubling 
time and onset of pulmonary metastasis from adenoid cystic 
carcinoma of the salivary gland. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 1999;88:473–8.

 32. Balamucki CJ, Amdur RJ, Werning JW, et al. Adenoid 
cystic carcinoma of the head and neck. Am J Otolaryngol 
2012;33:510–18.

 33. Choi Y, Kim SB, Yoon DH, Kim JY, Lee SW, Cho KJ. Clinical 
characteristics and prognostic factors of adenoid cystic car-
cinoma of the head and neck. Laryngoscope 2013;123:1430–8.



ACC OF HEAD AND NECK: CLINICAL PREDICTORS OF OUTCOME, Ko et al.

33Current Oncology, Vol. 23, No. 1, February 2016 © 2016 Multimed Inc.

 34. National Comprehensive Cancer Network (nccn). Nccn 
Clinical Practice Guidelines In Oncology: Head And Neck 
Cancers. Ver. 2.2014. Fort Washington, PA: nccn; 2014. 
[Current version available online at: http://www.nccn.org/
professionals/physician_gls/pdf/head-and-neck.pdf (free 
registration required);cited 15 March 2015]

 35. Samant S, van den Brekel MW, Kies MS, et al. Concurrent 
chemoradiation for adenoid cystic carcinoma of the head 
and neck. Head Neck 2012;34:1263–8.

 36. Haddad RI, Posner MR, Busse PM, et al. Chemoradiotherapy 
for adenoid cystic carcinoma: preliminary results of an 
organ sparing approach. Am J Clin Oncol 2006;29:153–7.

 37. Persson M, Andrén Y, Mark J, Horlings HM, Persson F, Sten-
man G. Recurrent fusion of MYB and NFIB transcription 
factor genes in carcinomas of the breast and head and neck. 
Proc Natl Acad Sci U S A 2009;106:18740–4.

 38. Barrett AW, Speight PM. Perineural invasion in adenoid 
cystic carcinoma of the salivary glands: a valid prognostic 
indicator? Oral Oncol 2009;45:936–40.

 39. Garden AS, Weber RS, Morrison WH, Ang KK, Peters LJ. 
The inf luence of positive margins and nerve invasion in 
adenoid cystic carcinoma of the head and neck treated 
with surgery and radiation. Int J Radiat Oncol Biol Phys 
1995;32:619–26.

http://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf
http://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf

