2378-3419

@

Goodman et al. Int J Cancer Clin Res 2018, 5:096
DOI: 10.23937/2378-3419/1410096

Volume 5 | Issue 2

Open Access

International Journal of
Cancer and Clinical Research

L
«

RESEARCH ARTICLE

Effect of Surgery and Adjuvant Radiotherapy on Overall Survival
for Non-Metastatic Adenoid Cystic Carcinoma of the Head and
Neck: A SEER Population Analysis

John S Goodman®?, Howard R Sanders'?, Brian J MitchelF, Jeffrey D Bunn?, Jason A Call’, Robert K
Fairbanks®, Wayne T Lamoreaux’, Aaron E Wagner’, Ben J Peressini*, Casey Strauss® and Christopher

M Lee'"

Department of Radiation Oncology, Cancer Care Northwest, Spokane, WA, USA
2University of Washington School of Medicine, Spokane, WA, USA

3Spokane Ear, Nose, and Throat, Spokane, WA, USA
“DataWorks Northwest, LLC, Coeur D’Alene, ID, USA

L)

Check for

*Corresponding author: Christopher M Lee, MD, Department of Radiation Oncology, Cancer Care Northwest and the
Gamma Knife of Spokane, 601 S. Sherman, Spokane, WA 99202, USA, Tel: (509)-228-1000, Fax: (509)-228-1183

Condensed Abstract

This article describes a SEER database study of 1,595 patients
with adenoid cystic carcinoma of the head and neck. Surgery
was associated with improved survival, while adjuvant radio-
therapy showed no significant improvement in overall survival.

Abstract

Purpose: The effect of surgical resection (SR) and/or adju-
vant radiotherapy (RT) on overall survival (OS) for patients
with non-metastatic adenoid cystic carcinoma (ACC) of the
head and neck has not been clearly established.

Methods and materials: The primary endpoint was over-
all survival (OS). Univariate and multivariate analyses were
performed on pretreatment clinical variables.

Results: The records for 1,595 patients with non-metastatic
ACC of the head and neck were obtained from the SEER data-
base. Multivariate analysis revealed that younger age at diag-
nosis, surgery performed, gross resection type, no lymph node
involvement, smaller tumor size, and major salivary gland and
palate primary tumor sites to be prognostic for a statistically
improved OS (p < 0.001). The addition of adjuvant RT was not
associated with an improvement in OS for patients.

Conclusions: This study reveals that age of diagnosis, ab-
sence of lymph node involvement, smaller tumor size, and ex-
tent of surgery were positive predictors for statistically signifi-
cantimprovements in OS in patients with ACC of the head and
neck. Further clinical studies will be needed to further elucidate
the impact of surgical resection type and adjuvant RT tech-
niques on local regional control and risk of distant metastases.
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Introduction

Adenoid cystic carcinoma (ACC) is an uncommon
histology that develops from major and minor salivary
gland tissue. ACC can originate from multiple different
organs but is primarily associated with the salivary gland
tissue in the head and neck. According to He S, et al., ACC
follows an indolent clinical pattern with a tendency for
perineural invasion and accounts for three to five per-
cent of all head and neck cancers [1]. Sayan M, et al. “es
timates the global incidence rate to be 0.4 to 13.5 cases
per 100,000 annually” [2]. According to the International
Head and Neck Scientific Group, the parotid gland is the
most frequent location of primary salivary gland ACC [3].
Cao C, et al. found that the most common location site
of minor salivary gland ACC is the oral cavity followed by
the paranasal sinuses [4]. ACC can affect all ages of life,
but most commonly affects individuals in their 50s and
60s and there are no known risk factors [4].

Historically, the mainstay treatment for ACC has
been surgical resection of the primary tumor followed
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by adjuvant radiotherapy (RT) [2]. However, the lack of
data regarding ACC treatment has made it difficult to
solidify a widely accepted treatment protocol. In some
clinical settings, patients undergo elective neck dissec-
tion, but there is debate regarding its benefit. According
to the International Head and Neck Scientific Group, the
prevalence of cervical lymph node metastasis in ACC is
an uncommon finding and suggests that elective neck
dissection may not be necessary [3,5]. There is also de-
bate over how beneficial adjuvant RT is on overall sur-
vival (0S), but research by Sayen, et al. indicates that it
may improve overall local regional control of disease [2].

The purpose of this paper is to assess the effect of sur-
gery and adjuvant RT on the OS of non-metastatic ACC of
the head and neck using the Surveillance, Epidemiology,
and End Results (SEER) database. The abstract of this pa-
per was presented at the ninth American Head and Neck
Society International Conference in Seattle, WA [6].

Methods

All data for this study were obtained from the Na-
tional Cancer Institute’s Surveillance, Epidemiology, and
End Result (SEER) database. The SEER database compiles
data from 20 regional registries in the United States, cov-
ering approximately 28% of the U.S. population, which
are operated by non-profit organizations under contract
with the National Cancer Institute (NCI). These regional
registries include the Alaska Native Tumor Registry, Ari-
zona Indians, Cherokee Nation, Connecticut, Detroit, At-
lanta, Great Georgia, Rural Georgia, San Francisco-Oak-
land, San Jose-Monterey, Greater California, Hawaii,
lowa, Kentucky, Los Angeles, Louisiana, and New Jersey.
The SEER database is updated on an annual basis. Before
data is entered into the registries, all patient identifiers
are removed in order to preserve patient confidentiali-
ty. To insure accuracy and quality of the database, the
NCI conducts routine reviews and updates the database
when necessary. Because the SEER database is available
to the public, Institutional Review Board approval was
not required to perform this analysis.

Data from 1,595 patients with non-metastatic ad-
enoid cystic carcinoma of the head and neck were col-
lected from the SEER database between 1973 and 2012.
The following clinical variables were collected from the
1,595 patients: age at diagnosis (< 40, 40-59, 60-79, 80+);
race (White, Black, Pacific Islander/Asian, or unknown);
gender; primary site of origin (major salivary gland, pal-
ate, unspecified mouth part, tongue, mouth floor, naso-
pharynx, lip, or other); tumor size (< 21 mm, 21-40 mm, >
40 mm, or unknown); lymph node involvement (yes, no,
unknown); surgery (yes, no, or unknown); extent of sur-
gery (gross, partial, or none); and addition of adjuvant RT
(yes, no, or unknown). Gross resection is defined by the
SEER database as total resection of the primary site. Par-
tial resection is defined as partial resection of the primary
site. Patients with previous malignancy, distant disease,
incomplete or conflicting records, and/or atypical histo-
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Table 1: Patient and treatment characteristics.

Characteristic Total
(n = 1595)

Age at diagnosis

<40 242
40-59 687
60-79 543
80+ 123
Race

White 1229
Black 153
Asian/Pacific Islanders 189
Other/Unknown 24
Gender

Female 952
Male 643
Radiation

Yes 1116
No 454
Unknown 25
Surgery

Yes 535
No 62
Unknown 998
Surgery Type

Gross 383
Partial 148
None 62
Other/Unknown 1002
Lymph Node Involvement

Yes 392
No 1194
Unknown 9
Tumor Size (mms in largest dimension)

<21 599
21-40 586
> 40 181
Unknown 229
Tumor Site

Major Salivary Glands 935
Palate 266
Unspecified Mouth Parts 111
Tongue 108
Mouth Floor 43
Nasopharynx 53
Lip 49
Other 30

logic features were excluded from this analysis.

Survival curves were estimated using the Ka-
plan-Meier method and used to compare all of the clin-
ical variables. Andersen 95% confidence intervals for
the median survival time of the clinical variables were
created. Log-rank tests were performed to determine if
there was statistical evidence of differences among the
survival curves of the above clinical variables. Finally,
the Cox proportional hazard model was used in a multi-
variate analysis of the clinical variables.

*» Page 2 of 8 ¢



https://doi.org/10.23937/2378-3419/1410096

DOI: 10.23937/2378-3419/1410096 ISSN: 2378-3419

Results of 60-79, and 123 were over the age of 80. One thou-
sand, one hundred and sixteen patients received RT, 454
did not, and 25 were of unknown status. Five hundred
and thirty-five patients received surgery, 62 did not, and
998 were of unknown status. Of those that received sur-
gery, 383 underwent gross surgery, 148 underwent par-

Atotal of 1,595 patients met the inclusion criteria for
the study. Patient demographics and clinical character-
istics are shown in Table 1. Of the 1,595 patients includ-
ed in the study, 242 were under the age of 40, 687 were
between the ages of 40-59, 543 were between the ages

Table 2: Univariate median survival estimates (months) and hazard ratios.

Median Survival Hazard Ratio

N 95% CI Estimate 95% CI P-Value
Age at diagnosis
<40 242 Incalculable™ | Reference
40-59 687 248 + 33.80 1.69 1.24-2.34 <0.001
60-79 543 122 +12.80 3.62 2.67-5.00 <0.001
80+ 123 58 +10.87 9.78 6.59-14.70 |<0.001
Race
White” 1229 181 +18.98 Reference
Black 153 205 + 66.57 0.99 0.75-1.30 0.999
Asian/Pacific Islanders 189 132 £ 39.85 1.28 0.99-1.64 0.055
Other/Unknown 24 184 + 60.41 1.37 0.62-2.63 0.323
Gender
Female’ 952 198 + 22.57 Reference
Male 643 147 £ 21.58 1.24 1.06-1.46 0.008
Received Radiation
Yes’ 1116 173 + 19.66 Reference
No 454 188 + 35.50 0.95 0.79-1.13 0.571
Unknown 25 Incalculable™ 0.71 0.28-1.47 0.515
Surgery
Yes’ 535 194 £ 24.11 Reference
No 62 71+12.02 2.72 2.00-3.65 < 0.001
Unknown 998 206 +£72.13 1.09 0.91-1.31 0.343
Surgery Type
Gross’ 383 194 + 32.50 Reference
Partial 148 197 £ 34.51 0.92 0.71-1.20 0.566
None 62 71+12.02 2.63 1.91-3.56 <0.001
Other/Unknown 1002 181 +38.73 1.05 0.86-1.28 0.625
Lymph Node Involvement
Yes’ 392 111+ 22.76 Reference
No 1194 203 £ 22.31 0.56 0.48-0.66 < 0.001
Unknown 9 38+244 2.69 1.05-5.75 0.020
Tumor Size (mms in largest dimension)
<21 599 260 + 28.53 Reference
21-40 586 143 +21.06 1.85 1.52-2.26 <0.001
> 40 181 89 + 14.45 3.29 2.54-4.25 <0.001
Unknown 229 148 £ 24.74 1.85 1.46-2.36 < 0.001
Tumor Site
Major Salivary Glands” Reference
Palate 935 203 £ 32.92 1.08 0.86-1.35 0.466
Unspecified Mouth Parts 266 184 +34.73 0.97 0.69-1.34 0.936
Tongue 1.81 1.36-2.40 <0.001
Mouth Floor 111 197 £ 67.11 1.57 0.97-2.42 0.056
Nasopharynx 108 10.3 £29.11 3.13 2.16-4.40 <0.001
Lip 43 139 £ 63.86 1.13 0.69-1.76 0.552
Other 53 59 +19.34 1.73 0.78-3.34 0.116

49 173 £ 51.55

30 129 £ 157.19

"Reference group against which other groups' survival experience are compared; “P value for log-rank testing the null hypothesis
that the groups' survival experience is same as reference group; “‘Median includable as more than 50% survived by end of study.
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tial surgery, and four underwent an unknown surgery
type. Three hundred and sixty-seven patients received
both surgery and post-operative radiation.

Positive lymph node involvement was reported in
392 patients. One thousand, one hundred and nine-
ty-four patients had no lymph node involvement, and
nine were of unknown status. In 935 patients, the pri-
mary tumor site was the major salivary glands, 266 pa-
tients had a tumor of the palate, 111 had a tumor of un-
specified mouth parts, 108 had a tumor of the tongue,
43 of the mouth floor, 53 of the nasopharynx, 49 of the
lip, and 30 of other locations.

Univariate analysis of each subgroup is shown in
Table 2. Median OS in the < 40 age was incalculable
as more than 50% of patients survived by the end of
the study. Median OS in the 40-59, 60-79, and 80+ age
groups were 248, 122, and 58 months, respectively. Us-
ing the < 40 age group as a reference, 95% confidence
interval hazard ratios revealed statistically inferior out-
comes in the older groups with a P <0.001 in all cases as
demonstrated in Figure 1. Analysis revealed that males
have a statistically inferior outcome compared to their
female counterparts as indicated in Figure 2 (HR: 1.24
[95% CI, 1.06-1.46], P = 0.008). Comparison of median
0OS amongst White, Black, Asian/Pacific Islander, and
Other/Unknown races revealed no statistically signif-
icant differences with the following P values with re-
spect to race: P =0.999; P =0.055; P =0.323.
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Figure 1: Survival curves based on univariate analysis of
age groups. < 40 (n = 242), 40-59 (n = 687), 60-79 (n =
543), and 80+ (n = 123). P values were obtained using “age
< 40" as reference group.

Median OS in patients who received radiation was
173 months, while patients who did not receive radiation
had a median OS of 188 months as shown in Figure 3.
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Figure 2: Survival curves based on univariate analysis of
gender. Female (n = 952) and Male (n = 643). P value were
obtained using “female gender” as reference group.
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Figure 3: Survival curves based on univariate analysis of
radiation treatment. Yes radiation (n = 1116), no radiation
(n = 454), and unknown radiation (n = 25). P values were
obtained using “yes radiation” as reference group.
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Figure 4: Survival curves based on univariate analysis of
surgery type. Gross (n = 383), partial (n = 148), none (n =
62), and other/unknown (n = 1002). P values were obtained
using “gross” as reference group.
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Figure 5: Survival curves based on univariate analysis of
lymph node involvement. Yes (n = 392), no (n = 1194), and
unknown (n = 9). P values were obtained using “yes” as

reference group.

The hazard ratio comparing these two groups yielded no
statistically significant difference (HR: 0.95 [95% Cl, 0.79-
1.13], P=0.571).

Goodman et al. Int J Cancer Clin Res 2018, 5:096

Of the patients who received surgery, median OS was
194 months while patients who did not receive surgery
had a median OS of 71 months shown in Figure 4. The
hazard ratio in patients who did not receive surgery was
statistically worse as compared to patients who received
surgery (HR: 2.72 [95% Cl, 2.00-3.65], P < 0.001). Median
OS between patients who received gross surgery and pa-
tients who received partial surgery was not statistically
significant (HR: 0.92 [95% Cl, 0.71-1.2], P = 0.566).

Patients with lymph node involvement had a median
OS of 111 months, while patients without lymph node
involvement had a median OS of 203 months. Figure 5
demonstrates a better prognosis for those without
lymph node involvement (HR: 0.56 [95% Cl, 0.48-0.66],
P < 0.001).

Both tumor size and site showed statistically signifi-
cant effects on median OS. The effect of tumor size on
median OS is shown in Figure 6. Patients with tumors
that measured less than 21 mm at their largest dimen-
sion had a median OS of 260 months. Patients with tu-
mors which measured between 21-40 millimeters in
size had a median OS of 143 months, and patients with
tumors which measured over 40 millimeters in size had
a median OS 89 months. Using < 21-millimeter tumor
size as the reference group, hazard ratios indicated in-
ferior outcomes as tumor size increased (P < 0.001 in
all cases). Of the tumor sites, tumors of the tongue and
nasopharynx were associated with poorer outcomes (P
< 0.001 in both cases).
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Figure 6: Survival curves based on univariate analysis of
tumor size (mms in largest dimension). < 21 (n = 599), 21-
40 (n = 586), > 40 (n = 181), and unknown (n = 229). P
values were obtained using “< 21” as reference group.

*» Page 5 of 8 ¢



https://doi.org/10.23937/2378-3419/1410096

DOI: 10.23937/2378-3419/1410096 ISSN: 2378-3419

Table 3: Multivariate hazard ratios, confidence intervals, and P values.

Hazard Ratio

N Estimate 95% CI P value
Age at diagnosis
<40 242 Reference
40-59 687 1.74 1.28-2.37 < 0.001
60-79 543 3.61 3.18-4.10 < 0.001
80+ 123 9.46 9.12-9.81 < 0.001
Race
White’ 1229 Reference
Black 153 1.06 0.80-1.39 0.702
Asian/Pacific Islanders 189 1.19 0.92-1.54 0.182
Other/Unknown 24 2.43 1.24-4.76 0.009
Gender
Female’ 952 Reference
Male 643 1.41 1.20-1.66 < 0.001
Received Radiation
Yes’ 1116 Reference
No 454 0.86 0.72-1.04 0.120
Unknown 25 0.73 0.34-1.57 0.421
Surgery Type
Gross’ 383 Reference
Partial 148 0.91 0.85-0.98 0.010
None 62 1.43 1.27-1.61 < 0.001
Other/Unknown 1002 0.96 0.79-1.17 0.700
Lymph Node Involvement
Yes’ 392 Reference
No 1194 0.62 0.52-0.73 < 0.001
Unknown 9 2.21 1.00-4.88 0.049
Tumor Size (mms in largest
dimension)
<21 599 Reference
21-40 586 1.69 1.66-1.72 < 0.001
> 40 181 2.98 2.31-3.85 < 0.001
Unknown 229 1.56 1.52-1.6 < 0.001
Tumor Site
Major Salivary Glands 935 Reference
Palate’ 266 0.99 0.97-1.00 0.040
Unspecified Mouth Parts 111 1.09 1.03-1.15 < 0.001
Tongue 108 1.29 1.24-1.35 < 0.001
Mouth Floor 43 1.04 0.92-1.18 0.530
Nasopharynx 53 1.90 1.75-2.07 < 0.001
Lip 49 1.00 0.88-1.14 0.940
Other 30 0.94 0.51-1.75 0.860

‘Reference group against which other groups' survival experience are compared; “P value for test if groups' survival experience
is same as reference group.

Multivariate analysis of each subgroup is shown in Ta-  reveal statistically significant results between individu-
ble 3. Similar to the univariate analysis of age at diagno-  als who received gross surgical resection and partial sur-
sis, multivariate analysis showed progressively worsening  gical resection, with a superior outcome in those who
outcomes as age at diagnosis increased (P < 0.001 in all  received partial resection (HR: 0.91 [95% Cl, 0.85-0.98],
cases). Regarding sex, males had a worse OS comparedto P =0.01).
females (HR: 1.41 [95% CI, 1.20-1.66], P = < 0.001). With
regards to race, multivariate analysis revealed worse out-
comes in those of other/unknown race (P = 0.009).

Similar to the univariate analysis, multivariate anal-
ysis revealed a superior outcome in patients without
lymph node involvement compared to those with lymph

Analysis of those who received RT and those who node involvement (HR: 0.62 [95% CI, 0.52-0.73], P <
did not revealed no statistical significant difference in  0.001). In addition, it also indicated a poorer prognosis
OS between groups. However, multivariate analysis did  as tumor size increased (P < 0.001 in all cases).
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Table 4: Absolute survival rates at 0.5, 1, 2, 5, 10, 15and 20 ¢/, also showed that RT provided no benefit in OS [9].

years. Although these results suggest that RT does not im-
Year Survival Rate 95% CI prove OS, RT may have clinical benefit regarding local
0.5 97.9 97.1-98.5 control. Ali, et al. found that in a retrospective cohort
1 954 94.3-96.4 study of 87 patients, those with head and neck ACC that
: 3;2 gggggg received adjuvant RT were less likely to have local recur-
10 61:6 58:8-64:3 rence [19]. In :?1 study of 35 patients. w.ith salivary gla?nd
15 49.1 45.9-52 2 tumors, including ACC subtype, RT similarly showed im-
20 392 354-42 9 proved local control [11].

Surgical resection was found to be associated with

Using major salivary glands as a reference group, improved 0S when compared to those that were not
multivariate analysis revealed a superior outcome in  treated with surgery. Furthermore, our study showed
those with a tumor located in the palate (HR: 0.99 [95%  that patients who received partial resection had better
Cl,0.97-1.00], P = 0.04). Inferior outcomes were indicat-  oyutcomes than those that received gross surgical resec-
ed with tumor sites located in the unspecified mouth  tion. In a review of current literature, surgery appears
part, tongue, and nasopharynx (P < 0.001 in all cases). o be universally associated with better outcomes for
Overall survival rates are shown in Table 4. In our co-  Patients with head and neck ACC. The two other large

hort, we found that in 5 years there was a 78.6 percent  SEER studies on ACC by Shen, et al. and Ellingson, et al.

survival rate (95% Cl, 76.3-80.6). both showed similar results [7,9]. Additional research

. . regarding surgery type (gross resection vs. partial re-

Discussion section) and clinical outcomes is a possible avenue for
A standard treatment protocol for patients with ACC ~ future study.

of the head and neck based on level | evidence has yet Lymph node involvement was found in 392 patients

to be established due to a lack of research regarding in our study population and was notable for a decrease
treatment modalities and OS in patients with ACC. Our i 0S. Findings of lymph node involvement in other
study attempts to elucidate the effects of patient and  stydies also showed a decrease in OS. In an institution-
treatment variables on OS. Our data shows significant 3| study of 66 patients, Gandhi, et al. found that head
differences in OS in the following variables: age at di-  3nd neck ACC patients with lymph node involvement
agnosis, gender, whether or not the patient received  \as associated with a poor disease-free survival (HR:
surgery, type of surgery received, lymph node involve- 4 06 [95% ClI, 1.63-26.17], P = 0.006) [12]. A retrospec-
ment, tumor size, and tumor site. tive study of 54 patients with ACC of the tongue by Han,

A recent SEER database study of 1,435 patients by €t al. also found that lymph node involvement was a
Shen, et al. calculated cumulative incidence function POOr prognosticator [13]. Additionally, the SEER study
for cause of death in patients with head and neck ACC, by Shen, et al. showed progressively higher cumulative
which similarly demonstrated that age, primary tumor  incidences of death as N stage increased [7].

size, lymph node involvement, distant metastasis, and Our study showed a progressive decrease in OS as
surgery are all predictors of both cause-specific death  tumor size increased. These findings are consistent with
and death from other causes [7]. Regarding age, Shen, the conclusions of the SEER study by Shen, et al. [7]. In
et al. found that cumulative incidence of 5-year death  addition, a retrospective study of 565 patients by Ter-
increased as age of diagnosis increased [7]. This is con-  haard, et al. revealed that patients with a primary tumor
sistent with our data, which shows that OS worsens as  sjze which measured greater than six centimeters had
age at diagnosis increased. Additionally, Ko, et al. found 3 decrease in OS compared to those with a tumor size
that patients greater than 60 years of age at the time  which measured less than two centimeters [14]. These
of diagnosis had worse survival outcomes compared to  findings were also supported by SEER database studies
those less than 60 years of age in a single-site study of by Lee, et al. and Lloyd, et al., both of which demon-
60 patients with head and neck ACC [8]. Our study also  strated a decrease in OS as tumor size increased [15,16].
revealed a decrease in OS in males (HR:1.41 [95% ClI,
1.20-1.66], P < 0.001). This is consistent with the find-
ings of a SEER study of 3,026 patients with head and
neck ACC by Ellington, et al. which also revealed that
men have a worse OS [9].

We found that primary tumors of the major sali-
vary glands and palate are associated with improved
0S, likely due to early detection of palpable abnormal
growth and ease of surgical approach. A 45-case series
by Luksi¢, et al. also demonstrated better OS in patients

Statistical analysis showed that RT failed to improve  with ACC of major salivary glands compared to other
OS in our patient population. Data surrounding the use sites [17]. In addition, the SEER study by Ellington, et al.
of radiation as a treatment modality for patients with  found that “primary tumor location in the neck/phar-
ACC of the head and neck has had mixed results. Con-  ynx when compared with a primary site in the salivary
sistent with our finding, the SEER study by Ellington, et  glands (HR: 1.62, [95% Cl, 1.25-2.01]) were significant

Goodman et al. Int J Cancer Clin Res 2018, 5:096 *» Page 7 of 8 ¢


https://doi.org/10.23937/2378-3419/1410096

DOI: 10.23937/2378-3419/1410096

ISSN: 2378-3419

|II

predictors of decreased survival” [9]. However, the
SEER study by Shen, et al. failed to show differences in
cumulative incidence of death between the major and
minor salivary gland sites [7].

Conclusions

ACC of the head and neck is an uncommon histologi-
cal subtype salivary gland cancer that is commonly seen in
community tertiary care centers. Due to the rarity of this
subtype and lack of clinical data, a standardized treatment
protocol has not yet been established. There is a paucity
of level | evidence based on phase Il trials. Information
gained from large population database can be very in-
formative for clinicians making treatment decisions. Our
study revealed that younger age at diagnosis, female sex,
absence of lymph node involvement, small tumor size,
major salivary gland and palate tumor site, and surgical
resection were all positive predictors of improved OS.

Previous research has shown RT to have a local con-
trol advantage in some patient groups. However, our
study did not show that RT had a significant effect on OS.
The use of multivariate analysis in our study attempted
to control for any differences between patients who re-
ceived RT and those that did not. In general, RT in ACC
is usually reserved for patients with more advanced dis-
ease. It is possible that our analysis was unable to com-
pletely control for clinical differences in patients that
received RT and those that did not. Our study is limited
due to its retrospective nature, and further research is
required to determine whether specific subgroups of
patients with advanced disease may, in fact, benefit
from RT with respect to OS.

In addition, more studies are needed to clarify po-
tential benefits of partial vs. gross surgery type, com-
bined treatment modalities, and the effects of these
treatments on local control and distant metastasis.
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