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Abstract

Purpose This study analyzed survival and toxicity after (chemo)radiotherapy for primary salivary gland cancer patients
aged > 65 years and compared these results with younger patients using a matched-pair analysis.

Methods Twenty-nine elderly patients with primary salivary gland carcinomas treated with (chemo)radiotherapy from 2008
to 2020 at University of Freiburg Medical Center were analyzed for oncological outcomes and therapy-associated toxici-
ties. Local/locoregional control (LRC), progression-free survival (PFS) and overall survival (OS) were calculated using the
Kaplan—Meier method, and the influence of clinical parameters on patient outcomes was assessed. A matched-pair analysis
was performed after matching with patients < 65 years.

Results Nine patients (31.0%) received definitive (chemo)radiotherapy, and 20 patients (69.0%) were treated in the adjuvant
setting. 2-year LRC, PFS and OS ranged at 82.4%, 53.7% and 71.8%, respectively. Smoking (HR 3.980, p =0.020), reduced
performance status (HR 3.735, p=0.016) and higher comorbidity burden (HR 4.601, p =0.005) correlated with inferior
OS. Using a matched-pair analysis with younger patients, elderly patients exhibited a trend towards reduced OS (HR 3.015,
p=0.065), but not PES (HR 1.474, p=0.371) or LRC (HR 1.324, p=0.633). Acute and chronic grade 3 toxicities occurred in
31.0% and 12.5% of elderly patients, respectively, and the matched-pair analysis revealed no significant differences between
age groups regarding treatment-related toxicities.

Conclusion Treatment-related toxicities as well as LRC and PFS were comparable for salivary gland cancer patients under-
going radiotherapy. Therefore, concerns for more pronounced toxicities or reduced local/locoregional response rates should
not guide treatment decisions in affected elderly patients.
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The median age of salivary gland cancer patients at the
time of diagnosis ranges between 60 and 65 years, with about
45% of patients aged above 65 years, defined as the threshold
for “elderly” patients according to the consensus definition
of the United States National Institute of Aging [1, 4, 8—10].
Comorbidities are considerably more common in elderly can-
cer patients, complicating both surgical treatments and chemo-
radiotherapy in this vulnerable patient cohort [11]. For head-
and-neck squamous cell carcinomas (HNSCC), it has been
demonstrated that the benefit of simultaneous chemotherapy
administration during radiotherapy decreases with age, but
similar data are lacking for elderly patients with malignant
salivary gland tumors [12—-14]. As the various salivary gland
cancer histologies exhibit distinct age peaks, the prognosis
of elderly salivary gland cancer patients may be different to
younger patients; for instance, the incidence of low-grade
mucoepidermoid carcinomas, which is known to have a rela-
tively good prognosis, is higher in younger than in elderly
patients [1, 7, 9].

The treatment of malignant salivary gland tumors is chal-
lenging, as randomized trials for this entity are rare [15]. In
general, complete surgical resection alone is recommended
for early-stage tumors, while adjuvant radiotherapy is often
applied after surgery for locally advanced tumors, nodal metas-
tases or in case of other risk factors for recurrence such as
adenoid cystic carcinoma histologies, high-grade tumors (G3/
G4), close or positive resection margins, perineural or lympho-
vascular invasion. Patients who are medically or functionally
inoperable, refuse surgery or exhibit distant metastases, can
also be treated with definitive (chemo)radiotherapy, leading
to 5-year local control rates of about 50% [16]. Within the
context of locoregional treatment, the ideal management of the
clinically negative neck (cNO) remains a controversial issue,
and observation, elective neck dissection or prophylactic radio-
therapy may constitute potential treatment options in depend-
ence of histology, grading and T status [16, 17]. Similarly, the
role of concomitant chemotherapy to adjuvant radiotherapy
in case of incomplete resection or extracapsular lymph node
extension for this entity remains unclear, and clinical work-
flows for salivary gland cancers often extrapolate evidence
from HNSCC trials [18-20].

Here, we present the first matched-pair analysis between
elderly and younger salivary gland cancer patients undergo-
ing (chemo)therapy, aiming to examine the role of patient
age regarding oncological outcomes and treatment-related
toxicities.
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Material and methods
Patients and treatment

Ethical approval for this study was given by the Eth-
ics Committee of the University of Freiburg (Reference
No. 551/18, amendment in 2020 [#200861]). All elderly
patients (> 65 years) who received radiotherapy or chem-
oradiotherapy for a primary salivary gland carcinoma
between 2008 and 2020 at the Department of Radiation
Oncology, University of Freiburg Medical Center, were
included in this analysis. Notably, patients with intrapa-
rotideal lymph node metastases from cutaneous squamous
cell carcinoma or HNSCCs were not included in our analy-
sis. Demographic characteristics and clinical data were ret-
rospectively assessed from the electronic patient records.
Histopathology data during treatment were extracted from
the internal pathology reports. A positive smoking status
was considered for patients with a tobacco consumption of
at least 10 pack years. The comorbidity burden of salivary
gland cancer patients was quantified using the validated
age-adjusted Charlson comorbidity index (CCI) [21]. Stag-
ing of salivary gland tumors was based on the 7th Edition
of the UICC TNM classification.

Treatment decisions were based on the recommenda-
tions of the multidisciplinary tumor board. In general,
definitive radiotherapy was only applied in patients who
refused surgery or were medically or technically inoper-
able, while adjuvant radiotherapy was recommended for
locally advanced (T3/T4) tumors, positive nodal status
or other risk factors including tumor histology (adenoid
cystic carcinoma, high-grade tumors), resection margin
(close or positive margin) or perineural/lymphovascular
invasion. Extrapolating the results of the HNSCC land-
mark trials EORTC 22931 and RTOG 9501, postoperative
chemoradiotherapy was scheduled for patients with incom-
plete resection or extranodal extension, unless there were
medical contraindications against chemotherapy usage
[18-20]. For radiotherapy planning and treatment, patients
were immobilized using individually molded thermoplas-
tic masks. Radiotherapy planning was carried out utiliz-
ing Oncentra MasterPlan® (Nucletron BV, Veenendaal,
The Netherlands) and Eclipse™ planning software (Varian
Medical Systems)., Three-dimensional conformal radio-
therapy or intensity-modulated radiotherapy were used for
radiotherapy dependent on the time period of treatment.
In general, follow-up care of treated patients consisted of
3-monthly intervals in the first year after treatment, fol-
lowed by 6-month intervals between years 2 and 5. In case
of clinical progression or severe treatment-related toxici-
ties, patients presented in shorter intervals. As patients
treated between 2008 and 2020 were included in our study,
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not all patients did pass the complete follow-up care of
5 years. Follow-up consultations consisted of a physical
examination and cross-sectional imaging of the head-and-
neck region using CT or MR imaging (Fig. 1).

Survival analysis

Patients who were lost to follow-up were censored at the
time of last contact for the following analyses, and the
reverse Kaplan—-Meier method was used to calculate the
median follow-up. Overall survival (OS) was defined as the
interval from radiotherapy initiation to death from any cause,
while progression-free survival (PFS) was calculated as the
time between start of treatment to disease progression or
death from any cause. For the calculation of local/locore-
gional control (LRC), the time from treatment initiation
to the absence of any progression of the primary tumor or
occurrence of cervical lymph node metastases was assessed.

Toxicity analysis

Both acute and chronic treatment-related toxicities were
classified according to the Common Terminology Criteria
of Adverse Effects (CTCAE) version 5.0. All toxicities that

occurred during radiotherapy treatment and within the first
90 days after completion, were classified as acute toxicities.

Statistical analysis

LRC, PFS and OS were determined according to the
Kaplan—Meier method, and log-rank tests were used to
reveal potential differences in survival. Univariate Cox pro-
portional hazards model analyses were carried out in order to
study the influence of clinical and pathological parameters.
All primary salivary gland cancer patients < 65 years that
received (chemo)radiotherapy treatment between 2008 and
2020 at our institution were used for case—control matching
with the elderly population. The database search revealed 28
primary salivary gland cancer patients who were younger
than 65 years at the time of radiotherapy treatment. A
case—control matching was performed using the prognostic
parameters smoking, performance status (ECOG 0 vs. 1-2)
and comorbidity burden (CCI 2 versus 3-8) as matching
variables. The tolerance level for these three categorial vari-
ables was set at 0, leading to a matched-pair dataset with 20
patients per age group. Chi-square tests for ordinal variables
and unpaired ¢ tests for interval variables were used to test
for differences between both groups. A p value below 0.05
was considered significant for all analyses. Statistical analy-
ses including case—control matching were conducted using

Fig. 1 Definitive chemoradiotherapy for an undifferentiated (G4)
parotid gland carcinoma in a 76-year-old patient. The locally
advanced parotid gland carcinoma (cT4a cN2b cMO) was treated
with intensity-modulated radiotherapy in a simultaneous-integrated
boost-concept (SIB) between December 2019 and January 2020.
While the high-risk PTV received 69.3 Gy delivered in 33 fractions,
the medium-risk PTV and low-risk PTV were treated with 62.7 Gy
and 56.1 Gy, respectively. a Pre-therapeutic contrast-enhanced
T1-weighted MRI image in October 2019 demonstrating a right-sided

parotid gland carcinoma infiltrating the cutis and the sternocleido-
mastoid muscle with ipsilateral lymph node metastases in level II, III,
IV and V. b—d Radiotherapy treatment plan showing the dose distri-
bution in an axial (b), coronary (c) and sagittal (d) view. e, f Follow-
up images in March 2020 (e) and June 2020 (f) showing regression of
the primary tumor and lymph node metastases with no signs for local
or locoregional recurrence. g, h However, multiple hepatic hypoden-
sities (g) and pulmonary noduli (h) suspicious for distant progression
occurred in June 2020
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IBM SPSS Statistics software version 25 (IBM, Armonk,
NY, USA).

Results
Demographic characteristics

A total of 29 elderly patients with histologically con-
firmed primary salivary gland carcinomas underwent
radiotherapy in our department between 2008 and 2020
(Table 1). 17 patients (58.6%) were female and 12 patients
were male (41.4%). The median age was 75 years with
an age span ranging between 66 and 89 years. Only six
patients (20.7%) had a positive smoking history. Nineteen
patients (65.5%) exhibited an ECOG performance status
of 0, and seven patients (24.1%) had an ECOG status of
1, indicating a relatively fit elderly patient group at the
time of radiotherapy. The CCI was used to quantify the
patients’ comorbidity burden and ranged between 2 and 8
with a median CCI value of 2, showing that most elderly
patients did not exhibit relevant comorbidities. Most
tumors were locally/locoregionally advanced, indicated
by a high proportion of T3/T4 tumors (n=17, 58.6%) or
nodal metastases (n=17, 58.6%). The most common his-
tologies were adenocarcinomas (n=12, 41.4%) and the
remaining patients suffered from a plethora of different
histologies [adenoid cystic carcinoma (n = 3), squamous
cell carcinoma (n=2), mucoepidermoid carcinoma (n=2),
acinic cell carcinoma (n=2), salivary duct carcinoma
(n=1), carcinoma ex pleomorphic adenoma (n=1), etc.;
for details see Table 1]. Cancers were most commonly
located within the parotid gland (n =24, 82.8%).

More than two-thirds (n =20, 69.0%) of the patients
were treated with adjuvant (chemo)radiotherapy after sur-
gery and received a median cumulative dose of 66.0 Gy
(range 59.4-70.0 Gy) (Table 2). For patients undergoing
definitive (chemo)radiotherapy (n=9, 31.0%), the median
radiation dose ranged at 69.3 Gy (range 30.0-70.0 Gy).
The median fraction doses for both adjuvant and definitive
treatments were 2.0 Gy.

A total of 26 patients (89.7%) completed their course of
radiotherapy, but only 6 of 9 patients, who were scheduled
for concomitant chemotherapy, completed their chemo-
therapy treatment (66.7%).

Survival analyses
After a median follow-up of 43 months, the median PFS
amounted to 26 months and the median OS to 40 months.

2-year LRC, PFS and OS ranged at 84.1%, 53.2% and
69.6%, respectively (Fig. 2). Based on the consensus
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Table 1 Patient characteristics consisting elderly salivary gland can-
cer patients treated by (chemo)radiotherapy between 2008 and 2020
(n=29)

Median (range)

n %
Age 75 (66-89)
Sex
Male 12 414
Female 17 58.6
Smoking
Non-smoker 23 79.3
Smoker 6 20.7
ECOG
0 19 65.5
1 7 24.1
2 3 10.3
CCI
2 20 69.0
3-8 9 31.0
T stage
T1 5 17.2
T2 7 24.1
T3 8 27.6
T4 9 31.0
N stage
NO 12 414
N1 7 24.1
N2 8 27.6
N3 2 6.9
M stage
MO 29 100.0
Ml 0 0.0
Histology
Adenocarcinoma 12 414
Adenoid cystic carcinoma 3 10.3
Squamous cell carcinoma 2 6.9
Mucoepidermoid carcinoma 2 6.9
Acinic cell carcinoma 2 6.9
Salivary duct carcinoma 1 34
Carcinoma in pleomorphic adenoma 1 34
Others® 5 17.2
Unknown 1 3.4
Localization
Parotid gland 24 82.8
Submandibular gland 2 6.9
Minor salivary glands 3 10.3
Grading
Gl 1 3.4
G2 12 414
G3 11 37.9
G4 2 6.9
Unknown 3 10.3

#Undifferentiated carcinoma (n=2), lymphoepithelial carcinoma
(n=1), myoepithelial carcinoma (n=1), large cell carcinoma (n=1)
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definition of the United States National Institute of Aging,
that distinguishes between “young old” (65-74 years) and
“older old” patients (>75 years), we analyzed the age
dependence of patient outcomes. In our analysis, “young

old” patients did not exhibit superior OS rates [HR (ref-
erence: 65-74 years) =0.653, 95% CI 0.226-1.884,
p=0.430] compared to patients aged 75 years or older
(Table 3).

Table 2 Treatment details for (chemo)radiotherapy of elderly salivary gland cancer patients (n=29)

Radiation therapy n %
Definitive 9 31.0
Adjuvant 20 69.0
Completed 26 89.7
Definitive
Median primary tumor radiation dose 69.3 Gy
Median elective nodal radiation dose 52.0 Gy
Median primary tumor single dose 2.0 Gy
Adjuvant
Median primary tumor radiation dose 66.0 Gy
Median elective nodal radiation dose 50.0 Gy
Median primary tumor single dose 2.0 Gy
Concomitant chemotherapy n %
Planned 9 31.0
Completed 6 66.7
A C
LRC PFS 0os
100 100 100
= g
g 80 E 80 5 80
:3 60 z 60 g .
.g 40 E 40 % 40
% 20 % 20 s 20
0 0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84 0 0 12 24 36 48 60 72 84
months months months
Fig.2 Kaplan—Meier curves showing LRC (a), PFS (b) and OS (c) of elderly salivary gland cancer patients treated between 2008 and 2020
Tablg.’f Univariate Cox. analysis Parameter PES 0s
of clinical and pathological
parameters regarding OS in HR CI95% pvalue HR CI95% p value
elderly salivary gland cancer
patients receiving radiotherapy >75/65-74 years 0.720  0.285-1.821 0.488 0.653 0.226-1.884 0.430
(n=29) Male/female 2272 0.865-5.973 0.096 2.079  0.717-6.025 0.178
Smoker/non-smoker 2281  0.789-6.596 0.128 3980 1.243-12.748  0.020
ECOG 1-2/0 7.723  2.347-25.411 0.001 3.735 1.280-10.901 0.016
CCI 3-8/2 6.393  2.046-19.980 0.001 4.601 1.578-13.414 0.005
T3-T4/T1-T2 3.530 1.155-10.788  0.027 2769  0.857-8.944  0.089
N1-N3/NO 1.847 0.686-4.972  0.225 3.050 0.936-9.945 0.064
G3-G4/G1-G2 2302  0.747-7.096  0.146 1.405 0.426-4.630 0.576
Definitive/adjuvant 1.240  0.434-3.543 0.688 1.484  0.452-4.868 0.515
No chemotherapy/chemotherapy  1.797  0.626-5.157 0.276 1.532  0.477-4.925 0.474

p values in bold display significant results
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Fig.3 Kaplan—Meier OS curves in dependence of T stage (a), smoking status (b), ECOG performance status (c¢) and CCI (d). P values of log-

rank tests are shown

Increased T stages resulted in significantly reduced PFS
(HR 3.530, 95% CI 1.155-10.788, p=0.027) and a trend
towards impaired OS (HR 2.769, 95% CI 0.857-8.944,
p=0.089) in elderly salivary gland cancer patients (Fig. 3a).
In contrast, the presence of cervical lymphonodal metas-
tases was not associated with reduced PFS (HR 1.847,
95% CI 0.686—4.972, p=0.225), although a trend towards
reduced OS (HR 3.050, 95% CI 0.936-9.945, p=0.064)
was observed. Grading did not influence PFS (HR 2.302,
95% CI 0.747-7.096, p=0.146) or OS (HR 1.405, 95% CI
0.426-4.630, p=0.576) in our cohort.

Similarly to elderly HNSCC patients, salivary gland
cancer patients with a positive smoking status were dem-
onstrated to have significantly impaired OS rates (HR
3.980, 95% CI 1.243-12.748, p=0.020), while the PFS
(HR 2.281, 95% CI 0.789-6.596, p=0.128) and LRC
(HR 0.783, 95% CI 0.094-6.535, p=0.821) did not dif-
fer between smokers and non-smokers (Fig. 3b). A con-
siderable influence of the patients’ performance status
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regarding oncological outcomes could be observed in
our patient cohort: while patients with an ECOG perfor-
mance status of 0 had a median OS of 42 months, the
median OS of patients with an ECOG status of 1 or 2
ranged at only 9 months (HR 3.735, 95% CI 1.280-10.901,
p=0.016) (Fig. 3c). As the median CCI amounted to 2
in our cohort, we used this value as a cut-off for the Cox
regression analysis: Elderly salivary gland cancer patients
exhibiting a CCI of 3 or higher (n=9, 31.0%) were shown
to have considerably deteriorated PFS (HR 6.393, 95%
CI 2.046-19.980, p=0.001) and OS (HR 4.601, 95% CI
1.578-13.414, p=0.005) in comparison with patients
that exhibited a CCI of 2 and therefore no significant
comorbidities (Fig. 3d). Neither LRC (HR 3.321, 95%
CI 0.721-15.305, p=0.124) nor PFS (HR 1.240, 95%
CI 0.434-3.543, p=0.688) nor OS (HR 1.484, 95% CI
0.452-4.868, p=0.515) were significantly different for
patients receiving definitive radiotherapy compared to
patients receiving adjuvant radiotherapy after surgery,
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and concomitant chemotherapy as applied in 9 patients
(31.0%) did not lead to superior PFS (HR 0.556, 95%
CI 0.194-1.597, p=0.276) or OS (HR 0.653, 95% CI
0.203-2.098, p=0.474).

Matched-pair analysis

A total of 28 primary salivary gland cancer patients between
28 and 63 years who were treated with (chemo)radiotherapy
were identified. As the smoking status, performance status
and comorbidity burden were demonstrated to be prognostic
parameters in our elderly patient cohort, these factors were
used as variables for case—control matching. The tolerance
factor of these 3 matching variables was set to 0, leading to
exact matches regarding these variables. Twenty matching
pairs were found and compared regarding clinical, patho-
logical and treatment-related parameters using Chi-square
tests and t tests (supplementary Table 1).

The median age in the elderly cohort amounted to
74 years (range 66—89 years), while it was 47.5 years (range
28-63 years) in the matched cohort (p <0.001, unpaired ¢
test). While there were no significant differences regarding
the TNM parameters, the submandibular gland and minor
salivary glands were more frequently affected in younger
patients, although statistical significance was not reached
(p=0.060, Chi-square test). There was a trend towards a
higher prevalence of poorly or undifferentiated tumors in
elderly salivary gland cancer patients in comparison with
their matching younger counterparts (p =0.054). Histol-
ogy distribution significantly differed between both groups
(p=0.048): while adenocarcinoma (n=11) was the most
common histology in the elderly cohort, adenoid cystic car-
cinomas (n=7) and mucoepidermoid carcinomas (n=15)
were most frequent in the matched cohort consisting of
younger patients. One quarter (n=5, 25%) received defini-
tive (chemo)radiotherapy in the elderly cohort, which was

considerably higher than in the control group of younger
patients (n=1, 5.0%; p=0.077). There were no differences
concerning administration of concomitant chemotherapy
between elderly and younger patients (p =0.168).

LRC (HR 1.134, 95% CI 0.345-3.720, p=0.836) and PFS
(HR 1.376, 95% CI 0.579-3.272, p =0.470) did not differ
between young and elderly primary salivary gland cancer
patients after matching, but elderly patients exhibited a
trend towards reduced OS (HR 2.835, 95% CI 0.863-9.312,
p=0.086). Median OS ranged at 93 months for the younger
cohort, which was more than twice as long than for the
elderly group (median 40 months) (p=0.071, log-rank test)
(Fig. 4). Considering that neither prognostic clinical param-
eters (smoking, performance status, CCI) nor TNM stages
differed between both groups, it can be concluded that the
lower OS of elderly salivary gland cancer patients receiving
radiotherapy was not related to these factors.

Toxicity

The proportion of patients suffering from high-grade acute
toxicities was found to be moderate with 31.0% of patients
(n=9) exhibiting acute CTCAE grade 3 toxicities (supple-
mentary Table 2). The most common acute grade 3 toxic-
ity was mucositis (n=35) followed by dermatitis (n=2) and
cytopenia (n=2) (supplementary Table 3). Notably, no acute
grade 4 or 5 toxicity occurred in our cohort.

Chronic toxicities could be assessed in 24 patients, of
which 20 patients (83.3%) exhibited CTCAE grade 1/2
toxicities. Only 3 patients (12.5%) suffered from chronic
CTCAE grade 3 toxicities in our dataset, one with chronic
pain symptoms requiring continuous analgesic medication
due to an osteoradionecrosis, another with mucositis and
thrush receiving antifungal medication and another with
chronic lymph edema and severe pain.

A B C
LRC PFS oS
100 100 100
= < 65 years — < 65 years < 65 years
S X
s 80 > 65 years = 80 > 65 years _ 80 > 65 years
: | £
; 60 L—H—.—. 2 60 .g 60
c 3 2
2 &= 3
g a0 £ 40 3 40
g 3 g
S ] 3
3 20 g 20 "
o s
p=0.836 p=0.462 p=0.071

0 12 24 36 48 60 72 84 96 108 120

months

Fig.4 LRC (a), PES (b) and OS (c) of salivary gland cancer patients
receiving (chemo)radiotherapy stratified by the patient’s age. Elderly
patients were matched pairwise for the prognostic parameters smok-

0 12 24 36 43 60 72 84 96 108 120

0 12 24 36 48 60 72 84 96 108 120

months months

ing, performance status and comorbidity burden quantified by the
CCI. P values of log-rank tests are shown
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Table 4 Toxicity results of elderly patients compared to matching younger patients with salivary gland cancer

Acute Elderly cohort (> 65 years) Matched cohort (18—65 years) p value
n % n %

CTCAE 1/2 14 70.0 12 60.0

CTCAE 3 6 30.0 7 35.0

CTCAE 4 0 0.0 5.0

CTCAE 5 0 0.0 0 0.0 0.540

Chronic n=19 n=20

CTCAE 0 1 5.3 0 0.0

CTCAE 1 12 63.2 11 55.0

CTCAE 2 3 15.8 9 45.0

CTCAE 3 3 15.8 0 0.0

CTCAE 4/5 0 0.0 0 0.0 0.071

The toxicity analyses of the matched-pair cohort revealed
a similar toxicity pattern between younger and elderly
patients (Table 4). Among the 20 elderly salivary gland can-
cer patients in the matched-pair analysis, about two-quarters
(n=14,70.0%) suffered from mild (CTCAE grade 1/2) acute
toxicities, while 6 patients (30.0%) exhibited CTCAE grade
3 acute adverse effects. In comparison, 12 young patients
(60.0%) had CTCAE grade 1/2 acute adverse reactions
and 8 patients (40.0%) CTCAE grade 3/4 acute toxicities
(p=0.540, Chi-square test). Similar to the acute toxici-
ties, chronic toxicities did not significantly differ between
both age groups in the matched-pair analysis (p=0.071):
while the prevalence of chronic grade 2 toxicities (espe-
cially xerostomia) was higher in younger patients (n=9,
45.0%) than in the elderly cohort (n=3, 15.8%), there were
3 chronic grade 3 adverse reactions (see above) in elderly
patients, whereas no chronic grade 3 toxicity was found in
the matching younger patients.

Discussion

Our results derived from a retrospective single-center
matched-pair analysis show that elderly salivary gland
patients who were treated with (chemo)radiotherapy exhib-
ited respectable LRC rates, but relatively poor survival rates,
probably reflecting the advanced age of our treatment cohort.
We could identify smoking, performance status and comor-
bidity burden as prognostic parameters for elderly patients
with primary salivary gland cancer undergoing radiotherapy.
To the best of our knowledge, this is the first matched-pair
analysis comparing the oncological results and toxicity pat-
terns of elderly salivary gland cancer patients undergoing
(chemo)radiotherapy with their younger counterparts. The
matched-pair analysis with younger salivary gland patients,
in which smoking, ECOG status und CCI were used as
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matching variables, revealed comparable LRC and PFS but
a trend towards worsened OS in the elderly cohort, prob-
ably caused by more non-cancer related deaths in this group.
For instance, previous meta-analyses comprising HNSCC
patients have reported about non-cancer related death in up
to 40% of patients aged 70 years and older [22]. (Chemo)
radiotherapy-related toxicities were moderate in our elderly
cohort with a grade 3 toxicity prevalence of 31.0% (acute)
and 12.5% (chronic) without any grade 4 or grade 5 adverse
reactions. Considering the high completion rate of almost
90% and the fact, that we did not observe significant differ-
ences in the toxicity profile and severity between younger
and elderly patients, our results suggest that radiotherapy is
a feasible and relatively well-tolerated treatment modality
also for elderly patients with primary salivary gland cancer.

Over the last decades, treatment approaches for high-
grade and/or locally advanced salivary gland cancer have
changed from surgery alone to a multimodal therapy consist-
ing of primary resection and adjuvant (chemo)radiotherapy
[23]. Multivariate analyses of the SEER database with more
than 2000 patients revealed significantly superior survival
rates for high-grade and for locally advanced salivary gland
cancer patients who received adjuvant radiotherapy [24].
Definitive (chemo)radiotherapy is considered to be a treat-
ment alternative for inoperable patients or patients with dis-
tant metastases.

Contrary to HNSCC, for which smoking is known to be a
key risk factor for tumor development, the role of smoking
is of less importance in the pathogenesis of salivary gland
cancers, which is reflected in our data with only about 20%
of patients being smokers [25]. Interestingly, smoking was
identified as a significant prognostic parameter for OS but
not for PFS in our analysis. In another analysis comprising
24 submandibular gland carcinoma patients, distant metas-
tasis-free survival was significantly lower for smokers than
for non-smokers [26]. Guidelines for head-and-neck cancers



European Archives of Oto-Rhino-Laryngology (2021) 278:2537-2548

2545

recommend to inform patients about the risk of continuing
smoking and about the potential benefits regarding smoking
cessation, as smoking may lower the efficacy of radiotherapy
and increase the risk for second primary tumors and cardio-
vascular diseases [27].

The distribution of salivary gland tumor histologies shifts
with increasing age at the time of diagnosis. Mucoepider-
moid carcinomas have a generally good prognosis com-
pared to other salivary gland histologies, but these tumors
have been demonstrated to be considerably less prevalent
in elderly salivary gland cancer patients [4, 28]. In turn,
the prevalence of adenoid cystic carcinoma, that exhibits
a rather poor prognosis, is considerably higher in younger
patients and may abrogate this effect.

Especially for elderly cancer patients, the comorbidity
burden quantified by the CCI or ACE-27 score is known to
have a prognostic value [29]. In contrast to elderly HNSCC
patients, the comorbidity burden in salivary gland cancer
patients is commonly lower and comparable with other
malignancies not related to smoking or alcohol consump-
tion such as prostate cancer [30]. In a large retrospective
study comprising 666 salivary gland cancers, the ACE-27
score was found to significantly correlate with OS, whereas
the disease-specific survival was not affected [30]. In our
study, both ECOG performance status and CCI were able
to discriminate the survival rates of elderly patients with
salivary gland cancer after (chemo)radiotherapy; however,
a standardized survey of the patients’ comorbidities using
the CCI or ACE-27 may reduce the intra- and interobserver
variability that is known to be an issue regarding the assess-
ment of the performance status [31].

The role of systemic treatment for salivary gland cancer
patients is controversial, as larger prospective trials investi-
gating this aspect are lacking [32-35]. In our small dataset,
chemotherapy administration did not influence PFS or OS,
although this should be interpreted cautiously, as the sample
size was small and chemotherapy administration was applied
for patients exhibiting risk factor for tumor recurrence.

In a large analysis based on the Danish salivary gland
cancer database including 871 patients, increased age
(=70 years) was demonstrated to be associated with an
impaired performance status as well as a higher prevalence
of high-grade and advanced tumors compared to younger
patients (<70 years) [28]. Interestingly, the multivari-
ate analysis did not reveal a significant prognostic role of
increased age, whereas performance status, histological
high-grade subtypes and UICC stages III/IV remained
significant prognosticators for disease-specific survival.
Furthermore, the authors observed an increased usage of
definitive radiotherapy (10% versus 6%) in elderly salivary
gland cancer patients. Similar to the large Danish database
analysis, we found a trend towards a higher prevalence of
higher-graded tumors (G3/G4) in elderly patients. In another

retrospective study including 62 patients with mucoepider-
moid carcinoma who received either definitive or adjuvant
radiotherapy, increased age (above 56 years) was the only
significant parameter for diminished LRC and OS [36].
O’Brien et al. could show in a retrospective study consist-
ing of 113 patients with salivary gland cancers that age
remained a significant prognostic factor even in the multi-
variate analysis [37].

We could demonstrate in the matched-pair analysis that
treatment-related toxicities were at a moderate level and did
not differ between age groups, suggesting that age-dependent
treatment modifications are of minor importance for radio-
therapy of salivary gland cancers. This may be due to the
smaller treatment volumes and preservation of critical struc-
tures such as the contralateral salivary glands or the oral/
pharyngeal mucosa. In a retrospective analysis studying the
results of elderly HNSCC patients receiving radiotherapy,
the authors observed comparable toxicity rates between
patients < 65 years and patients aged 65 years or older [38].
In contrast, a large analysis of the Radiation Therapy Oncol-
ogy Group (RTOG) including the toxicity results of 3 RTOG
trials for locally advanced HNSCC (RTOG 9111, 9703, and
9914) reported about a significantly higher prevalence of
high-grade toxicities with older age [39]. In another anal-
ysis consisting of 98 head-and-neck cancer patients aged
80-92 years who received radiotherapy between 1991 and
1995, only 3 patients (3.1%) developed severe late toxici-
ties after radiotherapy, showing that even with older radio-
therapy techniques, the toxicity profile was moderate in the
“very old/oldest old” population [40].

Particle irradiation such as neutron or carbon ion irra-
diation offers some physical and biological advantages
compared to photon radiotherapy. For instance, particle
ions deliver most ionization energy at a well-defined depth
(so-called Bragg peak) with a sharp dose fall thereafter and
induce more complex DNA lesions, leading to a higher bio-
logical effectiveness. Especially adenoid cystic carcinoma,
that is traditionally considered as a radioresistant tumor,
may benefit from particle irradiation due to the possibility
for dose escalation due to the steep dose gradient of parti-
cle irradiation. Several reports showed encouraging LRC
rates for adenoid cystic carcinoma using particle irradia-
tion [41-43], and in a small randomized trial of the RTOG
and Medical Research Council (MRC) including 32 patients
with inoperable, recurrent or unresectable salivary gland
cancer, neutron irradiation resulted in superior LRC and a
trend towards increased OS (2-year OS of 62% for neutrons
versus 25% for photons, p=0.01) compared to conventional
photon irradiation [44]. However, larger randomized trials
are necessary to define the value of particle irradiation in
comparison with modern photon irradiation techniques such
as intensity-modulated radiation therapy or stereotactic radi-
otherapy for malignant salivary gland tumors.
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Despite being the first study focusing on elderly sali-
vary gland cancer patients undergoing radiotherapy with
an integrated matched-pair analysis to elucidate the role of
patients’ age on survival, our study exhibits several limita-
tions mainly due to its retrospective character. Although
the parameters smoking, performance status and TNM
stage were equally distributed between both age groups
in the matched-pair analysis, salivary gland histologies
and resulting prognoses differed depending on age. Fur-
thermore, the small sample size did not allow for multi-
variate regression analyses, pointing out the importance
of multicentric analyses of elderly salivary gland cancer
patients given the rarity of this disease. Although physi-
cian-assessed toxicities did not differ between elderly and
young patients, patient-reported outcomes and quality of
life may be different between both age groups, and we
were not able to retrospectively assess these parameters
in our cohort. Since this is a retrospective study, espe-
cially comorbidities and treatment-related toxicities were
difficult to survey in some cases. However, retrospective
assessment of comorbidities using medical charts, anes-
thetic sheets and referral letters of extern physicians has
been shown to be a reliable method [45].

In summary, elderly salivary gland cancer patients receiv-
ing radiotherapy exhibit respectable LRC rates, but relatively
poor survival rates. The comparable LRC and PFS between
younger and elderly salivary gland cancer patients after
matching for prognostic parameters show that the probability
for curation is not impaired in advanced ages; however, there
was a trend towards reduced OS in elderly patients, which
may be caused by more non-cancer related deaths. Due to the
prognostic value of smoking, cessation of smoking should
be encouraged by otorhinolaryngology surgeons, radiation
oncologists and medical oncologists. The low-to-moderate
prevalence of high-grade toxicities, which was comparable
between young and elderly patients in the matched-pair
analysis, suggests that the current standard treatment can
be safely applied and that curative treatment with sufficient
irradiation dose and irradiation volumes should not be omit-
ted for elderly salivary gland cancer patients.

Acknowledgements Alexander Riihle was supported by the IMM-
PACT-Program for Clinician Scientists, Department of Medicine II,
Medical Center—University of Freiburg and Faculty of Medicine, Uni-
versity of Freiburg, funded by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation)-413517907.

Author contributions AR, NHN: study conception and study design.
AR, SR, NHN: data acquisition, data analysis and data interpretation.
AR, NHN: statistical analysis, manuscript preparation, manuscript edit-
ing. AR, SR EH, TK, TS, RS, CZ, EG, AK, ALG, NHN: manuscript
reviewed.

@ Springer

Funding Open Access funding enabled and organized by Projekt
DEAL. This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Data availability The datasets used and analyzed during the current
study are available from the corresponding author on reasonable
request.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

Ethics approval The study was approved by the institutional ethi-
cal review committee (Reference No. 551/18, amendment in 2020
[#200861]).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bjgrndal K, Krogdahl A, Therkildsen MH, Overgaard J, Johansen
J, Kristensen CA, Homge P, Sgrensen CH, Andersen E, Bund-
gaard T, Primdahl H, Lambertsen K, Andersen LJ, Godballe
C (2011) Salivary gland carcinoma in Denmark 1990-2005:
a national study of incidence, site and histology. Results of
the Danish Head and Neck Cancer Group (DAHANCA). Oral
Oncol 47(7):677-682. https://doi.org/10.1016/j.oraloncolo
2y.2011.04.020

2. Pinkston JA, Cole P (1999) Incidence rates of salivary gland
tumors: results from a population-based study. Otolaryngol
Head Neck Surg 120(6):834—-840. https://doi.org/10.1016/s0194
-5998(99)70323-2

3. Zarbo RJ (2002) Salivary gland neoplasia: a review for the
practicing pathologist. Mod Pathol 15(3):298-323. https://doi.
org/10.1038/modpathol.3880525

4. Spiro RH (1986) Salivary neoplasms: overview of a 35-year expe-
rience with 2,807 patients. Head Neck Surg 8(3):177-184. https
://doi.org/10.1002/hed.2890080309

5. Wahlberg P, Anderson H, Biorklund A, Moller T, Perfekt R (2002)
Carcinoma of the parotid and submandibular glands—a study of
survival in 2465 patients. Oral Oncol 38(7):706-713. https://doi.
org/10.1016/s1368-8375(02)00007-6

6. Eneroth CM (1971) Salivary gland tumors in the parotid gland,
submandibular gland, and the palate region. Cancer 27(6):1415-
1418. https://doi.org/10.1002/1097-0142(197106)27:6<1415:aid-
cncr2820270622>3.0.c0;2-x

7. Boukheris H, Curtis RE, Land CE, Dores GM (2009) Incidence of
carcinoma of the major salivary glands according to the who clas-
sification, 1992 to 2006: a population-based study in the United


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.oraloncology.2011.04.020
https://doi.org/10.1016/j.oraloncology.2011.04.020
https://doi.org/10.1016/s0194-5998(99)70323-2
https://doi.org/10.1016/s0194-5998(99)70323-2
https://doi.org/10.1038/modpathol.3880525
https://doi.org/10.1038/modpathol.3880525
https://doi.org/10.1002/hed.2890080309
https://doi.org/10.1002/hed.2890080309
https://doi.org/10.1016/s1368-8375(02)00007-6
https://doi.org/10.1016/s1368-8375(02)00007-6
https://doi.org/10.1002/1097-0142(197106)27:6<1415:aid-cncr2820270622>3.0.co;2-x
https://doi.org/10.1002/1097-0142(197106)27:6<1415:aid-cncr2820270622>3.0.co;2-x

European Archives of Oto-Rhino-Laryngology (2021) 278:2537-2548

2547

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

States. Cancer Epidemiol Biomark Prev 18(11):2899-2906. https
://doi.org/10.1158/1055-9965.Epi-09-0638

Luukkaa H, Klemi P, Leivo I, Koivunen P, Laranne J, Mikitie A,
Virtaniemi J, Hinkka S, Grénman R (2005) Salivary gland cancer
in Finland 1991-96: an evaluation of 237 cases. Acta Otolaryngol
125(2):207-214. https://doi.org/10.1080/00016480510003174
Terhaard CH, Lubsen H, Van der Tweel I, Hilgers FJ, Eijkenboom
WM, Marres HA, Tjho-Heslinga RE, de Jong JM, Roodenburg JL
(2004) Salivary gland carcinoma: independent prognostic factors
for locoregional control, distant metastases, and overall survival:
results of the Dutch head and neck oncology cooperative group.
Head Neck 26(8):681-692. https://doi.org/10.1002/hed.10400
(discussion 692-683)

Eskander A, Irish J, Freeman J, Gullane P, Gilbert R, Groome PA,
Hall SF, Urbach DR, Goldstein DP (2014) Overview of major
salivary gland cancer surgery in Ontario (2003-2010). J Otolar-
yngol Head Neck Surg 43(1):50-50. https://doi.org/10.1186/s4046
3-014-0050-6

Wedding U, Roehrig B, Klippstein A, Steiner P, Schaeffer T,
Pientka L, Hoffken K (2007) Comorbidity in patients with can-
cer: prevalence and severity measured by cumulative illness rat-
ing scale. Crit Rev Oncol Hematol 61(3):269-276. https://doi.
org/10.1016/j.critrevonc.2006.11.001

Pignon JP, Le Maitre A, Maillard E, Bourhis J, Group M-NC
(2009) Meta-analysis of chemotherapy in head and neck cancer
(MACH-NC): an update on 93 randomised trials and 17,346
patients. Radiother Oncol 92(1):4-14. https://doi.org/10.1016/].
radonc.2009.04.014

Haehl E, Ruhle A, David H, Kalckreuth T, Sprave T, Stoian R,
Becker C, Knopf A, Grosu AL, Nicolay NH (2020) Radiotherapy
for geriatric head-and-neck cancer patients: what is the value of
standard treatment in the elderly? Radiat Oncol 15(1):31. https://
doi.org/10.1186/s13014-020-1481-z

Riihle A, Haehl E, David H, Kalckreuth T, Sprave T, Stoian R,
Zamboglou C, Gkika E, Knopf A, Grosu A-L (2020) The value of
laboratory parameters for anemia, renal function, systemic inflam-
mation and nutritional status as predictors for outcome in elderly
patients with head-and-neck cancers. Cancers 12(6):1698

Wang X, Luo Y, Li M, Yan H, Sun M, Fan T (2017) Management
of salivary gland carcinomas—a review. Oncotarget 8(3):3946—
3956. https://doi.org/10.18632/oncotarget.13952

Terhaard CH, Lubsen H, Rasch CR, Levendag PC, Kaanders
HH, Tjho-Heslinga RE, van Den Ende PL, Burlage F (2005) The
role of radiotherapy in the treatment of malignant salivary gland
tumors. Int J Radiat Oncol Biol Phys 61(1):103-111. https://doi.
org/10.1016/].ijrobp.2004.03.018

Vartanian JG, Gongalves Filho J, Kowalski LP, Shah JP, Suarez C,
Rinaldo A, De Bree R, Rodrigo JP, Hamoir M, Takes RP, Mikitie
AA, Zbiren P, Andreasen S, Poorten VV, Sanabria A, Hellquist
H, Robbins KT, Bodeker CC, Silver C, Ferlito A (2019) An evi-
dence-based analysis of the management of NO neck in patients
with cancer of the parotid gland. Expert Rev Anticancer Ther
19(10):899-908. https://doi.org/10.1080/14737140.2019.16741
43

Bernier J, Cooper JS, Pajak TF, van Glabbeke M, Bourhis J, Foras-
tiere A, Ozsahin EM, Jacobs JR, Jassem J, Ang KK, Lefebvre JL
(2005) Defining risk levels in locally advanced head and neck
cancers: a comparative analysis of concurrent postoperative radia-
tion plus chemotherapy trials of the EORTC (#22931) and RTOG
(# 9501). Head Neck 27(10):843-850. https://doi.org/10.1002/
hed.20279

Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefebvre J-L,
Greiner RH, Giralt J, Maingon P, Rolland F, Bolla M, Cognetti F,
Bourhis J, Kirkpatrick A, van Glabbeke M (2004) Postoperative
irradiation with or without concomitant chemotherapy for locally

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

advanced head and neck cancer. N Engl J Med 350(19):1945-
1952. https://doi.org/10.1056/NEJMo0a032641

Cooper JS, Pajak TF, Forastiere AA, Jacobs J, Campbell BH, Sax-
man SB, Kish JA, Kim HE, Cmelak AJ, Rotman M, Machtay M,
Ensley JF, Chao KSC, Schultz CJ, Lee N, Fu KK (2004) Postop-
erative concurrent radiotherapy and chemotherapy for high-risk
squamous-cell carcinoma of the head and neck. N Engl J Med
350(19):1937-1944. https://doi.org/10.1056/NEJMo0a032646
Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373-383.
https://doi.org/10.1016/0021-9681(87)90171-8

Pignon JP, le Maitre A, Maillard E, Bourhis J (2009) Meta-anal-
ysis of chemotherapy in head and neck cancer (MACH-NC): an
update on 93 randomised trials and 17,346 patients. Radiother
Oncol 92(1):4-14. https://doi.org/10.1016/j.radonc.2009.04.014
Carvalho AL, Nishimoto IN, Califano JA, Kowalski LP (2005)
Trends in incidence and prognosis for head and neck cancer in
the United States: A site-specific analysis of the SEER database.
Int J Cancer 114(5):806-816. https://doi.org/10.1002/ijc.20740
Mahmood U, Koshy M, Goloubeva O, Suntharalingam M (2011)
Adjuvant radiation therapy for high-grade and/or locally advanced
major salivary gland tumors. Arch Otolaryngol Head Neck Surg
137(10):1025-1030. https://doi.org/10.1001/archoto.2011.158
Sadetzki S, Oberman B, Mandelzweig L, Chetrit A, Ben-Tal T,
Jarus-Hakak A, Duvdevani S, Cardis E, Wolf M (2008) Smok-
ing and risk of parotid gland tumors: a nationwide case-control
study. Cancer 112(9):1974-1982. https://doi.org/10.1002/
cner.23393

Sahin MM, Demircan V, Gécek M, Uzunoglu E, Akmansu M,
Sayar E, Kiz1l Y, Aydil U (2020) Submandibular gland cancers:
prognostic factors and survival analysis. Eur Arch Otorhinolaryn-
gol. https://doi.org/10.1007/s00405-020-05924-w

National Collaborating Centre for C (2016) National institute for
health and care excellence: clinical guidelines. In: cancer of the
upper aerodigestive tract: assessment and management in people
aged 16 and over. National Institute for Health and Care Excel-
lence (UK) Copyright © National Collaborating Centre for Can-
cer, London

Bjgrndal K, Larsen SR, Therkildsen MH, Kristensen CA, Charabi
B, Andersen E, Overgaard J, Schytte S, Pedersen HB, Andersen
LJ, Johansen J, Godballe C (2016) Does age affect prognosis
in salivary gland carcinoma patients? A national Danish study.
Acta Oncol 55(supl):19-22. https://doi.org/10.3109/02841
86X.2015.1114671

Sprave T, Riihle A, Stoian R, Weber A, Zamboglou C, Nieder C,
Grosu A-L, Nicolay NH (2020) Radiotherapy for nonagenarians:
the value of biological versus chronological age. Radiat Oncol
15(1):113. https://doi.org/10.1186/s13014-020-01563-x
Terhaard CHJ, van der Schroeff MP, van Schie K, Eerenstein SEJ,
Lubsen H, Kaanders JHAM, Smeele LE, Burlage FR, van Den
Ende PL, Baatenburg de Jong RJ (2008) The prognostic role of
comorbidity in salivary gland carcinoma. Cancer 113(7):1572—
1579. https://doi.org/10.1002/cncr.23771

Chow R, Bruera E, Temel JS, Krishnan M, Im J, Lock M (2020)
Inter-rater reliability in performance status assessment among
healthcare professionals: an updated systematic review and meta-
analysis. Support Care Cancer. https://doi.org/10.1007/s0052
0-019-05261-7

Gilbert J, Li Y, Pinto HA, Jennings T, Kies MS, Silverman P,
Forastiere AA (2006) Phase II trial of taxol in salivary gland
malignancies (E1394): a trial of the Eastern Cooperative Oncol-
ogy Group. Head Neck 28(3):197-204. https://doi.org/10.1002/
hed.20327

Hong MH, Kim CG, Koh YW, Choi EC, Kim J, Yoon SO, Kim
HR, Cho BC (2018) Efficacy and safety of vinorelbine plus

@ Springer


https://doi.org/10.1158/1055-9965.Epi-09-0638
https://doi.org/10.1158/1055-9965.Epi-09-0638
https://doi.org/10.1080/00016480510003174
https://doi.org/10.1002/hed.10400
https://doi.org/10.1186/s40463-014-0050-6
https://doi.org/10.1186/s40463-014-0050-6
https://doi.org/10.1016/j.critrevonc.2006.11.001
https://doi.org/10.1016/j.critrevonc.2006.11.001
https://doi.org/10.1016/j.radonc.2009.04.014
https://doi.org/10.1016/j.radonc.2009.04.014
https://doi.org/10.1186/s13014-020-1481-z
https://doi.org/10.1186/s13014-020-1481-z
https://doi.org/10.18632/oncotarget.13952
https://doi.org/10.1016/j.ijrobp.2004.03.018
https://doi.org/10.1016/j.ijrobp.2004.03.018
https://doi.org/10.1080/14737140.2019.1674143
https://doi.org/10.1080/14737140.2019.1674143
https://doi.org/10.1002/hed.20279
https://doi.org/10.1002/hed.20279
https://doi.org/10.1056/NEJMoa032641
https://doi.org/10.1056/NEJMoa032646
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.radonc.2009.04.014
https://doi.org/10.1002/ijc.20740
https://doi.org/10.1001/archoto.2011.158
https://doi.org/10.1002/cncr.23393
https://doi.org/10.1002/cncr.23393
https://doi.org/10.1007/s00405-020-05924-w
https://doi.org/10.3109/0284186X.2015.1114671
https://doi.org/10.3109/0284186X.2015.1114671
https://doi.org/10.1186/s13014-020-01563-x
https://doi.org/10.1002/cncr.23771
https://doi.org/10.1007/s00520-019-05261-7
https://doi.org/10.1007/s00520-019-05261-7
https://doi.org/10.1002/hed.20327
https://doi.org/10.1002/hed.20327

2548

European Archives of Oto-Rhino-Laryngology (2021) 278:2537-2548

34.

35.

36.

37.

38.

39.

40.

cisplatin chemotherapy for patients with recurrent and/or met-
astatic salivary gland cancer of the head and neck. Head Neck
40(1):55-62. https://doi.org/10.1002/hed.24933

Airoldi M, Pedani F, Succo G, Gabriele AM, Ragona R, Mar-
chionatti S, Bumma C (2001) Phase II randomized trial compar-
ing vinorelbine versus vinorelbine plus cisplatin in patients with
recurrent salivary gland malignancies. Cancer 91(3):541-547.
https://doi.org/10.1002/1097-0142(20010201)91:3<541:aid-cncrl
032>3.0.co;2-y

Alfieri S, Granata R, Bergamini C, Resteghini C, Bossi P, Lici-
tra LF, Locati LD (2017) Systemic therapy in metastatic salivary
gland carcinomas: a pathology-driven paradigm? Oral Oncol
66:58-63. https://doi.org/10.1016/j.oraloncology.2016.12.016
Akbaba S, Heusel A, Mock A, Held T, Lang K, Hoerner-Rieber J,
Forster T, Katayama S, Kargus S, Rieken S, Plinkert P, Herfarth
K, Debus J, Adeberg S (2019) The impact of age on the out-
come of patients treated with radiotherapy for mucoepidermoid
carcinoma (MEC) of the salivary glands in the head and neck: a
15-year single-center experience. Oral Oncol 97:115-123. https
://doi.org/10.1016/j.oraloncology.2019.08.018

O’Brien CJ, Soong SJ, Herrera GA, Urist MM, Maddox WA
(1986) Malignant salivary tumors—analysis of prognostic factors
and survival. Head Neck Surg 9(2):82-92. https://doi.org/10.1002/
hed.2890090204

Muller von der Grun J, Martin D, Stover T, Ghanaati S, Rodel C,
Balermpas P (2018) Chemoradiotherapy as definitive treatment
for elderly patients with head and neck cancer. Biomed Res Int
2018:3508795. https://doi.org/10.1155/2018/3508795

Machtay M, Moughan J, Trotti A, Garden AS, Weber RS,
Cooper JS, Forastiere A, Ang KK (2008) Factors associated with
severe late toxicity after concurrent chemoradiation for locally
advanced head and neck cancer: an RTOG analysis. J] Clin Oncol
26(21):3582-3589. https://doi.org/10.1200/jc0.2007.14.8841
Schofield CP, Sykes AJ, Slevin NJ, Rashid NZ (2003) Radio-
therapy for head and neck cancer in elderly patients. Radiother
Oncol 69(1):37-42. https://doi.org/10.1016/s0167-8140(03)00249
-4

@ Springer

41.

42.

43.

44,

45.

Douglas JG, Laramore GE, Austin-Seymour M, Koh WIJ, Lindsley
KL, Cho P, Griffin TW (1996) Neutron radiotherapy for adenoid
cystic carcinoma of minor salivary glands. Int J Radiat Oncol Biol
Phys 36(1):87-93. https://doi.org/10.1016/s0360-3016(96)00213
-1

Jensen AD, Poulakis M, Nikoghosyan AV, Welzel T, Uhl M,
Federspil PA, Freier K, Krauss J, Hoss A, Haberer T, Jikel O,
Miinter MW, Schulz-Ertner D, Huber PE, Debus J (2016) High-
LET radiotherapy for adenoid cystic carcinoma of the head and
neck: 15 years’ experience with raster-scanned carbon ion therapy.
Radiother Oncol 118(2):272-280. https://doi.org/10.1016/j.radon
¢.2015.05.010

Sulaiman NS, Demizu Y, Koto M, Saitoh JI, Suefuji H, Tsuji H,
Ohno T, Shioyama Y, Okimoto T, Daimon T, Nemoto K, Nakano
T, Kamada T (2018) Multicenter study of carbon-ion radiation
therapy for adenoid cystic carcinoma of the head and neck:
subanalysis of the japan carbon-ion radiation oncology study
group (J-CROS) study (1402 HN). Int J Radiat Oncol Biol Phys
100(3):639-646. https://doi.org/10.1016/j.ijrobp.2017.11.010
Griffin TW, Pajak TF, Laramore GE, Duncan W, Richter MP,
Hendrickson FR, Maor MH (1988) Neutron vs photon irradiation
of inoperable salivary gland tumors: results of an RTOG-MRC
Cooperative Randomized Study. Int J Radiat Oncol Biol Phys
15(5):1085-1090. https://doi.org/10.1016/0360-3016(88)90188-5
Paleri V, Wight RG (2002) Applicability of the adult comorbidity
evaluation—27 and the Charlson indexes to assess comorbidity
by notes extraction in a cohort of UK patients with head and neck
cancer: a retrospective study. J Laryngol Otol 116(3):200-205.
https://doi.org/10.1258/0022215021910528

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/hed.24933
https://doi.org/10.1002/1097-0142(20010201)91:3<541:aid-cncr1032>3.0.co;2-y
https://doi.org/10.1002/1097-0142(20010201)91:3<541:aid-cncr1032>3.0.co;2-y
https://doi.org/10.1016/j.oraloncology.2016.12.016
https://doi.org/10.1016/j.oraloncology.2019.08.018
https://doi.org/10.1016/j.oraloncology.2019.08.018
https://doi.org/10.1002/hed.2890090204
https://doi.org/10.1002/hed.2890090204
https://doi.org/10.1155/2018/3508795
https://doi.org/10.1200/jco.2007.14.8841
https://doi.org/10.1016/s0167-8140(03)00249-4
https://doi.org/10.1016/s0167-8140(03)00249-4
https://doi.org/10.1016/s0360-3016(96)00213-1
https://doi.org/10.1016/s0360-3016(96)00213-1
https://doi.org/10.1016/j.radonc.2015.05.010
https://doi.org/10.1016/j.radonc.2015.05.010
https://doi.org/10.1016/j.ijrobp.2017.11.010
https://doi.org/10.1016/0360-3016(88)90188-5
https://doi.org/10.1258/0022215021910528

	Radiation-induced toxicities and outcomes after radiotherapy are independent of patient age in elderly salivary gland cancer patients: results from a matched-pair analysis of a rare disease
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patients and treatment
	Survival analysis
	Toxicity analysis
	Statistical analysis

	Results
	Demographic characteristics
	Survival analyses
	Matched-pair analysis
	Toxicity

	Discussion
	Acknowledgements 
	References




