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Introduction
Sinonasal malignancies are uncommon neoplasms. According to a recent Dutch 
study the present incidence is around 11 cases per 1.000.000 inhabitant per year in 
the Netherlands.(Kuijpens et al., 2012) These rare tumors include several histological 
subtypes, which makes it difficult to perform prospective trials or even to collect enough 
cases for larger retrospective studies. The most common histological subtypes are 
epithelial tumors with an incidence of 4.42 per million in Europe.(Van Dijk et al., 2012) 
The incidence of other subtypes, like mucosal melanoma, sarcoma and sinonasal tumors 
with neuroendocrine differentiation (STND) is even lower. The histological classification 
of these tumors is unfortunately not uniform in the literature which makes it even more 
difficult to compare different studies.

Sinonasal tumors are presenting typically in an advanced stage and have poor prognosis 
with an overall 5-year survival of 35-53%.(Blanch, Ruiz, Alos, Traserra-Coderch, & 
Bernal-Sprekelsen, 2004; Dulguerov, Jacobsen, Allal, Lehmann, & Calcaterra, 2001; 
Khademi, Moradi, Hoseini, & Mohammadianpanah, 2009) The cornerstone of the 
treatment of these malignancies is surgery and post-operative (chemo)radiotherapy. 
This combined modality treatment proved to be associated with the best survival.
(Bhattacharyya, 2002; Blanco et al., 2004; Carrillo, Guemes, Ramirez-Ortega, & Onate-
Ocana, 2005; Dulguerov et al., 2001; Guntinas-Lichius et al., 2007; Katz et al., 2002; 
Khademi et al., 2009) Although a great proportion of sinonasal cancer patients are 
elderly, the postoperative complication rate and predictors for complications and survival 
is poorly investigated in the aged population. Generally, there is an ongoing debate in 
the literature whether age is an independent predictor for post-treatment complication 
in head and neck cancer. Concerning paranasal cancer surgery, the only study focusing 
on this issue analyses purely craniofacial resection and includes different primary sites 
involving the skull base.(Ganly et al., 2011)
The aim of this study was to evaluate complications and survival of patients with nasal 
and paranasal malignancies, focusing on differences between elderly and younger 
patients undergoing surgery.

Subjects and Methods
Patients with cancer of the nasal cavity (C30.0 according to the ICD-O-3) and of the 
accessory sinuses (ICD-O-3: C31.0–C31.9)(Fritz, 2000) between 1995 and 2009, 
treated by surgery in the University Medical Center Groningen were extracted from the 
database of the Comprehensive Cancer Centre in the Netherlands. In this study, we 
retrospectively analyzed patients surgically treated with a curative intention for malignant 
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tumor of the nasal cavity or paranasal sinuses. Patients’ and tumor characteristics, 
including age, sex, tumor site, stage (according to the AJCC 7th edition) and histological 
subtype were registered. Treatment parameters such as type and length of operation 
and eventual postoperative radiotherapy were extracted from medical records. Only 
therapeutic interventions were analyzed, diagnostic ones not. Patients were analyzed 
in two age groups; patients 70 years and older and patients under the 70. 

Co-morbidity of all patients was registered using the Adult Comorbidity Evaluation 27 
(ACE-27) index.(Piccirillo, Tierney et al., 2004) Complications were graded using the 
contracted form of the Clavien-Dindo classification of complications.(Clavien et al., 
2009) It has been recently used to analyzed complications in head and neck cancer 
reconstructive surgery.(Perisanidis et al., 2012) This scoring system grades complications 
within one month after surgery (or longer in case of prolonged hospitalization) in five 
contracted form grades. Univariate significance was determined using the chi-squared 
test, survival analysis was performed using Kaplan Meier estimations and statistical 
differences in groups were determined performing logrank test. Only disease specific 
survival (DSS) data were included, as the analysis was performed in two different age 
groups, which hampers overall survival. DSS was defined as the time between surgery 
and death of patients due to locoregional recurrence or distant metastasis.
The review committee of the National Cancer Registration gave permission for this 
study as they considered privacy adequately covered. Historical cohort based studies 
on medical records do not need Institutional Review Board approval in the Netherlands 
since there is no health risk. 

Results
Patients’ characteristics 
Characteristics of the surgical interventions are shown in Table1. We identified 103 
patients who have undergone in total 107 interventions for sinonasal malignancy in our 
institution. There were 71 patients younger than 70 years and 32 patients 70 years old 
or older. The mean age of the younger group was 54 years and 76 years of the elderly. 
Most of the patients had advanced, stage 3 and 4 disease, slightly more advanced 
stages in the elderly, but the differences were not significant. Most of the  primary 
tumors were found in the nasal cavity followed the maxillary sinus and ethmoid. We 
registered 73 surgical interventions in the younger and 34 in the elderly group. The most 
common surgical procedure was lateral rhinotomy followed by craniofacial resection 
and maxillectomy. The length of the surgery varied extremely, between 15 minutes 
and more than 12 hours. The mean length of the procedures differed significantly 
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between the two groups at 252 minutes in the young population versus 154 minutes 
in the elderly. The most common histological subtypes were the epithelial tumors in 
both age groups counting for almost 60% of all patients, followed by sinonasal tumors 
with neuroendocrine differentiation in the younger population (27%) and melanoma 
in the elderly (27%). The majority, about 80% of the patients received postoperative 
radiotherapy in both patients’ groups.

Co-morbidity
There were significant differences in co-morbidity data of the two examined populations. 
Elderly had a higher incidence and more severe co-morbidity than the young group. 
64% of the young patients had no co-morbidity versus 32% of the elderly. Mild and 
moderate co-morbidity was registered in 18% and 16% of the young population and 
44% and 24% of the elderly, respectively (Figure1).
 
Complications
Figure 2a shows the distribution of complications by grade in the young and elderly 
population. Most of the patients (roughly 65 %) had no complication in both groups. 
There were slightly more grade 2 complications in the younger group and more grade3 
in de elderly, but these differences are not significant. No direct postoperative deaths 
were observed in either group. The types of complications differed slightly, but not 
statistically significant. Infection was more common in young (24% vs. 8% in elderly), 
while postoperative bleeding and fistula occurred more often in elderly (33% and 
25% vs. 24% and 16% in young, respectively) (Figure 2b). We have also analyzed 
different factors affecting treatment related complications using multivariate analysis. 
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Figure 1. Distribution of co-morbidity according to 
the ACE-27 classification in surgically treated young 
and elderly patients with sinonasal malignancy. The 
differences in the two age groups are significantly 
different.
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Interestingly age, stage and co-morbidity are not found to be significant predictors of 
complications. However, the length of surgery appeared to be a strong factor, with an 
odds ratio of almost 3.5 (Table 2).

Follow-up
The median follow-up time in the whole group was 34 months, with a range of 1-195. The 
median follow-up time is 107 months in the survived patients with an interval between 
13 and 195 months.

Survival
Using Kaplan Meier estimation, we analyzed the DSS of both age groups, which did not 
differ significantly from each other. The 5-years DSS lies around 60% in both groups 
(Figure 3). The disease specific survival per histological subtype has also been analyzed. 

Table 1. Characteristics of included surgical interventions

<70 y ≥70 y

Number of patients 71 32
Number of surgical interventions 73 34
Age (Years)
 Mean (range) 54 (16-69) 76 (70-88)
Sex (%)
 Male
 Female

39 (53)
34 (47)

23 (68)
11 (32)

Stage (%)
 
 Stage I
 Stage II
 Stage III
 Stage IV 
 Unknown

10 (14)
13 (18)
5 (7)

28 (38)
17 (23)

3 (9)
6 (18)
8 (24)
15 (44)
2 (6)

Site (%)
 Nasal cavity
 Maxillary sinus
 Etmoid sinus
 Olfactory nerve

30 (41)
21 (29)
10 (14)
12 (16)

23 (68)
4 (12)
6 (18)
1 (3)

Surgery (%)
 Lateral rhinotomy
 Craniofacial resection
 Midfacial degolving
 Maxillectomy
 Endoscopic resection
 Nose amputation
 Neck dissection
 Tumor resection
 Caldwell-Luc

38 (52)
16 (22)
0 (0)
7 (10)
2 (3)
3 (4)
4 (6)
2 (3)
1 (1)

22 (65)
1 (3)
1 (3)
1 (3)
2 (6)
5 (15)
0 (0)
2 (6)
0 (0)

Length of surgery (minutes)
 Mean (range) 252 (50-766) 154 (15-405)
Histology (%)
 Epitelial tumor
 Sarcoma
 Melanoma
 Tumor with neuroendocrine diff.

43 (59)
6 (8)
4 (6)

20 (27)

20 (59)
1(3)

9 (27)
4 (12)

Radiotherapy (%)
 No post-operative radiotherapy
 Post-operative radiotherapy

10 (14)
63 (86)

7 (21)
27 (79)
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In the younger population best survival has been registered in the few cases of the 
sarcoma group, followed by STND and the epithelial tumors and far worst prognosis has 
been detected in the melanoma group (5-years DSS data are 83%, 68%, 57% and 0%, 
respectively). There was a significant in survival difference between these histologies 
(p=0.02) (Figure 4a). Contradictory to this, epithelial cancer had the best prognosis in 
the elderly population, followed by melanoma and STND (5-years DSS 67%, 63% and 
50%, respectively). These differences were not significant (p=0.634) (Figure 4b).

Discussion
This is the first study analyzing co-morbidity, postoperative complications and disease 
specific survival in sinonasal malignancies focusing on differences between elderly 
(>=70 years) and young patients (<70 years). In our study, as expected, co-morbidity 
was more common in elderly patients. Despite of this, no significant difference was 
recorded in postoperative complications. This finding is very likely due to good patients 
selection in the elderly group, based on proper preoperative screening of patients. As 
only surgically treated patients were analyzed, there is surely a selection bias in the 
study population. We do not know how many patients and for what reason were not 
treated surgically. In multivariate analysis length of surgery was the only predictor for 
complication; age, stage and co-morbidity not. No significant difference was seen in 
disease specific survival of young and elderly patients. The survival of young patients 
differed significantly by histological subtype. However, in elderly patients no significant 
difference was seen in survival between histological subtypes.
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Figure 2. Distribution of complications according to the Clavien-Dindo classification in surgically treated 
young and elderly patients with sinonasal malignancy. Figure 2A shows the distribution of complications by 
severity score. The differences are not significant between young and elderly. Figure 2B demonstrates the 
distribution of complications by type of complication.
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Our finding, that co-morbidity is more frequent and more severe in elderly patients 
corresponds with other studies on head and neck cancer.(Paleri et al., 2010) The 
similar postoperative complication rate in young and elderly, observed in the present 
study is not really surprising. Previous papers on head and neck cancer patients had 
comparable findings,(Clayman et al., 1998; Kowalski et al., 1994; McGuirt et al., 1977; 
Peters et al., 2011) concluding that major head and neck surgery can also be safely 
performed in elderly after thorough preoperative evaluation. The present study analyzes 
only surgically treated patients, therefore the good patients selection for surgery is very 
likely the key to the not increased complication rate despite of higher occurrence of 
comorbid conditions. The postoperative complication rate of paranasal cancer sinus 
surgery has not been thoroughly investigated. The few studies focusing on postoperative 
complications almost all report exclusively on craniofacial resection. One exception is 
the study by Hanna et al. from 2009, finding an overall postoperative complication rate 
after endoscopic resection of sinonasal cancer as low as 11% regardless of whether 
a craniotomy was performed or not.(Hanna et al., 2009) This very favorable result is 
probably also due to the fact, that only surgical and not other complications were included 
in this study. The complication rate of ~35% in this study was in agreement with a large 
international multicentric study that found a 4.7% postoperative mortality and a 36.3% 
complication rate (including non surgical complications) after craniofacial resection of 
1193 patients in 17 institutions.(Ganly et al., 2005) Co-morbidity was found to be the 
only significant predictor of mortality, while co-morbidity, prior radiotherapy and extent of 
intracranial tumor growth were independent predictors of postoperative complications. 
A more recent paper also analyzed the incidence of postoperative complications after 
craniofacial resection, varying between 29.7 and 54%. The postoperative complications 
of craniofacial resection are well described.(Ganly et al., 2011; Hentschel et al., 2004) In 
the most recent and largest series of Ganly et al.,(Ganly et al., 2011) the postoperative 

Table 2. Multivariate analysis of factors affecting treatment-related complication in all patients.

Variable Odds ratio (95% 
confidence interval)

P trend 
value

Age group (70 years and 
older) 1.453 (0.527-4.006) 0.470
Stage Stage I 1 (ref) 0.467

Stage II 1.413 (0.251-7.945)
Stage III 1.314 (0.205-8.430)
Stage IV 1.745 (0.372-8.182)

Co-morbidity No decompensation 1 (ref) 0.558
(ACE 27) Mild decompensation 1.501 (0.482-4.675)

Moderate decompensation 1.603 (0.420- 6.116)
Surgery > 160 min 3.499 (1.320-9.271) 0.012
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complication rate in the elderly found to be as high as 42% and the mortality was 9%; 
both significantly higher than in the younger group. In this study age was found to be 
related to poorer survival. These data are difficult to compare with our results as our 
analysis includes different types of surgeries. However, our data contradicts the previous 
findings of these studies showing that age and co-morbidity are not independent 
predictors of complications. These conflicting data can be probably explained by careful 
patient selection in the operated population, especially in the elderly. To address this 
question all patients, thus the primarily irradiated or palliated patient population should 
be analyzed. On the other hand, we were the first to describe relationship between 
surgery time and chance of complication after sinonasal cancer surgery. The finding 
that longer surgery predicts postoperative complication is an important issue. It should 
stimulate surgeons to perform more simple and faster interventions, especially in older 
and frail patients.

Our disease free survival was around 65%, which is better than most recent published 
studies in the literature.(Blanch et al., 2004; Dulguerov et al., 2001; Katz et al., 2002; 
Khademi et al., 2009) Most of these studies also investigate predictors of survival. Data 
on age as an independent negative predictor of survival is controversial. Some authors 
found it significant factor,(Bhattacharyya, 2002) while others did not.(Khademi et al., 
2009) Comparing survival of different age groups is difficult as the life expectancy of 
the healthy aged population is shorter. Therefore, we did not include overall survival 
analysis in our present study. We did not find differences in the disease specific survival 
of young and elderly patients in our series. Therefore we conclude that the (treatment 
of) sinonasal malignant tumor does not shorten life expectancy more in elderly patients. 
Thus, although elderly patients have a shorter a priori life expectancy, the similar tumor 
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Figure 3. Disease specific survival (DSS) of surgically treated 
young and elderly patients with sinonasal malignancy. There 
is no significant difference in 5-years DSS between the 
young and elderly population.
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related survival should be a reason not to treat elderly patients differently. The analysis 
of survival in different histological subtypes brought interesting finding in our series; 
histology was not related to disease-specific survival in elderly patients.  Most studies 
found the worst survival in patient with a malignant sinonasal melanoma,(Bentz, Bilsky, 
Shah, & Kraus, 2003; Ganly et al., 2011; Patel et al., 2003) our study only confirmed this 
in young patients. Some caution should be considered because only a small number 
of patients with melanoma were included. However the difference between young and 
elderly patient with sinonasal melanomas is striking.

In order to make better choices in the treatment of these patients a prospective study is 
needed. Our study cannot answer the question whether in which cases must surgical 
treatment be avoided as we did not include patients who were non-surgically treated. 
For the proper decision making of the multidisciplinary team, patients should be 
included with all treatment intentions and modalities. Not only treatment outcome but 
pre- and post-treatment quality of life analysis can also help in deciding whether it is 
worth these patients to operate. Based on this retrospective study, we can conclude 
that complications, survival and recurrence are not significantly different in young and 
elderly patients undergoing surgery for sinonasal malignancies. Therefore, based on 
this study, surgery can be also safely performed in elderly sinonasal cancer patients 
after careful preoperative evaluation and patient selection. As only surgically treated 
patients were included, the present study surely suffers from selection bias. In order to 
further investigate the risk of age in sinonasal cancer treatment a prospective study is 
needed.
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Figure 4. Disease specific survival (DSS) of surgically treated patients with sinonasal malignancy with different 
histological subtype. Figure 4A shows the DSS of young patients with different histology. The differences are 
statistically significant. Figure 4B shows the DSS of elderly patients with different histology. The differences 
are statistically not significant.
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Introduction
Malignant tumors of the salivary glands are rare, in a recent study based on 76 
population-based cancer registries in Europe an incidence of 13.07/1,000,000/year was 
found.(Van Dijk et al., 2012) It represents a group of tumors with different histological 
subtypes, primarily located at the parotid and submandibular gland.(Bjorndal et al., 
2012) The cornerstone in the treatment of malignant major salivary tumors is surgery, 
and depending on tumor characteristics, followed by adjuvant radiotherapy.(Noh et al., 
2010; Terhaard et al., 2005) Risk factors for malignant salivary gland tumors are not 
well established.(Guzzo et al., 2010) The highest incidence of malignant salivary gland 
tumors is in the 6th and 7th decade.(Pinkston & Cole, 1999) The rising percentage of 
elderly in the western population therefore suggests an increase of elderly patients 
with salivary gland malignancies in the future. Several studies show that comorbidity 
rates are more frequent in elderly patients.(Hocwald et al., 2001; Peters et al., 2011; 
Peters, van der Laan et al., 2011; Terhaard et al., 2008) However conflicting data 
exists regarding the treatment related complications in head and neck cancer in elderly 
patients.(Borggreven et al., 2003; Clayman et al., 1998; Kowalski et al., 1994; Peters et 
al., 2011; Peters, van der Laan et al., 2011; Suh et al., 2004) Little data is available on 
complications after treatment of malignant salivary gland tumor, and the predictive value 
of both age and comorbidity is unclear. Although no consensus is established regarding 
factors influencing complications and survival in elderly patients, elderly patients with 
head and neck cancer tend to be treated differently than their younger counterparts.
(Derks et al., 2005) Several factors have shown to influence survival after treatment 
of malignant salivary gland tumors. Patient characteristics like male gender(Cheung, 
Franzmann, Sola, Pincus, & Koniaris, 2011) and age(Bell, Dierks, Homer, & Potter, 
2005; Cheung et al., 2011) have been associated with a negative effect on survival. 
Terhaard et al.(Terhaard et al., 2008) found that comorbidity significantly influences 
overall survival, but not the disease free survival in malignant salivary gland tumor. 
Tumor characteristics like stage(Bell et al., 2005; Cheung et al., 2011; Hocwald et al., 
2001; Noh et al., 2010; Oplatek, Ozer, Agrawal, Bapna, & Schuller, 2010; Terhaard et 
al., 2004), lymphovascular invasion(Kim et al., 2012; Noh et al., 2010; Oplatek et al., 
2010) and perineural growth(Hocwald et al., 2001; Kim et al., 2012; Noh et al., 2010), 
had negative prognostic influence as well.  The goal of this study is to find possible 
predictors of postoperative complications and survival for patients with malignant tumors 
of the major salivary glands with special interest in the influence of age.
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Patients and methods
Patients
All patients with a malignant tumor of the major salivary gland (parotid and submandibular) 
treated surgically with curative intention between 1995-2010 in the University Medical 
Center Groningen (UMCG), Groningen, The Netherlands were retrospectively analyzed. 
All surgical procedures were separately included when patients required more than one 
operation. The primary database was obtained from the Comprehensive Cancer Centre 
of the Netherlands. 

Clinical variables
Data were obtained using the paper and electronic medical chart database of the UMCG. 
Patient demographics included age, sex, tumor site and stage (using the seventh 
edition of the AJCC Cancer Staging Manual). Patients were divided into two age groups: 
patients 70 years and older and patients under 70. Tumor characteristics (perineural and 
lymphovascular invasion) were obtained from the histopathological examination report. 
Comorbidity of all patients was collected using the Adult Comorbidity Evaluation 27 
(ACE-27) index. The ACE-27 index evaluates 27 cogent comorbid ailments subdivided 
over 12 different organ systems, separating them into no/mild/moderate and severe 
comorbidity.(Piccirillo, Tierney et al., 2004) Complications were evaluated using the 
Clavien-Dindo classification of complications (Table 1.).(Clavien et al., 2009; Dindo et 
al., 2004) This scoring system classifies complications, which occur within one month 
after surgery (or longer in case of prolonged hospitalization) in five (contracted form) 
or seven (in the full scale) grades. The contracted form was used. Postoperative facial 
nerve palsy was not recorded as a complication when it recovered over time without 
intervention or when facial nerve was sacrificed because of tumor invasion. Survival 
status and recurrence status were recorded in all patients. 

Statistic analysis
The univariate statistical analysis, testing a possible association of comorbidity, 
complications in different age groups was conducted using the chi square test. 
Complications were divided into two categories: (1) Grade 0 and I and (2) Grade II-V 
complications. Multivariate logistic regression was performed to analyze the relation 
between age, comorbidity, tumor stage and complications. Survival analysis was 
performed using the Kaplan Meier method, and univariate differences in groups were 
analyzed with the logrank test. For multivariate survival analysis a Cox proportional 
hazards model was used. In the survival analysis, only the characteristics of the first 
surgical treatment per individual patient were included. Disease specific survival was 
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defined as the time between surgery and death of patients with locoregional recurrence 
or distant metastasis.

Results 
Demographics
A total number of 111 surgical interventions for the treatment of malignant salivary gland 
tumors were performed in 108 patients between January 1995 and January 2010 (Table 
2). There were 78 interventions performed in younger patients group and 33 in the 
elderly group. Most tumors were located in the parotid gland (76% in young patients, 
88% in elderly patients). Only lymphovascular invasion was significantly lower in elderly 
patient compared to younger patients (p=0.028). No difference was seen in the use 
of post-operative radiotherapy. Furthermore no significant difference in the interval 
between surgery and radiotherapy was seen between both age groups. 

Comorbidity
A significant difference was found in the occurrence of comorbidity in young and elderly 
patients (p=0.000) (Figure 1). Most young patients had no comorbidity at the time of 
treatment (78%), while the majority of elderly patients had mild comorbidity (42%). 
Higher comorbidity scores were more frequent in elderly patient.

Postoperative complications
Postoperative complications were significantly more frequent noted in elderly patients 
(p=0.026) (Figure 2), 30% in the elderly and in 17% of the younger. Not only the 
frequency but also the severity of the complications in elderly was higher. Nine percent 
of elderly patients had grade IV or V complications. Infection was the most frequent 
complication in young patients, while cardiopulmonary problems were the most 
common in elderly (Figure 3). Five patients suffered neurologic complications. Four 
patients had a persisting facial nerve pareses, and one patient had a cerebrovascular 

Table 1. Classification of Surgical Complications according to Clavien and Dindo (contracted form)

Grade Definition
Grade 0 No complication
Grade I Any deviation from the normal postoperative course without the need for pharmacological 

treatment or surgical, endoscopic and radiological interventions.

Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I 
complications.

Grade III Requiring surgical, endoscopic or radiological intervention 
Grade IV Life-threatening complication
Grade V Death of a patient 
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Figure 1. Distribution of comorbidity based on the Adult 
Comorbidity Evaluation 27 (ACE-27) test in young 
and elderly patients. The difference in distribution is 
significant (p=0.000).

event. The remaining complications (defined as ‘other’) were wound dehiscence (2 
patients), retention bladder (2) and psychological agitation (1). In an univariate analysis 
a significant association between comorbidity and complications was found in elderly 
patients (p=0.021). Although complications were significantly more common in elderly 
patients, age was no longer an independent factor for the occurrence of a complication 
multivariate analysis (Table 3). Only stage was a significant predictor of complications. 
The odds ratio for comorbidity (ACE 27) was 1.947 (CI: 0.425-8.926), however this was 
not statistically significant.

Survival
Table 4 shows univariate analysis outcome on possible predictors of overall and disease 
specific survival. Age, stage, ACE 27 grade, perineural growth and lymphovascular 
invasion were significant predictors of overall survival. However, in disease specific 
survival only stage, perineural growth and lymphovascular invasion were significant 
predictors. Age was no significant predictor of disease specific survival in univariate 
analysis (p=0.054). However the 5 years disease specific survival of patients 70 and 
over was 71% vs. 86% in younger patients. Multivariate analysis of prognostic factors 
of survival is shown in Table 5. In the multivariate analysis only stage was shown to 
be a significant predictor of disease specific survival (p=0.016). Age and stage were 
significant predictors of overall survival.
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Figure 2. Distribution of complications based on the 
Clavien-Dindo classification in young and elderly 
patients. The difference in distribution is significant 
(p=0.026).
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Discussion 
This is the first study focusing on postoperative complications of young and elderly 
patients with malignant salivary gland tumor. This study shows a higher incidence of 
postoperative complications in elderly patients with salivary gland tumor, however age 
was not a predictor of complications in the multivariate analysis. Age was also not a 
significant predictor of disease specific survival. The analysis obviously suffers from the 
retrospective nature of this study. As only surgically treated patients are included in the 
present study resulting possibly in a selection bias.

The results of this study and previous studies(Terhaard et al., 2008) show a lower 
incidence of comorbidity in this patient group compared to other localizations within 
the head and neck.(Borggreven et al., 2003; Ferrier et al., 2005; Piccirillo, Spitznagel, 
Vermani, Costas, & Schnitzler, 2004; Sanabria et al., 2008) Very likely because alcohol 
abuse is a clear etiologic factor for other head and neck malignancies and is recorded in 
the ACE 27 classification. Like in other studies on different primary tumor sites(Paleri et 
al., 2010; Peters, van der Laan et al., 2011; Terhaard et al., 2008), the higher incidence 
of comorbidity in elderly patients is confirmed by us. In most studies complication 
rates after surgery for a head and neck malignancy are comparable in young and 
elderly patient. Therefore, these studies concluded that age alone is not a predictor of 
complications.(Beausang et al., 2003; Borggreven et al., 2003; Clayman et al., 1998; 
Peters et al., 2011; Peters, van der Laan et al., 2011) However, we found a higher 
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Figure 3. Type of complications in young 
and elderly patients, based on the Clavien-
Dindo classification. The total number of 
complications in young patients was 13, and 
in elderly patients 10.
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incidence of complications in elderly in this study, as in some other studies.(Blackwell 
et al., 2002; Suh et al., 2004) In this study, the Clavien-Dindo classification system, 
validated and tested for interobserver variation, made it possible to uniformly classify 
the severity and nature of complications.(Clavien et al., 2009; Dindo et al., 2004) This 

Table 2. Characteristics of included surgical interventions.

No. of patients 
<70 y

No. of patients
≥70 y P value

Total no. 78 33
Age (Years)
 Mean (range) 49 (11-69) 78 (70-90)
Sex (%)
 Male
 Female

42 (54)
36 (46)

19 (58)
14 (42)

0.718

Stage (%) *
 Stage I
 Stage II
 Stage III
 Stage IV
 Unknown

18 (24)
20 (27)
8 (11)

29 (39)
3

4 (13)
5 (16)
5 (16)
18 (56)

1

0.158

Site (%)
 Parotid gland
 Submandibular gland

59 (76)
19 (24)

29 (88)
4 (12)

0.146

Salivary gland surgery (%) †
 Superficial parotidectomy
 Subtotal parotidectomy
 Total parotidectomy
 Submandibular gland excision

9 (12)
26 (33)
24 (31)
15 (19)

1 (3)
14 (42)
14 (42)
4 (12)

0.277

Neck dissection (%)
 Elective neck dissection
 Therapeutic neck dissection
 No neck dissection

34 (44)
15 (19)
29 (37)

12 (36)
11 (33)
10 (30)

0.276

Length of surgery (minutes)
 Mean (range) 284 (60-860) 296 (80-667)

0.714

Post operative radiotherapy (%)
 No post operative radiotherapy
 Post operative radiotherapy

20 (26)
58 (74)

7 (21)
26 (79)

0.619

Histology (%)
 Adenoid cystic carcinoma
 Mucoepidermoid carcinoma
 Adenocarcinoma
 Acinic cell carcinoma
 Carcinoma ex-pleiomorphic adenoma
 Squamous cell carcinoma
 Epithelial-myoepiththelial carcinoma
 Salivary duct carcinoma
 Oncocytic carcinoma
 Large cell carcinoma
 Small cell carcinoma
 Angiosarcoma
 Spindle cell carcinoma

20 (26)
11 (14)
17 (22)
15 (19)
3 (4)
1 (1)
1 (1)
3 (4)
3 (4)
3 (4)
1 (1)

0
0

3 (9)
3 (9)

13 (39)
5 (15)

0
2 (6)
1 (3)
2 (6)

0
2 (6)

0
1 (3)
1 (3)

0.152

Perineural invasion (%) 
 No perineural growth
 Perineural growth
 Unknown

44 (63)
26 (37)

8

17 (53)
15 (47)

1

0.352

Lymphovascular invasion (%)
 No lymphovascular invasion
 Lymphovascular invasion
 Unknown

53 (80)
13 (19)

12

19 (59)
13 (41)

1

0.028

*Stage could not be scored in all patients, due to missing information
† Not all patients underwent surgery involving the primary tumor
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system has already been used for evaluation of postoperative complications of head 
and neck cancer.(Perisanidis et al., 2012)  Studies on postoperative complications after 
parotid surgery are mostly performed on patients with benign lesions.(Ciuman, Oels, 
Jaussi, & Dost, 2012; Maddox, Paydarfar, & Davies, 2012) They show complication rate 
between 10% and 24% (excluding facial nerve paralysis), however these results are 
difficult to compare to the results in this study due to the different nature of the pathology. 
Only surgically treated patients were included in this study, which can hamper 
generalizability of our data. Treatment outcome of patients treated with radiotherapy 
alone or treated with palliative intention were not analyzed. Therefore it is unclear 
how many patients were treated differently and for what reasons, especially in elderly 
patients and patients with more severe comorbidity. To answer this question is difficult, 
based on a retrospective analysis. A thorough analysis would require a prospective 
study, however  Terhaard et al. have tried to answer this question in their retrospective 
study, where patients with higher comorbidity were reported to receive non-standard 
treatment more often.(Terhaard et al., 2008) No differences between young and 
elderly were seen in our study with respect to the proportion of patients receiving 
radiotherapy after surgery , indicating that elderly patients equally received optimal 
treatment. Furthermore, no prolonged period of recovery was necessary before the 
start of radiotherapy. However included patients were deemed to have acceptable risks 
to undergo surgery, and therefore no universal conclusion can be made for patients with 
salivary gland malignancies.

Several studies describe a relation between (especially severe) comorbidity and 
complications.(Beausang et al., 2003; Ferrier et al., 2005; Peters et al., 2011; Peters, 
van der Laan et al., 2011; Suh et al., 2004) This relation is debated in elderly patients 
with head and neck cancer.(Beausang et al., 2003; Borggreven et al., 2003; Peters et 

Table 3.  Multivariate analysis of factors affecting treatment-related complication in all patients.

Variable
Odds ratio (95% confidence 
interval) P trend value

Age group at diagnose 0.960 (0.278-3.322) 0.949
Stage Stage I No complications 0.006

Stage II 1 (ref))
Stage III 2.564 (0.301-21.801)
Stage IV 5.725 (1.079-30.366)

Comorbidity         (ACE 
27)* 1.947 (0.425-8.926) 0.391
Length of surgery † 0.933 (0.258-3.379) 0.916

*No/mild comorbidity vs. moderate/severe comorbidity
† Divided over two groups: < than 240 minutes vs.  ≥ than 240 minutes (median time of surgery)
Abbreviations; ACE 27: Adult Comorbidity Index 27
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al., 2011; Peters, van der Laan et al., 2011) Although the present study found higher 
comorbidity and complication rate in elderly, multivariate analysis did not confirm the 
predictive role of comorbidity in the development of complications. The difference found 
with univariate analysis in complications can be explained by the higher frequency of 
advanced staged tumor in the elderly patients (37% stage IV in young and 55% in 
elderly patients). Other studies evaluating surgically treated elderly patients with other 
head and neck malignancies have also not shown higher complication rate in elderly 
patients.(Clayman et al., 1998; Kowalski et al., 1994; Peters et al., 2011; Peters, van 
der Laan et al., 2011) To our knowledge, this is the first study evaluating complications 
in this specific group of patients. 

In this study only stage was found to be good predictor of complications; no other strong 
predictor of complications was found in elderly patients with salivary gland malignancies. 
Although a relation of stage with the length of operation seems apparent, no difference 
was seen between young and elderly patients. Furthermore, in multivariate testing length 
of surgery did not independently predict complications. A possible explanation of the 
correlation between stage and post-operative complications is the fact that advanced 

Table 4.  Univariate analysis of factors influencing survival of patients with a malignancy of a major salivary 
gland.

Disease specific survival Overall survival
Factors 5 yr 

survival %
P-value 5 yr 

survival 
%

P-value

Age (yr)
 <70
 ≥70

86
71

0.054 78
42

0.000

Gender
 Male
 Female

79
85

0.506 66
74

0.257

Stage
 Stage 1
 Stage 2
 Stage 3
 Stage 4

100
100
92
56

0.000 100
88
68
38

0.000

Comorbidity (ACE 27)*
 Grade 0/1
 Grade 2/3

83
69

0.420 72
36

0.004

Perineural growth
 No perineural growth
 Perineural growth

87
70

0.032 77
50

0.006

Lymphovascular invasion
 No Lymphovascular invasion
 Lymphovascular invasion

88
66

0.006 79
32

0.000

Abbreviations; ACE 27: Adult Comorbidity Index 27



62

disease necessitates more extensive surgery. Although some previous studies found 
a relation between complications and stage in other head and neck malignancies,(de 
Cassia Braga Ribeiro et al., 2003; Peters et al., 2011; Peters, van der Laan et al., 2011) 
addition research is needed to further explore the influence of stage on complications.
Age was not a significant predictor for disease specific survival, contradicting the results 
of Terhaard et al.(Terhaard et al., 2008) and Bell et al.(Bell et al., 2005). This difference 
probably comes from the lower number of patients in our study and possibly also from 
selection bias (including only surgically treated patients), and although not statistically 
significant, a trend towards worse disease specific survival in elderly was visible. The 
only factor that was a significant predictor of survival was stage, which corresponds 
with other studies.(Al-Mamgani, van Rooij, Sewnaik, Tans, & Hardillo, 2012; Bell et al., 
2005; Hocwald et al., 2001; Kim et al., 2012; Noh et al., 2010; Oplatek et al., 2010; 
Terhaard et al., 2004; Terhaard et al., 2008) Other tumor related factors, like perineural 
growth and lymphovascular invasion predict survival only in the univariate analysis and 
are therefore not independent prognostic factors, as in some earlier studies.(Kim et 
al., 2012; Noh et al., 2010; Oplatek et al., 2010) In the larger study by Terhaard et 
al.(Terhaard et al., 2008) the possible role of comorbidity in survival was analyzed. 
This study also used the ACE-27 comorbidity index as a basis for analysis, therefore 
the results are comparable with this study. Terhaard et al. concluded that only overall 
survival and not disease free survival was predicted by comorbidity. Similarly to these 
results, we did not identify comorbidity as an independent factor of disease specific 
survival. According to our results life expectancy of patients with malignant salivary 
gland tumor is not influenced by age, nor by comorbidity. Again, only stage of the tumor 
negatively influenced the disease specific survival. The result that overall survival is 
influenced by age, is not surprising. We therefore conclude, that malignant salivary 
gland tumor reduces the tumor related life expectancy equally in both age groups, and 
therefore should not be a reason for non-standard treatment. Once more, these data 

Table 5. Multivariate analysis of prognostic factors for disease specific survival and overall survival in 
malignant salivary gland tumors.

Disease specific survival Overall survival
Factors P-value Hazard ratio (95% CI) P-value Hazard ratio (95% CI)
Age 0.147 2.401 (0.736-7.833) 0.009 2.992 (1.307-6.847)
Gender 0.454 0.655 (0.216-1.981) 0.385 0.706 (0.321-1.550)
Stage 0.016 8.240 (1.486-45.703) 0.000 2.550 (1.525-4.264)
Comorbidity (ACE 
27)*

0.495 0.594 (0.133-2.651) 0.987 0.992 (0.387-2.546)

Perineural growth 0.527 0.714 (0.251-2.032) 0.551 0.792 (0.367-1.707)
Lymphovascular 
invasion

0.355 1.700 (0.552-5.232) 0.096 1.974 (0.887-4.393)

*No/mild comorbidity vs. moderate/severe comorbidity
Abbreviations; CI: confidence interval; ACE 27: Adult Comorbidity Index 27
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should be confirmed by a prospective study, including patients receiving standard and 
non-standard treatment.

Conclusions
In conclusion, the results of this retrospective study reviewing surgically treated patients 
with major salivary gland malignancies show a higher incidence of complications in 
elderly patients. However the complication rate was not associated with age or 
comorbidity in multivariate analysis, only tumor stage was an independent predictor of 
complications. The higher occurrence of complications in elderly should be taking into 
account when treating and caring for elderly patients. Disease specific survival was not 
significantly different in elderly patient, and therefore age is not a reason to treat elderly 
differently. However the higher occurrence of comorbidity in elderly implies the need of 
extra preoperative assessment and postoperative care.




