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Abstract

Background. Recently, the Quantitative Analysis of Normal Tissue Effect in the Clinic (QUANTEC) Group defined dose-
volume constraints for the parotid glands to avoid severe xerostomia. The aim of this study was to determine if application
of these QUANTEC criteria also protected against moderate-to-severe patient-rated xerostomia. Material and methods.
The study population consisted of 307 head and neck cancer patients treated with primary (chemo)radiotherapy, either
with 3D-CRT (56%) or with IMRT (44%). All patients participated in a standard follow-up program in which radiation-
induced toxicity and quality of life were prospectively assessed. Patients who met the QUANTEC criteria were classified
as low risk and otherwise as high risk. Resulzs. In total, 41% of the patients (treated with 3D-CRT and IMRT) were clas-
sified as low risk patients. In the group treated with 3D-CRT and IMRT, it was possible to meet the QUANTEC criteria
in 47% and 32% of the patients, respectively. Sparing the parotid glands with IMRT was considerably more difficult in
patients with lymph node metastases and in patients with nasopharyngeal and oropharyngeal tumours. Low risk patients
reported significantly less moderate-to-severe xerostomia than high risk patients. However, the predicted risk of elderly
patients and patients with pre-existing minor patient-rated xerostomia at baseline was > 20%, even when the QUANTEC
criteria were met. Conclusions. Significantly lower rates of radiation-induced patient-rated xerostomia were found among
low risk patients treated according to the QUANTEC criteria, but these criteria do not completely protect against xeros-
tomia. Particularly in elderly patients and patients already suffering from minor xerostomia at baseline, the QUANTEC
criteria do not sufficiently protect against persistent, moderate-to-severe patient-rated xerostomia.

Introducti .. .
ntrocuction radiation techniques, IMRT has become the stan-

Radiotherapy is a commonly used treatment modality
in the management of head and neck cancer
(HNC) patients. When treating patients with radio-
therapy, co-irradiation of normal tissues is generally
unavoidable.

Based on the results of a number of randomised
controlled trials (1,2) showing that salivary dys-
function can be prevented by using intensity modu-
lated radiotherapy (IMRT) instead of conventional

dard of care for patients with HNC who are treated
with radiotherapy. Nevertheless, parts of the sali-
vary glands still receive considerable radiation doses
even when IMRT is used, resulting in hyposaliva-
tion and subsequent xerostomia (3).

Recently, the QUANTEC (Quantitative Analy-
ses of Normal Tissue Effects in the Clinic) Group
suggested practical guidelines to reduce the toxicity
risk based on dose constraints to be used in IMRT
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treatment planning (4). More specifically, the
QUANTEC Group concluded that severe xerosto-
mia, defined as long-term stimulated salivary flow
<25% of baseline, can be reduced if at least one
parotid gland is spared with a mean dose of less than
20 Gy or if both glands are spared with a mean dose
of less than <25 Gy (5).

Recently, Moiseenko et al. (6) reported the results
of a prospective study which was performed to vali-
date these QUANTEC recommendations with regard
to salivary flow. When the QUANTEC criteria were
met, the rate of grade 4 xerostomia, defined as 25%
reduction of pretreatment salivary flow measured at
3 months was >40% but indeed improved to less
than 20% at 12 months. The authors therefore con-
cluded that the QUANTEC recommendations were
sufficiently valid to be used in clinical practice.

However, the QUANTEC criteria are only based
on the dose to the parotid glands. Although parotid
gland dysfunction plays an important role in the
development of patient-rated xerostomia (7), it is not
the only prognostic factor. We recently showed that
age and baseline xerostomia were independent prog-
nostic factors for patient-rated xerostomia, in addi-
tion to the mean dose to the parotid glands (7). As
previous studies have shown that the correlation
between salivary flow and patient-rated xerostomia
is relatively weak (2,8), it is important to investigate
the value of the QUANTEC criteria for patient-rated
xerostomia as well.

Therefore, the purpose of the current study was
twofold: 1) to test the hypothesis that the applica-
tion of the QUANTEC criteria is sufficient to pre-
vent patient-rated moderate-to-severe xerostomia,
and 2) to determine the extent to which this effect
depends on age and the presence of baseline patient-
rated xerostomia.

Material and methods
Patients

The study population of the current analysis was
composed of 307 patients, including 171 patients
treated with 3D-CRT and 136 patients treated with
IMRT. All patients met the following eligibility cri-
teria: (1) HNC originating in the oral -cavity,
oropharynx, larynx, hypopharynx, nasopharynx,
paranasal sinuses or cervical lymph node metastases
from unknown primary tumours; (2) treated with
curative radiotherapy (RT), either alone or in com-
bination with chemotherapy (CHRT) or cetuximab;
(3) no previous surgery, radiotherapy and/or che-
motherapy; (4) no previous malignancies; (5) no
distant metastases; (6) health-related quality of life
(HRQoL) assessments available prior to, 6 weeks

after treatment and at 6 months after completion of
RT or CHRT, and (7) no moderate-to-severe xeros-
tomia at baseline. Patients with moderate-to-severe
complaints at baseline were excluded from the anal-
ysis as we were primarily interested in xerostomia
induced by the radiation treatment itself. The demo-
graphic and tumour characteristics are listed in
Table I. The majority of patients were male (74%)
and the mean age of the study population was
62 years. The range was 32 to 92 years.

The study was performed according to the
regulations of the local ethical committees.

Treatment

In all patients, a planning CT-scan with contrast-
enhancement was performed in treatment position.
Radiotherapy was delivered using a 6 MV linear
accelerator. The target volumes for the initial fields
and boosts were similar, as previously described (7).
In summary, the clinical target volume of the initial
field (CTV1) was composed of the primary tumour
and pathological lymph nodes plus a 1.0 cm margin,
and the elective nodal areas on both sides of the neck.
The CTV for the boost irradiation (CTV2) consisted
of the primary tumour and pathological lymph nodes
with a 0.5 cm margin. In all cases, a 0.5 cm margin
was applied for the planning target volumes (PTV1
and PTV2).

The parotid glands were contoured according to
the guidelines described by Van de Water et al. (9).

Table I. Patient characteristics.

Patient
characteristics Number %
Sex Male 227 74
Female 80 26
Age =65 204 66
> 65 103 34
Chemotherapy Radiotherapy alone 207 67
Concomitant chemoradiotherapy 89 29
Concomitant Cetuximab 11 4
Tumour TO 9 3
classification T1 40 13
T2 129 42
T3 70 23
T4 59 19
Node positive 142 46
classification negative 165 54
Site Oropharynx/oral cavity 107 35
Larynx 150 49
Hypopharynx 28 9
Nasopharynx/paranasal sinuses 14 5
Miscellaneous 8 2
Treatment 3D-CRT 171 56
technique IMRT 136 44
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All parotid glands were contoured by an expert in
head and neck radiation oncology.

When treated with 3D-CRT, no attempts were
made to spare the salivary glands. Patients with early
laryngeal carcinoma were treated with a fraction dose
of 2.5 Gy (5 times/week) up to a total dose of 60 Gy
in 5 weeks or with a fraction dose of 2.0 Gy (5 or 6
times/week) up to a total dose of 66 Gy. In these
patients, only the primary site was irradiated.

Patients treated with concomitant CHRT were
treated with conventional fractionation (2.0 Gy per
fraction, 5 times per week, up to 70 Gy in 7 weeks).
In case of primary radiotherapy of the more advanced
cases, which were considered ineligible for CHRT,
an accelerated schedule with concomitant boost
technique was used, alone or combined with cetux-
imab. These patients were generally treated with 6
fractions per week, with a second fraction on Friday
afternoon and with a minimum interval of 6 hours,
up to a total dose of 70 Gy in 6 weeks. Most patients
received bilateral elective irradiation of the neck
nodes to a total dose of 46 Gy, and a boost to the
primary tumour and pathological lymph nodes to a
total dose of 70 Gy. In some cases, radiotherapy with
only conventional fractionation was used.

When treated with IMRT, the mean dose to both
parotid glands was reduced as much as possible with-
out compromising the required dose to the target
volumes. Patients were treated with both a sliding
window technique and step-and-shoot IMRT. A sev-
en-field equidistant, non-opposing beam configura-
tion was used. All patients were treated with a
simultaneous integrated boost (SIB) technique. PTV1
was treated with 35 fractions of 1.55 Gy up to a total
dose of 54.25 Gy. The PTV2 was treated with 35
fractions of 2 Gy up to a total dose of 70 Gy. All
treatment plans were produced by Pinnacle version
9.0 (Philips, Madeson) using a collapsed cone algo-
rithm taking into account dose inhomogeneities.

The standardised follow up programme

Since 1997, all patients referred for radiotherapy for
HNC to the department of Radiation Oncology of
the VU University Medical Center, Amsterdam, the
Netherlands (VUMC), were included in a stan-
dardised follow up program (SFP). Since March
2007, a similar SFP was established at the depart-
ment of Radiation Oncology of the University Med-
ical Center Groningen, Groningen, the Netherlands
(UMCQG). Essentially, the SFP includes prospective
evaluation of toxicity and HRQoL on a routine basis,
prior to, during and at regular intervals after curative
RT or CHRT (7). HRQoL was assessed using the head
and neck cancer module EORTC QLQ-H&N35 (10).
For this study, we used only the xerostomia item.

Endpoints

Patient-rated xerostomia was assessed at baseline,
weekly during treatment, 6 weeks after treatment and
every 6 months up to 24 months after treatment. A
4-point Likert scale was used (none, a bit, quite a
bit, a lot). Patients with quite a bit to a lot of xeros-
tomia were classified as having moderate-to-severe
complaints.

Statistics

The patients included in this analysis were divided
into two groups (high risk and low risk) based on the
criteria described by the QUANTEC Group (5):
patients with at least one parotid gland receiving less
than 20 Gy and/or both parotids glands receiving less
than 25 Gy were classified as low risk patients. All
other patients were classified as high risk patients.

Differences in proportions between groups were
compared using a chi-square test. Changes over
time were calculated for each group and were tested
for statistical significance using the McNemar test.
P-values below 0.05 were considered statistically
significant.

An additional multivariate logistic regression
analysis was performed on the group of patients with
a complete follow-up of 24 months. This was done
because we were also interested in the influence of
age and minor xerostomia symptoms at baseline in
the development of patient-rated xerostomia over
time. In a previous study we showed that patients’
age and minor xerostomia at baseline are both inde-
pendent risk factors in the development of patient-
rated xerostomia at 6 months after treatment (7).
This separate analysis therefore enabled us to test if
the QUANTEC criteria were sufficient to protect
against moderate-to-severe patient-rated xerostomia
among patients with and without baseline symptoms
and how this depended on age. A predicted risk
below 20% for an individual patient was considered
successful for the QUANTEC criteria.

In addition to the analysis on the value of the
QUANTEC criteria to prevent patient-rated xeros-
tomia, we performed an additional analysis on the
proportion of patients in which the QUANTEC cri-
teria could be met when treated with IMRT.

All analyses were performed with SPSS for
Windows (version 16.0; SPSS, Chicago, II).

Results
Proportion of patients meeting the QUANTEC criteria

In total, 41% of the patients (treated with 3D-CRT
and IMRT) were classified as low risk patients. In
the group treated with 3D-CRT and IMRT, it was
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possible to meet the QUANTEC criteria in 47% and
32% of the patients, respectively.

Parient-rared xerostomia (EORTC QLQ-HN35)

Figure 1 shows patient-rated xerostomia over time
stratified by risk group. From week 4 during radia-
tion up to 24 months after treatment, patients in
the high risk group reported significantly more
xerostomia compared to those in the low risk group.
Between 6 and 24 months after treatment, signifi-
cant recovery was observed in the low risk as well
as in the high risk patients. Ultimately, in the low
risk group, the prevalence of moderate-to-severe
patient-rated xerostomia after 12 months of follow
up was less than 20%.

Proportion of patients meeting the QUANTEC criteria
when using IMRT

In the group of patients treated with IMRT (136
patients), the average mean dose to the ipsilateral and
contralateral parotid glands was 34.1 Gy (SD £ 14.8
Gy) and 28.0 (SD*11.8) Gy, respectively. Ulti-
mately, the QUANTEC criteria were met in 44
patients (32%), including 35 patients (26%) who
received a mean dose below 20 Gy to both parotid
glands. Of the 44 low risk patients, 35 patients (74%)
received a dose of less than 20 Gy to one of the
parotid glands, while all 44 low risk patients received
less than 25 Gy to both parotid glands.

Patients in the high risk group had significantly
more positive lymph nodes, had significantly more
tumours located in the oropharynx and nasopharynx
and were treated significantly more frequently with
bilateral irradiation. Significantly fewer laryngeal
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tumours and unknown primary tumours were
observed in the high risk group (Table II).

Parient-rated xerostomia and the role of age and minor
xerostomia at baseline

In the multivariate logistic regression analysis of
patients with a complete follow-up up to 24 months
after completion of treatment (n= 132; Table III),
the significant predictors for patient-rated xerosto-
mia at 6 months, 12 months and 24 months after
treatment were the QUANTEC criteria, increasing
age and baseline xerostomia.

For patients without any xerostomia prior to
treatment and in which the QUANTEC criteria were
met, the risk of persistent moderate-to-severe xeros-
tomia beyond 6 months of follow up was less than
20%, except for the very old patients, over 70 years
of age (Figure 2A). However, in patients with minor
xerostomia symptoms before treatment, the risk
threshold of 20% or less for moderate-to-severe
xerostomia was only attained among patients under
55 years of age (Figure 2B). When the QUANTEC
criteria were not met, the risk of moderate-to-severe
xerostomia was below 20% in only the very young
patients (<40 years) without baseline complaints
(Figure 2C and D).

Younger patients without baseline complaints
who also met the QUANTEC criteria showed a
higher percentage of recovery than elderly patients
(Figure 3).

Discussion

The purpose of this study was 1) to test the hypoth-
esis that the application of the QUANTEC criteria

B HIGH risk
O LOW risk

we W7 w12 M6 M12 M18 M24

Figure 1. Patient-rated moderate-to-severe xerostomia stratified by risk group (EORTC QLQ-HN35). The p-values refer to the chi-square
test, to test for significant differences between high and low risk patients. #p-value > 0.05, ##*p-value <0.05, tp-value NS.
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Table II. Differences in baseline characteristics of the IMRT treated patients classified as low risk versus

IMRT treated patients classified as high risk.

LOW RISK HIGH RISK
Characteristics n % n % P-value DF

T-classification TO-T2 25 44% 32 56% p=0.029 1
T3-T4 19 24% 60 76%

N-classification NO 27 57% 20 43% p<0.001 1
N-plus 17 19% 72 81%

Tumour location  Oropharynx/oral cavity 11 18% 49 82% p=0.002 4
Larynx 24 50% 24 50%
Hypopharynx 6 35% 11 65%
Nasopharynx/paranasal sinus 0 0% 8 100%
Miscelaneous 3 100% 0 0%

Bilateral neck No 6 100% 0 0% p<0.001 1
iradiation Yes 38 29% 92 70%

are useful to prevent patient-rated moderate-to-
severe xerostomia, and 2) to determine the extent to
which this effect depends on age and the presence of
baseline patient-rated xerostomia. The current study
indeed showed that patients who met the QUAN-
TEC criteria had significantly lower rates of patient-
rated moderate-to-severe xerostomia. These results
are in line with those previously reported by Lee
et al. where patients treated according to the QUAN-
TEC guidelines reported less patient-rated xerosto-
mia 12 months after treatment (11).

Main difference between our study and the study
of Moiseenko et al. is that the current study focused
on patient-rated xerostomia instead of stimulated
parotid flow as a result of irradiation of the parotid
glands (6). Based on the findings of that study it was
stated that the QUANTEC criteria are valid as a
guideline to reduce the incidence of grade 4 xeros-
tomia in terms of stimulated parotid flow.

In a previous paper we reported on the influence
of increasing age and minor patient-rated xerosto-
mia at baseline on moderate-to-severe patient-rated
xerostomia at 6 months after completion of treatment
(7). In the current study, we confirmed that these fac-
tors were also predictive for moderate-to-severe
patient-rated xerostomia at later time points. In
addition, we found that the QUANTEC criteria

were significantly associated with this endpoint at
later time points, but that these criteria were not
sufficient to protect against moderate-to-severe
xerostomia in many patients who meet the QUAN-
TEC criteria.

This applies especially to elderly patients and
those with pre-existing minor complaints of xerosto-
mia. A possible explanation for these findings is that
elderly patients generally have more co-morbidity
and thus use more medication, both of which may
reduce saliva production (12). Moreover, the capac-
ity to recover from radiation-induced damage to the
normal tissues may be reduced in elderly patients,
which is supported by the shape of the curves in
Figures 2 and 3. These curves clearly show that a
much higher percentage younger patients reported
less severe xerostomia than elderly patients. Figure 3
also showed that patients with “QUANTEC criteria
met and no baseline xerostomia” had less recovery
than “QUANTEC criteria met with baseline xeros-
tomia” patients in the young age group and over 57
years of age recovery crossover. This illustrates that
the influence of age (<57 years) on recovery of
xerostomia after treatment is greater than the influ-
ence of minor complaints of xerostomia at baseline.
These findings are in line with those reported by
Ghezzi et al., who showed that the secretory reserve

Table III. Odds ratios (OR) for potential risk factors in the development of patient-rated xerostomia for patients completed a follow up

of 24 months after treatment.

6 months after treatment

12 months after treatment

18 months after treatment 24 months after treatment

Risk factor OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Quantec criteria 6.82 (2.82-16.48) <0.1 7.31 (2.80-19.09) <0.01 6.79 (2.59-17.76) <0.01 7.31 (2.87-18.62) <0.01
(met vs. not met)

Age (years) 1.05 (1.01-1.09) 0.02 1.07 (1.02-1.12) <0.01 1.04 (1.00-1.08) 0.08 1.05 (1.01-1.10) 0.01

Baseline xerostomia 4.16 (1.68-10.31)
score (none vs. a bit)

<0.01 2.85 (1.17-6.94)

0.02 2.98 (1.26-7.06) 0.01 3.14 (1.34-7.32) 0.01
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capacity of the major salivary glands decreases with
age. Elderly patients are therefore more vulnerable
to xerostomia due to their reduced secretory reserve
(13). The probable cause is that radiation-induced
salivary dysfunction results from the loss of parotid
gland stem cells and that the number of stem cells
decreases with age (14).

Moreover, despite the use of IMRT it was pos-
sible to meet the QUANTEC criteria in only
32% of the patients. In the present study, we identi-
fied some subsets of patients in which it was more
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difficult to spare the parotid glands with IMRT, in
particular patients being treated for oropharyngeal
and nasopharyngeal carcinoma, those being treated
with bilateral irradiation and patients with lymph
node metastases. This is mainly due to major overlap
of the PTV with larger parts of the parotid glands.
Conversely, the parotid glands could be adequately
spared in a much higher proportion of patients with
laryngeal carcinoma, unilateral irradiation, NO
disease and lymph node metastases from unknown
primary tumours.

(B) QUANTEC criteria met
and MINOR baseline xerostomia
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Figure 2. Predicted risk for patient-rated moderate-to-severe xerostomia (EORTC QLQ-HN35) at 6, 12, 18 and 24 months after for
different categories; QUANTEC criteria (met vs not met) and baseline xerostomia (none vs minor) as function of increasing age. All
curves are based on a multivariate logistic regression analysis for 132 patients with a complete follow up of 24 months.
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Figure 3. Percentage of recovery of moderate-to-severe xerostomia as a function of age, stratified by the 4 risk group categories shown in
Figure 1. The results are based on multivariate logistic regression analysis using the data of 132 patients with a complete dataset at all
time points. The curves indicate the estimated percentages of patients with moderate to severe xerostomia 6 months after completion of
treatment that will have been recovered at 24 months. Younger patients show higher percentages of recovery than elderly patients. Patients
in whom the QUANTEC criteria were met show higher percentages of recovery than in whom they were not met.

A possible explanation for these findings is that
the quality of IMRT given at our departments was
poor and could be further improved. However, we
have been using similar dose constraints for the
parotid glands in the patients included in this anal-
ysis. Moreover, the results in our series are quite
similar to those reported elsewhere (1,2). For
instance, Nutting et al. (1) recently published the
results of a prospective randomised study, in which
47 patients were treated with IMRT. In that study,
the average mean doses to the ipsilateral and con-
tralateral parotid glands were of 47.6 Gy and 25.4
Gy, respectively. These doses are more or less similar
to those observed in the IMRT treated patients
(35.2 Gy and 28.0 Gy to the ipsilateral and contral-
ateral parotid gland, respectively), but it has to be
emphasized that in our study patients received a
higher total dose to PTV2 than the patients in the
cohort of Nutting et al.(1). In our study, patients
were treated with 35 fractions and 54.25 Gy to
PTVI1 and 70 Gy to PTV2, compared to 54 Gy and
65 Gy in 30 fractions when treated with primary
IMRT as reported by Nutting et al. For post-
operative therapy, the total dose to PTV2 was even
lower than 60 Gy, which might explain the differ-
ences between our study and that of Nutting et al.
In another study, in which patients with nasopha-
ryngeal carcinoma were treated with IMRT (2), the
average mean dose to the parotid glands was 32.2 Gy.
In our population, these average dose levels were
much higher in the subset of nasopharyngeal cancer
patients: 56.0 Gy and 44.7 Gy to the ipsilateral and

contralateral gland, respectively. However, Kam
et al. only included patients with T1 and T2 tumours
and with unilateral disease (N1). In our study, 6 of
the 7 patients treated for nasopharyngeal tumours
had stage N2 or N3 neck disease and all had
advanced T-stages, which might explain the higher
average mean dose to the parotid glands in nasopha-
ryngeal cancer patients.

Due to the above findings, the question arises as
to whether other radiation delivery techniques are
more effective at sparing the parotid glands without
compromising the dose to the PTV. Van de Water
et al. (15) recently showed that the dose to the
parotid glands could be reduced even further in
approximately 70% of oropharyngeal cancer patients
by using spot scanning protons. The possible ben-
efits of using protons instead of photons was
described for swallowing disorders after radiother-
apy treatment for head and neck cancer (16). In line
with swallowing disorders patients could also ben-
efit from protons in the protection of patient-rated
xerostomia. The use of protons instead of photons
is subject of further research, in particular in the
subsets of patients in which the QUANTEC criteria
cannot be met.

Based on the findings of the present study, it
appears that with IMRT it is more difficult to spare
the parotid glands than with 3D-CRT, which is
actually not true. The 3D-CRT cohort also included
patients who were locally irradiated for early
laryngeal cancer, while the patients treated with
IMRT had more extensive disease and were treated
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more often with bilateral neck irradiation. This
affected the parotid glands move severely.

In conclusion, the dose constraints recommended
by the QUANTEC group have prognostic value
with regard to patient-rated moderate-to-severe
xerostomia. When these criteria can be met, the risk of
this side effect drops below 20%, except in elderly
patients and patients with pre-existing, although minor,
complaints of xerostomia prior to treatment. Unfortu-
nately, the QUANTEC criteria in this study could only
be met in a minority of patients. New radiation delivery
techniques to further reduce the dose to the relevant
salivary glands are therefore required, which we
suggest as a topic for future research.
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