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Abstract
Background and purpose: To assess the impact of intensity modulated radiotherapy (IMRT)
versus conventional radiation on late xerostomia and Quality of Life aspects in head and neck
cancer patients.

Patients and nethods: Questionnaires on xerostomia in rest and during meals were sent to all
patients treated between January 1999 and December 2003 with a T1-4, N0-2 M0 head and neck
cancer, with parotid gland sparing IMRT or conventional bilateral neck irradiation to a dose of at
least 60 Gy, who were progression free and had no disseminated disease (n = 192). Overall
response was 85% (n = 163); 97% in the IMRT group (n = 75) and 77% in the control group (n =
88) the median follow-up was 2.6 years. The prevalence of complaints was compared between the
two groups, correcting for all relevant factors at multivariate ordinal regression analysis.

Results: Patients treated with IMRT reported significantly less difficulty transporting and
swallowing their food and needed less water for a dry mouth during day, night and meals. They also
experienced fewer problems with speech and eating in public. Laryngeal cancer patients in general
had fewer complaints than oropharynx cancer patients but both groups benefited from IMRT.
Within the IMRT group the xerostomia scores were better for those patients with a mean parotid
dose to the "spared" parotid below 26 Gy.

Conclusion: Parotid gland sparing IMRT for head and neck cancer patients improves xerostomia
related quality of life compared to conventional radiation both in rest and during meals. Laryngeal
cancer patients had fewer complaints but benefited equally compared to oropharyngeal cancer
patients from IMRT.
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Introduction
In radiotherapy for head and neck cancer, the major sali-
vary glands frequently receive a high radiation dose. A
high dose on the salivary glands results in a reduction of
salivary output and a change in its composition [1,2]. This
in turn may lead to xerostomia which is cited by patients
as a major cause of decreased quality of life (QoL) [1,2].
In recent years Intensity Modulated Radiotherapy (IMRT),
has shown to be capable of (partly) sparing the salivary
glands and thereby reducing the effect of radiation on
these glands [3]. Compared to conventional irradiation,
patients receiving IMRT have significantly less permanent
quantitative saliva loss after treatment [4-6]. However, the
correlation between the amount of saliva and xerostomia
related QoL experienced by patients is weak [2,7]. So, the
knowledge that IMRT results in a higher quantity of saliva
(stimulated or not) does not necessarily mean that
patients experience a better xerostomia related QoL.

Does the clinical outcome warrants the extra efforts and
costs of IMRT in terms of QoL? Few studies have been per-
formed on xerostomia related QoL in patients receiving
IMRT compared to patients treated with bilateral opposed
fields [4,8], including small groups of patients. Of these,
Jabbari et al reported QoL for a total of forty patients with
a minimum follow-up of one year who were treated with
standard three-field radiation (n = 10) or matched con-
trolled IMRT (n = 30) [8]. In this study overall QoL scores
were better for the IMRT group and improved over time
although a statistical significance could not be achieved.
Overall, differences in QoL were largest late (> = 6
months) after radiation therapy.

We performed a retrospective analysis of all our patients
treated with bilateral radiation and curative intent for
head and neck cancer with IMRT or conventional treat-
ment regarding their xerostomia related QoL.

Patients & methods
Patients
All patients with T 1-4, N 0-2 M 0 (stage III/IV) head and
neck cancer treated with curative intent with bilateral neck
irradiation between Jan 1999 – Dec 2003 were selected for
this study. Patients who died, had a recurrence or devel-
oped a disseminated disease were excluded. The primary
tumor (site) received a minimum dose of 60 Gy in 2 Gy
daily fractions, 5 fractions a week. For all patients the pri-
mary objective was an adequate irradiation of the target
volumes. Hundred and ninety-two patients matched these
criteria. Since IMRT warrants extra effort, this technique
was gradually introduced in our clinic from 1998
onwards. As a consequence not all patients who were eli-
gible for IMRT were treated with this modality. In our
study population 77 patients received IMRT; the other
115 patients were treated with bilateral opposed fields

and an adjacent supraclavicular field (conventional treat-
ment). The last group (n = 115) was therefore used as con-
trol group.

Questionnaires
During January 2005 all 192 patients were sent a ques-
tionnaire on xerostomia (based on the EORTC H&N 35
Questionnaire, Eisbruchs Questionnaire on xerostomia
and an additional trial specific questionnaire) [9-12].
Overall response was 85% (n = 163), 97% in the IMRT
group (n = 75) and 77% in the control group (n = 88)
(Table 1). One of the patients in the control group devel-
oped Alzheimer's disease and was excluded from our anal-
ysis leaving 87 patients in the control group.

For the analysis of our data we divided the QoL questions
in 2 parts; the first part concerned the questions on xeros-
tomia experienced in rest and the second part questions
on xerostomia experienced during meals (Table 2, 3).

Treatment
Irradiation was given on a linear accelerator (4–6 MV Ele-
kta) and all patients were immobilized using custom
made masks.

IMRT was calculated using the University of Michigan
planning system (U-M plan, Michigan), 95% of the Plan-
ning Target Volume (PTV) had to receive 95% of the pre-
scribed dose. The maximum dose allowed to the spinal
cord was 50 Gy. The aim was to reduce the mean dose to
26 Gy or less for at least one parotid gland (Fig. 1). If this
was not achievable, the lowest possible mean dose, whilst
maintaining target coverage, was accepted. Sparing of the
submandibular glands or oral cavity was not attempted.
Typically the treatment setup consisted of a five angle
coplanar setup and a caudal oblique irradiation field with
a total number of segments between 15–20 as described
by Eisbruch et al [13]. The control group was irradiated
with lateral – opposed photon beams (4 or 6 MV photons
Elekta, customized with MLC shielding), after 46 Gy (23
× 2) off-cord reduction was made and the posterior cervi-
cal nodes were treated with electrons if necessary. The
lower neck nodes were treated using an adjacent anterior
photon field. For both treatment groups the same setup
correction protocol was used.

Statistical analysis
For all questions with answers on a three-point or four-
point scale (e.g.: never, sometimes, frequently, always),
the linear-by-linear association chi-square test was per-
formed to test differences between the control group and
the IMRT group (two-sided testing). For questions on a
two-point scale, the chi-square test was used. During
investigation it appeared that potentially significant fac-
tors were not equally balanced over the two groups. In
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order to make a fair comparison, we corrected for N stage,
T stage, chemotherapy, surgery prior to radiotherapy,
smoking and length of the interval between start of radio-
therapy and answering the questionnaire (interval RT-Q),
in a multivariate analysis (MV; ordinal regression).
Because the interval RT-Questionnaire was highly corre-
lated with year of treatment this factor was not imple-
mented separately. Since 91% of the patients received the
same dose of 70 Gy, 2 Gy per daily fraction, 5 fractions a
week, radiation dose was not included as a variable in the
MV analysis.

Additionally, we computed an overall score to xerostomia
during meals and xerostomia in rest. For this we gave 0
points for all answers related to no xerostomia (e.g. "never
a problem") and 1 to a maximum of 3 points for all other

answers on the two to four-point scales. We computed the
mean overall scores for the total group (IMRT vs. control)
and also separately for the largest tumor groups. A higher
mean overall score indicated more xerostomia related
complaints.

In a multivariate linear regression model we estimated the
contribution of all relevant factors to the computed over-
all scores, using the backward method. This was done for
the total score in rest and the total score during meals, sep-
arately. Variables tested in this analysis were the same var-
iables as the ones we corrected for in the multinominal
logistic regression. In a similar multivariate linear regres-
sion model we estimated the contribution of these factors
within the IMRT group only, including the contribution
of 2 dose parameters (instead of the variable "IMRT yes/

Table 1: Patient Characteristics

IMRT % (n = 75) Control % (n = 87)

Male (n) 72 64
Female (n) 28 36

Mean dose primary tumour 69 Gy 70 Gy
Mean age start RT 59 yrs 59 yrs
Mean interval between RT and Questionnaire 2.3 yrs 2.9 yrs

Tumour Site
Hypopharynx 9 9
Larynx 31 31
Nasopharynx 7 6
Oral cavity 7 8
Oropharynx 37 45
Thyroid 7 0
Other 3 1

T-stage
T1 16 5
T2 37 27
T3 25 33
T4 22 35

N-stage
N0 50 39
N1 15 13
N2 36 48

Larynx
T1-2 (n) 18 15
T3-4 (n) 5 12

Oropharynx
T1-2 (n) 10 5
T3-4 (n) 14 27

Concommittant chemotherapy 39 53
Surgery 24 15
Gastrostomy 3 6
Xerostomia related medication 17 20
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no") that were available for these patients. For the statisti-
cal analysis we used SPSS software for Windows, release
10.0 (SPSS inc., Chicago, Illinois).

Results
Patient characteristics
The two patients groups were not well balanced; most
patients had advanced stage head and neck cancer with
higher stages in the control group (Table 1). The mean
dose to the primary tumor was 69.2 Gy in the IMRT group
vs. 69.9 Gy in the control group, the mean interval time
between the RT and Questionnaire was 2.3 yrs and 2.9 yrs,
respectively. Surgery was performed in 24% of the cases in
the IMRT group vs. 15% in the control group. In the sur-
gery-IMRT group one of the submandibular glands was
removed in 53% of the cases, both submandibular glands
in 12%, 6% had their superficial parotid gland removed
another 6% had their superficial parotid gland and one

submandibular gland removed, 18% kept all their major
salivary glands, in 5% of the patients it was unknown. In
the surgery-control group, 60% had one of their sub-
mandibular glands removed, 13% had both their sub-
mandibular glands removed and 27% had none of their
salivary glands removed. Use of medication, which has
been recorded as causing salivary dysfunction (antihyper-
tensives, narcotics etc), was equally distributed between
both groups. There was a difference between the two
groups in the number of patients who received chemo-
therapy (39% IMRT vs. 53% control group); most patients
received platinum based chemotherapy. In the IMRT
group, the mean dose to the spared parotid gland was
27.1 Gy (range 15.5 – 60.7 Gy).

Table 2: questions related to xerostomia in rest

Group Much less % Less % Equal % More % Much more % UV p value MV p value

Do you have a normal amount of 
saliva?

IMRT 37 39 18 3 4 0.07 0.008

Control 58 27 8 2 5

Has there been a change lately in the 
saliva amount?

IMRT 7 15 69 8 1 1.0 0.7

Control 13 14 56 14 3

Never % Sometimes % Frequent % Always %

Is your mouth dry when you are not 
eating?

IMRT 20 43 20 16 0.004 0.001

Control 9 30 36 25

Do you have problems with your 
gumbs?

IMRT 69 17 8 5 0.3 0.2

Control 55 32 8 5

Do you have problems speaking? IMRT 40 31 24 5 < 0.0001 < 0.0001
Control 16 28 35 22

Do you have to drink water during 
the day because of a dry mouth?

IMRT 20 25 28 27 0.001 0.001

Control 7 15 35 44

Do you have trouble sleeping due to 
a dry mouth?

IMRT 55 25 12 8 0.5 0.2

Control 48 26 18 7

Do you have to drink water during 
the night because of a dry mouth?

IMRT 25 47 19 9 0.05 0.03

Control 21 32 32 15

Questions and answers related to xerostomia experienced in rest for IMRT group (n = 75) and control group (n = 87). UV: univariate tested (linear 
by linear association), MV: multivariate tested (ordinal regression, IMRT tested together with N stage, T stage, prior chemotherapy, prior surgery, 
interval between RT and questionnaire, current smoker yes/no).
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Xerostomia in rest
The mean overall score for 'xerostomia in rest' was 10.3
(4.7 1 SD) for the control group against 7.6 (5.0 1 SD) for
the IMRT group (Table 4).

All complaints were reported less frequently in the IMRT
group (Table 2), and five out of eight topics scored signif-
icantly better in the IMRT group on multivariate analysis
(MV). Patients who received IMRT needed to drink water
less often during the day and night (p = 0.001 and p =
0.03, respectively). They did not experience a dry mouth
as often (p = 0.001) and speaking was less impaired due
to a dry mouth (p < 0.001). No statistically significant dif-
ference in insomnia complaints was reported due to a dry
mouth, although patients in the IMRT group reported to

have a normal amount of saliva more frequently than the
control group (p = 0.008).

To see which variables were significantly associated with
the overall score, we performed a backward linear regres-
sion of the overall score on xerostomia in rest. The factors
influencing xerostomia based on the multivariate model
(p < 0.1) were: IMRT (p < 0.001), N stage (p = 0.05), inter-
val between RT and questionnaire (p = 0.004) and surgery
(p = 0.008). The results indicate that a higher N stage
increases xerostomia problems in relation with QoL
aspects; in contrast, IMRT, surgery prior to RT and a larger
interval between RT and the questionnaire all had a
favourable influence on the xerostomia and QoL scores in
rest. In Figure 2B the results of the multivariate backwards

Table 3: questions related to xerostomia during meals

Group Never % Sometimes % Frequent % Always % UV p value MV p value

Do you have a problem with the transport of solid food 
through your mouth?

IMRT 32 39 18 11 < 0.001 < 0.001

Control 12 27 41 21

Do you have a problem with the transport of grounded 
food through your mouth?

IMRT 67 19 11 3 < 0.001 0.001

Control 40 27 24 10

Do you have a problem with swallowing solid food? IMRT 32 38 20 10 < 0.001 < 0.001
Control 15 24 33 28

Do you have a problem swallowing grounded food? IMRT 62 19 16 3 0.007 0.02
Control 42 23 27 9

Do you experience a dry mouth during meals? IMRT 39 35 20 5 < 0.001 < 0.001
Control 14 31 36 19

Do you need to have a drink of water to swallow your 
food?

IMRT 23 39 19 19 < 0.001 < 0.001

Control 6 24 31 40

Do you find it difficult to eat in front of others? IMRT 57 24 11 8 0.006 0.02
Control 35 31 19 15

Solid % Grounded % Liquid %

What type of diet do you have? IMRT 91. 6 3 0.03 0.3
Control 79 12 10

Yes No

Do you have to swallow more frequently then you used 
to?

IMRT 66 34 0.2 0.2

Control 78 21

Questions and answers related xerostomia esperienced during meals for IMRT group (n = 75) and control group (n = 87).
UV: univariate tested (linear by linear association), MV: multivariate tested (ordinal regression, IMRT tested together with N stage, T stage, prior 
chemotherapy, prior surgery, interval between RT and questionnaire, current smoker yes/no)
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linear regression are depicted for the largest subgroups,
based on the predictive factors for xerostomia in rest. It
shows on the left the total scores (predicted and actual)
for 23 IMRT patients (■ and �) and 14 control patients
(▲ and �) with a relative short RT-Q interval below 2.5
years (IV2.5-), no previous surgery (SU-) and with N0
stage (N0). In the middle the predicted and actual scores
for 5 IMRT patients and 7 Control patients also with a rel-
ative short RT-Q interval (IV2.5-), previous surgery (SU+)
and N2 disease (N2) and on the right predicted and actual
scores for 9 IMRT patients and 19 Control patients with a
relative long RT-Q interval (IV2.5+), no previous surgery
and N2 disease (N2). All scores are shown with the stand-
ard error. This Figure shows that the model fits the data
quite well and that the IMRT group indeed lowers xeros-
tomia scores in rest within comparable subgroups.

The dose to the parotid glands in the conventional treat-
ment group was not calculated since no planning CT scan
was available for all patients. For the patients within the
IMRT group a comparison was made between the patients
with a mean spared parotid dose above and below 26 Gy.
The mean score on xerostomia in rest for the two groups
was 8.7 versus 6.5 respectively (p = 0.07).

Xerostomia during meals
Again all complaints were reported less frequently in the
IMRT group (Table 3). The mean total score for xerosto-
mia during meals was 11.5 (6.0 1 SD) for the control
group and 7.2 (5.7 1 SD) for the IMRT group (Table 4).
Patients who received IMRT reported less difficulty in oral
transport of solid and grounded food (both p < 0.001).
Also fewer problems with swallowing solid and grounded
foods were reported (p < 0,001 and p = 0.02 respectively).
A dry mouth was experienced less frequently during meals
(p < 0.001), IMRT patients needed to drink water less fre-
quently (p < 0.001) and felt less impaired when eating in
public (p = 0.02). The type of diet patients had was not
significant at MV analysis. Both groups of patients
reported they needed to swallow more often than before
radiotherapy.

For the 'xerostomia during meals score' we found the fol-
lowing relevant factors on backward linear regression
(with a MV p value < 0.1): IMRT (p < 0.0001), N stage (p
= 0.002), chemotherapy (p = 0.08) and current smoking
(p = 0.06)). IMRT lowers the overall score while the pres-
ence of the other factors increases the score.

In Figure 2A the results of the multivariate backwards lin-
ear regression are also depicted for the largest subgroups,
based on the predictive factors for xerostomia during
meals. It shows on the left the total scores (predicted and
actual) for 17 IMRT patients (■ and �) and 20 Control
patients (▲ and �) without chemotherapy (CT-), no cur-
rent smoking (SM-) and N0 disease (N0). In the middle
the predicted and actual scores for 14 IMRT patients and
12 Control patients with chemotherapy (CT+), also no
current smoking (SM-) and N2 disease (N2) and on the
right predicted and actual scores for (only) 3 IMRT
patients and 16 Control patients with chemotherapy
(CT+), current smoking (SM+) and N2 disease (N2). The
data show that the model fits the data quite well, except
with regard to the effect of smoking, comparing the CT+,
SM-, N2 group with the CT+, SM+, N2 group: the model
predicts higher scores for both the IMRT and Control
group in the latter group because of the smoking whereas
in fact the actual data show for both IMRT and Control
group a lower score.

For the patients within the IMRT group a comparison was
made between the patients with a mean spared parotid

Dose distribution for parotid gland sparing IMRT in Gy, tumor dose 70 GyFigure 1
Dose distribution for parotid gland sparing IMRT in Gy, 
tumor dose 70 Gy. The objective for the parotid gland was 
set to a mean dose below 26 Gy. A: spared parotid gland, 
mean dose below 26 Gy, B: sacrified parotid gland, mean 
dose above 26 Gy.
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dose above and below 26 Gy. The mean score on xerosto-
mia during meals for the two groups was 8.3 versus 5.2
respectively (p = 0.014).

Artificial saliva
We tried to analyze whether there was a difference
between the groups in the use of artificial saliva (none,
sometimes, often, and always). Only 13 patients reported
using artificial saliva (7 with regularity), which limited a
reliable analysis of this subject. Distribution of the 13
patients was 10 in the control group (6 sometimes, 2
often, 2 always) against 3 in the IMRT group (sometimes)
(linear by linear association: p = 0.04).

Tumor groups
The effect of IMRT on overall xerostomia scores within the
different tumor groups was also analyzed. The largest
tumor subgroups in this study are the larynx and the
oropharynx (Table 4). With regard to xerostomia during
meals, the number of complaints is higher in the orophar-
ynx group and lower in the larynx group, when compared
to the total group (9.1, 4.3 and 7.2 for IMRT and 13.0, 9.0

and 11.5 for oropharynx, larynx and control, respec-
tively). The relative difference between IMRT and control
group is quite similar for all subgroups. It shows a lower
overall score of about 35–45% compared to the score in
the control group. None of the two specified tumor sites
(larynx, oropharynx) was a significant factor at the per-
formed backwards regression on the overall score. For the
score on xerostomia in rest, the level of complaints is sim-
ilar for all subgroups (range 7.0–7.6 for IMRT, 10.3–10.7
for control). For the IMRT group, the dose to the oral cav-
ity and parotid gland was 58 vs 25 Gy and 26 vs 24 Gy for
the oropharynx and larynx patients respectively. The score
of the patients receiving an IMRT technique improved in
time (correlation coefficient of dose and time 0.36 (p =
0.002) and 0.34 (p = 0.004) for the parotid gland and oral
cavity dose respectively).

Including dose parameters for the IMRT group
For most patients of the IMRT group (N = 71) we had
additional dose data available concerning the dose at the
organs at risk (mean dose to the spared parotid gland,
mean dose to the oral cavity). The mean volume of the
oral cavity was 108 cm3 (1 SD 21 cm3) and the mean vol-
ume of 1 parotid gland was 23 cm3 (1 SD 8 cm3). The
mean dose was 43 Gy and 28 Gy, respectively. We
repeated the linear regression for the scores of "xerosto-
mia during meals" and "xerostomia in rest" within the
IMRT group only, adding the 2 dose factors to the model.
Again chemotherapy and smoking remained in the model
for "xerostomia during meals", surgery and the interval
RT-Q for "xerostomia in rest" (N stage does not remain in
the model now for both endpoints). Furthermore, the
mean dose to the spared parotid gland was significantly
associated with both endpoints at MV analysis whereas
the mean dose to the oral cavity was not. When oral cavity
was tested alone (UV), it was a significant predictor (p =
0.007) for xerostomia during meals but not for xerosto-
mia in rest (p = 0.5). The univariate p-values for the mean
dose to the spared parotid gland were 0.001 and 0.01 for
"xerostomia during meals" and "in rest" respectively.
With respect to the individual items on the questionnaire,
both dose parameters showed the strongest correlation
with the same items: oral transport and swallowing of
solid food and with the item of a dry mouth when eating:
all three a correlation coefficient of 0.4 with the mean
dose to the spared parotid gland (p < 0.01) and of 0.2–0.3
with the mean dose to the oral cavity (p < 0.05).

Discussion
Our results showed that patients receiving IMRT had a bet-
ter xerostomia related QoL than patients who received
bilateral opposed radiation fields. Other studies either
were non-significant or dealt with IMRT patients alone,
however, the results in our study were in line with these
publications [4,14]. The conventionally treated en IMRT

Table 4: Mean total scores, Standard Deviation (SD) and 
Standard Error of the Mean (SEM) of xerostomia during meals 
and xerostomia in rest questionaires, for IMRT and Control 
groups.

Xerostomia during meals Xerostomia in rest

N Mean SD SEM Mean SD SEM

Total Group

IMRT 75 7.2 5.7 0.7 7.6 5.0 0.6

Control 87 11.5 6.0 0.6 10.3 4.7 0.5

Oropharynx

IMRT 28 9.1 6.1 1.2 7.0 5.2 1.0

Control 40 13.0 5.5 0.9 10.3 4.3 0.7

Larynx

IMRT 23 4.3 4.4 0.9 7.1 3.9 0.8

Control 27 9.0 5.9 1.1 10.7 5.0 1.0

Other*

IMRT 20 7.6 5.4 1.1 8.9 5.7 1.2

Control 24 12.1 6.4 1.4 9.6 5.1 1.1

* hypopharynx, oral cavity, nasopharynx, thyroid
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treated patient groups were not well balanced. By means
of correcting for significant factors found in ordinal
regression multivariate analysis we were able to correct for
discrepancies between the two patient groups.

Frequently, a difference was made between xerostomia in
rest and xerostomia during meals. The parotid glands
were said to be largely responsible for the saliva output
during meals whereas the oral cavity and submandibular
glands are supposed to be mainly responsible for lubrica-
tion in rest [15]. For this reason xerostomia in rest and
xerostomia during meals were used as endpoints in our
analysis.

The aim of our treatment was to spare (one of) the parotid
glands i.e. reducing the mean parotid dose to below 26
Gy. Sparing of the submandibular glands and oral cavity
was not an objective since this could not be achieved
together with irradiation of level II on both sides. How-
ever, our results not only showed a marked difference in
experience of xerostomia during meals, but also a differ-
ence in xerostomia experienced in rest. Within the IMRT
group the distinction between the patients with a mean
spared parotid dose below and above 26 Gy pointed in
the same direction. The total score for xerostomia during
meals was significantly better for the below 26 Gy group.
On multivariate analysis the dose to the parotid gland was
a significant contributing factor as the dose to the oral cav-
ity was not. For the xerostomia in rest a similar trend was

Multivariate backwards linear regression for the largest subgroups, based on the significant predictive factors for xerostomia during meals (Figure 2A) and in rest (Figure 2B)Figure 2
Multivariate backwards linear regression for the largest subgroups, based on the significant predictive factors for xerostomia 
during meals (Figure 2A) and in rest (Figure 2B). The score (predicted and actual according the data) for IMRT (black square 
and open square) as well as Control (black triangle and open triangle) for each defined subgroup with standard error are 
shown. IV2.5-, interval between radiotherapy and questionnaire (RT-Q) of < 2.5 years, IV2.5+: interval RT-Q > 2.5 years, SU-: 
no previous surgery, SU+: previous surgery, N0: N0 disease, N2: N2 disease. CT-: no chemotherapy, Ct+: chemotherapy.
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found within the IMRT only group but this trend was not
significant. Earlier reports on QoL after salivary gland
sparing IMRT except for Jabbari et al made no distinction
in QoL during meals and during rest. Eating QoL was
reported by Jabbari et al to be better in the IMRT group;
however the difference was not significant [8]. In general:
the differences between the conventional and the IMRT
group emerged largest and most significant by the xeros-
tomia during meals questions. Within the IMRT group the
mean dose to the spared parotid gland correlated most
with the xerostomia during meals score (Pearson correla-
tion 0.4, p = 0.001) and less with the xerostomia in rest
score (Pearson correlation 0.3, p = 0.014) confirming that
although parotid gland sparing IMRT improves QoL com-
pared to conventional radiation for both topics, the larg-
est effect is still on xerostomia during meals.

Swallowing difficulties are not caused by xerostomia
alone. Eisbruch et al. reported that damage to the pharyn-
geal constrictors may cause dysphagia and aspiration in
patients receiving intensive chemotherapy and radiother-
apy [16]. This effect is considered to be independent of the
irradiated volume [14]. Whether a swallowing organs
sparing IMRT technique is effective is as yet unknown.

IMRT, pre-radiotherapy surgery and the time interval
between therapy and answering the questionnaire all had
a positive effect on the overall xerostomia during rest
complaints. As for IMRT and a longer time interval after
radiation, the results are in line with other publications
describing long-term recovery of xerostomia [3,4,8]. The
effect of pre-radiation surgery was a new finding. A possi-
ble reason for this could be that the primary tumor region
was treated to a lower dose: 60–66 (12/32 39% patients in
the surgery group, compared to 1% in the non-surgery
group) instead of 70 Gy. However, for the surgery-IMRT
group, the dose to the parotid gland and oral cavity was
not reduced (data not shown). The type of surgery was
equally distributed between the two groups.

The larynx cancer group had a better mean xerostomia
during meals related QoL than the other patients (Table
4). Although the laryngeal xerostomia score with conven-
tional fields was similar to the scores in oropharyngeal
patients with IMRT the estimated absolute benefit from
IMRT was the same. Direct comparison between Orophar-
ynx and laryngeal cancer patients should be done with
care. Despite the retrospective nature of the analysis the
results imply that for oropharyngeal patients there is still
progress to be made. In earlier reports on xerostomia QoL
only few laryngeal patients were included, which made a
comparison between tumor groups impossible. Regarding
the xerostomia in rest the difference between the larynx
patients and the other patients was non-existing (Table 4).

Although the current study was not prospective and our
IMRT group and control group were not entirely balanced
on multiple issues (T stage, N stage, time from treatment
to questionnaire, concomitant chemotherapy), we were
able to correct this statistically and the differences in QoL
scores remained significant at ordinal regression analysis.

Conclusion
Compared to conventionally irradiated head and neck
cancer patients, IMRT treated patients had improved
xerostomia related QoL during meals and in rest. Even
though in this retrospective study oropharyngeal cancer
patients had fewer complaints than laryngeal cancer
patients; IMRT improved xerostomia related QoL for all
reported tumor sites, including the larynx. Within the
IMRT group the xerostomia scores were better for those
patients with a mean parotid gland dose to the "spared"
parotid gland below 26 Gy.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
CvR gathered data and was the main author of the manu-
script. WO performed statistical analysis. AA advised in
the Quality of Life questionaires. EL gathered treatment
planning data. AB revised the manuscript and aided in the
analysis. CR was the senior author and major contributor
to the manuscript and analysis.

References
1. Harrison LB, Zelefsky MJ, Pfister DG, Carper E, Raben A, Kraus DH,

Strong EW, Rao A, Thaler H, Polyak T, Portenoy R: Detailed qual-
ity of life assessment in patients treated with primary radio-
therapy for squamous cell cancer of the base of the tongue.
Head Neck 1997, 19:169-175.

2. Eisbruch A, Rhodus N, Rosenthal D, Murphy B, Rasch C, Sonis S,
Scarantino C, Brizel D: How should we measure and report
radiotherapy-induced xerostomia?  Semin Radiat Oncol 2003,
13:226-234.

3. Parliament MB, Scrimger RA, Anderson SG, Kurien EC, Thompson
HK, Field GC, Hanson J: Preservation of oral health-related
quality of life and salivary flow rates after inverse-planned
intensity-modulated radiotherapy (IMRT) for head-and-neck
cancer.  Int J Radiat Oncol Biol Phys 2004, 58:663-673.

4. Malouf JG, Aragon C, Henson BS, Eisbruch A, Ship JA: Influence of
parotid-sparing radiotherapy on xerostomia in head and
neck cancer patients.  Cancer Detect Prev 2003, 27:305-310.

5. Chao KS, Deasy JO, Markman J, Haynie J, Perez CA, Purdy JA, Low
DA: A prospective study of salivary function sparing in
patients with head-and-neck cancers receiving intensity-
modulated or three-dimensional radiation therapy: initial
results.  Int J Radiat Oncol Biol Phys 2001, 49:907-916.

6. Münter MW, Karger CP, Hoffner SG, Hof H, Thilmann C, Rudat V,
Nill S, Wannenmacher M, Debus J: Evaluation of salivary gland
function after treatment of head-and-neck tumors with
intensity-modulated radiotherapy by quantitative pertech-
netate scintigraphy.  Int J Radiat Oncol Biol Phys 2004, 58:175-184.

7. Roesink JM, Schipper M, Busschers W, Raaijmakers CP, Terhaard CH:
A comparison of mean parotid gland dose with measures of
parotid gland function after radiotherapy for head-and-neck
cancer: Implications for future trials.  Int J Radiat Oncol Biol Phys
2005, 63:1006-1009.

8. Jabbari S, Kim HM, Feng M, Lin A, Tsien C, Elshaikh M, Terrel JE, Mur-
doch-Kinch C, Eisbruch A: Matched case-control study of qual-
Page 9 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9142514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9142514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12903012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12903012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12893079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12893079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12893079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11240231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11240231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11240231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14697436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14697436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14697436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15964708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15964708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15964708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16199308


Radiation Oncology 2008, 3:41 http://www.ro-journal.com/content/3/1/41
ity of life and xerostomia after intensity-modulated
radiotherapy or standard radiotherapy for head-and-neck
cancer: initial report.  Int J Radiat Oncol Biol Phys 2005, 63:725-731.

9. Ackerstaff AH, Lindeboom JA, Balm AJ, Kroon FH, Tan IB, Hilgers FJ:
Structured assessment of the consequences of composite
resection.  Clin Otolaryngol Allied Sci 1998, 23:339-344.

10. Eisbruch A, Kim HM, Terrell JE, Marsh LH, Dawson LA, Ship JA:
Xerostomia and its predictors following parotid-sparing irra-
diation of head-and-neck cancer.  Int J Radiat Oncol Biol Phys 2001,
50:695-704.

11. Bjordal K, de Graeff A, Fayers PM, Hammerlid E, van Pottelsberghe C,
Curran D, Ahlner-Elmqvist M, Maher EJ, Meyza JW, Brédart A, Söder-
holm AL, Arraras JJ, Feine JS, Abendstein H, Morton RP, Pignon T,
Huguenin P, Bottomly A, Kaasa S: A 12 country field study of the
EORTC QLQ-C30 (version 3.0) and the head and neck can-
cer specific module (EORTC QLQ-H&N35) in head and neck
patients. EORTC Quality of Life Group.  Eur J Cancer 2000,
36:1796-1807.

12. Bjordal K, Hammerlid E, Ahlner-Elmqvist M, de Graeff A, Boysen M,
Evensen JF, Biörklund A, de Leeuw JR, Fayers PM, Jannert M, Westin
T, Kaasa S: Quality of life in head and neck cancer patients: val-
idation of the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire-H&N35.
J Clin Oncol 1999, 17:1008-1019.

13. Eisbruch A, Ship JA, Martel MK, Ten Haken RK, Marsh LH, Wolf GT,
Esclamado RM, Bradford CR, Terrell JE, Gebarski SS, Lichter AS:
Parotid gland sparing in patients undergoing bilateral head
and neck irradiation: techniques and early results.  Int J Radiat
Oncol Biol Phys 1996, 36:469-480.

14. Jabbari S, Kim HM, Feng M, Lin A, Tsien C, Elshaikh M, Terrel JE, Mur-
doch-Kinch C, Eisbruch A: Matched case-control study of qual-
ity of life and xerostomia after intensity-modulated
radiotherapy or standard radiotherapy for head-and-neck
cancer: initial report.  Int J Radiat Oncol Biol Phys 2005, 63:725-731.

15. Dawes C: Rhythms in salivary flow rate and composition.  Int J
Chronobiol 1974, 2:253-279.

16. Eisbruch A, Schwartz M, Rasch C, Vineberg K, Damen E, Van As CJ,
Marsh R, Pameijer FA, Balm AJ: Dysphagia and aspiration after
chemoradiotherapy for head-and-neck cancer: which ana-
tomic structures are affected and can they be spared by
IMRT?  Int J Radiat Oncol Biol Phys 2004, 60:1425-1439.
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16199308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16199308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9762496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9762496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9762496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11395238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11395238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11395238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10974628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10974628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10974628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10071296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10071296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16199308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16199308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16199308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4613672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15590174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15590174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15590174

	Abstract
	Background and purpose
	Patients and nethods
	Results
	Conclusion

	Introduction
	Patients & methods
	Patients
	Questionnaires
	Treatment
	Statistical analysis

	Results
	Patient characteristics
	Xerostomia in rest
	Xerostomia during meals
	Artificial saliva
	Tumor groups
	Including dose parameters for the IMRT group


	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	References

