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Abstract

Background.—The aims of this study were to investigate temporal patterns and potential risk
factors for severe hyposalivation (xerostomia) after intensity-modulated radiotherapy (IMRT) for
head and neck cancer (HNC), and to test the two QUANTEC (Quantitative Analysis of Normal
Tissue Effects in the Clinic) guidelines.

Patients and Methods.—Sixty-three patients treated at the Memorial Sloan Kettering Cancer
Center between 2006—2015, who had a minimum of three stimulated whole mouth saliva flow
measurements (WMSFM) conducted at a median follow-up time of 11 (range: 3-24) months were
included. Xerostomia was defined as WMSFM <25% compared to relative pre-radiotherapy.
Patients were stratified into three follow-up groups: 1: <6 months; 2: 6-11 months; and 3: 12-24
months. Potential risk factors were investigated (Mann-Whitney U test), and relative risks (RRs)
assessed for the two QUANTEC guidelines.

Results.—The incidence of xerostomia was 27%, 14% and 17% at follow-up time points 1, 2 and
3, respectively. At <6 months, the mean dose to the contralateral and the ipsilateral parotid glands
(Dmeancontra, Dmeaniysj) was higher among patients with xerostomia (Dmeangontra: 25GY Vs.
15Gy; Dmeanijpsi: 44Gy vs. 25Gy). Patients with xerostomia had higher pre-RT WMSFM (3.5g vs.
2.49), and had been treated more frequently with additional chemotherapy (93% vs. 63%; all 4
variables: p<0.05). At 6-11 months, Dmeancontra among patients with xerostomia was higher
compared to patients without (26Gy vs. 20Gy). The RR as specified by the one- and two-gland
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QUANTEC guideline was 2.3 and 1.4 for patients with <6 months follow-up time, and 2.0 and 1.2
for patients with longer follow-up (6-11 + 6-24 months).

Conclusion.—Xerostomia following IMRT peaks within six months post-radiotherapy and fades
with time. Limiting the mean dose to both parotid glands (ipsilateral <25 Gy, contralateral <25
Gy) and reducing the use of chemotherapy will likely decrease the rate of xerostomia. Both
QUANTEC guidelines are effective in preventing xerostomia.

Keywords
Xerostomia; Severe hyposalivation; IMRT; Head and neck cancer; QUANTEC

1. Introduction

Intensity modulated-radiation therapy (IMRT) is currently the standard of care for the
treatment of head and neck cancer (HNC), and enables delivery of highly conformal dose
distributions. Xerostomia is the most common long-term side effect observed in HNC
patients following RT (Bjordal et al., 1994; Jensen et al., 1994; Wijers et al., 2002). Patients
typically describe the condition as dry mouth, altered taste, and/or a reduction in salivary
flow, and that it limits their quality of life in terms of poor oral hygiene, halitosis, dental
caries, and difficulty with speech, mastication, and/or swallowing. Based on animal models,
the pathophysiology of RT-induced xerostomia has been described by an early phase starting
at the end of RT and lasting up to two months post-RT, and by a late phase between around
two months up to eight months post-RT (Coppes et al., 2001). Furthermore, the early phase
may be attributed to apoptosis or membrane damage-induced dysfunction, and the late phase
to an inability of replacing the apoptotic acinar cells due to radiation-induced reduction of
the stem/progenitor cells (Coppes et al., 2001; Vissink et al., 2010; Jensen et al., 2010;
Konings et al., 2005; Lombaert et al., 2008). The study by Belli et al. showed that parotid
gland volume and density changes occurred early during treatment and accurately correlated
to acute xerostomia (Belli et al., 2014). The parotid glands produce up to 70% of the total
stimulated saliva (Dawes and Wood, 1973; Humphrey and Williamson, 2001; Sreebny,
2000). Clinically significant hyposalivation is commonly defined as Grade 4 xerostomia
according to the LENT-SOMA tables (LENT-SOMA, 1995) /.e. a preserved stimulated
salivary function <25% post- relative to pre-RT. In two randomized controlled phase 11l
trials, IMRT has been found to significantly reduce the risk of severe hyposalivation
(xerostomia) compared with conventional RT (Nutting et al., 2011; Kam et al., 2007).
However, limiting the dose to the surrounding critical structures completely, without
compromising treatment efficacy can be challenging.

Previous studies aiming to establish a dose-response relationship for xerostomia have
reported that parotid gland dysfunction is minimal at a mean dose (Dmean)<10 Gy, that the
gland function is further reduced as Dmean increases to ~40 Gy, and that a Dmean>40 Gy
typically involves complete parotid gland dysfunction (Chao et al., 2001; Blanco et al.,
2005; Leslie and Dische, 1994). Within the Quantitative Analysis of Normal Tissue Effects
in the Clinic (QUANTEC) report devoted to salivary gland function post-RT, two guidelines
to minimize the risk of salivary gland dysfunction in patients with HNC treated with RT
were proposed: long-term severe xerostomia would be reduced if: i.) One of the parotid
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glands receives a Dmean<~20 Gy, or ii.) Both parotid glands receive a Dmean<~25 Gy
(Deasy et al., 2010). It has previously been demonstrated that the one-gland guideline is
effective in order to reduce the number of patients who would otherwise experience
moderate to severe xerostomia (Moiseenko et al., 2012) (Beetz et al., 2014). However, since
the two-gland guideline has been studied to a much lesser extent, its applicability for
preventing xerostomia and how it compares to the one-gland guideline remains unclear.

The goals of the current study were: 1.) To objectively evaluate the occurrence and rate of
severe hyposalivation (xerostomia) following IMRT in HNC patients with a particular focus
on temporal patterns; 2.) To investigate potential risk factors for its development, and; 3.) To
explore the applicability of the two guidelines provided in the QUANTEC salivary gland
function-specific summary.

2. Patients and methods

2.1. Patient cohort

The Institutional Review Board approved this retrospective study including all HNC patients
treated with IMRT at the Memorial Sloan Kettering Cancer Center between March 2006 and
March 2015. Whole mouth saliva flow measurements (WMSFM) were prospectively
collected from HNC patient. To further qualify for inclusion, the following criteria applied: a
minimum of three stimulated WMSFM [g/5 mins], WMSFM >1g/5mins assessed pre-RT to
exclude potential predisposition of xerostomia pre-RT, reasonably high RT prescription dose
(=50.4 Gy) to the tumor site, and at least two WMSFM assessed within 24 months post-RT.
In total, 63 patients fulfilled these inclusion criteria. Flow chart of the patients is presented
in Figure 1. During the study period, the standard of care was to systematically avoid
Dmean>26 Gy to the contralateral and the ipsilateral parotid glands (Dmeancgntra,
Dmeanipsj).

2.2. Xerostomia definition and stimulated saliva measurements

Patients refrained from eating and drinking at a minimum of one hour prior to WMSFM.
Saliva was collected in a pre-weighed plastic cup, and patients were asked to spit into the
cup every minute for five minutes after the administration of a citrate solution to both sides
of the tongue every 30 seconds during a two-minute period. Xerostomia was defined as
Grade 4 according to the LENT SOMA tables (LENT-SOMA, 1995) /.e. WMSFM <25%
post- relative to pre-RT

2.3. Statistical analysis

Patients were stratified into three follow-up groups: 1: <6 months; 2: 6-11 months; and 3:
12-24 months. In each of these groups, patient- (gender (binary), N-stage T-stage, tumor site
(categorical), age, and pre-RT WMSFM (continuous)), and treatment-related (concurrent
chemotherapy, involved neck RT, surgery (binary), histology (categorical), Dmean.gntra and
Dmeanipsj (continuous)) characteristics were compared between patients with and without
xerostomia using a Mann-Whitney U test. The number of patients fulfilling/violating the
QUANTEC guidelines was recorded, and the relative risk (RR) was assessed for each
guideline (Eq.1):
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( NXero = Yes, QUANTEC = No )
N N
Xero = Yes, QUANTEC = No * NXero = Yes, QUANTEC = Yes
RR = ero es,QUNN C 0 ero es, QUANTEC es (Eq.l)
Xero = No, QUANTEC = No )
NXero = No, QUANTEC = No* NXero = No, QUANTEC = Yes

3. Results

The mean (£SD) age for the 63 included patients was 57 (£10) years, of which the majority
were men (81%), diagnosed with squamous cell carcinoma (81%), treated to 70.0-70.2 Gy
(65%) with involved neck RT (73%) for tumors of stage T1-T2 (65%), and nodal spread of
disease of stage N1-N2 (75%).

3.1. Xerostomia <6m post-RT is associated with chemotherapy use and tumor site

The incidence of xerostomia was 27% (n=15), 14% (n=5), and 17% (n=5) at <6 months, 6-
11 months, and 12—24 months, respectively. For the shortest follow-up time, the use of
concurrent chemotherapy and WMSFM pre-RT were significantly higher among patients
with xerostomia (chemotherapy: 93% vs. 63%, p=0.02; WMSFM: 3.5+1.5¢g vs. 2.4+0.8g,
p=0.01; Table 1). At this follow-up time, the tumor site was significantly different between
patients with xerostomia and those without xerostomia (p=0.03) with tumors of unknown
primary being present only among xerostomia patients, and tumors of the buccal mucosa,
floor of mouth, larynx, nasal cavity, sinus, submandibular gland, retromolar trigone, and
thyroid being present only in patients without xerostomia. At the <6 months follow-up there
was a tendency of xerostomia patients being women to a larger extent (33% vs. 13%;
p=0.08), and treated to a lesser extent with surgery (7% vs. 30%; p=0.06). Within the two
later follow-up times, none of the investigated patient characteristics were significantly
different between patients with and without xerostomia. However, a trend towards
significantly higher WMSFM pre-RT values for patients with xerostomia at 12—24 months
was observed (3.8+1.7g vs. 2.5£1.1g; p=0.06). Since the two later follow-up times consisted
of considerably fewer patients than in the <6 months follow-up group (n=34 and 35 vs.
n=55), we combined the patients within the two later follow-up groups into a 6—24 months
group (n=53). In this new follow-up group, none of the investigated characteristics were
significantly different between patients with and without xerostomia, but WMSFM pre-RT
tended to be higher for patients with xerostomia (3.4+1.4g vs. 2.6+1.2g; p=0.06).

3.2. Mean dose to the contralateral and the ipsilateral parotid gland predicts Xerostomia
<6m post-RT

For patients with a follow-up time <6 months, both Dmeancontra and Dmean;psj were
significantly higher among patients with xerostomia (Dmeangntra: 252Gy vs. 158Gy,
p=0.002; Dmeanisi: 44+20Gy vs. 25+13Gy, p<0.0001; Table 1). A similar trend was
observed when combining patients in the two later follow-up groups (Dmeanggntra: 255Gy
vs. 17+11Gy, p=0.003; Dmeanjpgj: 40+14Gy vs. 29+17Gy, p=0.02). At 6-11m, Dmeanconra
was significantly higher among patients with than without xerostomia (26x£3Gy vs.
20+11Gy, p=0.01).
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3.3. The QUANTEC guidelines are effective in preventing xerostomia

In total, xerostomia was observed among 10% and 4% of the patients that met the one-gland
QUANTEC guideline (Dmeanggntra<20 Gy) at <6 months, and at 6-24 months, respectively,
while the analogous rate of xerostomia for patients violating this guideline was 46% and
54% (Table 2). Seven and 8% of the patients that fulfilled the two-gland guideline
(Dmeangontra and Dmeanipgi<25 Gy) experienced xerostomia at <6 months, and at 6-24
months, respectively; the corresponding figure for patients violating this guideline was 34%
and 22%, respectively (Table 2). These findings indicate that both guidelines are effective in
order to prevent RT-induced xerostomia regardless of follow-up time. The reason for patients
violating the two-gland guideline was primarily due to both glands presenting Dmean >25
Gy, except for patients without xerostomia at <6m where the violation was instead explained
primarily by Dmeanipsj only being >25 Gy. The RR for the one-gland guideline was 2.3
(95%Cl: 1.4-3.7) at <6 months, and 2.0 (95%Cl: 1.4-3.0) at 6—24 months, and was
considerably lower for the two gland guideline, and not statistically significantly higher
relative to pre-RT at 6-24 months (<6 months: RR=1.4 (95%CIl: 1.1-1.8); 6-24 months:
RR=1.2 (95%CIl: 0.9-1.6)). This indicates that violation of the one-gland guideline is riskier
with respect to the development of xerostomia than violation of the two-gland guideline. A
3D representation of the relationship between WMSFM post-RT/pre-RT, Dmeangntra, and
Dmeanijpsj, including also patients not adhering to any of the two QUANTEC guidelines, is
given in Figure 2.

4. Discussion

Based on stimulated whole mouth saliva flow measurements (WMSFM) acquired for 63
patients pre- and post-IMRT for head and neck cancer (HNC), our data suggest that
xerostomia is most prevalent within the six first months after RT. Furthermore, our findings
suggest that dose to the parotid glands and the use of chemotherapy contributed to
xerostomia.

We found that the rate of xerostomia decreased with follow-up time, and was around twice
as high within six months post-RT relative to follow-up times beyond this. A similar
temporal pattern of recovery from xerostomia, has been observed previously by both Beetz
et al, where a significant recovery in patient-reported xerostomia was identified between six
and 24 months post-RT (Beetz et al., 2014), and by Moiseenko et al. where patients were
found to recover from xerostomia (using the same endpoint as investigated in this study) in a
time frame between three and 12 months (Moiseenko et al., 2012). The observed temporal
recovery from xerostomia is also in agreement with previous findings based on animal
studies where a recovery has been observed at around eight months after RT (Lombaert et
al., 2008). A temporal recovery pattern was also reflected in the mean dose to the
contralateral and the ipsilateral parotid gland with both being significantly higher among
patients with xerostomia compared to patients without xerostomia at <6 months, which was
also true but less distinct at the 6—24 months follow-up. Refining the 6-24 months follow-up
group into a 6-11 months, and a 12—-24 months resulted in considerably smaller number of
patients than in the <6 months follow-up group and only the mean dose to the contralateral
parotid gland was significantly higher among patients with xerostomia at the 6-11 months
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follow-up. A complete understanding of the exact temporal recovery of xerostomia between
six and 24 months after RT, thus, remains unclear, and would likely require a much larger
population than studied here. Higher RT doses to the parotid glands predispose patients to
xerostomia, although some patients gradually recover within 24 months and may experience
complete recovery (Chao et al., 2001; Blanco et al., 2005; Eisbruch et al., 2001; Maes et al.,
2002; Li et al., 2007; Moiseenko et al., 2012; Beetz et al., 2014). In summary, lowering the
mean dose to both parotid glands is likely to reduce the number of patients experiencing
xerostomia after head and neck RT.

Among the nine patient- and treatment-related characteristics investigated, we found that the
use of concomitant chemotherapy increased the risk of xerostomia within six months post-
RT, but not at the later follow-up times. Hey et al. similarly observed that patients treated
with RT combined with chemotherapy experienced xerostomia to a larger extent at six
months after treatment compared to patients treated with RT alone (Hey et al., 2009). Within
the shortest follow-up time we also found that tumor site was significantly different between
patients that experienced and not experienced xerostomia with tumors of unknown primary
being present only among the former group, and tumors of the buccal mucosa/floor of
mouth/larynx/nasal cavity/sinus/submandibular gland/retromolar trigone/thyroid being
present only among the latter group. The tumor site finding can be directly translated as a
dose dependency since the population average of both Dmeancgntra and Dmeanjpsj were up to
twice as high for the tumor sites being present only/among patients with xerostomia
compared to the population average of the corresponding Dmean for all tumor sites among
patients without xerostomia.

In general, we found that the two QUANTEC guidelines prevented xerostomia both at the <6
months, and at the 6-24 months follow-up. For the one-gland guideline, the relative risks
(RRs) were of the same magnitude regardless of follow-up time. The RRs for the two-gland
guideline were considerably lower than that of the one-gland guideline, and not significantly
different between patients that fulfilled and violated the two-gland guideline at the later
follow-up time. Also, patients with xerostomia that violated the one-gland guideline had on
average 2.5, and 2.0 times higher mean doses to the contralateral gland at <6 months, and 6-
24 months, respectively, compared to patients that fulfilled this guideline, whereas the
corresponding ratio for the mean dose to the ipsilateral gland was 2.0 and 1.7 at <6 months,
and 6—24 months, respectively. This indicates that another cut-off value on the ipsilateral
mean dose might be more suitable to prevent xerostomia within our dataset. Interestingly, in
a recent study from our institution patient reported xerostomia outcome was better correlated
with significant reduction in the mean radiation dose to the bilateral submandibular salivary
glands, oral cavity, and contralateral parotid gland if using target delineation-sparing
bilateral neck level 1B (Tam et al., 2015). The study by Tribius et al. showed that the
incidence of xerostomia in patients with bilateral parotid gland sparing to <26 Gy was
significantly lower when compared to patients with one parotid gland sparing to >26 Gy
(Tribius et al., 2013). A recent study by Miah et al., also showed that patients treated with
bilateral superficial lobe parotid-sparing IMRT reduces the risk of developing xerostomia
compared to patients treated with contralateral parotid—sparing IMRT (Miah et al., 2016).
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Also, the salivary function-specific QUANTEC summary demonstrated that the dose-
response curve for xerostomia is shallow (Deasy et al., 2010), implicating that lowering the
mean dose even further, without deteriorating the prescribed dose coverage of the tumor,
than suggested in their two guidelines, should be a goal in routine treatment planning for
HNC. Previous studies on this topic have primarily focused on the one-gland guideline. For
instance, and for the same xerostomia definition as used in this study, Moiseenko et al.
showed that less than 20% of the patients in their cohort developed xerostomia twelve
months after RT if the mean dose of the less irradiated parotid gland was <20 Gy
(Moiseenko et al., 2012). The corresponding rate in our study was much less than 20%: 10%
at <6 months, and 4% at 6-24 months. Using patient-reported instruments, (Lee and Fang,
2013) also found that the rate of xerostomia for patients who met the one gland guideline
decreased with follow-up time: 22% at three months post-RT, and 13% at twelve months
post-RT. Regardless of xerostomia status and gland guideline, we found that in total 46%
and 39.6% of the patients in our cohort adhered to the one gland guideline at <6 months, and
at 6-24 months after RT. Based on patient-reported xerostomia, Beetz et al. recently reported
a similar rate for the one gland guideline (32% of the patients met the guideline) following
IMRT, but in that study it was also found that the likelihood to meet the guideline was higher
following 3DCRT (47% of the patients met the guideline) (Beetz et al., 2014). Given the
differences in dose distribution patterns between IMRT and 3DCRT, it may be needed to
refine the QUANTEC guidelines, which were primarily suggested based on the experience
from 3DCRT regimens, to also be valid for more novel RT planning and delivery technique
such as IMRT.

Recently a number of studies have addressed intra-heterogeneity within the parotid glands,
and in particular highlighted that sparing of primarily the gland region containing stem/
progenitor cells from radiation is important (van Luijk et al., 2015; Pringle et al., 2013). To
the best of our knowledge, the only related effort including actual patient data is the study by
Clark et al. who, however, found that the mean dose to the entire gland predicted xerostomia
to a same extent as did the mean dose to subsets of the parotid gland (Clark et al., 2015a). A
more sophisticated approach to segment the region of the parotid gland that includes the
stem cells, e.g. as outlined in the image-based pilot study on volunteers, is likely needed to
further examine the dependence of a hypothesized intra-gland response of xerostomia (Clark
etal., 2015b). A limitation to this study is that certain confounders such as smoking status
and the use of medication was not taken into consideration in the evaluation of xerostomia.

5. Conclusion

This study demonstrates that the rate of RT-induced xerostomia is highest within the first
half-year after treatment, and decreases considerably at longer follow-up times. Precaution
should be made to patients with tumors of unknown primary, and when administrating
chemotherapy since these two factors are likely to increase the risk of developing
xerostomia. In general, we recommend the use of QUANTEC guidelines to prevent the
development of xerostomia, but we also acknowledge that the rate of xerostomia is likely to
decrease even further if reducing the mean dose to both parotid glands below 25 Gy, without
deteriorating the delivery of the prescribed tumor dose.
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A three-dimensional scatter plot illsutrating the relationship between the ratio of WMSFM
pre- and post-RT (z-axis), Dmeancontra (y-axis), and Dmeanipsj (x-axis) for patients
experiencing (red), and not experiencing (blue) xerostomia for a <6 months follow-up (left),

and a 6 — 24 months follow-up (right).

Note: Patients fulfilling the one-gland QUANTEC guideline are located left of the dashed 20
Gy y-axis line, and patients with a WMSFM post-RT/pre-RT “1.0 are located above the solid

z-axis line.

J Craniomaxillofac Surg. Author manuscript; available in PMC 2019 July 10.



Page 12

Owosho et al.

(ens (on) v (one (o) ¢ (eny (ov) ¢ (en s (02) € xufreydosen
@1 - (1 - - - et - Aunes jesey
@1 - - - (1 - (1 - Snuis xepy
(tng (omT - - (€D v (02T (ST 9 - xudreq
@1 - - - (1 - (1 - yanouw 4o 100}
@1 (omT - (021 (R - 9z - Bsoonu [eaong
(61) 8 (02 ¢ (82) 8 (o) T (02) 9 (02T (81) L (eNe anbuoj jo sseg
670 6.0 09'0 *€0°0 alis Jown ]
(e (ont (one - (1 (02T (1 Loy v/N
w19 (omT e - “ms (02T (81) L (1) ¢ 14
(6) v (ont ©1 (o) T (s - (onv Wt )
(82) 2t (09) g ve) L (09) € (€2) L (ov) 2 (ee) €T (Lav 14
(ev) 81 (02) 2 (8e) 1T (o) T (ov) 2t (02t (8e) st Loy T
€90 8T°0 L0 1T0 abels-|
19 - Dz - (1S - (1987 Wt
w19 - e - “ms - (o v (VAR .
Al (09) 92 (06) 6 090 (8¥) ¥T (08) ¥ vZ0 (€9) 61 (oo1) S %200 (e9) ¢ (e6) ¥T Adesayrowsyd
(%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N
900 %97 YIFPE 900 TT¥5C LT¥8°€ or'o eTFLT ZTF0°E *T00 80Fr'Z GTFSE 14-84d INASINM
«200 | €LT%r6C | 8€TF86E | 0T0 | 96T%922 | €¥IF0Tr | 900 | TLI¥Z6C 6'VTF98E | «T0000> | 92IFT'Sz | €02F8er [Ao] *tueswq
x€000 | LOT#¥'LT 8vFove | 800 | ¥'6FSST 09¥8¢Z | =100 | L0T¥S6T L'TF9e %2000 7'8¥EST TCIF6%2 [A9] ®#'®ueswg
0z°0 01785 6¥€S 69°0 ZIFLS 0TFYS 0z'0 6785 6FTS 68°0 0TF.S 1795 [A] o6
d adsFues|n asFues|n d adsFues|n adsFues|n d asFues|y asFues|n d asFues|n dsFues|n
(ev=u) (0T=U) (62=U) (5=u) (0g=u) (5=u) (ov=u) (5T=U)
BlWwolsodaxX BlWwolsodaxX Blwolsodax BlWwolsodaxX
ON BlWOo1soaxX ON BIlWO01so4axX ON ’lWolsoJax ON BlWOo1soJaxX
wyz-9 wyg—zT wiT-9 wy>

Author Manuscript

Author Manuscript

"sawn dn-moj|oy) Juadelpe 0MI 8y JO UOISN)  SI UWNj02 1SowW-1ybLl a8y ;810N
"SaLUN dN-Moj|0J PaIPNIS 8U) J0J BILLOISOIX OU PUB BILI0ISOIaX YlM siuaiied AQ paliiies sonsiialorieyd pajejal-1usiiyesa) pue Juaied

‘TalqeL

Author Manuscript

Author Manuscript

J Craniomaxillofac Surg. Author manuscript; available in PMC 2019 July 10.



Page 13

Owosho et al.

() - ©T - ©r - - (02) € Arewtid umouyun
(ev) 0T - (e - (L2)8 - (02) 8 (L2 v Jisuof
- - - - - - (R - proifi1
- - ©1 - - - @©1 - ouob1l] 1BJowo.n9y
@1 - - - - - ©1 - puelb 1gInqIpuBLgns
(e - (om e - - - (€t (VAR phosed
(em) g (02) 2 e (02t (€D v (02t (eT) g (1) ¢ anbuoy 1210
dsFues|iN dsFues|iN dsFuesiN dsFues|iN dsFues|n dsFues|n dsFues|n dsFues|in
(er=v) (01=0) (62=v) (5=v) (0g=u) (g=u) (ov=u) (51=V)
BlWwolsodaxX BlWolsodaxX Blwolsodsx BlwolsodaxX
ON eIlWOo1soJaxX ON BIlWO01soaxX ON elWwolsoJax ON elWo1sodaxX
wyz-9 wyg-zT wiT-9 wy>

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Craniomaxillofac Surg. Author manuscript; available in PMC 2019 July 10.



Page 14

Owosho et al.

Author Manuscript

Z9T¥E'GE (8) z¢e T'8¥8'€T (e6) 2T BIWO}S0J9X ON
€10 9160 | 2T GETFSTY (c2) 6 0'0%6'%2 |1 ©IWO01IS0I8X wiyg—9
9'6¥CTE (99) L2 6'8¥G€T (e6) €T BIWO}S0J9X ON
«100 | 8T-TT | ¥'T z'0cFeSy (¥e) vT 00%2'€T (VAR BIWO3S049X w9>
d 10%56 | ud | [A9] *Mueswa | panuinyioN (%) N | [A9] *Mueswa | pajuwind (%) N dn-mojjod
£9 gg<Mueawq AO5z<®Mueag £9 ggs"™ueswq “AO5zsPMPueaIQ
6'8FT'92 (89) 61 097501 (96) vz BIWO0)S0I9X ON
«#0000 | 0T | 0 §'TF6'GT (ce) 6 0°0¥LCT (2R BIWOISOIOX wyg-9
STV rs) ¥1 0'979'0T (06) 92 ©BILO}SOIIX ON
*1000 | 2€¥7T | €2 L'0T¥€'82 (9v) 2T L'9FZTT (om € BIWO3S049X w9>
d 10%G6 | ¥y | [A9]*™“®ueswq | pajiing1oN (%) N | [A9] **Pueswa | pajiing (%) N dn-mojjoo

A9 og<FM%uesw@g

A9 pzs*M%ueswq

‘¢ slqeL

Author Manuscript

"sauljapinb omy ayy 1o} sanjen-d pue ‘(S10%56)
S[eAISIUI BOUBPIIUOD %56 ‘(SHY) SYSI dAITR[al ay) Se [jam se “(!ISlueawiq “BHU%ueaw) spuelh priosed [esare)isdl ay) pue [ealejenuod ay) 0} 9SOp Uealu
palejal ayy pue ‘sauljapinb D31 NVNO 3yl Aq papiacid eris1io omy ayl Buiie|olA 7 Buljjiying BILOIS0ISX INOYIIM pue yiim siuaied Jo (94) Jaquinu ayL

Author Manuscript

Author Manuscript

J Craniomaxillofac Surg. Author manuscript; available in PMC 2019 July 10.



	Abstract
	Introduction
	Patients and methods
	Patient cohort
	Xerostomia definition and stimulated saliva measurements
	Statistical analysis

	Results
	Xerostomia <6m post-RT is associated with chemotherapy use and tumor site
	Mean dose to the contralateral and the ipsilateral parotid gland predicts Xerostomia <6m post-RT
	The QUANTEC guidelines are effective in preventing xerostomia

	Discussion
	Conclusion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

