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Introduction: In this simulation study, we examined the effects of a de-escalation strategy with a reduced dose to
subclinical nodal regions in patients with human papillomavirus (HPV)-associated oropharyngeal carcinoma
(OPQ).

Methods: We created two patterns of intensity-modulated radiotherapy for 16 patients with HPV-associated OPC.
In the standard and de-escalation plans, the initial field including elective nodal regions received 46 and 30 Gy,
followed by 20 and 36 Gy to the cutdown field, respectively. Comparison metrics were set for each organ at risk
(OAR). We compared these metric values and the probability of adverse effects based on the normal tissue
complication probability (NTCP) model between the two plans.

Results: Both plans generally met the dose constraints for the targets and all OAR. Among the comparison metrics,
the mean doses to the brain, pharyngeal constrictor muscle, thyroid, and skin and the dose to a 1 % volume of the
skin were higher in the standard plan than in the de-escalation plan (P = 0.031, 0.007, < 0.001, < 0.001, and
0.006, respectively). NTCP analyses revealed that the probability of adverse effects in the ipsilateral parotid
gland and thyroid was higher in the standard plan than in the de-escalation plan (standard vs. de-escalation
plans: ipsilateral parotid gland, 6.4 % vs. 5.0 %, P = 0.016; thyroid, 3.3 % vs. 0.5 %, P < 0.001).

Conclusions: A de-escalation strategy with elective nodal regions is a promising treatment to prevent a decline in
the quality of life in patients with HPV-associated OPC, particularly xerostomia, dysphagia, and hypothyroidism.

Introduction

Patients with head and neck cancer (HNC) may develop various
adverse effects (AE) during and after radiotherapy (RT) [1-4]. RT-
related AE are closely associated with the irradiated doses delivered to
each organ at risk (OAR) [5]. One of the major AE compromising quality
of life (QOL) is xerostomia, which depends on irradiated doses to the
parotid glands [6]. Xerostomia may trigger mucositis, gum disease,
dental caries, taste disorders, and dysphagia [7]. The doses irradiated to

the pharyngeal constrictor muscle have also been associated with the
development of dysphagia [8,9]. Intensity-modulated radiation therapy
(IMRT) may reduce doses to OAR to lower than those with 3-dimen-
sional conformal RT (3DCRT) due to its highly conformal dose distri-
bution. However, many HNC patients still develop AE in the era of IMRT
[10,11].

A dose of 66-70 Gy is generally prescribed to tumors, while a pro-
phylactic dose of 46-50 Gy is delivered to elective nodal regions in HNC
patients [12,13]. RT to elective nodal regions has a major impact on the
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doses delivered to many critical OAR, such as the parotid glands,
pharyngeal constrictor muscle, larynx, and thyroid, all of which
contribute to post-treatment QOL. Prospective trials showed that the risk
of regional failure was not increased by the delivery of 40 Gy to elective
nodal regions in HNC patients [14,15]. Human papillomavirus (HPV)-
associated oropharyngeal cancer (OPC) is more likely to be diagnosed in
younger patients and has a favorable prognosis [16]. Therefore, a
reduction in late AE and the maintenance of QOL are important in HPV-
associated OPC patients. A retrospective study recently demonstrated
that a systematic de-escalation to 30 Gy to elective nodal regions was
associated with minimal toxicity and good locoregional control in HPV-
associated OPC [17]. However, this study had a short observation period
of approximately 2 years. In this simulation study, we examined the
effects of this de-escalation strategy in HPV-associated OPC.

Materials & methods
Patient selection

We selected 16 patients with HPV-associated OPC who were treated
with IMRT in our institution so that there were approximately equal
numbers of patients with NO, N1, and N2-3. All patients received con-
current chemoradiotherapy (CCRT) with cisplatin between 2019 and
2021. Table 1 shows the primary sites and stages for 16 patients ac-
cording to the eighth edition of the American Joint Committee on
Cancer (AJCC) staging manual in the section on HPV-positive OPC [18].
All patients were non-smokers and had pl6-positive, T1-4 N0-3 MO
cancer. All primary sites were the tonsils. The median age of patients
was 63 years (range, 42-78). Eleven patients were male and five were
female. None of the simulation plans were used for actual clinical RT
plans. The present study was performed after approval by the Institu-
tional Review Board.

Treatment volumes and normal structures

All patients were immobilized with a shell in a supine position and
simulated by computed tomography (CT) with a slice thickness of 2.5
mm. The targets and OAR were contoured using the RayStation treat-
ment planning system (RaySearch Medical Laboratories AB, Stockholm,
Sweden).

An adaptive two-step IMRT method was used. So, simulation CT
scans and IMRT planning were performed twice. The targets were
named as target-1 in the initial plan and as target-2 in the cutdown field
plan. Gross tumor volume-1 (GTV-1) and GTV-2 were defined as all
known gross primary tumor and nodes according to clinical information,
CT, magnetic resonance imaging, and ‘®F-fluorodeoxyglucose positron

Table 1

Patient characteristics.
Case Primary site T N Stage
1 Lt tonsil 2 0 1
2 Rt tonsil 1 0 I
3 Lt tonsil 1 0 I
4 Lt tonsil 2 0 1
5 Rt tonsil 2 0 I
6 Lt tonsil 2 1 I
7 Rt tonsil 2 1 1
8 Lt tonsil 2 1 1
9 Rt tonsil 2 1 1
10 Lt tonsil 3 1 I
11 Rt tonsil 2 2 I
12 Lt tonsil 2 2 11
13 Lt tonsil 3 2 I
14 Rt tonsil 3 2 I
15 Rt tonsil 4 2 111
16 Lt tonsil 2 3 111

Lt, left; Rt, right.
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emission tomography/CT. Clinical target-1 (CTV-1) included GTV-1
with an additional margin of 0.5 cm and elective nodal regions of
bilateral levels II, III, IVa, V, and VIIa [19]. Planning target-1 (PTV-1)
was defined as CTV-1 plus a 0.5-cm margin, excluding the skin, which
was defined as the surface of the body plus 0.2-cm margins in an inward
direction. CTV-2 included GTV-2 with an additional margin of 0.5 cm.
PTV-2 was defined as CTV-2 plus a 0.5-cm margin excluding the skin.
OAR included the spinal cord, brain, brainstem, inner ear, parotid
glands, oral cavity, mandible, pharyngeal constrictor muscle, larynx,
thyroid, and skin and were delineated according to consensus guidelines
[20]. The planning organs at risk volume (PRV) was used for the spinal
cord, brain, and brainstem and was defined as the corresponding
structure plus 0.3-cm margins.

IMRT planning

Plans were optimized to achieve a target coverage with 95 % of PTV-
1 and PTV-2 receiving 100 % of the prescription dose, and to provide a
dose distribution that was as homogenous as possible within the target.
Plans were optimized using dose-volume histogram (DVH) dose con-
straints to reduce the dose to OAR to as low as achievable while main-
taining target coverage. The prescribed doses to PTV-1 and PTV-2 were
simulated for a total of 66 Gy over 33 fractions in 7 weeks. Dose con-
straints are shown in Appendix Table 1. IMRT plans were generated
using 6-MV X-ray beams of Radixact X9 (Accuray, Sunnyvale, USA). The
Precision Treatment Planning System (Accuray, Sunnyvale, USA) was
used with the superposition algorithm for plan calculations. The calcu-
lation grid was 1.0 x 1.0 mm. A 2.5-cm field width, pitch of 0.287, and
modulation factor of 2.0 were used.

The prescribed doses of 66 Gy to PTV-1 and PTV-2 were extracted
and two patterns of IMRT plans were created as follows: standard plans;
46 Gy in 23 fractions to PTV-1, followed by 20 Gy in 10 fractions to PTV-
2: de-escalation plans; 30 Gy in 15 fractions to PTV-1, followed by 36 Gy
in 18 fractions to PTV-2.

NTCP model

The Lyman-Kutcher-Burman (LKB) model was used in analyses of a
normal tissue complication probability (NTCP) [21,22]. The probabili-
ties of AE at the parotid glands (xerostomia), mandible (joint dysfunc-
tion), larynx (laryngeal edema), thyroid (hypothyroidism), and skin
(ulceration) were calculated using RayBiology (RaySearch Medical
Laboratories AB, Stockholm, Sweden). AE noted in brackets were the
endpoint for each OAR. The NTCP based on LKB model can be estimated
by the equation as follows.
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Where, D is total dose, TD50 represents the dose for a homogenous dose
distribution to an organ at which 50 % of patients are likely to exhibit
defined toxicity within 5 years. n indicates the volume effect of the organ
being assessed. m is related to the standard deviation of TD50 and de-
scribes the steepness of the dose-response curve. M indicates the total
number of voxels. In this study, the parameters to predict the develop-
ment of the above AE were used as follows [23]: (1) the parotid gland: n
= 0.70, m = 0.18, TD50 = 46 Gy; (2) mandible: n = 0.07, m = 0.10,
TD50 = 72 Gy; (3) larynx: n = 0.08, m = 0.17, TD50 = 70 Gy; (4)
thyroid: n = 0.22, m = 0.26, TD50 = 80 Gy; (5) skin:n=0.10,m = 0.12,
TD50 = 70 Gy. The endpoint for each structure follows the report of
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Emami et al. and the most clinically important (i.e., severe) endpoint
were shown: parotid gland, xerostomia; mandible, joint dysfunction;
larynx, laryngeal edema; thyroid, hypothyroidism; skin, ulceration [24].
An o/ ratio of 3.0 Gy was used in NTCP analyses.

Plan comparison criteria

Comparison metrics between the standard and de-escalation plans
were as follows: (1) maximal doses for the spinal cord PRV, brain PRV,
and brainstem PRV; (2) mean doses (Dmean) for the brain PRV, brain-
stem PRV, inner ears, parotid glands, oral cavity, mandible, pharyngeal
constrictor muscle, larynx, thyroid, and skin; (3) doses to 1 % volumes
(D1%) of the spinal cord PRV and skin; (4) doses to a 2 % volume (D2%)
of the mandible. The Student’s t-test was employed to compare com-
parison metrics and AE probabilities with NTCP analyses between the
standard and de-escalation plans. All statistical analyses were performed
using EZR [25], a graphical user interface for R (version 3.4.1; R
Foundation for Statistical Computing, Vienna, Austria). A P-value of <
0.05 was significant.

Results
DVH analysis

A representative example of dose distributions in the standard and
de-escalation plans is shown in Fig. 1. These plans were created in case 7
of Table 1 (primary cancer, T2 tumor at the right tonsil; nodal metas-
tasis, N1 at right level II). In Fig. 1, the spread of 70-80 % doses to the
contralateral and lower nodal regions was less in the de-escalation plan
than in the standard plan. Fig. 2 shows DVH comparisons of OAR and
PTV between the two plans. DVH are presented as an average of 16
patients. When DVH were comprehensively evaluated, those of the
spinal cord PRV, brainstem PRV, bilateral inner ears, contralateral pa-
rotid glands, mandible, pharyngeal constrictor muscle, larynx, thyroid,
and skin were slightly lower in the de-escalation plan than in the stan-
dard plan, while DVH of the brain, ipsilateral parotid gland, and oral
cavity appeared to be similar between the two plans.

Quantitative analysis

The results of a quantitative analysis of PTV are shown in Appendix
Table 2. In view of the dose constraints shown in Appendix Table 1, PTV-
2 coverage and homogeneity met the constraint goals at least within
acceptable ranges in both plans and were similar between the two plans.
Since the prescribed doses to PTV-1 were different between the two
plans, PTV-1 coverage naturally differed between the two plans.

Table 2 shows the comparison metric values of OAR. Dmean of the
brain PRV, pharyngeal constrictor muscle, thyroid, and skin were
significantly higher in the standard plan than in the de-escalation plan
(P =0.031,0.007, < 0.001, and < 0.001). Dmean of the larynx tended to
be higher in the standard plan than in the de-escalation plan (P = 0.085).
Regarding other parameters, D1% of the skin was significantly higher in
the standard plan than in the de-escalation plan (P = 0.006).

Fig. 3 shows the rates of reductions in comparison metric values
between the two plans, which were shown separately due to the status of
nodal metastasis. When the rates of reductions in comparison metric
values were comprehensively evaluated, the largest decrease was
observed in Dmean of the thyroid with 33 %, followed by the contra-
lateral and ipsilateral inner ears with 24 and 25 %, the skin with 23 %,
and then D1% of the skin with 17 % and Dmean of the larynx with 14 %.
In addition, the rates of reductions in comparison metric values were
slightly larger in NO patients than in N1 and N2-3 patients.

NTCP analysis

Table 3 shows the probabilities of AE in the parotid glands,
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Standard plan| % of 66 Gy | De-escalation plan

107

100

Fig. 1. Examples of dose distributions in standard and de-escalation plans. The
stage of this case was T2N1MO. The primary cancer was at the right tonsil and
nodal metastasis at right level II.

mandible, larynx, thyroid, and skin. The probability of xerostomia due
to irradiation to the ipsilateral parotid gland was significantly higher in
the standard plan than in the de-escalation plan (6.4 % vs. 5.0 %, P =
0.016). The probability of xerostomia of the contralateral parotid gland
was similar between the two plans (0.1 % vs. 0.1 %, P = 1.0). The
probability of hypothyroidism was significantly higher in the standard
plan than in the de-escalation plan (3.3 % vs. 0.5 %, P < 0.001). The
probabilities of AE in the mandible, larynx, and skin did not significantly
differ between the two plans.

Discussion

This simulation study investigated the effects of a reduced dose to
elective nodal regions in HPV-associated OPC. RT is an integral
component in the treatment of HPV-associated OPC patients. However,
various types of RT-related AE and decreased QOL are serious issues
[26]. Xerostomia may trigger taste disorders and dysphagia during RT.
Mucositis due to irradiation remains a critical issue during RT, even in
the era of IMRT [27]. Furthermore, the management of radiation
dermatitis is frequently challenging. Regarding late AE, xerostomia and
dysphagia are the two of the main AE, and others, such as mandibular
osteomyelitis, hypothyroidism, and skin ulcers, may occur after RT [28].
Younger patients with HPV-associated OPC may develop very late AE,
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Fig. 2. Comparison of the dose-volume histogram (DVH) of organs at risk (OAR) between standard and de-escalation plans. (A) Planning organ at risk volume (PRV)
of the spinal cord; (B) brain PRV; (C) brainstem PRV; (D) ipsilateral inner ear; (E) contralateral inner ear; (F) ipsilateral parotid; (G) contralateral parotid; (H) oral
cavity; (I) mandible; (J) pharyngeal constrictor muscle; (K) larynx; (L) thyroid; (M) skin; and (N) planning target volume-1 (PTV-1) and PTV-2.

such as carotid artery stenosis, in the near future [29].
Radiosensitivity-adjusted doses may improve QOL without compro-
mising oncologic outcomes. Clinical trials showed that the total dose
delivered to HPV-associated OPC patients may be safely reduced to
approximately to 60 Gy or lower [30-35]. These trials did not system-
atically evaluate radiation doses in elective nodal regions. Among total
doses of 66-70 Gy, a prophylactic dose of 46-50 Gy is typically delivered
to elective nodal regions in HNC patients. These prophylactic doses have
been used and validated since the era of 2-dimensional RT or 3DCRT
[1-4]. The findings of 2 recent prospective trials using 40-Gy elective
neck volumes revealed uncompromised locoregional control regardless
of the anatomical site of disease and the HPV status [14,15]. We
consider radiation dose reductions in line with RT sensitivity to be fully
applicable to elective nodal regions. In a recent retrospective study with
a median follow-up of 26 months, a systematic de-escalation to 30 Gy to
elective nodal regions was associated with minimal toxicity and excel-
lent locoregional control in HPV-associated OPC [17]. This study group
reported their dose prescriptions and briefly explained the rationale

behind these choices [36]. However, to the best of our knowledge, a
quantitative analysis of OAR or AE predictions for the de-escalation
strategy have not yet been conducted. Therefore, we performed this
simulation study to estimate the effects of reduced doses to elective
nodal regions in HPV-associated OPC.

The present results demonstrated that Dmean of the brain, pharyn-
geal constrictor muscle, thyroid, and skin were significantly lower in the
de-escalation plan than in the standard plan. However, since Dmean of
the brain was sufficiently low in both groups (standard plan vs. de-
escalation plan: 3.6 Gy vs. 2.9 Gy), this difference was not considered
to contribute to late AE or post-treatment QOL. Therefore, NTCP ana-
lyses of the brain were omitted. NTCP analyses of other OAR, such as the
spinal cord, brainstem, and bilateral inner ears, were also omitted for
similar reasons. The three parameters of TD50, n, and m in the LKB
model were unclear for the oral cavity and pharyngeal constrictor
muscle; therefore, NTCP analyses were not performed. However, Dmean
of the pharyngeal constrictor muscle were significantly different and
high in both groups (standard plan vs. de-escalation plan: 52.8 Gy vs.
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Table 2
Doses to organs at risk.
Structure Parameter  Standard De-escalation P-value
plan plan
Spinal cord PRV Dmax 47.0 £ 2.1 46.5 + 3.0 0.61
D1% 42.0+1.8 41.4+£2.4 0.60
Brain PRV Dmax 53.7 + 7.4 49.6 £ 11.6 0.27
Dmean 3.6+ 0.8 2.9+ 0.9 0.031
Brainstem PRV Dmax 44.2 + 4.9 40.6 + 8.1 0.15
Dmean 11.8 +3.4 9.9 + 3.5 0.14
Ipsilateral inner ear Dmean 109 £5.8 8.3+47 0.20
Contralateral inner ear ~ Dmean 10.2 + 6.1 7.6 + 4.7 0.19
Ipsilateral parotid Dmean 28.8 £9.9 27.5+ 9.5 0.70
gland
Contralateral parotid Dmean 22.7 +£5.7 19.8 £ 5.2 0.16
gland
Oral cavity Dmean 29.9 + 3.9 289 + 4.4 0.49
Mandible D2% 61.9 +£6.8 61.1 +£8.2 0.80
Pharyngeal constrictor Dmean 52.8 + 2.7 48.9 + 4.2 0.007
muscle
Larynx Dmean 353+6.1 30.5+ 8.3 0.085
Thyroid Dmean 449 +5.3 30.3 + 4.5 < 0.001
Skin Dmean 8.0+1.1 6.2+ 1.1 < 0.001
D1% 48.7 £ 5.4 40.4 £9.3 0.006
Body Dmax 71.7 £1.2 71.1+£1.0 0.12

Values are the mean + standard deviation.

Abbreviations: Dmax, maximum dose; Dmean, mean dose; PRV, planning risk
volume; D1% or D2%, dose to a 1% or 2% volume of organs at risk; Lt, left; Rt,
right.
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48.9 Gy, P < 0.007), which may contribute to the development of late
dysphagia. In Fig. 3, the largest decrease was Dmean of the thyroid with
33 % (standard plan vs. de-escalation plan: 44.9 Gy vs.30.3 Gy, P <
0.001), followed by the contralateral and ipsilateral inner ears with 24
and 25 %. Nevertheless, since Dmean of the bilateral inner ears was
sufficiently low in both groups, these differences did not contribute to
late AE. Although the merit of the de-escalation strategy for subclinical
nodal regions was generally more apparent in NO patients than in N1
and N2-3 patients, as shown in Fig. 3, this treatment strategy is expected

Table 3
Probabilities of adverse events using the normal tissue complication probability
(NTCP) model.

Structure Endpoint Standard De-escalation P-
plan (%) plan (%) value
Ipsilateral parotid Xerostomia 6.4 +12.0 5.0 +10.5 0.016
gland
Contralateral Xerostomia 0.1+0.3 0.1+0.5 1.0
parotid gland
Mandible Joint 0.7 £ 0.7 0.6 + 0.6 0.16
dysfunction
Larynx Laryngeal 6.4 + 8.2 5.8+7.0 0.17
edema
Thyroid Hypothyroidism 3.3+1.6 0.5+ 0.9 <
0.001
Skin Ulceration 0 0 NA

Values are the mean =+ standard deviation.
The endpoint for each structure follows the report of Emami et al. [22] and the
most clinically important (i.e., severe) endpoint were shown [22].

35%
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Fig. 3. Differences in percent reductions in comparison metrics of each OAR between standard and de-escalation plans according to the stage of nodal metastases. *

means D1%.
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to reduce OAR doses and potential AE, even in N1 and N2-3 patients.

NTCP analyses showed that the probabilities of xerostomia at the
ipsilateral parotid gland and hypothyroidism were significantly higher
in the standard plan than in the de-escalation plan (xerostomia, 6.4 % vs.
5.0 %, P = 0.016; hypothyroidism, 3.3 %vs. 0.5 %, P < 0.001). Although
the DVH of the contralateral parotid gland and mandible differed be-
tween the two plans, as shown in Fig. 2G and 2I, the probabilities of AE
at these OAR did not significantly differ in NTCP analyses. These results
were attributed to the low irradiated doses delivered to these OAR in
both plans. The probabilities of laryngeal edema did not significantly
differ between the two plans in NTCP analyses. However, Dmean of the
larynx and the probability of laryngeal edema were lower in the de-
escalation plan than in the standard plan (standard plan vs. de-
escalation plan: 35.3 Gy vs. 30.5 Gy, P = 0.085; 6.4 % vs. 5.8 %, P =
0.17). Therefore, the de-escalation strategy for subclinical nodal regions
may reduce potential AE at the larynx. Since Dmean and D1% of the skin
were low in both groups, the probabilities of skin ulceration were 0 % in
both plans in NTCP analyses. However, if the skin endpoint was
changed, such as to subcutaneous induration, a difference may have
been observed in the incidence of AE between the two groups because of
the marked difference in the skin dose between the two groups.

The present study had some limitations. First, since this was a
simulation study, a prospective study is needed in the future to confirm
the efficacy of this strategy. Second, if IMRT plans is created in a
different way than ours, e.g., for total dose or target margin, the results
may be slightly different. Third, when the NTCP model is analyzed by
methods other than LKB model, the results may be slightly different.

Appendix Table 1. Dose constraints for targets and organs at risk

Technical Innovations & Patient Support in Radiation Oncology 28 (2023) 100221

In conclusion, we estimated the effects of a de-escalation dose plan
for elective nodal regions in HPV-associated OPC. We compared the
dosimetric values and the AE probability based on the NTCP model
between the standard and de-escalation plans. A de-escalation strategy
with a reduced dose to elective nodal regions is a promising treatment to
prevent a decline in QOL in patients with HPV-associated OPC, partic-
ularly xerostomia, dysphagia, and hypothyroidism.
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Structure Parameter Constraint goal Acceptable range
PTV1, PTV2 D98% >61.4 Gy (93 %) >59.4 Gy (90 %)
D95% =66 Gy (100 %) >63.4 Gy (96 %)
D50% <69.3 Gy (105 %) <70.6 Gy (107 %)
D10% <72.6 Gy (110 %) <75.9 Gy (115 %)
D2% <79.2 Gy (120 %) <82.5 Gy (125 %)
Body Dmax dose <82.5 Gy (125 %) <85.8 Gy (130 %)
Spinal cord PRV Dmax <50 Gy <54 Gy
Dlce <46 Gy <50 Gy
Brain PRV Dmax <66 Gy <70 Gy
Brainstem PRV Dmax <54 Gy <60 Gy
Lt or Rt parotid gland Dmean <26 Gy <30 Gy
Oral cavity Dmean <30 Gy <40 Gy
Mandible D2% <66 Gy <70 Gy
Pharyngeal constrictor muscle Dmean <54 Gy <60 Gy
Larynx Dmean <45 Gy <50 Gy
Lt or Rt inner ear Dmean <45 Gy <50 Gy
Thyroid Dmean - -
Abbreviations: PTV, planning target volume; PRV, planning risk volume; Lt, left; Rt, right;
Dmax, maximum dose; Dmean, mean dose; D2, 10, 50, 95, 98 %, dose to a 2, 10, 50, 95, 98 %.
volume of the target or organ at risk; Dlcc, dose to a 1 cc volume of the target or organ at risk.
Appendix Table 2. Target coverage and homogeneity
Parameter Standard plan (Gy) De-escalation plan (Gy) P-value
PTV1
D98% 46.2 +£ 0.7 30.5+ 0.6 < 0.001
D95% 47.0 £ 0.8 31.0 £ 0.7 < 0.001
D50% 52.8 £ 4.5 40.1 £ 8.7 < 0.001
D10% 67.6 £ 2.2 66.9 + 3.7 0.52
D2% 69.8 +£ 0.7 69.5 + 0.7 0.27
PTV2
D98% 62.8 £ 1.4 62.2 +£1.7 0.42
D95% 64.6 +£ 0.7 64.4 +£ 0.9 0.47
D50% 68.0 + 0.4 67.9 +£ 0.4 0.61

(continued on next page)
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(continued)
Parameter Standard plan (Gy) De-escalation plan (Gy) P-value
D10% 69.6 + 0.4 69.3 £ 0.5 0.13
D2% 70.3 +£ 0.4 69.9 + 0.6 0.14

Values are the mean + standard deviation.
Abbreviations D2, 10, 50, 95, and 98, dose to 2, 95, and 98, volume of the target; PTV, planning target volume.
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