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Purpose: RapidPlan™ (RP) Eclipse®, a commercial knowledge-based planning software, predicts radiation doses, enhancing
treatment planning efficiency and quality. This study developed a nasopharyngeal carcinoma (NPC) volumetric modulated arc therapy
RP model and assessed its quality and efficiency against manual plans.

Methods and Materials: The existing plans for 160 patients with NPC constituted the RP model training cohort. An additional 33
patients formed a testing cohort to compare RP and manual plans based on dose-volume histograms, isodose curves, physician plan
scores, and selection.

Results: The RP plan could be completed within 1 hour. RP plans demonstrated superior conformity compared with manual plans in
planning target volume 70. RP plans outperformed manual plans in reducing organs-at-risks (OARs) doses. For advanced T3/4
tumors, chiasma and optic nerve doses remained similar to manual plans. RP plans had higher physician-rated scores in dose-volume
histograms of targets, OARs, isodose curves, and holistic scores. Clinical plan acceptance rates of RP plans reached 100%. Physicians
chose RP plans over manual plans for 31, 30, and 28 patients for doctors A, B, and C, mainly because of superior OAR sparing and
higher conformity.

Conclusions: The RP plan efficiently generates high-quality NPC volumetric modulated arc therapy plans. Further applications of RP
Eclipse in single-institutional clinical flows and multi-institutional collaborations or clinical trials are warranted.

© 2025 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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4 to 25 cases per 100,000 individuals in endemic areas,
which is 50 to 100 times higher than in nonendemic
regions.'

Radiation therapy is essential for NPC treatment, with
advanced techniques such as fixed-angle intensity modu-
lated radiation therapy (IMRT) and volumetric modu-
lated arc therapy (VMAT) providing better target
coverage and organs-at-risks (OARs) protection.” Because
of the complex nature of NPC radiation planning, VMAT
planning is time-consuming, and quality can vary among
planners. Although experienced planners may require
only hours to complete the planning process, inexperi-
enced planners may require several days. Even experi-
enced planners typically require between 1.5 and 5 hours
to complete a manual plan for NPC.”

Knowledge-based planning (KBP) aims to predict
radiation doses, enhancing treatment planning effi-
ciency and quality. Varian Medical Systems’ commer-
cial software, RapidPlanTM (RP) Eclipse®, uses existing
plans to create a statistical model (RP model) based
on volumetric and spatial data. It incorporates the
minimum distance from a voxel to the planning target
volume (PTV) surface (distance-to-target histogram).
The distance-to-target histogram and dose-volume his-
togram (DVH) undergo principal component analysis,
and anatomical and dosimetric features are quantified
using 1 to 4 principal components. Multivariate regres-
sion is then used to select significant variables for indi-
vidual OARs. Support vector regression is used to
build a mathematical model.” The final RP model can
be used to predict DVH and dosimetric constraints for
new cases.

In this study, we developed an NPC RP model using
training cohorts and evaluated its quality and efficiency
against manual plans.

Methods and Materials

Study schema

This study received approval from our institutional
review board (institutional review board number
202308079RINC). Figure 1 illustrates the study
schema. A total of 193 consecutive patients with NPC
underwent definitive concurrent chemoradiation ther-
apy (CCRT) using TrueBeam® (Varian Medical Sys-
tems) at National Taiwan University Hospital between
April 2014 and August 2022. Among them, we ran-
domly selected 160 patients to comprise the RP model
development training cohort, whereas the remaining
33 formed a testing cohort for comparing RP and
manual plans based on DVHs, isodose curves, physi-
cian plan scores, and selection. At the time this study
was initiated, the optimal number of patient plans

required to train an NPC RP model was unknown.
Our institutional database contained a total of 193
NPC patient cases for use in this study. To perform a
statistically sound ¢ test according to the central limit
theorem, a minimum sample size of 30 is recom-
mended.® Therefore, we decided to allocate 160
patients to the training cohort and 33 patients to the
testing cohort, balancing the need to maximize train-
ing data with the statistical robustness of the testing
cohort. Allocation was done through randomization to
minimize selection bias. Table E1 provides a summary
of the clinical characteristics of both cohorts.

Development of the RP model

The targets and dose were as follows: (1) PTV 70
Gy: covering the gross tumor and lymph nodes; (2)
PTV 60 Gy: targeting the tumor with margin, skull
base foramina (pterygopalatine fossa, pterygoid plate,
foramen rotundum, foramen ovale, and foramen lac-
erum), parapharyngeal space, paranasal sinuses/nasal
cavity, and retropharyngeal/level II/III/V lymphatics;
and (3) PTV 54 Gy: level IV/V lymphatics. Treatment
was 1 fraction per day, 5 days per week, with a total
of 33 fractions administered using simultaneous inte-
grated boost.

The existing plans for the 160 patients with NPC in
the training cohort were generated using the Eclipse
treatment planning system v.16.1. We employed
VMAT with a 6 MV photon beam and used 2 full
coplanar arcs with an angled collimator (10°) for each
arc. When the targets were close to serial organs (eg,
brainstem, spinal cord, optic nerves, etc), we used 3
full arcs for better beam control. Prior to commencing
inverse planning optimization (RapidArc, Varian Med-
ical Systems), we selected the y-jaws to achieve effec-
tive coverage of the largest PTV area, with a 1 cm
margin throughout gantry rotation. To overcome the
limitations of the leaf span, we split the x-jaw posi-
tions by using an x-jaw field size of <15 cm for each
arc. Dose calculation was performed using the aniso-
tropic analytical algorithm with a dose grid resolution
of 2.5 mm. The OARs training in the RP model and
the dose constraints were adopted and modified from
the Radiation Therapy Oncology Group (RTOG) 0615
protocol.” Table 1 outlines the planning objectives for
both PTVs and OARs.

When developing the RP model, Eclipse allowed a mix
of prespecified fixed constraints and generated con-
straints. We used a combination of prespecified con-
straints modified from RTOG 0615 and generated
constraints. Table E2 shows the parameters for RP model
development. In this stage of RP model development, the
"Generated*" in the table indicates the data input into RP
that is extracted from the training cohort to create the
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Figure 1 Study schema.
Abbreviations: NPC = nasopharyngeal carcinoma; RP = RapidPlan.

model. An RP model was then built after entering data
from all 160 patients.

Using a testing cohort to compare the RP
model-generated plan and manual plan

After developing the RP model using the training
cohort, an additional 33 patients were enrolled in the test-
ing cohort. Each patient in the testing cohort was created
with both a manual treatment plan and an RP plan. The
manual plan was designed using the aforementioned pro-
cedures.

Generation of the RP plan

The RP model was built using all 160 patients without
excluding outliers or fine-tuning. We directly used this
model for the testing cohort. To create an RP plan for a
testing cohort during the first optimization, we used
parameters identical to those used in RP model develop-
ment (Table E2). However, in this stage, the "Generated*"
in the table indicates the numbers determined by our built
RP model estimation. After the first optimization, if second
or third optimizations were needed, we fine-tuned the
parameters, mainly focusing on dose and priority adjust-
ments. Expert planners reviewed the initial optimization
plan to determine if a second or third optimization was
necessary. If the first optimization plan was considered suf-
ficient, no further optimization was performed, and this
plan was used for comparison. However, if additional

optimizations were conducted, only the final optimized
plan was used for comparison with the manual plans.

All 33 RP plans required further fine-tuning after the
first optimization. Five plans underwent a second optimi-
zation, whereas 28 required a third optimization. The
dosimetric criteria for plan approval were based on the
RTOG 0615 and NRG HN-001 protocols, as summarized
in Table 1.

The flowchart of the RP plan generation is presented in
Fig. El. Eclipse Script Application Planning Interface
(ESAPIL; Varian Medical Systems) was used to create pseu-
dostructures for planning. We used our established RP
model to estimate DVHs and dose constraints. Following
initial optimization using these model-based constraints,
we manually fine-tuned them in a second optimization. If
the plan met the approval of medical physicists, no further
changes were made. Otherwise, a third optimization was
conducted with additional fine-tuning constraints. If the
third optimization plan was considered acceptable by the
medical physicists, then the plan was finalized. If not, we
then stopped optimization, recorded the dose statistics,
and presented the RP plan to the physicians for further
plan comparison. The total amount of time from applica-
tion programming interface scripting to plan finalization
was limited to 1 hour.

Manual plan versus RP plan comparison

After the RP and manual plans for each patient were
obtained, they were compared in terms of DVHs, isodose
curves, and physician plan scores and selection. Homoge-
neity indexes (HIs) and new conformity indexes (nCls)
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Table 1 Dose statistics for targets and organs at risk

Manual plan RP plan

Types Index Criteria P value
Average SD Average SD
Body Diax (Gy) <115% 76.60 0.47 76.32 0.54 032
prescribed dose
PTV70 Vaoay (%) >93 95.82 2.98 96.25 1.45 389
Dinean (GY) N/A 72.89 0.42 72.68 0.28 027
nCI N/A 1.20 0.05 1.15 0.03 <.001
HI N/A 1.06 0.02 1.06 0.01 483
PTV60 Veoay (%) >93 96.03 121 95.83 0.61 346
PTV54 Vsagy (%) >93 97.74 1.17 97.84 1.23 719
Brainstem Dyiax (Gy) <54 42.61 10.54 39.50 9.27 .006
Dnean (Gy) N/A 24.29 10.09 21.87 7.34 007
Spinal cord Dmax (Gy) <45 3147 4.63 27.14 442 <0.001
Dinean (GY) N/A 20.17 5.82 17.53 4.42 <.001
Parotid-L Viogy (%) <50 40.42 9.27 34.68 12.88 <.001
Dnean (Gy) <26 31.61 4.59 29.06 5.90 <.001
Parotid-R Vioay (%) <50 37.85 9.12 31.80 10.26 <.001
Dinean (GY) <26 30.45 441 27.92 4.87 <.001
Ear-L Dinean (GY) <45 37.21 6.45 37.20 7.12 .996
Ear-R Diean (Gy) <45 37.35 8.27 34.28 7.15 <.001
Oral (exclude PTV) Dnean (Gy) <40-45 41.40 3.48 39.80 2.87 <.001
Pharyngeal constrictor Dinean (GY) <50-55 60.15 3.86 59.56 3.91 .007
Larynx Dinean (GY) <45 41.69 3.20 40.73 2.50 .023
Lens-L Dmax (Gy) <10 5.44 2.11 5.23 2.26 .698
Lens-R Dyiax (Gy) <10 541 2.14 5.06 2.09 496
Eye-L Dyiax (Gy) <50 19.90 12.05 15.71 9.87 <.001
Dnean (Gy) N/A 6.75 4.04 6.03 373 002
Eye-R Dmax (Gy) <50 19.28 10.07 16.42 9.36 <.001
Dnean (Gy) N/A 6.32 3.44 5.80 3.29 .001
Chiasm Dyax (Gy) <54 23.27 17.75 20.97 18.09 .002
Optic nerve-L Dyiax (Gy) <54 24.97 17.56 23.60 17.90 019
Dinean (GY) N/A 16.47 14.63 14.33 13.06 <.001
Optic nerve-R Dyiax (Gy) <54 24.20 17.47 22.59 18.25 003
Dnean (Gy) N/A 15.56 13.82 13.56 12.74 <.001
Esophagus VSSGy_cm3 N/A 0.29 0.48 0.27 0.43 293
Mandible Vagy_cm’® <1 0.52 0.96 0.47 0.78 456
Brain Dinean (GY) N/A 8.62 3.06 8.15 2.90 <.001
D (Gy) <72.1 67.18 6.27 66.07 6.28 <.001
Temporal lobe-L Dmax (Gy) <70 68.44 7.38 66.96 7.79 <.001
Temporal lobe-R Dumax (Gy) <70 68.23 5.40 66.91 5.39 <.001
Brachial plexus-L Dyiax (Gy) <66 65.97 541 65.59 5.79 087
Brachial plexus-R Dpmax (Gy) <66 65.50 4.62 64.92 4.82 .007

Abbreviations: Dyax = maximum dose; Dppean = mean dose; Dx% = dose covering x% of the volume; HI = homogeneity index; L = left; N/A = not
available; nCI = conformity index; PTV = planning target volume; R = right; RP = RapidPlan; VxGy = volume covered by the x-Gy isodose.
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were calculated and compared. The HI and nCI formulas
are as follows:

1. HI: measurement of how evenly the radiation dose is
distributed in the PTV

_ D5%
~ D95%

D5%: The dose received by the hottest 5% of the target
volume (i.e., the minimum dose within the top 5% of the
dose distribution). D95%: The dose received by at least
95% of the target volume (i.e., the minimum dose cover-
ing 95% of the structure). A higher HI indicates poorer
homogeneity.

2. nCIL: measurement of dose distribution conformity
throughout the target volume

CI = VPTV x ﬂ
TVPV?

whereVry is the volume of the actual prescribed dose,
Vprv is the volume of PTV, and TVpy is the volume of
VPTV within the VTV'

A higher nCI indicates lower dose conformity in the
PTV.

Regarding physician plan scores and selection, an exam-
ple of the questionnaire the physicians completed for plan
scoring and selection is presented in Fig. 2A. Each patient

(A)

DVH of targets
DVH of OARs
Isodose curve
Holistic score

Acceptable for clinical use [“lves [INo [lves [ INo

A [s
[] Better target coverage
[] Better OAR sparing
["] Better conformity

Preferred plan

Reasons for selecting your

preferred plan**

*The rating scale ranges from 1 to 5, with higher scores indicating better performance.

**Multiple selections are permissible.

(€ (D)

Acceptance rate for clinical usage

Physicians' preference

I Y S T S -

["] Other reasons (Please provide specific reasons.)

with 1 RP plan and 1 manual plan was evaluated by 3 radi-
ation oncologists specializing in NPC treatment. The radia-
tion oncologists were blinded to the patients’ information
and completed the questionnaires independently.

Statistical analysis

A paired t test was used to assess dosimetric differences
in the manual and RP plans. A P value of <.05 indicated
significance.

Results

Comparison of DVHs and dose statistics in
manual and RP plans

All plans were reviewed by qualified medical physicists
who checked parameters such as total dose, fractionation,
OAR limits, machine settings, and energy, following
guidelines from the American Association of Physicists in
Medicine (AAPM ) Task Group 275 report.” No specific
concerns were raised during the review process for any of
the 33 testing cohort plans.

(B)

Plan score comparison

P<0.0001 P<0.0001 P<0.0001 P<0.0001

@ Manual plan
RP plan

Score
IS

DVHof target DVH of OARs Isodose curve Holistic score

100
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90 Manual plan
80 RP plan
P E 25
70 =
g ey
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Reasons for selecting RP plan
@ Manual plan
Better target
RP pla

pian coverage —0Dbr.A
30 Dr.B
Dr.C
Other (Better Better OAR

homogeneity) sparing

Dr.C Better conformity

Figure 2 Comparison of physician plan scores and selection outcomes. (A) Questionnaire for physician plan scoring and selec-
tion, (B) plan score comparison, (C) acceptance rate for clinical use, (D) physicians’ preferred plans, and (E) reasons for Rapid-

Plan (RP) plan selection.

Abbreviations: DVH = dose-volume histogram; OAR = organ at risk.
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To confirm the deliverability of these 33 plans, we con-
ducted dose verification using Varian’s portal dose image
prediction.” The dose verification result for a representa-
tive patient is shown in Fig. E2. For all 33 patients in the
testing cohort, the y criteria (3%/3 mm, y < 1%) pass
rates were >90%, with mean £ SD values of 99.23% =+
1.3% for the RP plan and 99.13% = 1.3% for the manual
plan, in compliance with AAPM Task Group 119 stand-
ards for deliverability.'’

Table 1 provides a comparison of dose statistics for the
testing cohort’s manual and RP plans. Regarding the tar-
gets, RP plans demonstrated superior conformity com-
pared with manual plans (nCI: manual 1.20 & 0.05 vs RP
1.15 £ 0.03, P < .001) in PTV70. However, target cover-
age did not differ significantly between the manual and
RP plans (Fig. 3A). RP plans outperformed manual plans
in reducing OAR doses. The RP plans had significantly
lower brainstem Dyax (maximum dose) (42.61 =+
10.54 vs 39.50 = 9.27 Gy, P = .006), spinal cord Dyax
(31.47 £ 4.63 vs 27.14 + 4.42 Gy, P < .001), and larynx
Diean (mean dose) (41.69 £ 3.20 vs 40.73 £+ 2.50 Gy,
P =.023; Fig. 3B and Fig. E3A, B, G). Although the man-
dible doses of the 2 plans did not differ, the RP plans had
significantly lower parotid gland doses than the manual
plans (left parotid Vsog, [%] 40.42 £ 9.27 vs 34.68 £
12.88, P < .001; right parotid V3g, (volume covered by
the 30Gy isodose) [%] 37.85 &= 9.12 vs 31.80 £ 10.26, P <
.001; Fig. 3C and Fig. E3E). RP plans also demonstrated

(A) (B)

Targets
100

Relative volume (%)
Relative volume (%)
3

BS, SC and larynx

significantly lower eye and optic nerve doses than manual
plans. The Dyax for the left eye, right eye, left optic nerve,
and right optic nerve for the manual plans and the RP
plans was 19.90 & 12.05 versus 15.71 & 9.87 Gy (P <
.001), 19.28 £ 10.07 versus 16.42 £ 9.36 Gy (P < .001),
24.97 £+ 17.56 versus 23.60 = 17.90 Gy (P = .019), and
24.20 £ 17.47 versus 22.59 + 18.25 Gy (P = .003), respec-
tively (Fig. 3D and Fig. E3C, D). Additionally, RP plans
had lower pharyngeal constrictor Dyye,, values (60.15 +
3.86 vs 59.56 + 3.91 Gy, P = .007) and lower oral cavity
Dinean Values (41.40 & 3.48 vs 39.80 + 2.87 Gy, P < .001;
Fig. 3E and Fig. E3F). Finally, the RP plans had lower chi-
asma Dy, values (23.27 £ 17.75 vs 20.97 £ 18.09 Gy,
P = .002) and right ear Dy, values (37.35 & 8.27 vs
34.28 £+ 7.15 Gy, P < .001; Fig. 3F and Fig. E3H). The
brain Dyyean and D (dose received by the hottest 1 cubic
centimeter) were significantly lower in the RP plans than
the manual plans (brain D;e.,: 8.62 £ 3.06 vs 8.15 £ 2.90
Gy, P < .001; Dy 67.18 £ 6.27 vs 66.07 £ 6.28 Gy, P <
.001) (Fig. E4A). Similarly, doses to the bilateral temporal
lobes were both lower in the RP plans (Dyax temporal
lobe-left: 68.44 + 7.38 vs 66.96 = 7.79 Gy, P < .001;
Dyiax temporal lobe-right: 68.23 + 5.40 vs 66.91 £ 5.39
Gy, P < .001) (Fig. E4A). For the brachial plexus, there
was no significant difference in dose to the left side,
whereas the RP plans achieved lower doses to the right
side (brachial plexus-right Dyax: 65.50 £ 4.62 vs 64.92 +
4.82 Gy, P =.007) (Fig. E4B).

(©

Parotid and mandible

Relative volume (%)

0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000

Dose (cGy)

Eye and optic nerve
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8
Relative volume (%)
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Pharyngeal constrictor and oral cavity
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Chiasm and ear
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g
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Figure 3 Dose-volume histogram comparison for the manual plan and RapidPlan (RP) plan. (A) Targets; (B) brainstem (BS),
spinal cord (SC), and larynx; (C) parotid gland and mandible; (D) eye and optic nerve; (E) pharyngeal constrictor and oral cavity;

and (F) optic chiasma and ear.
Abbreviations: L = left; PTV = planning target volume; R = right.
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NPC radiation planning can be especially challenging
for advanced tumors. We analyzed the effectiveness of RP
plans in reducing OAR doses for T1/2 or T3/4 tumors
separately (Table 2). For T3/4 tumors, the RP plans signif-
icantly reduced doses to the brainstem (Dyax [Gy] A
[RP — manual] = —4.05, P = .003) and the spinal cord
(Dmax [Gy] A [RP — manual] = —6.01, P < .001) than
the manual plans. Parotid gland dose reductions were
observed, with a greater effect in T1/2 tumors. Left
parotid V3ogy (%) A (RP — manual) for T1/2 and T3/4
tumors was —6.13 (P = .004) and —0.05 (P = .024),
respectively. Right parotid Vzog, (%) A (RP — manual)
for T1/2 and T3/4 tumors was —5.92 (P < .001) and

—0.06 (P < .001), respectively. RP plans also showed
reduced oral cavity, pharyngeal constrictor, and eye doses
for T3/4 tumors compared with manual plans. Oral cavity
Diean (Gy) A (RP — manual) for T1/2 and T3/4 tumors
was —0.97 (P = .034) and —2.35 (P = .002), respectively.
Pharyngeal constrictor Dype.n (Gy) A (RP — manual) for
T1/2 and T3/4 tumors was —0.48 (P = .125) and —0.71
(P = .022), respectively. Left eye Dpmax (Gy) A
(RP — manual) for T1/2 and T3/4 tumors was —2.72
(P =.002) and —5.94 (P < .001), respectively. Right eye
Dyiax (Gy) A (RP — manual) for T1/2 and T3/4 tumors
was —2.54 (P = .003) and —3.23 (P = .017), respectively.
The RP plans did not have lower doses to the chiasma or

Table 2 RapidPlan plan organs-at-risk dose reduction for T1/2 and T3/4 tumors
OARs Index 11,2 13,4
A (RP — manual) SD P value A (RP — manual) SD P value
Brainstem Dyax (Gy)  —234 205 190 —4.05 0.04 003
Dpean (Gy)  —0.66 258 563 454 1.83 001
Spinal cord Dpax (Gy) —2.92 2.05 <.001 —6.01 3.85 <.001
Dpean (Gy)  —1.68 073  <.001 —3.81 1.55 <.001
Parotid-L Viogy (%) —6.13 263 004 —0.05 0.05 024
Diean (Gy)  —2.74 065  <.001 —2.32 1.91 017
Parotid-R Vioay (%) —5.92 2.25 <.001 —0.06 0.00 <.001
Dpean (Gy)  —2.43 081  .002 —2.66 0.01 <.001
Ear-L Dpean (Gy)  —0.10 015 942 0.11 1.79 908
Ear-R Diean (Gy)  —2.90 191  .030 —3.26 0.45 .008
Oral (exclude PTV) Dinean (GY) —0.97 0.10 .034 —2.35 1.05 .002
Pharyngeal constrictor Dinean (GY) —0.48 0.14 125 —0.71 0.01 .022
Larynx Doean (Gy)  —0.86 061 190 —~1.07 0.91 042
Eye-L Dyax (Gy) =272 063  .002 —5.94 225 <.001
Dinean (GY) —0.67 0.63 .008 —0.77 0.23 .075
Eye-R Duax (Gy)  —2.54 079  .003 323 0.53 017
Dpean (Gy)  —0.50 041 006 —0.54 0.06 056
Chiasm Dpmax (Gy) —2.64 0.61 .005 —1.89 0.65 119
Optic nerve-L Dpax (Gy) —1.48 0.05 .087 —1.24 0.52 125
Dpean (Gy)  —1.38 106  <.001 ~3.06 1.75 .006
Optic nerve-R Dyax (Gy)  —1.93 014  .010 —~1.23 1.08 127
Dinean (GY) —1.49 1.06 <.001 —2.62 1.17 <.001
Brain Dpean (Gy)  —0.17 016 266 —0.80 —1.03 028
D, (Gy) —1.18 056  .003 0.28 0.46 011
Temporal lobe-L Dymax (Gy) —1.31 0.31 .025 —1.92 1.36 .011
Temporal lobe-R Dpmax (Gy) —1.61 0.22 .005 —0.98 0.06 018
Brachial plexus-L Dyax (Gy)  —0.72 036 066 —0.12 0.34 751
Brachial plexus-R Dypax (Gy) —0.70 0.00 .013 —0.45 0.51 133
Abbreviations: A = dose differences; Dyjax = maximum dose; Dpean = mean dose; Dx% = dose covering x% of the volume; L = left; OAR = organ at
risk; PTV = planning target volume; R = right; RP = RapidPlan; VxGy = volume covered by the x-Gy isodose.
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optic nerves for T3/T4 tumors than the manual plans.
Dyax (Gy) A (RP — manual) for chiasma, left optic nerve,
and right optic nerve for T1/2 versus T3/4 tumors was
—2.64 (P = .005) versus —1.89 (P = .119), —1.48
(P =.087) versus —1.24 (P = .125), and —1.93 (P = .010)
versus —1.23 (P = .127), respectively.

Isodose comparison of manual and RP plans

An isodose comparison of the manual and RP plans is
displayed in Fig. 4 clinical target volume (CTV) 70 is in
red, PTV70 is in green, CTV60 and PTV60 are in blue and
yellow, respectively, and CTV54 and PTV54 are in
magenta and cyan, respectively. For a TINIM0 NPC
patient (Fig. 4A), RP offers better brain stem, parotid gland,
and oral cavity outcomes than the manual plan. For a
T4N2MO NPC patient (Fig. 4B), RP excels in sparing the
temporal lobe, oral cavity, and pharyngeal constrictors.

Comparison of physicians’ plan scores and
selection outcomes

A comparison of the physicians™ plan scores and the
selection outcomes is presented in Fig. 2. Figure 2A

(A) Manual plan RP plan

v 3000.0

displays the physicians’ questionnaire for plan scoring
and selection. Figure 2B displays the results of plan score
comparisons. RP plans outperformed manual plans in
DVHs of targets (4.25 vs 4.61, P < .0001), OARs (4.03 vs
4.66, P < .0001), isodose curves (4.20 vs 4.67, P < .0001),
and holistic scores (4.10 vs 4.68, P < .0001). Figure 2C
presents clinical plan acceptance rates, with RP plans at
100% and manual plans at 66.7%, 100%, and 81.8% for
doctors A, B, and C, respectively. Figure 2D shows physi-
cians’ preferred plans, with RP plans preferred for 31, 30,
and 28 patients for doctors A, B, and C, respectively,
mainly because of superior OAR sparing and higher con-
formity (Fig. 2E).

Discussion

Our study developed an efficient RP model for patients
with NPC, generating plans within an hour. RP plans
achieved lower OAR doses and maintained target cover-
age. Physicians rated the RP plans more highly in terms
of the DVHs of the targets, DVHs of the OARs, isodose
curves, and holistic scores. The RP plans were selected
over the manual plans for clinical use for >80% of the
patients.

(B) Manual plan

Figure 4 Isodose comparison for the manual plan and RapidPlan (RP) plan. (A) Clinical patient with TIN1MO nasopharyngeal
carcinoma. (B) Clinical patient with T4N2MO nasopharyngeal carcinoma.
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To quantify plan comparison studies, several dosimet-
ric scoring systems have been developed. For instance, in
prostate cancer, the Plan Quality Metric score is often
used to compare different plans.'"”'* For a broader range
of disease sites, commercially available software, such as
PlanIQ (Sun Nuclear Corporation)13 or the PlanScore-
Card ESAPI tool,""'® can be used for quantitative dosi-
metric scoring.

However, a practical clinical dilemma arises in cases
where a physician is presented with multiple plans—
potentially with minor, statistically significant differences
in dosimetric results—and still must select a single plan
for treatment. This selection process is inherently subjec-
tive and resembles a qualitative study, because it reflects
the physician’s judgment on the clinical relevance of each
plan beyond dosimetric scores alone. Currently, no vali-
dated consensus exists on a standardized questionnaire to
capture qualitative plan preferences. Nevertheless, we
designed our questionnaire based on published studies to
incorporate essential qualitative items that also correlate
with quantitative metrics.

In our questionnaire, we applied a classic 5-point Lik-
ert scale to measure physician satisfaction on key items,
including DVHs of targets, DVHs of OARs, isodose
curves, and an overall holistic score.'” These items were
selected because previous research indicates they are
major considerations for physicians during plan selec-
tion."” Studies have also shown that qualitative physician
scores correlate with quantitative plan scores.'” Addition-
ally, given that the clinical benefit of RP lies in generating
clinically acceptable plans, our questionnaire asked physi-
cians to assess plan acceptability for clinical use and to
indicate their preferred plan. This element of plan selec-
tion is commonly included in planning studies.

Our RP model was developed based on existing plans
for 160 patients with NPC without removing any outliers.
Most previous studies on NPC RP models had training
cohorts of 79°to 99° patients. In head and neck cancer
studies, patient numbers varied from 30,°”*' 50, 60,”'
70,” 83,”* to 90.””*° The optimal number of patient plans
for training an NPC RP model remains unknown. Tol et
al’' demonstrated that models based on 30 plans were
similar to those using 60 plans. Plan libraries and patient
characteristics are vital for RP models, and excluding out-
liers has minimal impact.”” Our study included 160
diverse patients with NPC, enhancing clinical reliability.

For RP plans in NPC, additional manual intervention
may be necessary alongside RP model-generated con-
straints. For partial breast irradiation,”® prostate cancer
treatment,” and stereotactic body radiation therapy of
centrally located lung tumors,” RP plans without manual
adjustments perform comparably or better than manual
plans. However, radiation planning for NPC is challeng-
ing because of the complex target shape and proximity to
critical organs. Chang et al’ used the lower limit of the RP
DVH estimation range as an initial optimization objective

and demonstrated that RP could be used to produce clini-
cally acceptable plans for 9 of 20 patients; manual adjust-
ments increased this number to 19. Hu et al’ used RP to
estimate mean values as initial optimization objectives for
adjacent OARs in T3 to T4 cases. After single optimiza-
tion without human intervention, 15 of the 17 RP plans
(88.24%) were clinically acceptable. In similar NPC stud-
ies with knowledge-based automatic planning (Pinnacle’,
Philips Medical Systems), up to 3 manual interventions
were allowed when necessary.”' *” Research shows that
single-iteration automatic planning for NPC plans does
not fully address dose inhomogeneity.”* Zhang et al’
found that even with up to 3 post optimizations or mini-
mal manual intervention in NPC Auto-Planning in Pin-
nacle’, not all plans met PTV and OAR dose objectives,
especially in patients with T4 cancer. When the anatomic
distance is <5 mm, automatic VMAT plan quality may be
equal to or worse than manual VMAT plans. In our RP
plans, brainstem or optic nerve doses for T3/T4 tumors
remained unsatisfactory after the first optimization. Man-
ual adjustments during the second optimization typically
yielded satisfactory plans within 40 minutes. Advanced
T3/T4 tumor plans may require a third optimization,
which results in a total planning time of <60 minutes.

Table E3 provides a detailed comparison with existing
literature, focusing on studies that have employed similar
KBP approaches for various cancer types or treatment
modalities. This included several major disease sites
(NPC, head and neck, lung, breast, and prostate) and vari-
ous treatment modalities (intensity modulated radiation
therapy, VMAT, stereotactic body radiation therapy, and
breast tangential fields).

RP plans offer 2 key advantages: reduced planning
time and comparable or superior quality with manual
plans. To expedite planning, we used ESAPI to generate
pseudostructures, enhancing conformity and reducing
OAR doses. Kamima et al’ also achieved time savings
with an RP model using 2 pseudostructures for VMAT
plans in postoperative uterine cervical cancer. In our
study, ESAPI-generated pseudostructures to RP Eclipse
DVH estimation took just 5 to 7 minutes, resulting in
total planning times <60 minutes. Our model and
approach yielded RP plans with higher physician ratings
and 100% clinical acceptance, demonstrating their utility
in busy institutions or for frequent adaptive planning
needs. We acknowledge that the lack of recorded actual
time required to create manual plans is a limitation of our
study. However, published studies indicate that even
experienced planners typically need between 1.5 and
5 hours to complete a manual plan for NPC.

There are several key clinical implications associated
with the use of rapidly generated high-quality NPC
VMAT plans. For institutions with high patient volumes
or limited resources, these plans can be efficiently gener-
ated with limited manpower without compromising qual-
ity. In urgent adaptive planning scenarios, RP plans can
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expedite replanning for new treatment.”’ Moreover, RP
plans are useful for basic needs such as generating plans
for insurance purposes or for training new planners.’
Additionally, transferring or combining RP models
between institutions is feasible,”"”” which can standardize
interinstitutional plans and improve the quality of radia-
tion therapy clinical trials.”®

RP plans, although beneficial, have limitations. They
excel at reducing OAR doses without jeopardizing target
coverage,”"” but their effectiveness diminishes when the
target or OAR proximity is small.”” In our study, RP plans
significantly reduced doses to the brainstem, spinal cord,
oral cavity, pharyngeal constrictor, and eyes for advanced
T3/4 tumors but not to the chiasma and optic nerves,
which remained similar to manual plans. Additionally,
our RP plans relied on a model trained with previous
plans and used RP Eclipse for DVH estimation and objec-
tive generation. However, in cases involving unique
patient conditions or unusual DVH constraints not cov-
ered by the model, manual planning is necessary and can-
not be substituted by RP plans.

There are anticipated challenges in implementing RP
plans into routine clinical practice. First, there are soft-
ware compatibility issues because RP Eclipse is a commer-
cial software that requires purchase by institutions. This
acquisition process can be complex, requiring department
leaders to consider budgets, departmental goals, and
machine and software specifications. Second, planners
need to undergo training to familiarize themselves with
the concept, software interface, and utilization process of
RP. Third, there are preparatory steps involving model
creation and evaluation before formal clinical implemen-
tation. Departments must decide whether to train their
own models or use those from other institutions, deter-
mine the disease site for which to develop the model, eval-
uate obtained RP models, and redesign relevant clinical
workflows accordingly. A single institution can establish
its own RP library. Additionally, published data have
shown that cross-institutional library sharing to form a
“broad model” can address challenges related to institu-
tional protocol differences and promote planning harmo-
nization."”** RP plans rely on predicted DVHs, making it
essential to consider the planning goals and contour defi-
nitions of component libraries. Even with a “broad
model,” attention to these factors is crucial for adaptabil-
ity and effectiveness.***

In addition to traditional KBP Auto-Planning using
Pinnacle’ (Philips Medical Systems) or RP Eclipse, deep
learning (DL)-based KBP methods such as DL-based dose
prediction, DL-based fluence map prediction, and DL-
based virtual treatment planning are emerging.”® How-
ever, although DL-based dose estimation may provide
dosimetrically attractive dose estimates, these doses may
not be physically achievable. Inverse treatment planning
through manual intervention is required for post—DL-
based dose prediction. Accurately determining the

deliverability of plans is crucial, and plans must account
for various mechanical, physical, and algorithmic con-
straints.”’ It is worth noting that DL-based fluence map
predictions may face the same challenges. One of the key
features of Eclipse RP is its ability to generate predictive
DVHs. Planners are still required to perform optimization
based on these DVHs, with or without additional fine-
tuning. However, the optimization process incorporates
physical machine parameters, ensuring that RP plans are
physically deliverable. Furthermore, published data sup-
port the full deliverability of RP plans.’**®

Currently, mature, commercially available KBP Auto-
Planning using Pinnacle’ (Philips Medical Systems) or RP
Eclipse remains the primary clinical planning method.
Further applications of RP Eclipse in single-institutional
clinical flows and multi-institutional collaborations or
clinical trials”>***>*>*? are warranted.
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