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critical organ preservation with three-dimensional
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ABSTRACT

Purpose We compared dosimetry and clinical toxicity for 3-dimensional conformal radiotherapy (3D-crt),
intensity-modulated radiotherapy (imrt), and RapidArc (Varian Medical Systems, Palo Alto, CA, U.S.A.) in locally
advanced pancreatic cancer (Lapcc). We hypothesized that the technique with better sparing of organs atrisk (0ARs)
and better target dose distributions could lead to decreased clinical toxicity.

Methods Thestudyanalyzed 280 patients with Lapcc who had undergone radiotherapy. The dosimetry comparison
was performed using 20 of those patients. Dose—volume histograms for the target volume and the oars were compared.
The clinical toxicity comparison used the 280 patients who received radiation with 3D-cRT, IMRT, or RapidArc.

Results Compared with 3D-crrt, RapidArc and iMrT both achieved a better conformal index, homogeneity index,
Vgso,» and V... Compared with 3D-crr or IMRT, RapidArc reduced the V,,, V,,, and mean dose to duodenum, the
V,, of the right kidney, and the liver mean dose. Compared with 3D-crt, RapidArc reduced the V., and V. of
duodenum, the mean dose to small bowel, and the V,; of right kidney. The incidences of grades 3 and 4 diarrhea
(p = 0.037) and anorexia (p = 0.042) were lower with RapidArc than with 3D-crt, and the incidences of grades 3
and 4 diarrhea (p = 0.027) were lower with RapidArc than with 1MRT.

Conclusions Compared with 3D-crr or 1MrT, RapidArc showed better sparing of oags, especially duodenum,
small bowel, and right kidney. Also, fewer acute grades 3 and 4 gastrointestinal toxicities were seen with RapidArc
than with 3D-crT or IMRT. A technique with better sparing of oars and better target dose distributions could result
in decreased clinical toxicities during radiation treatment for Lapcc.
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INTRODUCTION

Pancreatic cancer (pcc) is the 4th leading cause of cancer-
related death in developed countries!. Despite considerable
advancements in surgical, chemotherapeutic, and radio-
therapeutic treatment modalities, the overall 5-year sur-
vivalin this disease remains approximately 5%!. Inlocally

advanced pcc (Lapcc), median survival ranges from 8
months to 12 months?.

Systemic chemotherapy is a standard of care in the
management of LAPCC, but some controversy surrounds
the role of radiation therapy (RT) in the treatment of
raprccl. The radiation dose to the tumour is largely lim-
ited by the tolerances of the nearby critical and sensitive
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organs, especially the duodenum, small bowel, and kid-
neys. However, in modern RT techniques, the ability to
spare adjacent organs at risk (oars) while delivering a
therapeutic dose to the target has improved*. The im-
provements might not only lead to reduced treatment
toxicity, but also to improved local control.

Three-dimensional conformal radiotherapy (3D-cRT)
has superior dose distribution and normal-tissue sparing,
which could offer a chance oflong survival for some LAPcc
patients when combined with chemotherapy®. A few studies
have shown that, compared with 3D-crrt for pcc, intensity-
modulated radiotherapy (iIMRT) might improve tolerability
by lowering the dose to critical organs®’. And compared
with tmrT® or 3D-crt? for pcc, RapidArc (Varian Medical
Systems, Palo Alto, CA, U.S.A.) was previously shown to be
able to improve normal-tissue sparing while maintaining
adequate target coverage.

In the present study, we performed a dosimetric com-
parison of 3D-crT, IMRT, and RapidArc for the treatment of
rapcc to identify the technique that would be more effec-
tive in maintaining target coverage and minimizing dose
to critical structures, with a special focus on preservation
of duodenum, small bowel, and kidneys. Furthermore, we
compared clinical toxicity with 3D-crT, IMRT, and RapidArc
toidentify the technique that would be more effective inre-
ducingacute gastrointestinal (G1) toxicity. We hypothesized
that the technique with better sparing of oars and better
target dose distributions mightlead to less clinical toxicity.

METHODS

Patients

Between October 2012 and July 2014 at Shandong Cancer
Hospital, 280 patients with inoperable LaApcc were accrued
to our study. The dosimetry comparison was performed
for 20 of those patients. The clinical toxicity comparison
was performed using all 280 patients. The study protocol
was approved by the Medical Ethics Committee of the
Shandong Cancer Hospital and Institute.

Dosimetric Comparison

Target and normal-tissue definitions accorded with re-
ports 50 and 62 from the International Commission on
Radiation Units and Measurements'®!!, The internal
gross tumour volume included the gross tumour and any
lymph node metastasis, based on 4-dimensional computed
tomography (4D-cT). This internal gross tumour volume
was uniformly expanded with 5 mm margins and was then
manually modified to respect anatomic boundaries, thus
creating the clinical target volume (cTv). The cTvwas then
expanded with 5-10 mm margins to create the planning
target volume (ptv)°. The “small-bowel region” contour
included the abdominal contents after subtracting the ptv,
the duodenum, other oagrs, the vertebral bodies, and the
retroperitoneal space'?.

Three sets of plans—3D-crT, IMRT, and RapidArc—
were all designed on the same Eclipse treatment planning
system (version 8.6.23: Varian Medical Systems). Calcula-
tions were performed using the analytical anisotropic
algorithm (version 8.9.17: Varian Medical Systems) with a
grid of 2.5 mm. All gantry angles and radiation fields were

confirmed by the relationships of the pTvs and oars in
various situations. We applied the 4-field technique in the
3D-crr plans and the 5-field step-and-shoot technique in
the MRt plans. The RapidArc plans used two simultane-
ously optimized volumetric arcs. In the RapidArc plans,
rotation of the collimator was 10 degrees for the first arc
and 350 degrees for the second arc. No couch rotations or
avoidance sectors were used. All three sets of plans used
6 MV photons and were designed by the same experienced
physicist. The Compass dosimetric system (version 2.0.7.0:
IBA Dosimetry, Beijing, P.R.C.) was used to verify all IMRT
and RapidArc plans. Once reasonable plans were attained,
they were reviewed and approved by an attending radiation
oncologist who specializes in gt malignancies.

These target coverage goals were used: minimum
dose to the prv of atleast 95% of the prescription dose, and
maximum dose to the pTv of 110% of the prescription dose.
The oars included duodenum, small bowel, kidneys, liver,
spinal cord, and stomach. Table 1 lists the normal organ
constraints'®!4, The conformal index was calculated as
Vt,]ref IV x Vt,ref /' V,.p where V, is the volume of the pTv, V_ ;
is the volume enclosed by the prescription dose line, and
V. reris the volume of the pTv within the V. The homoge-
neity index was calculated as D, / Dy,,, where D, is the
minimum dose delivered to x% of the pTv'6. The conformal
index ranged from 0 to 1. The homogeneity index ranged
frominfinity to 1. The closer the value approached to 1, the
better!”. The treatment delivery time is the time recorded
from beam-on for the first field to beam-off for the last field.
The dose and volume parameters for the pTv and oArs were
appropriately defined and used for comparison.

Clinical Toxicity Comparison

The main endpoint was acute a1 toxicity. Information about
toxicities was collected from a review of weekly physician
undertreatment notes. Data on the incidence and grade of
GI toxicities were collected from the start of radiotherapy
until 1 month after treatment completion. Toxicities were
graded using the U.S. National Cancer Institute’s Common
Terminology Criteria for Adverse Events (version 4.0), and
the incidences of grades 3 and 4 acute a1 toxicities were
evaluated with consideration for the risk factors of sex,

TABLE I Initial planning constraints

Structure Dose

Planning target volume D,.in = 95% prescribed dose

D, .« < 110% prescribed dose
Kidneys V, < 50%
Liver V,0<33%
Stomach V,5 < 15%, V55 < 5%
Small bowel V,5 < 15%, Vs < 5%
Duodenum V,5 < 33%, Vo <5%
Spinal cord D,.x < 45 Gy
D,;, = minimum dose to the organ; D, = maximum dose to the organ;

V, = volume of the organ at risk receiving a dose greater than x Gy.
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age, tumour location, tumour size, gemcitabine-based
chemotherapy after rT, PTv volume, V, of bowel, Karnofsky
performance status, and radiation technique.

Patients received a median dose of 50.4 Gy (range:
45-54 Gy) to the gross tumour. Most patients received
1-2 cycles of gemcitabine-based chemotherapy before RT.
Chemotherapy was never concurrent with rRT. At the discre-
tion of the treating medical oncologist, patients received
further treatment with gemcitabine after RT completion.
Simulation was performed using 3D-cTin 196 patients and
4D-ctin the others. When 4D-cT simulation was used, an
internal target volume was created to account for respira-
tory motion in 3 dimensions. When 3D-ct simulation was
used, a0.5-1 cm expansion of the gross tumour volume was
used to set the ctv margin. The cTv or the internal target
volume-to-PTV expansion accounted for tumour location,
tumour diameter, respiratory movement, penumbra, and
so on. The pTv margin was a 5-10 mm expansion of the
ctv or internal target volume, but was individualized for
each patient.

Statistical Analyses

To appraise the differences between the techniques, the
paired two-tailed Student t-test was applied. All variables
were entered into the multivariate analyses, which used
a forward stepwise logistic regression model. Univariate
analyses were performed using the Fisher exact test. A pval-
ue less than 0.05 was considered statistically significant.
All analyses were performing using the SPSS Statistics soft-
ware for Windows (version 17.0: SPSS, Chicago, IL, U.S.A.).

RESULTS

Table nreports the parameters of dose—volume histograms,
with mean + standard deviation for the pTv, and homo-
geneity index, conformal index, monitor units (Mus), and
delivery time. Table 111 shows the mean + standard deviation
for each oar parameter considered. Figure 1 shows, for one
representative comparison, the dose distributions in the
axial, sagittal, and coronal views for the three rT techniques.

Target Coverage, Homogeneity Index, and
Conformity Index

All plans had excellent coverage of the pTv, with 99% or
more of the pTv receiving 95% or more of the prescribed
dose. The Vy,, of PTvwaslower for 3D-crt (99.69% + 0.41%)
than for iMRT (99.96% * 0.04%, p = 0.046) or RapidArc
(99.97% +0.04%, p=0.046). We observed a significant differ-
enceinV,,.,. between RapidArcand 3D-crr (p=0.001) and
between iMRT and 3D-cRT (p=0.001). The conformal index
of RapidArc was significantly better than those of 3D-crT
(p=0.001) and iIMRT (p=0.036). The homogeneity index was
better for iMmRrT (1.07 £ 0.01, p=0.001) and for RapidArc (1.05
+0.01, p < 0.001) than for 3D-crt (1.09 + 0.01).

MUs and Delivery Time

Mean mus were 290.4 + 18.9 for 3D-cRrT, 630.0 + 62.1 for IMRT,
and 565.1 + 76.1 for RapidArc. The mus were thus signifi-
cantly fewer with 3D-crt than with IMRT (p <0.001) or Rapid
Arc (p = 0.028). Treatment delivery time was significant
higher with imrT than with 3D-crt (p <0.001) or RapidArc
(p < 0.001). Delivery time was shorter with 3D-crt than
RapidArc, but the difference was nonsignificant (p=0.095).

OARs

For duodenum, the planning constraint of V. less than
33% was met in 90%, 100%, and 100% of cases with
3D-crr, IMRT, and RapidArcrespectively. Mean dose was
lower with RapidArc than with 3D-crt (p < 0.0001) or
IMRT (p=0.034). The mean dose to duodenum was lower
with iMRT than with 3D-crt (p = 0.006). With respect to
V,,and V,,, volumes were higher with 3D-crt than with
IMRT (p = 0.012 and p = 0.001 respectively) or with Rapi-
dArc (p=0.003 and p = 0.002 respectively). For the high-
doseregion, V,. was highest with 3D-crr and lowest with
RapidArc, with the p value of the paired t-test evaluating
the difference between the two techniques being 0.007.
For the V,,, the volume was lower with RapidArc than with
3D-crT, but no difference between RapidArc and IMRT
(p = 0.078) or between 3D-crT and IMRT (p = 0.321) was

TABLE Il  Summary of the dosimetric results for the planning target volumes

Parameter (A) (B) (C) p Value®
3D-CRT IMRT RapidArc?

Avs. B Avs.C Bvs.C
Vs, (%) 99.70+0.41 99.96+0.04 99.97+0.04 0.046 0.046 0.707
Viio% (%) 8.56+5.24 0.46+0.29 0.23+0.18 0.001 0.001 0.382
D, ax (GY) 56.43+0.45 56.08+0.48 56.37+0.85 0.210 0.816 0.371
D, can (GY) 53.61+0.29 52.99+0.24 53.05+0.01 0.001 0.000 0.409
Conformity index 0.72+0.06 0.84+0.03 0.88+0.05 0.000 0.001 0.036
Homogeneity index 1.09+0.01 1.07+0.01 1.06+0.01 0.001 0.000 0.120
Monitor units 290.4+18.93 630.02+62.14 565.07+76.12 0.000 0.000 0.028
Delivery time (min) 0.97+0.06 2.10+0.21 1.05+0.10 0.000 0.095 0.000

2 Varian Medical Systems, Palo Alto, CA, U.S.A.
b By paired t-test analysis.

3D-CRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy; V ,, = volume receiving x% or more of the prescribed

dose; D, = maximum dose to the organ; D,

= mean dose to the organ.
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found. We observed no significant differences between mean dose to small bowel was significantly lower with

the three techniques for the V.

RapidArc (7.28 + 2.59 Gy) than with 3D-crt (9.76 + 3.97 Gy,

For small bowel, the planning constraints of V. less p=0.007) or IMRT (8.76 +2.79 Gy, p=0.012). Compared with

than 15% and V, less than 5% were met in all plans. The 3D-crt, RapidArc significantly decreased the volume re-
TABLE Il Summary of the dosimetric results for the organs at risk
Organ Parameter (A) (B) (C) p ValueP
3D-CRT IMRT RapidArc?
Avs. B Avs. C Bvs.C
Duodenum Vio 69.13+23.50 61.88+23.23 58.64+23.30 0.012 0.003 0.281
Voo 56.03+17.21 43.12+13.68 33.99+17.00 0.001 0.002 0.050
Ao 26.32+18.03 19.11+9.81 14.83+12.20 0.074 0.007 0.051
Vs 15.19+15.93 8.94+6.88 7.39+9.91 0.078 0.016 0.321
Ve 9.56+13.13 3.96+4.48 2.04+2.54 0.100 0.069 0.155
D hean 23.40+7.24 19.48+5.98 17.08+6.47 0.006 0.000 0.034
Small bowel Vo 5.17+4.40 5.52+2.30 3.74+2.43 0.794 0.185 0.004
Vs 0.20+0.22 0.16+0.23 0.75+1.38 0.377 0.203 0.158
. 9.76+3.97 8.76+2.79 7.28+2.59 0.097 0.007 0.012
Left kidney Vis 7.11+£10.99 6.33+8.04 5.10+10.39 0.721 0.430 0.679
Vs 5.74+9.95 3.76+5.04 2.29+6.39 0.482 0.158 0.553
mean 4.88+4.01 4.15+2.86 5.01+2.56 0.350 0.891 0.348
Right kidney Vae 9.38+9.97 6.98+7.90 4.55+4.43 0.260 0.043 0.169
Vo 6.88+8.28 4.03+4.45 1.67+2.57 0.192 0.047 0.035
mean 6.72+3.10 6.37+£2.52 5.25+2.21 0.426 0.042 0.039
Stomach Vi 10.32+16.26 7.33+£12.62 6.89+10.23 0.040 0.153 0.742
Vs 3.32+5.96 0.86=+1.43 2.36+3.48 0.124 0.357 0.083
D ean 8.22+8.96 6.84+7.21 6.81+7.31 0.043 0.097 0.953
Liver Vo 2.58+5.71 1.84+4.03 1.56+3.34 0.222 0.222 0.419
mean 4.05+4.06 3.78+4.02 3.45+3.59 0.005 0.004 0.047
Spinal cord max 35.75+£2.39 31.44+6.45 27.86+7.97 0.072 0.010 0.202

2 Varian Medical Systems, Palo Alto, CA, U.S.A.

b

By paired t-test analysis.
V, = volume of the organ at risk receiving a dose greater than x Gy; D

mean = Mean dose to the organ; D, = maximum dose to the organ.

FIGURE 1

volume; PTV = planning target volume.

Isodoses (cGy)|

5040. 0
1000. 0

Isodose curves on axial, coronal, and sagittal views for one representative case of pancreatic cancer. Left panel: 3-Dimensional
conformal radiotherapy (3D-CRT). Middle panel: Intensity-modulated radiotherapy (IMRT). Right panel: RapidArc (Varian Medical Systems, Palo
Alto, CA, U.S.A.). Compared with 3D-CRT and IMRT, RapidArc achieved better conformality. GTV = gross target volume; CTV = clinical target
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ceiving 30 Gy (p=0.004). Withrespect to the V., the volume
was higher with RapidArc than with iMRT or 3D-cRrT, but
no statistical significance was observed (p = 0.203 and
p = 0.158 respectively).

Allplanswere able to keep the V., for the bilateral kidneys
to less than 50%. Compared with 3D-crT and 1MRT, Rapid
Arc offered a lower V. and V,, for the left kidney, although
the differences were not statistically significant. The mean
dose to left kidney was highest with RapidArc and lowest
with 1MRT, but the difference was nonsignificant (p = 0.348).
However, compared with 3D-crt (p = 0.042) and IMRT (p =
0.039), RapidArc was superior in terms of mean dose to the
right kidney. The V,, and V,, for the right kidney were both
significantlylower with RapidArc than with 3D-crt (p=0.043
and p = 0.047). Additionally, compared with iMrT, RapidArc
allowed for significant reductions in the V,,, (p = 0.035).

In only 1 patient could 3D-crT not meet the required
constraint for stomach. In the present study, we found no
significant differences between the three techniques for
V,5 of stomach, and yet, compared with 3D-crt, reduc-
tions in the V,, and mean dose were achieved with iMRT
(p = 0.040 and p = 0.043 respectively). All plans were able
to keep the V,, for liver to less than 33%, and using the
three techniques, we observed no significant differences
in the V,,. However, the mean doses using each technique
were significantly different, being highest for 3D-crt (4.05
+ 4.06 Gy) and lowest for RapidArc (3.45 + 3.59 Gy); the
p values from the paired t-test evaluating the differences
were 0.004 for iImrRT compared with 3D-crt, 0.005 for 3D-cRT
compared with RapidArc, and 0.047 for iMRT compared with
RapidArc. For spinal cord, the maximum dose was lower
with RapidArc than with 3D-crt (p = 0.01). All plans were
able to keep the maximum dose below 45 Gy.

Acute Gl Toxicity

The study cohort included 169 men and 111 women with a
median age of 58 years (range: 27-76 years). Median prvin the
cohortwas 184.83 cm? (range: 133.79-241.85 cm?3), and median
V,; of bowel was 41.37 cm?® (range: 20.02-59.41 cm?®). Within 1
month after rt, 134 of the patients received gemcitabine-
based chemotherapy; the remaining 146 did not.

On univariate analysis, age, performance status, PTv
volume, V. of bowel, and gemcitabine-based chemothera-
py at 1 month post-RT were not statistically associated with
the incidence of grades 3 and 4 acute cI toxicity. Radiation
technique was, however, significantly associated with the
incidence of grades 3 and4 acute a1 toxicity (Table 1v). The
overallincidence of severe (grades 3 and 4) acute G1 toxicity
was low in patients treated by the RapidArc technique (Ta-
ble v). Within the entire cohort of patients, the incidences of
grades 3 and 4 diarrhea (p=0.037) and anorexia (p = 0.042)
were significantly reduced with the use of RapidArc com-
pared with 3D-crt. Theincidence of grades 3and 4 diarrhea
were also significantly reduced (p = 0.027) with the use of
RapidArc compared with iMRT. No significant differences
between 3D-crT and IMRT were observed.

DISCUSSION

Our study investigated dosimetry differences in three
plans—3D-crr, IMRT, and RapidArc—for rLapcc. In the

dosimetric analysis, particular emphasis was placed on
improving the sparing of duodenum, small bowel, and
kidneys. Additionally, we compared the clinical toxicities
of the three plans to identify the technique that was more
effective in lowering acute a1 toxicity.

It is difficult to deliver higher doses to the pancreas
without exceeding bowel tolerance—and especially that
of duodenum, whichis adjacent to the pancreatichead. An
increase in the volume of duodenum receiving a low dose
(10-20 Gy) was associated with a trend toward increased
importantlate G1 toxicity; moreover, acute toxicity seemed
to be correlated with the volume of duodenum receiving
35 Gy or more when pcc patients received concurrent
full-dose gemcitabine and rr'®. In the present study, dose
to duodenum was evaluated as V,, V,,, V,5, Vs, V5, and
mean dose. Compared with iMRT or RapidArc, 3D-crT
resulted in significantly higher V, and V,, for duodenum.
In the study conducted by Warren et al.'?, V,, and V. for
duodenum were less with RapidArc than with 3D-crt. In
our study, the V,. was significantly higher with 3D-crr than
with RapidArc (p = 0.016). In addition, the V,, was lower
with RapidArc than with the other two techniques, but the
differences were nonsignificant. By contrast, the V,, was
significantly higher with 3D-crt than with RapidArc (p =
0.007). In a comparative planning study of RapidArc and
MRt conducted by Eppinga et al.'® in pcc, RapidArc was
observed to modestly lower the mean dose to duodenum
(p=0.004).In our analysis, the mean dose to duodenum was
similarly lower with RapidArc than with 1MRT (p = 0.034)
or 3D-crrt (p < 0.001).

The V,, and V. for small bowel are thought to corre-
late with acute toxicity?®?!. A dosimetric comparison® in
pcc found that, compared with 3D-cRT, IMRT significantly
reduced the V, for small bowel and predicted a 9.36%
probability of small-bowel complication (compared with
the 18.9% with 3D-crr, p = 0.021). Another study' showed
that, compared with 1mrt, RapidArc lowered the V,, for
small bowel. In our study, the V,, for small bowel was sig-
nificantly lower with RapidArc than with IMRT (p = 0.004),
butadifference between imrT and 3D-crT was not observed
(p=0.794). Poppe et al.?? reported that iMrT offered obvi-
ousimprovement over 3D-crrin lowering the V, for small
bowel. However, in our study, the V,. was not significantly
improved with either RapidArc or IMRT than with 3D-cRT.
Clinical investigations in pcc observed that the mean dose
to small bowel was lower with RapidArc than with tmrT!® or
3D-crt?, which is in line with our results. It must be high-
lighted that the separate bowel loops were not identified;
instead, a surrogate “small-bowel region” was defined to
represent the possible positions of the small bowel29:23:24,
Our defined small-bowel volume accorded with the defini-
tions in those studies.

Kidney-sparing was also a focus in our study. The V,
is commonly considered to be a measure of renal toler-
ance. Renal scintigrams have revealed a decline in renal
function within 6 months to 1 year after exposure to 20 Gy,
with a reduction in function to nearly 52% of baseline at
18 months’ follow-up?°. The same study also showed a
significant correlation between mean dose to kidney and
progressive decline in renal function?. Cassady?® proved
that the V| is another useful threshold of renal tolerance.
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TABLE IV Multivariate analysis of factors related to the development of grades 3 and 4 acute gastrointestinal toxicity

Characteristic Value OR 95% Cl p Value?

Age (years)
Median 58 0.996 0.675 0.979to 1.014
Range 27-76

Sex (n)
Men 169 0.938 0.557 to 1.582 0.811
Women 111

Tumour location (n)
Head 187 1.267 0.74 t0 2.17 0.388
Body or tail 93

Tumour size (cm)
Median 4.1 1.115 0.944 to 1.318 0.200
Range 5.1-2.0

Gemcitabine chemotherapy after RT (n)
<1 Month 134 0.806 0.485 to 1.338 0.404
=1 Month 146

Planning target volume (cm?)
Median 184.83 0.997 0.988 to 1.006 0.516
Range 133.79-241.85

Bowel V. (cm?3)
Median 41.37 0.995 0.973 to 1.018 0.693
Range 20.02-59.41

Karnofsky PS (n)
<80 194 0.787 0.456 to 1.358 0.389
>80 86

RT technique (n)
3D-CRT 137
IMRT 97 3.384 1.469 to 7.798 0.004
RapidAer 46 2.563 1.075 to 6.113 0.034

2 By logistic regression analysis.
b Varian Medical Systems, Palo Alto, CA, U.S.A.

OR = odds ratio; Cl = confidence interval; RT = radiotherapy; V. = volume receiving 45% or more of the prescribed dose; PS = performance status;
3D-CRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy.

Sparing of the left kidney was similar in all three
techniques that we evaluated. The V|, for the right kidney
was significantlyless with RapidArc than with 3D-crT (p=
0.043). The V,, and the mean dose to the right kidney were
both significantly reduced with RapidArc (in comparison
with 3D-crT or IMRT). Those results are similar to findings
reported by Vieillot et al.?, in which three radiotherapy
modalities could offer good preservation of the left kidney,
which was away from the target. While maintaining target
coverage, 3D-crT and 1MRT allow for total preservation of
the left kidney, but have a detrimental effect on the right
kidney. RapidArc, a new form of IMRT optimization, com-
bines a single gantry rotation with the capability to vary
dose rate, gantry speed, and dynamic multileaf collima-
tion?’. It can minimize the dose to both kidneys as much
as possible for bilateral preservation.

Based on dosimetric comparisons in prostate, liver,
and stomach tumours?®-3?, RapidArc demonstrated both

a high conformal index and the advantages of pTv cover-
age, results that accord with our analysis. Compared with
3D-crt, RapidArc and iMRT showed significant improve-
ments in the conformal and homogeneity indices. Of the
three techniques, RapidArc and imrr achieved higher V,,
and lower V,,, values than did 3D-crr. In our study, “hot
spots” were almost alwayslocated at the tumour, and so the
influence of hot spots was small between the three plans.
Compared with the other two techniques, 3D-crT achieved
the highest mean dose to the prv, but the difference was
clinicallyirrelevant. Thatfindingindicates that, compared
with 3D-crT, RapidArc and 1MRT can achieve better pTv
coverage and decrease hot spots in exchange for a slightly
lower mean dose to the pTV.

The 3D-crr technique had the fewest mus and the short-
estdelivery time. Reduction of delivery time mightimprove
comfort on the couch for the patient, reduce the risk of in-
terfraction movements, and minimize organ displacement.
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TABLE V ncidence of acute gastrointestinal toxicity in the study patients

Toxicity (A) (B) (©) p Value®
3D-CRT IMRT RapidArc?
Avs.B  Avs.C Bvs.C
Nausea [n (%)]
Grades 0-2 116 (85) 85 (88) 41 (89) 0.276 0.275 0.476
Grades 3-4 21 (15) 12 (12) 511
Vomiting [n (%)]
Grades 0-2 128 (93) 91 (94) 44 (96) 0.566 0.446 0.495
Grades 3-4 9 (7) 6 (6) 2 (4)
Diarrhea [n (%)]
Grades 0-2 126 (92) 88 (91) 46 (100) 0.456 0.037 0.027
Grades 3-4 11(8) 9(9) 0 (0)
Anorexia [n (%)]
Grades 0-2 121 (88) 90 (93) 45 (98) 0.183 0.042 0.207
Grades 3-4 16 (12) 7 (7) 1)
2 Varian Medical Systems, Palo Alto, CA, U.S.A.
b By Fisher exact test.
3D-CRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy.
The main goal of our study was to investigate whether CONCLUSIONS

a technique with better oAR sparing and target dose dis-
tribution could lead to less clinical toxicity. Acute toxicity
involving the bowelis related to radiation-induced epithe-
lial damage and typically manifests primarily as diarrhea;
acute toxicity involving the stomach typically presents as
nausea or vomiting. Yovino er al.?! published a series of 46
patients whose pcc or ampullary cancer was treated with
concurrent chemoradiation using inverse-planned IMRT.
Intheirreport (Radiation Therapy Oncology Group 97-04),
the incidence of grades 3 and 4 nausea and vomiting (0%
vs. 11%, p=0.024) and diarrhea (3% vs. 18%, p=0.017) were
significantly different when treatment was planned with
MRT rather than with a 3D technique. The present study is
one of the largest to comparatively evaluate acute GI1 toxic-
ity with use of RapidArc, IMRT, and 3D-crt. We confirmed
that, compared with 3D-crt or IMRT, RapidArcreduces the
rate of grades 3 and 4 acute GI toxicity.

Radiotherapy for pccis technically challenging. Recent
technical advances have spurred anincrease in the number
of new treatments and marked improvements in existing
treatments®. Advances in treatment planning techniques,
such as the use of 4D-ct simulation?*, functional imag-
ing, and magnetic resonance imaging3?, can also help to
optimize the definition of target volumes in patients with
pcc. Compared with 3D-crt and IMRT, helical tomotherapy
resultsin better sparing of most oArs (mainly stomach and
duodenum)'33, Stereotactic body radiation therapy has
been actively investigated as an option for the delivery of
radiation in pcc34.

The limitations of our study should also be noted.
The number of cases used for the dosimetric analysis was
relatively small. Also, the reported data were collected in
aretrospective chart review and lack follow-up for overall
survival duration.

RapidArc mightbe superior to 3D-crt or IMRT for sparing of
duodenum, smallbowel, and right kidney. Better preserva-
tion of oArRs might be achieved with iMRT than with 3D-cRrr.
Inrapcc, the RapidArc and iMRt techniques achieve similar
target dose distributions, which are both better than those
achieved with the 3D-crt technique. Compared with 3D-
CRT or IMRT, RapidArc mightreduce therate of grades 3 and
4 gracute toxicity. A technique with better oar sparing and
target dose distributions could lead to less clinical toxicity
inthe treatment of Lapcc, but proving an optimal technique
requires further prospective studies.
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