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Abstract

Background:Palliative radiotherapy offers significant relief in the huge physical distress of patients with bony metastasis. The
enormous potential of conformal techniques has not been tested in palliative settings. However,the increasing life span of
patients with metastatic disease demands to optimize the radiotherapy techniques to provide maximal durable symptomatic
relief. Despiteanincrease in the utilization of the 3DCRT technique for palliative bony metastasis, the optimal beam
arrangement remains unknown. Materialsand Methods:Ten patients of vertebral bony metastasis were retrospectively
selected and four virtual 3DCRT plans were generated for each patient. The field approaches were a single field, two fields,
three fields and five field approaches. For PTV, Do, Dso, Dmean, Conformity index (CI) were evaluated.Dmean Was evaluated for
the esophagus, bowel, kidneys, and combined lungs. Dose-volume histograms were computed for the various treatment plans
and compared. Statistical analysis was done by ANOVA test. Results: A total of forty radiotherapy plans were generated.
PTV parameters were significantly better with two field plans over one field plans in terms of Doo (p= 0.002), Dso (p= 0.02),
Dinean(p=0.0009). Dieanwassignificantly better with three field approach compared to two field approach (p=0.0006). The
Dmeanwas significantly increased for organs at risk in two fields and three field plans.Five field approach did not
showanadvantage in terms of dosimetry of PTV but there was a significant rise in the dose to Organs at risk
(OAR’s).Conclusion: The three field plans showed better dose distribution to the PTV with an acceptable increase in the dose
to OAR’s.
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Background

Bone metastasis commonly occurs in advanced breast
cancer, prostate cancer, and lung cancer[1]. It can lead to
huge physical distress owing to the severe intractable pain,
symptoms of cord compression with neurological deficits,
pathological fractures, and restricted mobility[2]. The
quality of life can be adversely impacted due to
dependence on routine activities of daily life further
leading to psychosocial distress. Palliative radiotherapy
provides pain relief to these patients in 50 - 80% of
patients [3]. The conventional single field approach has
been the most commonly utilized technique for palliative
radiotherapy of bony metastasis. However, it leads to
possible under dosage of the target region and overdosage
of the surrounding normal tissues and critical organs.
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The newer conformal radiotherapy techniques are being
widely practiced in radical settings while they have not
been much recognized in palliative settings. Recent trends
showed an upsurge in the life span of patients with bony
metastasis because of the emergence ofnewer
chemotherapy and targeted agents[4,5]. The merits of
conformal techniques are better dose distribution to the
target and better sparing of normal tissues and Organs at
risk (OAR’s).

This necessitates exploring the advantage of3-Dimensional
Conformal technique (3DCRT) in palliative settings
aiming for increased efficacy and lessenedtoxicity.
Increasing the number of fields compared to the usually
practiced single beam arrangement may provide better
outcomes by improving the coverage of target volume.
However, before clinical adoption, the impact of
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multibeam arrangement on dosimetry needs to be
evaluated. The present study is designed to compare four
different 3DCRT plans with different beam arrangements
in terms of dose to the target region of interest and organ
at risk (OAR’s).

Materials and Methods

Study Setting: Department of Radiation Oncology, Shri
Ram Murti Smarak Institute of Medical Sciences

Study Design: A retrospective comparative study.

Study Population: Patients with vertebral bony metastasis
treated by Palliative Radiotherapy treated between the year
2018 to 2019.

Study tool: Dosimetric parameters were evaluated

Ten patients of vertebral bony metastasis were
retrospectively selected. These patients had undergone
simulation in a supine position with arms overhead. Non-
Contrast CT scan of thorax or abdomen depending upon
the site of vertebral metastasis of 3 mm slice thickness was
obtained.

The clinical target volume (CTV) was delineated which
was defined as the involved vertebrae along one vertebra
superior and inferior to the involved vertebrae. The
Planning target volume (PTV) was made which was a 5
mm isotropic margin from the CTV. The Organs at risk
(OAR’s) delineated were bowel, esophagus, combined
kidneys, and combined lungs. The esophagus was
delineated cranially from the caudal end of the cricoid
cartilage and extending caudally till the gastroesophageal
junction. The bowel was delineated as an entirely empty
space within the peritoneal cavity extending 1 cm above
and below the PTV.

For each patient,four virtual 3DCRT plans were generated
with different types of beam arrangements (total = 40
plans). The plans were generated using the following beam
arrangements:-

Results
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1) One field plan- single posteroanterior field (PA Field)at
gantry angle 180 degrees (Figure 1)

2)Two field plans- Unequally weighted posteroanterior
beam (PA field) and anteroposterior beam (AP field)at
gantry angle 180 degrees and 0
degreesrespectively.Relative weightage of the posterior
beam was 1.3 andtheanterior beam was 0.7 (Figure 2 )
3)Three field plan -One anterior and two posterior
obliques beams (gantry angles 135 and 225 degrees).
Enhanced dynamic wedges of 45 degrees were used with
posterior oblique beams. (Figure 3)

4)Five field plan —five beams with gantry angles of 45,
135, 180, 225, and 315 degrees.Enhanced dynamic wedges
of 45-degree angles were used with posterior oblique
beams. (Figure 4)

The prescribed total dose was 30 Gy inl0O fractions
@3Gy/fraction which was to be delivered in two
weeks.Planning was done on the Eclipse treatment
planning system 13.6. The calculation algorithm used was
AAA.

Dose-volume histograms were computed for the various
treatment plans and compared for dosimetric analysis.

Data Collection

The following dose-volume parameters were evaluated for
the PTV and OAR’s

1) PTV- Dy, Dso, Dmean, Conformity index (CI)
Conformity index= Treated volume (absolute volume in
cc) (ICRU 62) [6]

PTYV volume (absolute volume in cc)

2) Dmeanwas calculated for organs at risk - Bowel,
Kidneys, Lungs

Statistical Analysis- The statistical significance was
calculated by using the ANOVA test with a p-value of
<0.05 considered significant.

Ethical consideration-The study was approved by the
Institutional ethical committee prior to its inception.

Forty virtual radiotherapy plans were generated for ten patients. Out of these ten patients, seven patients had lumbar vertebral
metastasis and three patients had thoracic vertebral metastasis.The dosimetric analysis for PTV is shown in Table 1 and the
comparison for statistical significance is done in Table 1 and Table 2.

Table-1: Table depicting parameters showing coverage of PTV (Mean +2 SD).

1 Field 2 Field 3 Field 5 Field
Doo 27.02+1.53 28.95+0.28 29.01+0.44 29.11+0.62
Dmean 30.89+1.14 29.10+0.48 30.15+0.19 30.24+0.42
Dso 31.03+1.20 30.27+0.45 30.28+0.25 30.36+0.47
Conformity index 1.2740.32 1.97+0.57 1.374+0.18 1.38+0.29
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Table-2: Table depicting statistical analysis of parameters showing coverage of PTV.

1 field vs. 2 field 2 field vs. 3 field 3 field vs. 5 field
Doo 0.002 0.78 0.62
Dmean 0.0009 0.0006 0.64
Dso 0.02 0.98 0.66
Conformity index 0.005 0.009 0.79

The Dean for organs at risk for four different radiotherapy plans (esophagus, bowel, lungs, and kidneys) has been shown in
Table 3. The differences in mean doses have been compared in various radiotherapy plans for statistical significance in Table 3
and Table 4.

Table-3: Table depicting dose to organs at risk (Mean +2 SD).

Mean dose of OAR’s 1 Field 2 Field 3 Field 5 Field
Esophagus 18.2043.95 16.4749.29 18.33+4.46 17.83+4.57
Lungs 6.74+1.06 9.81+4.48 9.40+1.29 10.81+1.68
Bowel 8.56+2.19 10.1542.12 10.16+2.53 10.99+43.17
Kidneys 2.93+2.25 2.95+2.19 8.7244.99 9.93+5.22
Table-4: Table depicting a statistical comparison of OAR’s (bowel and kidneys).
OAR’s 1 field vs. 2 field 2 field vs. 3 field 3 field vs. 5 field
Bowel 0.0002 0.984 0.027
Kidneys 0.77 0.007 0.03

The two field techniques showed a significant improvement in the dose distribution of the PTV indosimetricparameters ofDoo,
Dso, and Dpeanover the one field plan (p <0.02)(Table 2). This was accompanied by a significant rise in the dose to bowel while
the dose to kidneys remained nearly comparable. (Table 4). The three fieldradiotherapy plans further improved the dose
distribution to the PTVwith significantly higher values (p= 0.0006)of mean dose compared to two beam plans with 90% of the
volume receiving more than 95% of the prescribed dose.The conformity was also seen to be significantly improved (p= 0.009)
in comparison to the two field plans (Table 2).On the contrary, there wasasignificant rise in dose to bowels and kidney.There
was no significant advantage of five field plans over the three field plans in terms of coverage of the PTV (Table 2). Infact, the
five field plans had a disadvantage of demonstrating asignificant rise in the dose to kidneys and bowel over the three-field
technique (Table 4).

Fig-2: Beam arrangements of two field plans with a 95 % dose color wash.
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Fig-4: Beam arrangements of three field plan with 95 % dose color wash.

Discussion

In the present study using various radiotherapy plans the
three-field technique showed significantly better coverage
of the target volume but with an increase in the dose to
organs at risk. reveals that of the four different conformal
plans, the three-field techniquewith equally weighing
beams gave a significantly better coverage of the target
volume of interest. This was achieved at the expense of
increasing dose to OAR’s. In terms of dose to OAR’s, the
maximum rise was observed in dose to kidneys with three
field plans compared to one field or two field plans.This is
because of the rise in entry dose through partial volumes
of kidneys because of posterior oblique beam
arrangements. The QUANTEC (Quantitative Analysis of
Normal Tissue Effects in Clinic) recommends meaning
dose constraints of 15 to 18 Gy to kidneys at 2 Gy per
fraction[7]. Considering an alpha /beta ratio of 3 for late
radiation-induced nephropathy, the mean dose of 8.72 Gy
@  3Gy/fraction translates into a BED of
11.24Gy.Thisincreased dose to kidneys is well within
tolerance limits. Henceforth, this increment in dose to
kidneys does not warrant serious concern as it is unlikely
to translate to radiation-induced nephropathy.The
dosimetry of bowel showed a significant rise with two
field techniquesover one field technique but the difference
was very small in terms of absolute dose with an average
increment of only 1.59 Gy. In three field plans, the mean
dose was nearly comparable to that of two field plans but
was significantly less to that of five field techniques.

The possible explanation of rising with five field
techniquesbeingan inevitable rise in entry and exit dose
with paired anterior oblique and posterior oblique beams.
The fact needs to be acknowledged that QUANTEC
recommends restricting the dose of bowel receiving 45 Gy
to be restricted to 195 cc when entire space in the
peritoneal cavity is evaluated while prescription was upto
30 Gyonly. Henceforth, the significant rise with multifield
approaches over one field approach does not warrant any
serious concern due to less likelihood of clinical
manifestations.

The mean dose to the esophagus with three field
techniquesin 3 Gy equivalent dose was 18.33 Gy.
Considering an alpha/beta ratio of 10 for acute
complications and 3 for chronic complications, the dose to
esophagus translates to a BEDof 18.65 Gy for acute
complications and 19.04Gy for chronic complications.
These values are less than QUANTEC recommended a
mean dose of 34 Gy(EQD») fortheesophagus. Similar
considerations apply to lungs as the mean dose to lungs
was 9.40 Gy that translates to a BED of 12.31Gy
(alpha/beta =3)which is below the recommended dose
constraint of 13 Gy(EQDy)for lungs. The present study
was underpowered to detect any statistically significant
difference in the dosimetry of lungs and esophagus
between the four techniques as only three patients had
thoracic vertebral metastasis however the data shows dose
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to these OAR’s was within tolerable limits with all the
plans. The use of five field plans did not offer any
additional advantage over the three fields plans in terms of
coverage of the PTV. However, there was a huge
inevitable rise in the entry dose and exit dose because of
multibeam arrangement reflected in a significantly higher
dose of kidneys and bowel.

In the present study, even the two field plans proved to be
significantly better over one field plan in terms of
coverage of PTV in terms of the significant rise in Doy,
Dmean,and Dsp but were accompanied by a rise in dose to
OAR’s. A study by Andic F et al. showed similar results
with better dose distribution within the intended dose
range as per the ICRU 50 recommendations and more
homogeneity with two field approach over one field
approach. Their study also showed a significant rise in
mean dose to bowels and intestines but the rise was
considered to be within reasonable limits in accordance
with our interpretation [8]. A three-arm study done by Yeo
SGcompareda single PA field, opposed anteroposterior
(AP)/PA fields, and the third one with one posteroanterior
(PA) field and two posterior oblique fields. Their study
also proved the single PA field to be inferior to AP/PA
fields in terms of accomplishing homogeneous target dose
distribution and AP/PA fields approach proved to be
inferior to the three-field approach that validates the
findings of the present study supporting three-field
approach. In their study, the lung dose was negatively
impacted to a minimal extent but better sparing of the
esophagus was seen [9].

The utilization of 3DCRT techniques in palliation of bone
metastasis using three-beam plans reveals optimistic
results. The limitations of the present study are lack of
clinical correlation and smaller sample size.Therefore,
before the clinical adoption of the three-field approach, its
efficacy in terms of patient-reported outcomes (pain relief,
recovery of function) needs to be tested in randomized
settings over the standard one field and two field
approaches.

Conclusion

The use of a higher number of fields that are two fieldsand
three fields approach ensures significantly better coverage
over the usually practiced one field approach in palliative
radiotherapy of bony metastasis. The increase in dose to
surrounding OAR’s with multibeam approaches was
within acceptable limits. This may translate into better
clinical outcomes with palliative radiotherapy along with
an acceptable side effect profile. Its correlation with
clinical outcomes demands further research in clinical
settings. Contrarily, the use of five field approach adds to
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treatment complexity with no significant advantage in
terms of dosimetry over the three field plans.

What does the present study add to existing
knowledge?

Increasing the number of fields in the 3DCRT technique
has the potential to provide optimal coverage to the target
region with nearly 97 % of the dose received by 95 % of
the target volume. The increased dose to OAR’s with the
multibeam arrangement was well within tolerance limits.
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