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Aim: This work aims to achieve the highest possible monitor units (MU) reduction using the

MU Objective tool included in the Eclipse treatment planning system, while preserving the

plan  quality.

Background: The treatment planning system Eclipse (Varian Medical Systems, Palo Alto, CA)

includes a control mechanism for the number of monitor units of volumetric modulated arc

therapy (VMAT) plans, named the MU Objective tool.

Material and methods: Forty prostate plans, 20 gynecological plans and 20 head and neck

plans  designed with VMAT were retrospectively studied. Each plan (base plan) was opti-

mized  without using the MU Objective tool, and it was re-optimized with different values of

the  Maximum MU (MaxMU) parameter of the MU Objective tool. MU differences were ana-

lyzed with a paired samples t-test and changes in plan quality were assessed with a set of

parameters for OARs and PTVs.

Results: The average relative MU difference (�MU) considering all treatment sites, was

the  highest when MaxMU = 400 (−4.2%, p < 0.001). For prostate plans, the lowest �MU was

obtained (−3.7%, p < 0.001). For head and neck plans �MU was −7.3% (p < 0.001) and for gyne-

cological plans �MU was 7.0% (p = 0.002). Although similar MU reductions were observed for

both sites, for some gynecological plans maximum differences were greater than 10%. All

the assessed parameters for PTVs and OARs sparing showed average differences below 2%.
Conclusion: For the three studied clinical sites, establishing MaxMU = 400 led to the opti-

mum  MU reduction, maintaining the original dose distribution and dosimetric parameters

.
practically unaltered
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organs at risk (OARs). Bao-Tiang et al. followed a similar pro-
cedure in stereotactic ablative VMAT lung plans obtaining a
122  reports of practical oncology an

1.  Background

The incorporation of intensity-modulated techniques to
radiotherapy is supposed to improve dose sparing and con-
formity compared to conventional 3DCRT techniques, but also
implies the delivery of a higher number of monitor units (MU).1

The increase in MU  entails more  secondary radiation dose and,
therefore, a higher risk of developing secondary cancers.2,3

Volumetric modulated arc therapy (VMAT) is a technique
based on a simultaneous variation of MLC  position, gantry
angle and dose rate to improve dose sparing and to shorten
the treatment time.4,5 In modulated techniques, the total MU
are not linearly related to prescribed dose, and factors as leaf
or gantry speed may substantially affect the total MU of a
plan.

In the Eclipse treatment planning system v.11.0.13 (Varian
Medical Systems, Palo Alto, CA), the Progressive Resolution
Optimizer (PRO3) algorithm is included for VMAT planning,
in which three different tools can be differentiated: Dose Vol-
ume  Objective, Normal Tissue Objective and MU Objective (see
Fig. 1). The first two affect the dose homogeneity and confor-
mity in the tumor and dose sparing in healthy tissue. As dose
homogeneity and conformity demands rise, the leaf move-
ment often produces many  small area segments resulting in
increased MU. Conversely, the MU  Objective aims to decrease

the total MU  of the plan. MU Objective and Normal Tissue
Objective tools are not mandatory to optimize a plan, so it

Fig. 1 – MU Objective tool in Eclipse P
iotherapy 2 3 ( 2 0 1 8 ) 121–125

is a choice of the users to include them in the optimization
process.

Several parameters may be adjusted in the MU  Objective
tool, namely, Maximum MU (MaxMU), Minimum MU  (MinMU)
and Strength (S). The MU goal is defined by MinMU and MaxMU,
and the priority enforced by the MU reduction goal is defined
by the S value. In PRO3 algorithm the plan goals are defined by
relative priorities assigned to dose–volume histogram (DVH)
constraints that the user is asked to specify in the Dose Vol-
ume  Objective section. The greater the value of a priority of a
constraint, the more  probable it is that the constraint will be
reached, which is useful in conflicting constraints. In the MU
Objective tool, the S parameter ranges from 0 to 100 and it is
not in the same scale as the previous priorities.

Apart from the manufacturer definition, there are no fur-
ther explanations in literature about how the MU  Objective
tool works or how it reduces the MU and its utilization may
envelop a compromise between the MU  reduction and the plan
quality.

Ahamed et al.6 studied the MU Objective tool for ten
hypopharinx cancer patients to quantify differences between
MU deprived plans and those freely optimized. Clemente
et al.7 investigated the maximum MU reduction for prostate
plans in seven patients and reported the dose differences to

8

rogressive Resolution Optimizer.

MU reduction higher than 200 MU/Gy without compromising
the target dose coverage and the OARs dose sparing. These

https://doi.org/10.1016/j.rpor.2018.02.001
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Fig. 2 reports the average relative MU difference (�MU) as a
function of the MaxMU value considering all treatment sites.
Three results are observed:
reports of practical oncology and 

tudies evaluated the effect of the MU  Objective tool on the
otal MU  and reported the changes obtained in dosimetric
arameters.

.  Aim

his work aims to achieve the highest possible MU reduction
sing the MU Objective tool while preserving the plan qual-

ty as unaltered as possible. As the MU Objective tool acts
s a ‘black box’, we have evaluated this tool empirically. To
mprove the statistics and to find recommended values of the

U  Objective parameters without losing the PTV dose cover-
ge and OARs dose sparing, we  analyzed a higher number of
atients for the prostate, head and neck, and gynecological
ites than in previous works. These sites represent 93% of the
atients treated with VMAT  in our institution.

.  Materials  and  methods

e  retrospectively studied the last 40 prostate plans, 20 gyne-
ological plans and 20 head and neck plans treated with Rap-
dArc (Varian implementation of VMAT)  in 2016 at our center.

Prescribed doses for prostate plans were 57 Gy or 59.5 Gy for
he prostate plus seminal vesicles PTV and 72 Gy or 77 Gy for
he simultaneous integrated boost to the prostate PTV, in 30
r 35 fractions. For gynecological plans, prescribed doses were
5 Gy or 50.4 Gy in 25 or 28 fractions. For head and neck plans,
rescribed doses were 60 Gy or 70 Gy for the tumoral region
lus affected lymph nodes, and 54 Gy for non-affected lymph
odes in 30 or 35 fractions.

We used one full arc for the prostate and two full arcs for the
ead and neck and gynecological sites. Plans were optimized
ith the PRO3 algorithm and calculated with the Acuros XB

lgorithm with 2.5 mm grid resolution in the Eclipse treatment
lanning system v.11.0.31 using 6 MV  photon beams with a
aximum dose rate of 600 MU/min.
Fig. 1 displays the interface of PRO3 in Eclipse during the

ptimization of a prostate plan. At the top-left corner of the
creen, the Normal Tissue Objective, the Dose Volume Objec-
ive and priorities of the OARs and PTVs are specified. To the
ight, the DVH and the evolution of the optimization process

re displayed. At the bottom-left corner, the MU  Objective tool
nd its parameters are available to use.

Clemente et al.7 studied the effect of the MU  Objective tool
n the MU variation for S = 50 and S = 100. The highest mean

Table 1 – Dosimetric parameters evaluated for OARs.

Sites OARs 

Prostate Rectum  

Bladder 

Femoral heads 

Gynecological Rectum 

Bladder 

Bowel 

Femoral heads 

Head
and
neck

Mandible 

Spinal cord and brainstem 

Parotids glands 
therapy 2 3 ( 2 0 1 8 ) 121–125 123

MU  reduction was obtained for S = 100 (�MU = −28%) at the
expense of a high variation in the target mean homogeneity
index value (�HI = −23%). Following the manufacturer sug-
gestion to set the S parameter from 50 to 100, we set S = 70
for all the tests reported. As in previous studies, we  kept
MinMU = 0 and fixed values of other optimization parameters,
as dose constraints, arc-length or collimator angle, to sepa-
rately assess the influence of the MaxMU parameter on the
calculated MU.

For each patient, a plan was optimized without using the
MU Objective tool, called base plan, with the corresponding MU
called MUbase. This plan was re-optimized with the follow-
ing MaxMU values: 400, 500, 600, 700, 800, 1000 and 1200; thus
generating seven additional plans, called re-optimized plans. In
each re-optimization, the dose constraints and their priori-
ties remained unchanged to evaluate only the MU Objective
tool influence on the final MU. Once the whole set of plans
was re-optimized and re-calculated, the differences obtained
in the cumulative DVH and in MU were analyzed with a paired
samples t-test (  ̨ = 0.05). Plan quality was assessed with the
dosimetric parameters indicated in Table 1 for OARs, and with
the average dose, dose coverage (D2%, D98%), dose confor-
mity (V95%, V107%) and dose homogeneity (D5%–D95%) for
the PTVs.

4.  Results
Fig. 2 – Global MU  variation according to MaxMU values.

Parameters analyzed apart from average dose

V50Gy, V60Gy, V70Gy
D2%, D67%, V30Gy
D2%, V45Gy

V30Gy, V40Gy, V45Gy, D50%
V30Gy, V40Gy, V45Gy
V40Gy, D30%
V30Gy, D2%

V70Gy
D2%
D33%, D50%, D66%

https://doi.org/10.1016/j.rpor.2018.02.001
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Fig. 3 – MU reduction according to MUbase for each
treatment site.

Table 2 – MaxMU  values with the largest average MU
reduction for each clinical site.

Sites MaxMU �MU(%) p

Prostate (MUbase > 650 MU) 500 −3.7% <0.001

of similar quality to the base plan was obtained with lower
Gynecological 400 −7.0% 0.002
Head and neck 400 −7.3% <0.001

• MU  reduction was the highest when MaxMU = 400 (−4.2%,
p < 0.001).

• A trend of decreasing the �MU  is observed when using a
MaxMU value greater than 400.

• The resulting MU  tend to increase for MaxMU values higher
than MUbase, as 1000 and 1200.

Fig. 3 displays the relative �MU according to MUbase for dif-
ferent clinical sites. Each point represents one patient where
the �MU  was obtained considering the whole different MaxMU
values. Only for prostate plans, a differentiated behavior was
found according to MUbase. For MUbase greater than 650, the
�MU  is −2.2% (p < 0.001), being the maximum for MaxMU = 500
(−3.7%, p < 0.001). On the other hand, for prostate base plans
with MUbase lower than 650, �MU = +1.7% (p < 0.001).

Table 2 summarizes the value of MaxMU that involves the
maximum �MU  obtained for each treatment site.

For all OARs in prostate plans, the average differences of
each parameter were lower than 0.2%, except for the femoral
heads, with an average dose difference of +1.3% (p = 0.002), and
in hot–spots (�D2% = +1.4%, p = 0.005). As for the coverage,
conformity and homogeneity in PTVs, differences were lower
than 0.4%.

For gynecological plans, the only statistically significant
difference was found in the bladder for V40Gy(%), becoming
of +0.9% (p = 0.007). In a small set of patients, maximum dif-
ferences greater than 10% were found, corresponding to plans
with the highest MU  reductions, up to 333 MU.

Head and neck results showed the maximum decrease in
�MU  of all analyzed sites without compromising the OARs

sparing. The average differences for all dosimetric parame-
ters were below 0.7%, this value being the maximum average
difference obtained in D2% and D5%–D95% for the high-dose
iotherapy 2 3 ( 2 0 1 8 ) 121–125

PTV and in D50% for the parotid glands. Differences in the rest
of dosimetric parameters for OARs and PTVs were lower than
0.3%. Unlike gynecological plans, all particular differences
were lower than 5%, which confirms that the MU  reduction
maintaining the plan quality is a global trend for this site.

5.  Discussion

Second malignancies risk in radiotherapy associated with sec-
ondary radiation dose is an issue of concern when developing
new treatment techniques with high modulation,2,3 due to
the increase in MU. With the Eclipse MU Objective optimiza-
tion tool, we  investigated a practical method to reduce the
MU keeping the plan quality unaltered. With fixed values of
S = 70 and MinMU  = 0, an optimal value of the MaxMU  param-
eter to reach the maximum �MU  was obtained for different
treatment sites.

For prostate plans, we obtained the lowest �MU in compar-
ison to other clinical sites being statistically significant only
for MUbase greater than 650. Although the plan quality stayed
unaltered, the variability in �MU  made it difficult to ensure
satisfactory results in all cases. When MUbase was lower than
650, the trend is to increase the final MU. This trend becomes
more pronounced when using a MaxMU value higher than
MUbase (see Fig. 2), which is an unexpected result, as a higher
MaxMU  value is not supposed to incorporate an additional
restriction that affects MUbase.

For gynecological plans, particular cases showed the great-
est dosimetric differences related to the greatest �MU values,
demanding an additional evaluation of these re-optimized
plans.

For head and neck plans, the maximum �MU  was achieved
with the lowest dosimetric differences, making the optimiza-
tion tool a useful choice for this site.

Clemente et al.7 achieved a �MU  = −28% for prostate plans
with S = 100, MaxMU = 0.5 × MUbase and MinMU  = 0, although
differences in mean dose for the bladder and femoral heads
were −12.4% and +9.6%, respectively. We  did not achieve such
a high MU average reduction but all dosimetric differences
were below 2%. This implies a MU reduction keeping the plan
practically unaltered, especially for plans with MUbase greater
than 650.

Ahamed et al.6 investigated three values of MaxMU:
0.8 × MUbase, 0.65 × MUbase and 0.5 × MUbase; and reported
superior quality scores for base plans of hypopharinx plans.
They reported a MU decrease between 8.6% and 34.7% for
MaxMU  = 0.8 × MUbase. In our study, the average dosimetric
differences were lower than 0.7%, but with a lower �MU

(−7.3%) for MaxMU = 400.

6.  Conclusion

For the prostate, gynecological, and head and neck sites, a plan
MU. To improve the statistical results, we assessed a bigger
set of VMAT plans than in previous publications. Establish-
ing MaxMU = 400 leads to the optimum MU reduction in most

https://doi.org/10.1016/j.rpor.2018.02.001
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ases, keeping the original dose distribution and dosimetric
arameters practically unaltered.
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