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Editorial

The radiotherapy of malignant diseases has reached much
progress during the past decade. Thus, intensity modulated
radiation therapy (IMRT), RapidArc and Stereotaxy now
belong to the standard modalities of tumor treatment with
high energy radiation in clinical practice. In recent time, the
particle therapy with protons and partially with heavy car-
bon ions has reached an important completion of these mo-
dalities with regard to some suitable applications. In spite of
this enrichment essential features need further research ac-
tivities and publications in this field: Nuclear reactions and
the role of the released neutrons; electron capture of posi-
tively charged nuclei at lower projectile energies (e.g. in the
environment of the Bragg peak and at the distal end of the
particle track); correct dose delivery in scanning methods by
accounting for the influence of the lateral scatter of
beamlets.1–7 Deconvolution methods can help to overcome
these problems4 ,which already occur in radiotherapy of very
small photon beams.8

With regard to studies of clinical/radiobiological implica-
tions the accurate knowledge of the described problems is an
essential feature and starting point. We particular mention
the influence of released neutrons and the electron capture
to the LET and RBE. In particular, electron capture of heavy
ions such as carbon influences many aspects of this therapy
modality and the superiority of these ions is drastically re-
duced in the domain of the Bragg peak.3 Figures 1 – 3 make
apparent the influence of electron capture for heavy carbon
ions. Thus, all positively charged projectile show in the high
energy domain a stripping effect, i.e. the charged projectile

FIG. 1: Effective charge of the projectile nuclei proton, α-particle
and carbon. The initial energy amounts to 400 MeV/nucleon.

FIG. 2: Effective charge of the three projectile nuclei in the low
energy region of Figure 1.

FIG. 3: E(z) versus dE/dz of a carbon ion in dependence of the depth
z; the initial energy amounts to 400 MeV/nucleon.
(With regard to the Figures 1 – 3 it should be mentioned that inde-
pendent of the initial energy (e.g 500 MeV/nucleon or 300
MeV/nucleon) the initial charge of the impinging carbon ion is always
q = 6+. The publication 3 also presents effective charges q(E) of car-
bon ions with different initial energy.)

captures a surrounding electron, but this electron goes lost
before a transition to a free shell can occur (Barkas effect).
Only at lower projectile velocities the transition can occur.
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In the case of carbon ions we have to consider a cascade of transitions to free atomic shells of carbon. At first, (C6+)12 will be
changed to (C6,5+)12, and this electron capture effect is repeated, until the carbon ion is transformed to (C6,1+)12 in the Bragg peak
domain. At the distal end we obtain neutral carbon (or helium or hydrogen). Thus in the Bragg peak region the difference be-
tween the three projectile nuclei is rather small. Compared to protons the significantly increased importance of nuclear reac-
tions and related fission products of carbon ions represents a further rather unresolved problem in the case of heterogeneous
media. Contributions to these aspects can be found in the publications below, which should stimulate other authors to consider
further research projects in this field.
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Editorial

It has been at least three decades since radiobiological mod-
els based on dose volume histograms (DVH) or
3-dimensional dose distributions started appearing in the
literature as means to evaluate and compare radiotherapy
treatment plans. Since then, many studies have shown that
radiobiological treatment plan evaluation provides a closer
association of the delivered treatment with the clinical out-
come. This is achieved by taking into account the
dose-response characteristics of the irradiated targets and
normal tissues involved. In radiobiological treatment plan-
ning, biological tissue information and physical data have a
complementary relation in analyzing dose plans due to the
fact that both are incorporated in the mathematical expres-
sions of the radiobiological models.

However, although the necessity of using radiobiological
models in radiotherapy has been proven, their clinical im-
plementation until now is almost negligible. Even the bio-
logical effective dose (BED) that was introduced in the early
80s has mainly been used to associate the maximum BED
values of certain tissues with the respective risk for compli-
cations. And even though it has become a common
knowledge that BED is a more accurate descriptor of the
biological effectiveness of the applied physical dose, its clin-
ical use is still limited. It is only during the recent years that
BED started being used for dose prescription purposes in-
stead of the physical dose or for determining BED-related
dose thresholds for normal tissues. Furthermore, although
the different treatment planning systems (TPS) have recently

implemented the calculation of BED values, they still do not
provide BED volume histograms or 3-dimenstional BED
distributions or iso-BED line charts or the possibility of cal-
culating the composite BED values in treatments composed
by multiple phases. Usually, the clinical implementation of a
new concept in radiotherapy is the result of the synergetic
action between the clinical need and the availability of the
relevant tools by the different TPSs.

The facts described above for the BED concept to a large
extent hold for the clinical implementation of radiobiologi-
cal models, namely the models that estimate the tumor con-
trol probability (TCP), normal tissue complication probabil-
ity (NTCP) and complication-free tumor control probability
(P+). These models use radiobiological parameters that de-
scribe the dose-response relations of the different tumors
and normal tissues. The derivation of the model parameters
can be performed by different means such as a maximum
likelihood fitting using a cohort of patients for whom the
delivered 3-dimensional dose distributions and fractionation
scheme as well as the relevant treatment related organ re-
sponses have been registered. Although radiobiological mod-
els use the complete dosimetric information of a given
treatment plan in order to quantify its quality, in clinical
practice dose prescription and treatment plan evaluation are
based on single doses in the tumor, mean physical doses to
the PTV or physical dose-volume points to the tumor and
involved organs at risk (OARs), which however take into
account a fraction only of the treatment information. Fur-
thermore, the values of those treatment plan quality de-
scriptors are usually characterized by large uncertainty in-
tervals, which however are not taken into account clinically.

The current status of treatment planning practice is the re-
sult of the traditional approach of using dosimetric de-
scriptors for quantifying the quality of treatment plans and
the fact that the values of these descriptors could be calcu-
lated by the TPS, which made their clinical implementation
easier. However, all these descriptors are indirectly related
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with treatment plan quality and they do not answer to the fundamental questions of ‘what if the likelihood to achieve tumor
control’ or ‘what is the likelihood to have side effects to the OARs’ when evaluating a given treatment plan. These answers are
provided by the TCP and NTCP measures irrespective of the treatment technique, cancer site, fractionation scheme or clinical
protocol applied. So, although radiobiological models convey to a larger extent the clinical insight and the values of their pa-
rameters are more accurate compared to those of the descriptors that are used clinically, their clinical implementation is negli-
gible.

There are two main reasons for this. First, there is lack of understanding the theory and the basic concepts behind radiobiologi-
cal modeling by many radiation oncologists. It can be easily shown that the classes devoted to radiobiological modeling either
during the university studies or during the medical residency programs are very limited in number and extent. Second and
more important, is the fact that only recently some TPS started offering some tools for performing radiobiological evaluation
and comparison of different treatment plans. But still this is not adequate because in order these tools to be used clinically, one
has to reach the point of having established radiobiological treatment planning as a clinically implemented procedure.

In order to reach this point, the different TPS should offer to the clinician’s tools that will help them organize their patient
treatment information and follow-up registrations in order to enable them determine the values of the radiobiological parame-
ters of the models they want to use, based on their own patient data. Appropriate tools should be offered for performing clinical
verification of such clinically derived parameter values as well as for performing clinical validation of parameter sets found in
the literature. By using those tools, patient datasets consisting of individual tissue response and dose distribution data can be
fitted by different radiobiological models and their goodness-of-fit can be evaluated. These are the important elements that are
missing for a clinical implementation of radiobiological modeling, the absence of which has led to this long delay in seeing a
reasonable progress in this issue.

Radiobiological treatment plan evaluation may allow a fairly accurate prediction of tumor control or normal tissue complica-
tions taking into account the variations in patient radiosensitivity. The use of radiobiological modeling is necessary if a clinical-
ly relevant quantification of a dose plan is needed.

(Dr. Panayiotis Mavroidis is an editorial board member of International Journal of Cancer Therapy and Oncology)
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Editorial

Cervical cancer is the third leading cause of female cancer
worldwide and is the second most common cause of cancer
related deaths in women in undeveloped countries.1 The
incident rate varies with the prevalence of risk factors and
the lack of adequate screening programs, reaching 80 cases
per 100,000 inhabitants in Recife, Brazil.2 Despite advances
in treatment, cervical cancer still maintains high rates of
morbidity and mortality – the recurrence rate and associated
death is approximately 30%. Data from the UK show that
one third of patients will die within 5 years of diagnosis. 3

For all these reasons cervical cancer can be considered a
public health issue especially in developing countries.

The International Federation of Gynecology and Obstetrics
(FIGO) stage system is the most widely used for cervical
cancer. This system emphasizes the clinical parameters at the
expense of morphological and functional examinations,
which facilitates its applicability in developing countries -
where additional tests are expensive and not available. The
main limitations are the fact that this system is examiner
dependent, difficult to reproduce, and difficult to perform in
obese patients or those with unfavorable anatomy.

Although without altering the classification proposed by
FIGO, exams are valuable in this disease as they tend to
guide the practitioner toward more accurate treatment. Fur-
thermore, they are important to assess the response to treat-
ment, which is of paramount importance since additional
therapies (i.e. hysterectomy) may be used in cases of persis-
tent disease.

The 18-FDG PET stands out as the most used and studied

functional test in cervical cancer. Unfortunately, PET is not
available to many treatment centers around the world, espe-
cially in those that have the highest incidence rates – as the
funds needed to obtain its tracer make it cost prohibitive.

In this context, a much more cost effective relation is the
MRI. Stenstedt et al. 4 studied the impact of MRI in staging
and follow-up of cervical lesions and concluded that the
addition of this examination alter the staging proposed by
FIGO and changes the treatment plan in many cases. In
2013, Kraljevic et al. 5 performed a study comparing the
FIGO staging and MRI preoperatively and correlated these
findings with the pathological outcome in patients treated
surgically. They concluded that MRI is better than clinical
staging (accuracy of 90.9% versus 79.0%).5

Novel advances such as diffusion weighted image (DWI)
(sequence that is sensitive to the random motion of water
molecules - i.e., Brownian motion) allow us to evaluate
changes during therapy. Restriction to this diffusion move-
ment is directly associated to the degree of cellularity of the
tissue and thus is related to primary malignancy and metas-
tasis.6 An actual issue is whether its changes are predictive of
response: the DWI derived apparent diffusion coefficient
(ADC) is capable to quantify the magnitude of this water
diffusion and has been used extensively as a biomarker for
therapeutic response in many cancer types.

Emerging studies seek to consolidate the actual role of MRI
and their different weights in the staging and therapeutic
monitoring of cervical cancer. Advantages such as
cost-effectiveness (pathology is predominant in developing
countries) and absence of need of contrast (essential in cases
where there is impairment of renal function) add to this
exam key features to this pathology. It is not difficult to pre-
dict that if new studies demonstrate in practice these ad-
vantages, MRI/DWI could be considered essential in the
future.
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Abstract
Purpose: This study investigated the dosimetric impact of mixing low and high energy treatment plans for high prostate cancer
treated with volumetric modulated arc therapy (VMAT) technique in the form of RapidArc. Methods: A cohort of 12 prostate
cases involving proximal seminal vesicles and lymph nodes was selected for this retrospective study. For each prostate case, the
single-energy plans (SEPs) and mixed-energy plans (MEPs) were generated. First, the SEPs were created using 6 mega-voltage
(MV) energy for both the primary and boost plans. Second, the MEPs were created using 16 MV energy for the primary plan
and 6 MV energy for the boost plan. The primary and boost MEPs used identical beam parameters and same dose optimization
values as in the primary and boost SEPs for the corresponding case. The dosimetric parameters from the composite plans (SEPs
and MEPs) were evaluated. Results: The dose to the target volume was slightly higher (on average <1%) in the SEPs than in the
MEPs. The conformity index (CI) and homogeneity index (HI) values between the SEPs and MEPs were comparable. The dose
to rectum and bladder was always higher in the SEPs (average difference up to 3.7% for the rectum and up to 8.4% for the
bladder) than in the MEPs. The mean dose to femoral heads was higher by about 0.8% (on average) in the MEPs than in the
SEPs. The number of monitor units and integral dose were higher in the SEPs compared to the MEPs by average differences of
9.1% and 5.5%, respectively. Conclusion: The preliminary results from this study suggest that use of mixed-energy VMAT plan
for high-risk prostate cancer could reduce the integral dose and minimize the dose to rectum and bladder, but for the higher
femoral head dose.

Keywords: Prostate Cancer; Mixed Energy Plan; VMAT; RapidArc

Introduction
In external beam radiation therapy, treatment techniques
such as 3-dimensional conformal therapy (3DCRT), intensity
modulated radiation therapy (IMRT), and volumetric modu-
lated arc therapy (VMAT) are generally used to treat prostate
cancer with an objective of delivering conformal dose dis-
tributions to the target while minimizing the doses to the
normal tissues. Since prostate cancer involves the
deep-seated target, the high-energy photon beams are gener-
ally used for 3DCRT due to their greater penetrating power.1

However, the photon beams with energy 10 mega-voltage
(MV) or higher also create the secondary neutrons due to
interaction between the photons and treatment head of the
machine.1 Despite high-energy photon having an advantage
in penetrating power and skin sparing, use of lower energy
(6–10 MV) photon beams have been found to be an effective
energy choices for the majority of IMRT prostate cases.1,2

Furthermore, several studies demonstrated no clear
dosimetric advantages using high-energy photon beams for
IMRT prostate cases when compared to the low-energy
photon beams.2-8

Recently, Park et al.8 investigated the effect of changing
beam energy according to the penetration depths on the
quality of IMRT plans for prostate cancer and made the
comparisons between mixed-energy plans (MEPs) and sin-
gle-energy plans (SEPs) of either low or high energy. In that
study8, Park et al. showed that mixing energy in an IMRT
plan for deep-seated tumors could improve the overall plan
quality. However, the dosimetric impact of MEPs for pros-
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tate cancer using VMAT technique remains to be addressed.
Thus, we investigated the effect of mixing the low energy (6
MV) and high energy (16 MV) treatment plans for prostate
cancer treated with VMAT technique in the form of
RapidArc (Varian Medical Systems, Palo Alto, CA, USA).
The dosimetric comparisons between SEPs and MEPs were
done for 12 prostate cases.

Methods and Materials

A cohort of 12 prostate cases involving proximal seminal
vesicles and lymph nodes was selected for this retrospective
study. All 12 cases were treated with RapidArc technique at
Premier Oncology, Fort Myers. Florida, USA. The computed
tomography (CT) simulation of patients was performed in a
supine position on the Phillips Brilliance CT Scanner (Philips
Healthcare, Andover, MA, USA), and the CT images were
acquired with a 3 mm spacing. The contouring of prostate,
proximal seminal vesicles, lymph nodes, and organs at risk
(OARs) (rectum, bladder, and femoral heads) was done on
the axial slices of the CT in the Eclipse treatment planning
system (TPS), version 11.1 (Varian Medical Systems, Palo
Alto, CA, USA). The primary clinical target volume (CTVp)
was defined as the prostate, seminal vesicles, and lymph
nodes, whereas the boost clinical target volume (CTVb) was
defined as the prostate only. The primary and boost planning
target volume (PTVp and PTVb, respectively) was generated
with a margin of 7 mm around the CTVp and CTVb, respec-
tively, in all directions except in the posterior direction,
where a margin of 0.5 cm was used.

The RapidArc treatment plans of all 12 cases were generated
in the Eclipse TPS using 6 and 16 MV X-ray beams  Varian
Clinac iX (Varian Medical Systems, Palo Alto, CA, USA).
Each treatment plan consisted of primary and boost plan,
and the total prescription dose was 81 Gy with a daily dose
of 1.8 Gy over 45 fractions. Furthermore, the prescription
dose to the primary plan was 45 Gy to the PTVp, and the
prescription dose to the boost plan was 36 Gy to the PTVb.
For each prostate case, the SEPs and MEPs were generated.

FIG. 1: A transversal view of VMAT (RapidArc) plan set up for boost
PTV (case #7) using one arc in Eclipse treatment planning system.
Abbreviations: VMAT = volumetric modulated arc therapy, PTV =
planning target volume.

First, the SEPs were created using a 6 MV photon beam for
both the primary plan and separate boost plan. The treat-
ment plan was set up using one, two or three arcs depending
on the size of the target volume. [Figure 1] The length of
gantry rotations, collimator angle, and field sizes of the co-
planar arcs for the primary as well as boost plans were cho-
sen based on the location of the PTV and OARs using the
beam-eye-view (BEV) graphics. [Figure 2]

FIG. 2: Beam's-eye-view of case #7 showing (a) primary planning
target volume (PTV), and (b) boost PTV in the Eclipse treatment
planning system.

The isocenter of the plan was placed at the center of the
target volume (i.e., PTVp or PTVb). The primary and boost
plans were optimized using Progressive Resolution Optimiz-
er (PRO) (version 11.1). The dose-volume constraints and
their weightings were adjusted during the optimization pro-
cess of SEPs such that at least 95% of the target volume was
covered by the prescription dose while keeping the dose to
the OARs as minimum as possible. The plan optimization
process was carried out with an objective of meeting the
planning criteria listed in Table 1.

TABLE 1: Dose specifications for rectum, bladder, and femoral heads
in the composite plan

Organ Limit* D15% D25% D35% D50%

Rectum < 75 Gy < 70 Gy < 65 Gy < 60 Gy
Bladder < 80 Gy < 75 Gy < 70 Gy <65 Gy
Femoral Mean Dose < 45 Gy

*Normal organ limit refers to the volume of that organ that should
not exceed the dose limit. Abbreviation: Dx% = Dose received by x%
of total OAR volume, where x % = 15, 25, 35 and 50; OAR = Organ
at risk.

Second, the MEPs were created using a 16 MV photon beam
for the primary plan and a 6 MV photon beam for the boost
plan. Specifically, the primary MEP used the identical beam
parameters and same optimization dose-constraints and their
weightings as in the final primary SEP plan for the corre-
sponding case. Similarly, the boost MEP and boost SEP had
the same beam parameters and plan optimization values for
the corresponding case. No modifications of dose-volume
constraints and weightings were made during the optimiza-
tion processes of MEPs.

The optimized SEPs and MEPs plans were calculated with
the anisotropic analytical algorithm (AAA), version 11.1,
using dose calculation grid size of 2.5 mm. All calculated
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plans were then normalized such that at least 95% of the
PTV volume was covered by the prescription dose. The pri-
mary and boost plans were combined to generate a compo-
site (COMP) plan. This allowed us to perform the dosimetric
comparison between the SEPs and MEPs using the
dose-volume histograms (DVHs) of the COMP plans that
were generated in the Eclipse TPS. The DVH parameters
evaluated for the target volume (PTVb) were: mean dose,
maximum dose, conformity index (CI) defined as the ratio of
volume of the isodose cloud receiving 100% of the prescrip-
tion dose (V100%) to volume of the PTVb, and homogeneity
index (HI) defined as the ratio of dose at 5% of the PTVb

(D5%) to dose at 95% of the PTVb (D95%). For rectum and
bladder, the volumes that received 70 Gy, 40 Gy, and 20 Gy,
(V70Gy, V40Gy, and V20Gy, respectively) as well as mean dose
were compared. The mean dose to the femoral heads was
evaluated. In addition, the number of monitor units (MUs)
and normal tissue integral dose were compared too.

For the purpose of comparison, the average percentage dif-
ference (Davg.) between the SEPs and MEPs at the corre-
sponding dosimetric parameter of the same case was calcu-
lated using Equation 1.

where x is a corresponding dosimetric parameter in the
COMP SEPs and MEPs for the nth case. In Equation 1, the
Davg. is expressed in percentage and averaged over all twelve
cases in this study. At a given dosimetric parameter, a posi-
tive Davg. means higher dosimetric value in the SEPs com-
pared with the MEPs, and a negative Davg. means higher
dosimetric value in the MEPs compared with the SEPs. The
statistical analysis was done using paired two-sided student’s
t-test in a Microsoft Excel spreadsheet, and a p- value of less
than 0.05 was considered to be statistically significant.

Results

Table 2 and Figures 3, 4, 5, and 6 summarize the dosimetric
results in the COMP plans, and the values are averaged over
the twelve analyzed cases. The dosimetric results obtained in
this study were clinically acceptable.

The maximum and mean doses to the target volume were
slightly higher in the SEPs than in the MEPs by an average
difference of less than 1%, and the results showed the statis-
tical significance with p-values of 0.001 and 0.044 for the
maximum and mean dose, respectively. The CI and HI values
between SEPs and MEPs were comparable with average dif-
ferences of 1% for the CI (p = 0.009) and 0.4% for the HI (p =
<0.000) showing statistical significance.

The dose to the rectum was always higher in the SEPs and

FIG. 3: The Davg. (%) between SEPs and MEPs for the PTV doses, CI,
and HI. The values are averaged over the twelve analyzed cases.
Note: The error bars represent the standard deviations. The Davg. (%)
is defined in equation 1 (Materials and Methods). Abbreviations:
Davg. = average difference,  SEPs = single energy plans, MEPs =
mixed energy plans, PTV = planning target volume, CI = conformity
index, HI = homogeneity index.

FIG. 4: The Davg. (%) between SEPs and MEPs for the V70Gy, V40Gy,
V20Gy, and mean does to the rectum. The values are averaged over
the twelve analyzed cases. Note: The error bars represent the stand-
ard deviations. The Davg. (%) is defined in Equation 1 (Materials and
Methods). Abbreviations: Davg. = average difference,  SEPs = single
energy plans, MEPs = mixed energy plans, VnGy = percentage volume
irradiated by n Gy or more of a certain structure

lower in the MEPs with an average difference ranging from
0.6% (at V40Gy) to 3.7% (at V20Gy). The statistical significance
was obtained for the mean dose (p = 0.009) and V20Gy (p =
0.003), whereas the statistical significance was not seen for
the V70Gy (p = 0.427) and V40Gy (p = 0.277).  Similar to the
dosimetric results for the rectum, the dose to the bladder was
higher in the SEPs and lower in the MEPs. However, the
range of average difference values between the SEPs and
MEPs were larger for bladder compared to the one for rec-
tum. Specifically, the average difference values in bladder
ranged from 0.1% (at V20Gy) to 8.4% (at V40Gy). Furthermore,
the statistical significance was obtained for the mean dose (p
<0.000), V70Gy (p = 0.007), and V40Gy (p = 0.002), whereas the
results for V20Gy (p = 0.384) were not statistically significant.
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FIG. 5: The Davg. (%) between SEPs and MEPs for the V70Gy, V40Gy,
V20Gy, and mean does to the bladder. The values are averaged over
the twelve analyzed cases. Note: The error bars represent the stand-
ard deviations. The Davg. (%) is defined in equation 1 (Materials and
Methods). Abbreviations: Davg. = average difference, SEPs = single
energy plans, MEPs = mixed energy plans, VnGy = percentage volume
irradiated by n Gy or more of a certain structure

In contrast to the results seen for the rectum and bladder in
this study, the mean dose to the femoral heads was higher in
the MEPs by an average difference of 0.8% with no statistical
significance (p = 0.684). In comparison to the MEPs, the
number of MUs and integral dose were higher in the SEPs by
average differences of 9.1% (p < 0.000) and 5.5% (p < 0.000),
respectively, showing the statistical significances.

FIG. 6: The Davg. (%) between SEPs and MEPs for the femoral head
mean dose, normal tissue integral dose, and MUs. The values are
averaged over the twelve analyzed cases. Note: The error bars rep-
resent the standard deviations. The Davg. (%) is defined in equation 1
(Materials and Methods).  Abbreviations: Davg. = average difference,
SEPs = single energy plans, MEPs = mixed energy plans, MUs =
Monitor Units.

Discussion

In this study, we investigated the dosimetric impact of mix-
ing low energy (6 MV) and high energy (16 MV) treatment
plans for prostate cancer treated with RapidArc technique.
The results from this study showed no clear dosimetric dif-
ferences between the SEPs and MEPs for the target volume.
However, the results suggested that the use of mixed energy
treatment plans for prostate cancer could potentially reduce
the dose to the OARs, especially for bladder and rectum.

TABLE 2: Comparison of dosimetric parameters for the single and mixed energy composite (primary + boost) plans.

SEP MEP
p-value

(Avg. ± SD) (Avg. ± SD)
PTVb

(127.2 ± 35.2 cc)
Mean Dose (Gy) 83.2 ± 0.4 82.9 ± 0.3 0.044
Max. Dose (Gy) 86.3 ± 0.6 85.6 ± 0.6 0.001

CI 1.09 ± 0.05 1.08 ± 0.05 0.009
HI 1.03 ± 0.00 1.03 ± 0.00 <0.000

Rectum
(77.6 ± 47.1 cc)

Mean Dose (Gy) 34.6 ± 3.9 34.3 ± 3.9 0.009
V70Gy (%) 6.5 ± 2.8 6.5 ± 2.8 0.427
V40Gy (%) 26.1 ± 7.0 25.9 ± 6.9 0.277
V20Gy (%) 89.3 ± 3.9 86.1 ± 13.2 0.003

Bladder
(325.9 ± 218.2 cc)

Mean Dose (Gy) 43.2 ± 5.2 42.2 ± 5.0 <0.000
V70Gy (%) 9.3 ± 4.3 9.0 ± 4.1 0.007
V40Gy (%) 45.4 ± 17.2 41.4 ± 15.3 0.002
V20Gy (%) 99.8 ± 0.5 99.7 ± 0.8 0.384

Femoral Heads
(135.7 ± 16.5 cc)

Mean Dose (Gy) 28.0 ± 3.8 28.2 ± 3.4 0.684

Monitor Units (MUs) 590 ± 35 538 ± 34 <0.000
Integral Dose  (105 Gy-cc) 3.2 ± 0.5 3.0 ± 0.5 <0.000

Abbreviations:  SEP = Single Energy Plan, MEP = Mixed Energy Plan, Avg. = Average, SD = Standard Deviation, PTVb = Boost Planning
Target Volume, Max. Dose = Maximum Dose, VnGy = Percentage volume irradiated by n Gy or more of a certain structure, CI = Conformity
Index, HI = Homogeneity Index. (The values are averaged over the 12 analyzed cases. The p-values were obtained from paired two-sided
student’s t-test. The p-values less than 0.05 were considered to be statistically significant).
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The use of lower energy photon beams generally minimizes
the head leakage, internal scatter, and secondary neutrons.2-7

However, the low-energy photon beams also requires greater
number of MUs to deposit high doses in the area peripheral
to the target, resulting increase in the integral dose and radi-
ation exposure to the OARs.4 The results in our study also
showed that the number of MUs in the lower energy (6 MV)
plans (i.e., SEPs) were about 9% higher (on average) in com-
parison to the MEPs that contained higher energy (16 MV)
photon beam. Furthermore, the integral dose to the normal
tissues was lower in the MEPs by about 5.5% (on average),
and this would also reduce the radiation-induced secondary
cancer. 9, 10

The dosimetric differences in the treatment plans from the
use of low and high energy photon beams depend on the
beam modeling employed within the dose calculation algo-
rithm.11 In this study, we used AAA to calculate the dose in
all treatment plans. Several studies12-17 have documented the
limitation of AAA in estimating the dose more accurately
when heterogeneous media are involved along the photon
beam path. Recently, a number of studies have shown that
Acuros XB, new dose calculation algorithm employed within
Eclipse TPS, is more accurate than AAA for photon dose
calculation, especially in the heterogeneous media.14-17 The
dosimetric and radiobiological impact of Acuros XB on the
prostate cancer treatment plans due to change in photon
beam energy will be an interesting topic for future studies.

Conclusion

The preliminary results from this study suggest that use of
mixed-energy VMAT plan for high-risk prostate cancer
could reduce the integral dose and minimize the dose to
rectum and bladder, but for the higher femoral head dose.
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Original Article

Abstract
Aim: Haemorrhagic cystitis (HC) is uncommon and in its severe form potentially life threatening complication of Haematopoi-
etic stem cell transplantation (HSCT) in children. We present our single centre experience in the urological management of this
clinically challenging condition. Patients and Methods: Fourteen patients were diagnosed with BK-Virus HC in our centre. The
mean age at diagnosis was 8.8 years (range, 3.2-18.4 years). The mean number of days post-BMT until onset of HC was 20.8
(range, 1 – 51). While all patients tested urine positive for BKV at the clinical onset of HC, only four patients had viral quantifi-
cation, with viral loads ranging from 97,000 to >1 billion/ml. 8 patients had clinical HC. Ten patients experienced acute GVHD
(grade I: 6 patients, grade II: 3 patients, grade 4: 1 patient). Results: Four patients received medical management for their HC.
Treatments included hyperhydration, MESNA, blood and platelet transfusion, premarin and oxybutynin (Table 6).  Two pa-
tients received both medical and surgical management which included cystoscopy with clot evacuation, bladder irrigation and
supra-pubic catheter insertion. One patient received exclusive surgical management. Seven patients were treated conservative-
ly. Conclusion: There is limited available evidence for other potential therapeutic strategies highlighting the need for more re-
search into the pathophysiology of HSCT-associated HC. Commonly used interventions with possible clinical benefit (e.g.
cidofovir, ciprofloxacin) still require to be evaluated in multi-centre, high-quality studies. Potential future preventative and
therapeutic options, such as modulation of conditioning, immunosuppression and engraftment, new antiviral and an-
ti-inflammatory and less nephrotoxic agents need to be assessed.

Keywords: Haemorrhagic Cystitis; Haemopoitic Stem Cell Transplant; Urological Management; Patient Outcome

Introduction
A significant number of children undergo haematopoietic
stem cell transplantation (HSCT) for a range of indications
each year. There are various side effects and complications

well understood, many of which occur secondary to immu-
nosuppression. Haemorrhagic cystitis (HC) is characterised
by haemorrhagic inflammation of bladder mucosa which
results in painful micturition associated with haematuria.
The clinical course of HC following HSCT can vary from
from mild and brief (Grade I) to severe, prolonged and
life-threatening (Grade IV).1, 2

Patients who develop HC following HSCT the onset have
either an early or late onset presentation. Early onset occurs
within days of transplantation and is associated with associ-
ated with conditioning regimen (chemotherapy or irradia-
tion). The late-onset form occurs post-engraftment and is
associated with the reactivation of urotropic viruses, princi-
pally BK virus, Adenovirus and CMV.3 In current literature,
numerous conditioning regimens have been used which in-
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clude of the initial use of less toxic conditioning regimens,
uroprotective antitoxic agents (e.g. MESNA)4 or
hyperhydration/forced dieresis regimens.5

A common theory for the onset of HC following HSCT indi-
cates the role of BK virus reactivation during the time of
maximal post-transplant immune suppression in the patho-
genesis of late-onset HC.6 We present our single centre ex-
perience in the urological (medical and surgical) manage-
ment of these patients with this clinically challenging and
difficult clinical diagnosis to manage.

Methods and Materials

The aim of this case series was to investigate the cases of all
children who underwent HSCT and developed BK-virus HC
as a complication, over a 6 year period (2004-2009) at New-
castle General Hospital (NGH). Those who developed
BK-virus positive HC following HSCT (n=14) were identi-
fied. Notes for all eligible children were sourced and data
retrieved on a number of variables: diagnosis necessitating
HSCT, date of HSCT, conditioning regimen, donor (whether
related and nature of relationship or unrelated), HLA match,
Adenovirus and CMV status both pre- and post-HSCT, Graft
versus Host Disease (GvHD) prophylaxis, number of days
post-HSCT of onset of GvHD, grade of maximal GvHD,
treatment of GvHD, number of days post-HSCT of onset of
HC, grade of HC, serial BK viral loads in both urine and se-
rum, surgical treatment of HC, medical treatment of HC,
serial CD45RA+ counts and eventual outcome. Data was
presented on an excel spreadsheet prior to analysis.

Indications for haematopoietic stem cell transplanta-
tion (HSCT)

Fourteen patients in total, ten boys and four girls, with a
mean age of 8.8 years underwent BMT on our unit between
2004 and 2009 and subsequently developed HC. There were
a range of indications. Four had chronic granulomatous dis-
ease and two had complex autoimmune disease.  The re-
maining nine patients presented with one of the following:
combined immune deficiency, familial
haemophagocyticlymphohistocytosis, idiopathic aplastic
anaemia, IPEX like complex autoimmune disease, previous
Wiskott Aldrich syndrome with chronic EBV, severe con-
genital neutropenia (HAX1 gene defect), severe periodic
syndrome, T-cell acute lymphoblastic lymphoma (Table 1).

Conditioning

Ten different conditioning regimens were used in our pa-
tients, almost all of them myeloablative (Table 2). Five re-
ceived busulfan, cyclophosphamide and campath.  One
received each of the following: cyclophosphamide only;
busulfan and cyclophosphamide; campath, fludarabine and
cyclophosphamide; campath, fludarabine and melphalen;
campath, fludarabine and treosulphan; cyclophosphamide,

rituximab and busulfan; melphalan, fludarabine and
campath; rabbit ATG, busulfan and cyclophosphamide;
treosulfan and cyclophosphamide.

TABLE 1: Indications for haematopoietic stem cell transplantation
(HSCT)

Diagnosis Number
of Patients

% ofSeries

Chronic granulomatous disease 4 26.8
Complex autoimmune disease 2 13.3
Combined immune deficiency 1 6.7

Familial
haemophagocyticlymphohistocytosis

1 6.7

Idiopathic aplastic anaemia 1 6.7
IPEX like complex autoimmune dis-

ease
1 6.7

Previous Wiskott Aldrich syndrome
with chronic EBV

1 6.7

Severe congenital neutropenia (HAX1
gene defect)

1 6.7

Severe periodic syndrome 1 6.7
T-cell acute lymphoblastic lymphoma 1 6.7

TABLE 2: Conditioning regimen
Conditioning Regimen Number of

Patients
% ofSeries

Busulfan, cyclophosphamide and
campath

5 33.5

Cyclophosphamide 1 6.7
Busulfan and cyclophosphamide 1 6.7

Campath, fludarabine and cyclophos-
phamide

1 6.7

Campath, fludarabine and melphalan 1 6.7
Campath, fludarabine and treosulphan 1 6.7

Cyclophosphamide, rituximab and
busulfan

1 6.7

Melphalan, fludarabine and campath 1 6.7
Rabbit ATG, busulfan and cyclo-

phosphamide
1 6.7

Treosulfan and cyclophosphamide 1 6.7

Donor Match

HLA matching was defined as 10/10 match (excluding
HLA-DP), where HLA class I was largely low resolution and
HLA class II high resolution typed. Except for one HSCT
(9/10 match – HLA-A mismatched, unrelated donor) all were
10/10 HLA matched (Table 3).

TABLE 3: Donor Match
Donor Match Number of

Patients
% of Se-

ries
Unrelated donor (9/10 match) 1 6.7
Fully matched sibling donor 4 26.8

Fully matched unrelated donor 8 53.6
Fully matched maternal donor 1 6.7
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CMV Status
Ten patients tested negative for CMV both pre and post
BMT. Two patients tested negative for CMV pre-BMT and
positive for CMV post-BMT. Two patients tested positive for
CMV pre-BMT and negative for CMV post-BMT. Two pa-
tients had post-transplant adenovirus infection (Table 4).

TABLE 4: CMV Status
CMV Status Pre- and Post- BMT Number of

Patients
% of Se-

ries
Negative pre and post 10 67

Negative pre, positive post 2 13.3
Positive pre, negative post 2 13.3

Results

The mean age at diagnosis was 8.8 years (range 3.2-18.4
years). The mean number of days post-BMT until onset of
HC was 20.8 (range 1 – 51). While all patients tested urine
positive for BKV at the clinical onset of HC, only four pa-
tients had viral quantification, with viral loads ranging from
97,000 to >1 billion/ml. 8 patients had clinical HC (Table 5).
Ten patients experienced acute GVHD (grade I: 6 patients,
grade II: 3 patients, grade 4: 1 patient).

TABLE 5: Grade of Hemorrhagic Cystitis
Grade of HC No of patients

0 4 (BKV viruria only)
I 4
II 2
III 1
IV 3

Grade6 Grading System for HC
Grade I Microscopic haematuria
Grade II Marcoscopichaematuria
Grade III Macroscopic haematuria with small clots
Grade IV Gross haematuria with clots causing urinary tract

obstruction requiring instrumentation for clot evacua-
tion

Four patients received medical management for their HC.
Treatments included hyperhydration, MESNA, blood and
platelet transfusion, premarin and oxybutynin (Table 6).
Two patients received both medical and surgical manage-
ment which included cystoscopy with clot evacuation, blad-
der irrigation and supra-pubic catheter insertion. One pa-
tient received exclusive surgical management (Table 7).
Seven patients were treated conservatively.

TABLE 6: Medical Management
Management Strategy Number of

Patients
% of

Series
Conservative management 7 46.9

Hyperhydration 4 26.8
MESNA 3 20.1

Blood and/or platelet transfusion 2 13.3
Premarin and oxybutynin 1 6.7

Table 7: Surgical Management
Management Strategy Number of

Patients
% of

Series
Cystoscopy and clot evacuation 2 13.3

Heparinised saline bladder irrigation 2 13.3
Supra-pubic catheter insertion 1 6.7

Outcome

Of the fourteen patients two died.  One died from multi
organ failure, sepsis, on the basis of chronic granulomatous
disease, with BMT cited in part II of the death certificate.
The other patient died from pulmonary haemorrhage,
pneumonia, also with underlying chronic granulomatous
disease, with BMT cited in part II of the death certificate.
The remaining twelve children survived to discharge and in
all cases but one the HC was self-limiting. Eleven went home
symptom free and one continued to have occasional macro-
scopic haematuria on discharge (Table 8).

TABLE 8: Final patient outcome
Number of

Patients
% of

Series
Full recovery 11 73.7

Died 2 13.3
Occassional macroscopic haematuria 1 6.7

Discussion

Post-engraftment HC tends to present within one month of
neutrophil engraftment, resulting in variable disease severity
and duration (one week to four months)7 suggesting multiple
contributing risk factors. A three-phase model for
post-engraftment HC has been suggested: uroepithelial insult
by chemotherapy and radiation providing a permissive envi-
ronment for virus replication (phase 1), reactivation second-
ary to immunosuppression (phase 2), and attack of infected
uroepithelial cells by donor lymphoid cells upon engraft-
ment, resulting in tissue destruction (phase 3)8. HLA and
immune response gene polymorphisms are also likely to play
a role in viral immune responses, as has previously been
demonstrated in BK-virus nephropath.9, 10

BK-virus

BK-virus is a member of the Polyomaviridae family and was
first described in 1971. It was isolated in cell culture from
the urine of an asymptomatic immunosuppressed patient.11

Primary infection with BK-virus usually occurs in childhood
and is generally asymptomatic. Thereafter, the virus lies
latent in the host. BK-virus is urotheliotropic, affecting epi-
thelia of renal calyces, renal pelvis, ureter and urinary blad-
der. The widespread frequency of BK-virus in children sug-
gests common routes of transmission such as respiratory or
faecalspread.6 Post HSCT HC with BK-virus is widely be-
lieved to result from reactivation of latent virus, although
new or reinfection has also been postulated.9, 12-14 Urinary BK
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viral load can be quantified by PCR and urinary BK viral
load peaks have been found to correlate with subsequent
development of HC.8, 15-17 Urine BK viral loads of >9 x 106

copies/ml and blood BK viral load >1 x 103 copies/ml are
predictive of HC in children, with a higher sensitivity for
urine monitoring.6

Incidence of BK-virus associated HCis varied across different
transplant populations, ranging from 3.6% to 20%, according
to definition of HC used.  A number of prospective and
retrospective case series have investigated risk factors for the
development of post-engraftment HC, including
myeloablative conditioning,18 unrelated donor trans-
plants,19-21 and Adenovirus and CMV infection.22-25 Demo-
graphic risk factors include male sex,23, 26 and age >10 years
27-30. GvHD is a consistent risk factor in paediatric 26, 28, 31,
mixed 21, 30, 34, and adult 20 study cohorts. Busulphan 21, 34 and
cyclophosphamide28, 35 conditioning which are important risk
factors for pre-engraftment HC, seem also to increase risk of
post-engraftment HC. Immunosuppressive therapies, in-
cluding T-cell depletion, ATG, methotrexate, cyclosporin
and tacrolimus all lead to a higher incidence of HC.21, 28, 29,

36-38

The management of paediatric patients with post-HSCT HC
is difficult.  The clinician is confronted with a condition
that is potentially life threatening with significant associated
morbidity.  The recent toxic insult, profound immunosup-
pression and co-morbidities such as renal impairment se-
verely restrict therapeutic options, however, a recent sys-
tematic review supports MESNA and hyperhydration as
medical preventative measures and use of recombinant Fac-
tor VII in the emergency treatment of acute haemorrhage
unresponsive to alternative interventions.6

Medical Urological Management

Hyperhydration with forced diuresis has been studied in the
context of pre-engraftment HC caused by the toxic metabo-
lites of cyclophosphamide or ifosfamide.  The uroprotective
effect of 2-mercaptoethane sodium (MESNA) as a
uroprotective antitoxic agent has been investigated as part of
high-quality chemotherapy drug trials, and also with regards
to efficacy, tolerability and safety compared with
hyperhydration5, 39 or prophylactic bladder irrigation.40 Re-
sults are equivocal, with only one trial reporting an ad-
vantage of MESNA over forced diuresis/hyperhydration.4
MESNA and hyperhydration appear to be equally effective
in preventing HC, although current studies do not distin-
guish between early and late onset HC, therefore the protec-
tive impact on post-engraftment, BK-virus associated HC
cannot clearly be determined.6

Recombinant activated Factor VII (rFVII) has a haemostatic
effect leading to formation of thrombin and a haemostatic
plug. rFVII was investigated in a randomised, place-
bo-controlled clinical trial.41 This study enrolled 100 pa-
tients aged >12 years with bleeding complications between

days 2-180 post-HSCT, 26 of whom had HC. rFVII was given
in 3 different doses (40, 80 and 160 μg/kg) as seven single
administrations over a 36 hour period, and compared with
placebo. Overall, a reduction of the bleeding score at end-
point (38h after first administration) was observed for 80
μg/kg, but not for 160 μg/kg. Six thromboembolic events,
including two deaths, were attributed to the study medica-
tion. A different dose regimen was used in a prospective case
series on patients with HC after high-dose chemotherapy.42

Seven adult patients received initial doses of 80 μg/kg, fol-
lowed by two further administrations of 120 μg/kg at 3-hour
intervals if bleeding persisted. Four patients had a complete,
and a further two had partial short lasting responses alt-
hough bleeding recurred to baseline within hours. Two fur-
ther small case series report doses of 100 and 400 μg/kg 43 and
90 and 270 μg/kg 44 to be effective in HC. As a standard rFVII
dose of 90 μg/kg costs around £4000 in the UK, treatments
according to the above study protocols would cost between
£12,000 (for three doses) and £28,000 (for seven doses),45

thereby limiting its use to the most severe of cases.

The evidence for other medical interventions commonly
used, and considered ‘conventional’ – systemic cidofovir,
oestrogen, hyperbaric oxygen therapy, bladder instillation
with alum, formalin or prostaglandins – have been reported
to have a weak evidence base, are potentially highly toxic, or
both.6

Hyperhydration was employed for three of our patients
(21%) with grades II, III and IV HC. MESNA was used for
one patient (7%) with grade II HC, and blood and platelet
transfusion, premarin and oxybutynin was employed for
another patient who also required surgical intervention with
bladder irrigation.

Surgical Urological Management

Grade III or IV HC with blood clots often requires surgical
intervention. Catheterisation with cystoscopic clot extrac-
tion may become necessary, and consideration should be
given to continuous bladder irrigation with normal saline for
prevention of clots and bladder tamponade, if required.6

HC can occasionally present so severe that it not only fails to
respond to conservative measures, but also puts a patient’s
life at risk due to uncontrollable haemorrhage or renal fail-
ure secondary to complete urinary tract obstruction.  Cur-
rent case literature indicates cystectomy as the final step in
the management of severe medically refractory HC.46

Whether a radical or subtotal cystectomy should be per-
formed depends largely on the policy of the unit. Preserva-
tion of the bladder neck has been recommended in children
because severe HC is improved by cystotomy, temporary
urinary diversion and bladder packing.47 Currently, subtotal
cystectomy with urethra and bladder neck preservation,
allowing subsequent reconstructive continent urological
surgery is the preferred option although experience is lim-
ited.6
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Other surgical management options including use of fibrin
glue, selective embolization, and intravesical hydrostatic
pressure have been reported to have a weak evidence base or
are associated with unacceptable risks.6

Catheterisation and bladder irrigation was only required for
two patients (14%) in the current case series population and
clot extraction for one patient (7%), indicating that the study
unit is adhering to current guidelines in managing
post-HSCT HC conservatively where possible, reserving
invasive, surgical treatment options only in cases of grade IV
HC refractive to simple treatment options.

Conclusion

Current guidance on management of post-HSCT HC advo-
cates the following 6 :

 Prevention by addressing known risk factors early, em-
ploying the best possible donor-recipient matching, us-
ing the least toxic conditioning regimen with
MESNA/hyperhydration, tight monitoring of viral titres
and prompt treatment of re-activation in the pe-
ri-transplant period, GvHD prevention and tightly
monitored immunosuppression.

 Optimal supportive treatment of manifest HC, with a
conservative approach wherever possible and accom-
panying further management if required: ensuring ap-
propriate hydration and maintenance of renal function,
haematological homoeostasis (preserving high platelet
counts, appropriate red cell counts and levels of clotting
factors), pain relief, catheterisation with cystoscopic clot
extraction and continuous bladder irrigation with nor-
mal saline for prevention of clots and bladder
tamponade, if necessary.

 Early and close collaboration between medical and sur-
gical teams in the management of these patients to co-
ordinate and optimise timing of necessary interventions.

 As post-engraftment HC is by nature a transient condi-
tion that resolves with immune reconstitution, the goal
is for a conservative approach avoiding measures that
may inflict long-term consequences on the patient.
Given the low grades of recommendation, any further
interventions would have to be considered on an indi-
vidual basis for a given clinical scenario, carefully bal-
ancing benefits and risks.

There is limited available evidence for other potential thera-
peutic strategies highlighting the need for more research into
the pathophysiology of HSCT-associated HC. Commonly
used interventions with possible clinical benefit (e.g.
cidofovir, ciprofloxacin) still require to be evaluated in mul-
ti-centre, high-quality studies. Potential future preventative
and therapeutic options, such as modulation of conditioning,
immunosuppression and engraftment, new antiviral and
anti-inflammatory and less nephrotoxic agents need to be
assessed.6
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Abstract
Purpose: Dose prediction accuracy of dose calculation algorithms is important in external beam radiation therapy. This study
investigated the effect of air gaps on depth dose calculations computed by collapsed cone convolution superposition (CCCS)
algorithm. Methods: A computed tomography (CT) scan of inhomogenous phantom (30 × 30 × 30 cm3) containing rectangular
solid-water blocks and two 5 cm air gaps was used for central axis dose calculations computed by CCCS in Pinnacle treatment
planning system. Depth dose measurements were taken using a cylindrical ionization chamber for identical beam parameters
and monitor units as in the depth dose computations. The calculated and the measured percent depth dose (PDDs) were then
compared. The data presented in this study included 6 MV photon beam and field sizes of 3 × 3 cm2, 5 × 5 cm2, 10 × 10 cm2, and
15 × 15 cm2. Results: The results of CCCS were within ±1.4% in the first water medium. However, upon traversing the first air
gap and re-entering the water medium, in comparison to the measurements, the CCCS under-predicted the dose, with differ-
ence ranged from -1.6% to -3.3% for 3 × 3 cm2, from -2.4% to -4.2% for 5 × 5 cm2, from -2.4% to -6.7% for 10 × 10 cm2, and
from -1.6% to -6.3% for 15 × 15 cm2. After the second air gap, the CCCS continued to under-predict the dose, and the difference
ranged from -3.2% to -3.9% for 3× 3cm2, from -2.4% to -5.6% for 5 × 5 cm2, from -2.3% to -6.0% for 10 × 10 cm2, and from
-1.5% to -5.6% for 15 × 15 cm2. Conclusion: The CCCS under-predicted the dose in water medium after the photon beam trav-
ersed the air gap. Special attention must be given during the patient set-up since large air gap between the patient body and
immobilization devices may lead to unacceptable dose prediction errors.

Keywords: Collapsed Cone Convolution Superposition; Heterogeneity Correction; PDD; Pinnacle; Dose Calculation

Introduction
The significant advances in external beam radiation therapy
(EBRT) such as beam delivery capabilities have improved the
dose conformity and distributions.1 The intensity modulation
radiation therapy (IMRT) is an example of EBRT that com-
bines several intensity modulated beams leading to the con-

struction of conformal dose distributions.2, 3 Most recently, a
novel radiation technique called volumetric intensity modu-
lated arc therapy (VMAT) was introduced.3, 4 The VMAT
systems can deliver a highly conformal radiation dose to the
target by allowing the simultaneous variation of gantry rota-
tion speed, dose rate and positions of multiple-leaf collima-
tors (MLC). 3, 4

Several authors have conducted the evaluation of dose cal-
culation algorithms for external beam radiation therapy.5-16

Rana et al.16 investigated the dose prediction accuracy of
Acuros XB algorithm and anisotropic analytical algorithm
(AAA) for different field sizes and air gap thicknesses. The
results from that study16 revealed that dose predictions errors
up to 3.8% for Acuros XB and up to 10.9% for AAA could
occur during radiation treatment. Furthermore, the study by
Rana et al.16 demonstrated the limitation of dose calculation
algorithms when treating a smaller size of tumor, especially
when larger air gaps are created by immobilization devices.
The motivation of our study was to further explore the dose
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prediction accuracy of different dose calculation algorithm
called collapsed cone convolution superposition (CCCS) al-
gorithm employed in ADAC Pinnacle3 3D treatment plan-
ning system v. 9.0 (Philips Healthcare, Andover, MA). In
this study, we used the similar methodology described by
Rana et al.16, but we investigated using two air gaps between
two solid-water materials. The evaluation of CCCS was done
by comparing the percent depth dose (PDD) calculated by
CCCS with the measured PDD.

Methods and Materials

This study utilized a 6 Megavoltage (MV) X-ray beam from
ElektaSynergy 1981 linear accelerator (Elekta AB, Stock-
holm). For all dose computations and measurements, the
source to surface distance (SSD) was kept at 100 cm.

Collapsed Cone Convolution Superposition Algorithm

The CCCS superposition model uses an algorithm in which
dose is computed from first principles, thereby accounting
for patient heterogeneity and other modifiers.17 This is done
by modeling the energy fluence of the beam exiting the gan-
try head, computation of the total energy released per unit
mass (TERMA) in the tissue volume, superposing the
TERMA with an energy kernel, and accounting for electron
contamination which is then added to the photon dose.17-19 A
detailed description on CCCS in provided elsewhere.19

Percent Depth Dose Calculation and Measurement

An inhomogeneous phantom (30 × 30 cm2, 30 cm deep)
composed of rectangular solid-water blocks and two 5 cm air
gaps [Figure 1] was manufactured and scanned using Siemens
Somatom Sensation Open CT (Siemens Medical Solutions
USA, Inc., Malvern, PA).

FIG. 1: Schematic diagram of an inhomogeneous phantom. The
bottom or fifth layer (water medium) was 10 cm in thickness,
whereas other four layers were each 5 cm in thickness.

The CT data set of phantom was transferred to the Pinnacle
TPS from which a 3D structure set was created. The central
axis depth dose calculations were then performed using
CCCS for open field sizes 3 × 3 cm2, 5 × 5 cm2, 10 × 10 cm2,
and 15 × 15 cm2, and for 100 monitor units (MUs). The dose
calculation grid size was set to 4 mm.

At selected depths in the water medium of inhomogeneous
phantom, measurements were performed using cylidnrical
ionization chamber (PTW TN30013, 0.6 cm3 sensitive vol-
ume) for identical beam parameters and same number of
MUs as in the depth dose calculations. The measurements at
each depth were repeated three times. The calculated and
measured depth doses were then normalized to the dose
obtained at the depth of 1.7cm. The difference (∆) between
percent depth dose (PDD) computed by CCCS and the
measured PDD was calculated by using Equation 1.

( ) 100d
CCCS MEASPDD

MEAS


  
Eq. 1

where, PDDd = percent depth dose at depth, d; CCCS = col-
lapsed cone convolution superposition; MEAS = measure-
ment.

Results

The measured PDDs and calculated PDDs are presented in
Figure 2 for field sizes 3 × 3 cm2, 5 × 5 cm2, 10 × 10 cm2, and
15 × 15 cm2.

First Water Medium

In the first water medium, the CCCS predicted the PDD
within ±1.4% of measured PDD. The highest dose prediction
error (up to -1.4%) was obtained for the smallest test field
size.

Second Water Medium

In the second water medium (i.e., after the first air gap), the
CCCS under-predicted the PDD at all depths for all four test
field sizes. Specifically, dose prediction errors ranged from
-1.6% to -3.3% for 3 × 3 cm2, from -2.4% to -4.2% for 5 × 5
cm2, from -2.4% to -6.7% for 10 × 10 cm2, and from -1.6% to
-6.3% for 15 × 15 cm2.

Third Water Medium

In the third water medium, the CCCS continued to un-
der-predict the PDDs at all depths for all test field sizes. Spe-
cifically, dose prediction errors ranged from -3.2% to -3.9%
for 3 × 3 cm2, from -2.4% to -5.6% for 5 × 5 cm2, from -2.3%
to -6.0% for 10 × 10 cm2, and from -1.5% to -5.6% for 15 ×
15 cm2.
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Discussion

In this study, dose calculation accuracy of CCCS has been
evaluated by comparing the calculated and measured PDD at
multiple depths in an inhomogeneous slab phantom con-
taining two air gaps. Although the CCCS had good agree-
ment with the measurement in the first water medium, the
results showed the limitation of CCCS in predicting doses in
second water medium (i.e., after the first air gap) as well as
in the third water medium (i.e., after the second air gap). As
the photon beam traverses the air gap, loss of lateral scatter
increases within the air gap, and this causes decreased scatter
dose contribution to the points along the central beam axis.
Furthermore, media of different density can cause the elec-
tronic disequilibrium at and near their heterogeneity inter-
face.5 Thus, dose discrepancies seen in the water media after
the air gaps may be due to improper beam modeling within
CCCS.

In this study, dose prediction accuracy of CCCS was investi-
gated using low-density medium only. However, in real clin-
ical situations, photon beams may also pass through the
high-density tissues/materials before reaching the target.
Future work involves the dosimetric evaluation of CCCS in
inhomogeneous phantom that is composed of high- and low
density materials such as bone and lung tissues. The limita-
tion of CCCS must be further investigated in different clinical

scenarios in order to avoid the dose overestimation or under-
estimation when CCCS is used for dose computations in ex-
ternal beam radiation therapy planning.

Conclusion

The results of this study showed that the CCCS un-
der-predicted the depth doses in the water medium after the
photon beam traversed the air gaps. Special attention must
be given during the patient set-up since large air gap be-
tween the patient body and immobilization devices may lead
to unacceptable dose prediction errors.
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Original Article
Abstract
Background and purpose: 3-dimensional conformal therapy (3DCRT) is widely employed radiation therapy technique for breast
cancer, but there is still need to minimize the doses to organ at risk (OAR) using 3DCRT. A few clinical studies have discussed
using intensity modulated radiation therapy (IMRT) to address this shortfall. Simultaneous integrated boost (SIB) has been used
in head and neck and prostate cancer, and there is a growing interest in using SIB for breast cancer too. This study aimed to
compare SIB-IMRT versus SIB-3DCRT for breast cancer patients. Materials and Methods: SIB-3DCRT treatment plans were
created for 36 consecutive patients. Dose was prescribed as 45 Gy in 25 fractions to the planning target volume (PTV)-1 and 60
Gy in 25 fractions to PTV-2. Treatment plans were normalized to 95% of PTV volume receiving 95% of the prescription dose.
The conformity index (CI), homogeneity index (HI), lung dose, heart dose, left anterior descending artery(LAD) dose, and low
dose volume and integral dose of normal healthy tissue were recorded and analyzed. Results: With the use of IMRT technique,
there was an improvement in CI (0.14) when compared to CI of 3DCRT (0.18; p = 0.01). However, there was no significant dif-
ference in the HI (p = 0.45). On average, the V20Gy of ipsilateral lung was 37.9 % for 3DCRT and 22.4 % (p < 0.01) for IMRT,
whereas the V20Gy of total lung (ipsilateral + contralateral) was 21.8% for 3DCRT and 12.14 (p < 0.01) for IMRT. Similarly, aver-
age V40Gy of heart was 7.5 % for 3DCRT and 2.13 % (p = 0.01) for IMRT. The LAD maximum dose to left side breast patients, on
average, was 39.5 Gy for 3DCRT and 29.17 Gy (p = 0.03) for IMRT. The average number of monitor units was about 180 for
3DCRT and 1441 (p < 0.01) for IMRT. Conclusion: IMRT for breast cancer treatment is feasible. In comparison to 3DCRT,
IMRT can reduce the maximum dose to the target volume, and dose to the OAR. However, 3DCRT technique is superior in
terms of low dose volume, integral dose, and treatment time. With the use of breath-hold gated technique in IMRT, it can fur-
ther improve the target coverage and reduction of doses to the heart, lung, and LAD. SIB technique could reduce the overall
treatment duration by about one week.

Keywords: Intensity Modulated Radiation Therapy, Three Dimensional Conformal Radiotherapy, Simultaneous Integrated
Boost, Breath-Hold, Technique, Breast Cancer

Introduction
Breast cancer is the most common malignancy in women.
Radiotherapy is an integral part of breast cancer manage-
ment either in breast conservation surgery (BCS) or in post

mastectomy cases. Many prospective studies have shown
that adjuvant radiotherapy improves local control and sur-
vival rate in breast cancer patients after surgery.1 During
earlier days of radiotherapy, opposed wedged fields with half
beam block was considered as the standard radiation therapy
technique. In the last decade, an introduction of linear ac-
celerators has made 3-dimensional conformal radiotherapy
(3DCRT) as a standard treatment technique, which can
re-duce the doses to the lung, heart, and other critical struc-
ture doses in the breast cancer treatment. However, using
3DCRT, it is not always possible to achieve adequate normal
tissue sparing, especially when treating left side chest wall
patients. This is mainly due to overlying concave shape of
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the target, which can result more doses to adjacent structures
such as heart and lung. Hong et al.2 compared intensity
modulated radiation therapy (IMRT) with 3D conformal
tangential wedged beams, and showed the reduction of dose
to the coronary arteries, contra lateral breast, ipsilateral lung,
and surrounding soft tissues using IMRT. By modulating
photon beam, it is possible to obtain concave and convex
shape dose distributions with IMRT, and it has the ability to
conform radiation dose to irregular target volumes sparing
the underlying critical structures resulting in better tumor
control probability (TCP) and reduced normal tissue com-
plication probability (NTCP). The main purpose of this study
was to further evaluate normal tissue sparing and dosimetric
analysis of simultaneous integrated boost (SIB)-3DCRT and
SIB-IMRT in breast patients, with focus on breath-hold gat-
ed technique.

Materials and Methods

In this retrospective treatment planning study, we used
computed tomography (CT) data of 36 consecutive patients
with breast cancer post lumpectomy (18 left sides and 18
right sides), and all patients were treated with respiratory
gated technique for breast radiotherapy.

CT Simulation
All 36 patients were simulated using 4D CT scanner (Philips
Medical Systems, Andover, MA, USA) with whole-body
Vaclok (Civco Medical Solutions, Iowa, USA) immobilization
system. Patients were positioned on a wide bore CT-SIM
couch with the help of lasers, and both arms of the patient
were raised above patient’s head. Furthermore, radio opaque
markers were placed during the immobilization procedure to
guide the isocenter shift. For all the patients, CT scans imag-
es were obtained from mandible to upper abdomen area with
intravenous contrast, and CT scans were obtained using slice
thickness of 5 mm. Prior to CT simulation, patients were
given training on breath-hold technique.

Target Delineation and Dose Prescription
After the CT simulation, the Digital Imaging and Communi-
cations in Medicine (DICOM) images were transferred to
Eclipse treatment planning system (TPS) (version 10.0.34,
Varian Medical Systems, Palo Alto, California, USA). Clinical
target volume (CTV), planning target volume (PTV) and
Organ at Risk (OAR) volumes were delineated on the axial
CT slices. The lumpectomy gross tumor volume (L-GTV) was
contoured using all available clinical and radiographic in-
formation including the excision cavity volume, architectur-
al distortion, lumpectomy scar, seroma and/or extent of sur-
gical clips.

CTV1 included the palpable breast tissue demarcated with
radio opaque markers at CT simulation. The apparent CT
glandular breast tissue visualized by CT, consensus defini-
tions of anatomical borders, and the lumpectomy CTV from

the RTOG breast cancer atlas. The breast CTV is limited
anteriorly within 3 mm from the skin and posteriorly to the
anterior surface of the pectoralis, serratous anterior muscle
excluding chest wall. PTV was created by 3D expansion of
CTV1 by 7 mm. CTV2 was created by 1 cm 3D expansion
from L-GTV and was limited posteriorly at anterior surface
of the pectoralis and antero-laterally 3 mm from skin. PTV2
was created by 7 mm 3D expansion of CTV2. The normal
structures were contoured as ipsilateral lung, contra lateral
lung, contra lateral breast, heart, left anterior descending
(LAD) artery, spinal cord, esophagus, trachea, humerus head,
and liver. Dose prescription was applied per International
Commission on Radiological Units and Measurements
(ICRU) 50 and 62.3, 4 Specifically, dose was prescribed as 45
Gy in 25 fractions (1.8Gy/fraction) to the PTV-1 and 60 Gy
in 25 fractions (2.4Gy/fraction) to PTV-2.

Treatment planning
For treatment planning, 6 mega-voltage (MV) X-rays from
Clinac 600CD linear accelerator (Varian Medical Systems,
Palo Alto, California, USA) integrated with 120 leaves mil-
lennium multi-leaf collimator (MLC) was used. For the dy-
namic IMRT plans, 7 non-coplanar beams were used to
achieve the minimum criteria of 95% of the volume received
95% of the prescribed dose. The treatment fields were almost
evenly spaced within an arc of 1800 on the side of the tumor.
Gantry angles ranged from 3300 to 1500 (clockwise) for the
left side tumors and from 500 to 2100 (counterclockwise) for
the right side tumors. In Eclipse TPS, the IMRT plans were
created with inverse plan optimization, and the algorithm
used was Dose Volume Optimizer (version 10.0.28). For the
dose calculation, pencil beam convolution (PBC) algorithm
(version 10.0.28) was used, and leaf motions were calculated
with leaf motion calculator (LMC) algorithm (version
10.0.28). Heterogeneity correction was done using modified
Batho method in the Eclipse. For plan optimization, OAR
dose constraints were given as ipsilateral lung V20 < 30 %,
heart V30, V40, and mean dose as low as possible, con-
tra-lateral breast mean dose less than 5 Gy, and spinal cord
maximum point dose less than 40 Gy. For the 3DCRT
plans, 4 to 6 non-coplanar beams were used to produce ade-
quate dose coverage for the PTV. Critical organs were
shielded using MLC without compromising PTV coverage.
Beam weights were adjusted until the optimum coverage and
acceptable hot spots were achieved. Additionally,
field-in-field was created to reduce hotspot equal to or lower
than 110% as well as to improve the target coverage and
homogenous dose distribution in the PTV.

Plan evaluation
Dose-Volume Histograms (DVH) was used to analyze the
volume receiving 20 Gy, 30 Gy and 40 Gy, mean, maximum
and minimum doses. The target dose uniformity and con-
formity were calculated and evaluated. Different scoring
indices were given by various authors.5-7 In this study, we
have followed indices defined by ICRU 83. 8
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The conformity index (CI) as defined in ICRU 83 is

ref

Volume of PTV covered by the reference dose
CI = Eq. 1

Volume of PTV

CI = 1.0 is ideal value

The Homogeneity Index (HI) as defined in ICRU 83 is

2 % 98 %

5 0%

Eq. 2
D  D

HI
 D




Where, D 2%, D 98%, D 50% is dose received by 2%, 98%, 50%
volume. HI = 0 (Zero) is ideal value. Also, to illustrate the
low dose volume effect, V5Gy volume and integral dose were
calculated for normal healthy tissue.

Integral Dose = Mean Dose (Gy) × Volume (Cm3) Eq. 3

Statistical Analysis
Statistical Analysis was performed using the Wilcoxon
Signed Rank test. This matched pair t test was applied to
determine the statistical difference between the
dose–volume data for IMRT versus 3DCRT. The values are
reported in ranges. The reported p value is two tailed, and p
values of < 0.05 are considered statistically significant.

Results and Discussion

Dose volume histograms of the normal tissues of both the
plans (IMRT and 3DCRT) are presented in Table 1. The
normalized target coverage of both treatment methods is
presented in Table 2 and Table 4. The PTV mean dose for
3DCRT is 47.10 Gy compared to 45.88 Gy (p < 0.01) with
IMRT. The dose distribution in axial sections is shown in
Figures 1 and 2. These axial sections clearly show that con-
cave PTV coverage and exclusion of LAD during optimiza-

tion by IMRT. Also, previous studies have reported lower
doses to the ipsilateral lung, contra lateral lung, contra lateral
breast, heart, and LAD doses using IMRT technique.10, 11

3D conformal plans using asymmetric jaw and field-in-field
technique provides better coverage than a conventional
physical wedged –half beam blocked or physical
wedged-asymmetric fields. Furthermore, physical wedge has
limitation in field width and lengths. With 3DCRT, the hot
spots occurred in superficial skin surface, but IMRT exhibit-
ed better control in shifting the hot spots, with a possibility
of keeping dose to the skin equal to or less than the prescrip-
tion dose.

Dose homogeneity and conformity
The use of equally spaced gantry angles improved homoge-
neity and conformity indices as well as reduced the volume
of critical normal tissues such as the heart and ipsilateral
lung receiving a high dose as shown by Hong et al. 2. In this
study, we used equally spaced beam angles for both the
IMRT and 3DCRT plans, and the average target maximum
dose was lower with IMRT; however, it was not statistically
significant. Although the mean breast volume in our study
was 1221 cc, which is relatively higher compared to the lit-
erature 12, we were able to demonstrate optimized coverage
and reduced dose to the critical organs.

The inverse-planning IMRT further reduced hotspots mainly
due to beam modulation during optimization compared to
3DCRT, where beam modulation is not available. Previous
planning studies13,14 with multiple fields showed the
PTV-95% coverage values ranging from 90% to 97 %,
whereas all our optimized plans had the PTV-95% coverage
values of >95% of prescription dose. With the use of IMRT
technique, our data showed that there is a consistent im-
provement in conformity index from 0.18 for 3DCRT to 0.15
for IMRT (p=0.01). However, there was no significant dif-
ference (p = 0.45) when HI of 3DCRT was compared to that
of IMRT.

TABLE 1: Comparison of normal tissue dose volume parameters for
Respiratory Gated IMRT and 3DCRT  breast cancer patients (Statis-
tics based on Wilcoxon Signed Rank Test). The values are averaged
over 36 analyzed patients.

Organ Parameter SIB-3DCRT SIB-IMRT

Ipsilateral lung
V20Gy (%) 37.9 22.4
V30Gy (%) 32.24 16.08

Mean (Gy) 20.29 16.51
Heart V40Gy (%) 7.5 2.13

Both Lung V20Gy (%) 21.8 12.14
LAD Max. Dose (Gy) 39.5 29.17

TABLE 2: Comparison of planning target volume (PTV1) coverage
parameter for Respiratory Gated IMRT and 3DCRT breast cancer
patients (Statistics based on Wilcoxon Signed Rank Test). The values
are averaged over 36 analyzed patients.

PTV 1 Parameter SIB-3DCRT SIB-IMRT p
Minimum Dose (Gy) 24.07 32.03 <0.01
Maximum Dose (Gy) 51.97 59.68 <0.01

Coverage (%) 96.8 98.22 <0.01
Conformity Index 0.18 0.14 0.01

Homogeneity Index 1.03 1.01 0.45
Mean Dose (Gy) 47.1 45.88 <0.01
Mod Dose (Gy) 49.12 48.92 0.32

Median Dose (Gy) 50.5 48.8 <0.01
Stnd. Deviation(Gy) 6.35 4.17 <0.01

V50Gy (%) 48.69 29.83 <0.01
V55Gy (%) 30.7 11.29 <0.01
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FIG. 1: Axial slice showing dose distribution in 3DCRT plan. The
3DCRT was unable to exclude LAD while covering the concave
target, and increased dose to the heart and lung was noticed.

TABLE 3: Comparison of MU, ID and V5 parameter for Respiratory
Gated IMRT and 3DCRT breast cancer patients (Statistics based on
Wilcoxon Signed Rank Test). The values are averaged over 36 ana-
lyzed patients.

Parameter SIB-3DCRT SIB-IMRT p
Monitor Units 180 1441 <0.01

Integral Dose (Gy-Cm3) 145210 197428 <0.01
V5Gy (%) 18.89 30.61 <0.01

TABLE 4: Comparison of planning target volume (PTV2) coverage
parameter for Respiratory Gated IMRT and 3DCRT breast cancer
patients (Statistics based on Wilcoxon Signed Rank Test). The values
are averaged over 36 analyzed patients.

PTV 2 Parameter SIB-3DCRT SIB-IMRT p
Minimum Dose (Gy) 56.41 53.9 <0.01
Maximum Dose (Gy) 64.9 64.01 <0.01

Coverage (%) 98.3 99.77 0.13
Conformity Index 0.12 0.08 0.01

Homogeneity Index 1.02 1.01 0.11
Mean Dose (Gy) 61.1 61.72 0.13
Mod Dose (Gy) 61.17 62.13 <0.01

Median Dose (Gy) 61.99 62.45 <0.01
Stnd. Deviation(Gy) 1.5 1.21 0.01

TABLE 5: Comparison of Non-Gated IMRT with respiratory Gated
IMRT (mean) breast cancer patients (Statistics based on Wilcoxon
Signed Rank Test). The values are averaged over 36 analyzed patients.

Parameters Non-Gated
SIB-IMRT

Gated
SIB-IMRT

p

LAD-Maximum Dose 35.62 Gy 29.17 Gy <0.01
Heart -V30Gy 9.27 % 5.91 % <0.01

Ipsilateral Lung-V20Gy 30.2 % 22.4 % 0.03
PTV -95% of prescription 96.81% 98.22 % <0.01

In patients with breast cancer, it is intended that the irradi-
ated heart volume be minimized to the greatest possible de-
gree without compromising the target coverage. The risk of
pericardial events is probably related to both dose and vol-

FIG. 2: Axial slice showing dose distribution in IMRT plan. The
IMRT was able to exclude LAD while covering the concave target,
and decreased dose to the heart and lung was noticed.

ume of radiation. The incidences of pericardial disease de-
crease with the use of sub cranial blocking the major ventri-
cles at 30 Gy. Stewart et al. 15 concluded that the dose should
be limited to 60 Gy for less than 25% of cardiac volume and
45 Gy for more than 65% of cardiac volume.

In patients with breast cancer, it is intended that the irradi-
ated heart volume be minimized to the greatest possible de-
gree without compromising the target coverage. The risk of
pericardial events is probably related to both dose and vol-
ume of radiation. The incidences of pericardial disease de-
crease with the use of sub cranial blocking the major ventri-
cles at 30 Gy. Stewart et al. 15 concluded that the dose should
be limited to 60 Gy for less than 25% of cardiac volume and
45 Gy for more than 65% of cardiac volume.

In our study the heart V40Gy was significantly lower in IMRT
than in 3DCRT (p < 0.01), especially for left sided breast
cancer patients, with mean heart V40 Gy of 7.5% for 3DCRT
versus IMRT as 2.13% (p = 0.01). Gagliardi et al.16 reported
that CAD risk was much reduced at doses less than 30 Gy.
Mean values of V30Gy were <5% for IMRT compared with
studies17 reporting V30Gy values in the range of 2% to 5%.
Increased cardiac mortality risk associated with left side
breast patients in the long term was reported by multiple
authors.16, 18, 19 The advancement in treatment techniques
such as IMRT has enabled to reduce cardiac exposure, and
steady decline of radiation risk is being noticed.20 Further-
more, Boivin et al.21 noted that the anteriorly placed coro-
nary arteries were more often affected by radiation therapy
(compared with the circumflex artery). In our study, mean
LAD maximum dose was 39.5 Gy for 3DCRT and 29.17 Gy
for IMRT (p = 0.03).

Lung dose
The occurrence of radiation pneumonitis (RP) is related to
the ipsilateral lung volume irradiated.22 In our study, the
ipsilateral lung V20Gy for IMRT (22.4%) is significantly less
than that for 3DCRT (37.9%; p < 0.01). Ipsilateral lung mean
dose was also higher in 3DCRT (20.29 Gy) compared to the
one in IMRT (16.51Gy) (p < 0.01). Both the lung V20Gy and
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mean dose were significantly lower in IMRT than in 3DCRT
(p < 0.01). Contra lateral lung V5Gy and mean dose of both
the plans showed no significant differences. The mean lung
doses (MLD) of both lung were higher compared to the re-
port from Marks et al.23, and this may be due to larger breast
volumes in our study. Since there is no absolute safe MLD
below which there is no pneumonitis, the clinically accepta-
ble risk of RP depends on the risk-benefit ratio of the indi-
vidual patient selection basis.

Secondary malignancy
The IMRT plans contributed a modestly higher dose to adja-
cent healthy soft tissues. In our study, the mean V5Gy volume
for 3DCRT was much lower than that of IMRT. The main
concern with healthy tissue dose increases of this magnitude
is an increased risk of late second malignancy.24, 25 Some in-
vestigators suggest that IMRT might increase the incidence
of secondary cancer from 1% in conventional planning to
1.75% in IMRT planning for patient’s surviving 10 years.24

Furthermore, the treatment Monitor Unit (MU) was signifi-
cantly higher in IMRT technique. The monitor unit for
IMRT is 6-8 times more than 3DCRT is a concern.24, 26, 27 This
in turn shows that the integral dose would be higher.
Pirzkall et al. 28 studied that the integral dose for IMRT was
higher than conventional treatment. Similar observation was
made in our study as integral dose for IMRT was 22% higher
than that for 3DCRT. This higher integral dose was probably
due to increased number of beams used in IMRT than in 3D
CRT, thus involving larger volume of healthy tissue during
IMRT plan optimization. Modulation of beams also increases
the treatment time during treatment delivery. Furthermore,
the leakage and scatter dose to non-target tissue of the pa-
tients will be proportional to the number of monitor units
used. Few studies 13, 29 have found to have increased low dose
volumes with increasing beam angles.

High integral dose attributed to second malignancy, which is
likely to be of greatest concern in younger women and in
patients with a low risk for systemic relapse that are likely to
live for many years after the diagnosis of breast cancer.27

There have been reports24 suggesting that adjuvant radiation
therapy for breast cancer may increase the risk of lung can-
cer and angiosarcoma. The risk of sarcoma in the treated
volume is likely to be similar with IMRT or standard tech-
niques, but it is possible that second primary lung cancers
might be increased by IMRT, especially if the woman is a
smoker.27 Therefore, individual assessment of treatment
volume goals and longevity of patients with and without
radiation therapy is necessary in order to balance the short
to medium-term benefits of reducing the volume of critical
structures, especially heart and lung, receiving higher radia-
tion dose.

Respiratory gating
Organ motion during the IMRT treatment has been ac-
counted for using real-time position management (RPM;

Varian Medical System, Palo Alto, California, USA). The
RPM system supports automatic on and off triggering of ra-
diation beam during the treatment. The marker position
approximates identical and in-phase alignment of breast and
marker motion. Due to breathing motion, the PTV may
move outside the external contour as defined on the plan-
ning CT and result in a geographic miss of the target. Alt-
hough the geometric uncertainties and intra fraction move-
ment are taken into account on PTV margin, but the breast
is a superficial organ and often the CTV will extend to the
skin surface. In these cases, the restriction of the PTV to 3
mm from the skin surface will not provide an adequate mar-
gin for intra-fraction breathing motion.29-33 The main con-
cern would be the CTV being under-dosed. In order to use
gating, the PTV motion must be in phase with the breathing
cycle or must at least be able to be predicted from the
breathing cycle using technology such as RPM. Conformal
blocking and breath-hold techniques can essentially elimi-
nate the heart from the primary beams. Historically, whole
heart doses up to 30 Gy were reasonably well tolerated. 34-36

Conclusion

IMRT for breast cancer treatment is feasible. In comparison
to 3DCRT, IMRT reduced the maximum dose to the target
volume, and dose to OAR was reduced too. However,
3DCRT technique was superior in terms of low dose volume
of normal tissue, integral dose, and treatment time. Conse-
quences of these low doses would have to be weighed against
the benefits of reducing high doses on individual patient
selection basis. With the use of breath-hold gated technique
in IMRT, it can further improve the target coverage and
reduction of doses to the heart, lung, and LAD. SIB tech-
nique could reduce the overall treatment duration by about
one week.
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Review Article
Abstract
Lung cancer is the most common cause of cancer death in the western world for both men and women. Lung cancer appears to
be a perfect candidate for a screening program, since it is the number one cancer killer, it has a long preclinical phase, curative
treatment for the minority of patients who are diagnosed early and a target population at risk (smokers) and it is also a major
economic burden. The earliest approaches to identifying cancer markers were based on preliminary clinical or pathological
observations, although molecular biology is a strong candidate for occupying a place among the set of methods. In search of
markers, several alterations, such as mutations, loss of heterozygosity, microsatellite instability, DNA methylation, mitochon-
drial DNA mutations, viral DNA, modified expression of mRNA, miRNA and proteins, and structurally altered proteins have all
been analysed. MicroRNAs (miRNA) are small RNA molecules, about 19-25 nucleotides long and encoded in genomes of plants,
animals, fungi and viruses. It has been reported that miRNAs may have multiple functions in lung development and that aber-
rant expression of miRNAs could induce lung tumorigenesis. We review here the role of miRNAs in lung tumorigenesis and
also as a novel type of biomarker.

Keywords: Lung Cancer, MicroRNA, Biomarker, Tumorigenesis

Introduction
Lung cancer is the most common cause of cancer death in
the western world for both men and women.1 Each year the
number of lung cancer deaths is greater than the number of
deaths from breast, prostate and colorectal cancer com-
bined.2 In 2007, estimates calculated 213,380 new cases of
lung cancer and 160,390 deaths, accounting for 15% and
29%, respectively, of all cases of cancer.2 Clinically, lung
cancer can be divided into 2 groups: small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC), which of-
ten have different specific genetic alterations.3 Approxi-
mately 75% of lung tumours are NSCLC, which includes
squamous cell carcinoma, adenocarcinoma and large cell

carcinoma.1 SCLC is characterized by its rapid growth, early
dissemination and chemosensitivity andradiosensitivity.4

Over 80% of lung cancers are attributable to cigarette smok-
ing5, with a risk directly proportional to consumption. Thus,
cessation of smoking remains the single most important in-
tervention for lung cancer prevention: recently some pro-
gress has been made by the introduction of smoking bans in
public places throughout Europe. Although the exposure to
tobacco carcinogens is known to be the main risk factor for
lung cancer, only a minority of heavy smokers will develop
this disease6, suggesting environmental or genetic determi-
nants in disease initiation and progression. Thus, in-
ter-individual differences in carcinogen metabolism may
play an essential role in the development of this environ-
mental cancer.7 In addition, with the increasing incidence of
non-smoking-related lung cancers, particularly in women,
the identification of high-risk groups among non-smokers
will be an important challenge.8

Whereas screening the general population has been recom-
mended for other common cancers, including breast, colo-
rectal and possibly prostate cancer, no such recommendation
currently exists for lung cancer.9 Only between 10-16% of
lung cancer patients survive more than 5 years.2 The dismal
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prognosis of lung cancer is largely related to the fact that this
tumour is generally diagnosed at a late stage. However, out-
come is significantly better in patients diagnosed early, with
the 5-year survival rate of stage 1 lung cancer at 60-70%.10

Early detection of lung cancer could change disease outcome,
although current diagnostic tools are either too costly or not
sensitive enough to allow early detection.11, 12 For all these
reasons, it is essential to develop an effective screening regi-
men for this disease.

Lung cancer appears to be a perfect candidate for a screening
program, since it is the number one cancer killer, it has a
long preclinical phase, curative treatment for the minority of
patients who are diagnosed early and a target population at
risk (smokers) and it is also a major economic burden.

Molecular markers

The progression from pre-neoplasia to cancer is accompanied
by the accumulation of genetic and epigenetic alterations.
These lead to altered expression patterns and modifications
in protein structure and function. The changes can be used
as molecular tumour markers, being useful in: a) characteri-
zation of a predisposition or genetic susceptibility to suffer-
ing neoplasia; b) detection of cancer at early stages or
pre-malignant phases; c) the evaluation of disease outcome;
d) monitoring of disease progression; and e) determination of
response to therapy, so favouring a better choice of therapy
for each patient.

Currently, the diagnostic tools for lung carcinoma are: chest
X-ray, computed tomography (CT), cytological analysis of
sputum and bronchoalveolar lavage fluid, and spiral CT,
among others. However, to develop more strategies, diagno-
sis, prognosis and treatment need to be improved. The goal
of clinical and potential molecular markers is to develop a
clinical screening test that would be useful and practical in
clinical practice, complementing the use of imaging modali-
ties such as spiral CT.

The earliest approaches to identifying cancer markers were
based on preliminary clinical or pathological observations13,
although molecular biology is a strong candidate for occu-
pying a place among the set of methods. In search of mark-
ers, several alterations, such as mutations, loss of heterozy-
gosity, microsatellite instability, DNA methylation, mito-
chondrial DNA mutations, viral DNA, modified expression
of mRNA, miRNA and proteins, and structurally altered
proteins have all been analyzed. High-throughput screening
approaches that analyze expression patterns of several genes
and proteins have been used to search for cancer-associated
molecules.13 In lung carcinomas several alterations have been
found, such as KRAS mutated in approximately 30% of
cases14, over-expression of C-erbB2 (Her-2/neu) or BCL2 in
25% of cases14 and DLC1 (deleted in lung cancer 1) altered in
27% of primary NSCLC.15

In clinical practice, there are several molecular tumour
markers used for screening in some tumour types, such as
serum carcino-embryonic antigen (CEA) in colorectal can-
cer16 and prostate-specific antigen (PSA) in prostate cancer.17

However, these markers are not very sensitive in premalig-
nant or early stages or are not specific to malignancy. For
most other types of cancer, such as early-stage lung cancer,
there are no molecular markers available in clinical practice.

Although many effective cancer therapies have recently
been developed, there are only a few molecular markers that
are available at present for determining treatment response.
For example, breast cancer cells that express high levels of
the tyrosine receptor kinase are more likely to respond to
trastuzumab.18 In lung cancer, the ability to predict re-
sponses to chemotherapy or targeted agents is extremely
limited and is based on tumour histology alone. Therefore,
we are unable to identify a priori the right treatment regi-
men for each tumour. Appropriate molecular markers could
predict response to specific treatments. An example is the
use of epithelial growth factor tyrosine kinase inhibitors
(EGFR-TKIs) in lung cancer.19 Although more studies are
necessary, it has been described that a series of mutations in
EGFR makes tumours highly sensitive to this form of ther-
apy. Thus, detection of these mutations could identify a
group of patients who derive great benefit from EGFR-TKI
therapy.19 Another example is the use of molecular markers
in relation to cisplatin treatment. Only a proportion of lung
cancer patients will respond to this chemotherapy treatment,
whose adverse side-effects are significant. Cisplatin needs to
bind to DNA, creating platinum-DNA adducts, which can be
repaired by nucleotide excision. Patients with completely
resected NSCLC and ERCC1-negative tumours (enzyme with
central role in DNA repair) appear to benefit from adjuvant
cisplatin-based chemotherapy, whereas patients with
ERCC1-positive tumours do not.20

microRNAs as molecular markers

MicroRNAs (miRNA) are small RNA molecules, about 19-25
nucleotides long and encoded in genomes of plants, animals,
fungi and viruses.

miRNAs constitute a highly conserved class of naturally oc-
curring non-coding single-stranded RNA molecules, which
function as post-transcriptional negative gene regulators of
complementary target mRNAs. Although they may differ in
distinct organisms, the basic process involves a transcription
of dsRNA that is processed into shorter units that mediate
target recognition in a sequence-specific manner (Table 1).21

It has been calculated that between 74% and 92% of the
gene transcripts are probably under miRNA control.22, 23
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TABLE 1:Main Studies that have investigated miRNA in lung cancer

Yanaihara et al. Cancer Cell. 2006
Lu et al. Proc Am Thorac Soc. 2008
Fabbri et al. Proc Natl Acad Sci. 2007
Inamura et al. Lung Cancer. 2007
Yu et al. Cancer Cell. 2008
Fagi F. Thorac Surg Clin. 2012
Rabinowits et al. Clin Lung Cancer. 2009
Hu et al. J Clin Oncol. 2010
Hennessey et al. PLoS One. 2012
Bianchi et al. E cancer medical science. 2012
Matsubara et al. Oncogene. 2007
Shen et al. Lab Invest. 2011
Rani et al. Cancer Biol. Ther. 2013
Xu et al. Clin Transl Oncol. 2013
Zhang et al. Med Oncol. 2013

miRNAs are specifically expressed or greatly enriched in a
particular organ, implying an organ- or tissue-specific func-
tion. Furthermore, expression profiles of miRNAs in mice
and human lung are very similar, indicating evolutionary
conservation of miRNA expression.24, 25 It has been reported
that lung is one of the tissues with the most abundant ex-
pression of miRNA let-7.26

mRNA
degradation

Inhibition
of translation

miRNA (gen)

Pri-miRNA Pre-miRNA

miRNA

There are several human diseases, such as spinal muscular
atrophy, Parkinson’s disease, fragile X mental retardation or
DiGeorge syndrome, in which miRNAs or their processing
might be involved.27-29 Among human diseases, it is
well-known that miRNAs are aberrantly expressed in nu-
merous human cancers, including colon, breast, ovarian,
prostate and lung cancer30, 31 (Figure 1). Moreover, since a
single miRNA may have as many as a few thousand target
genes with different biological entities, the data obtained
from miRNA profiling may provide information that can be
used to classify more accurately the different cancer subtypes
described to date. Besides regulating the expression of
known oncogenes and tumour suppressors, miRNAs also act
as oncogenes and tumour suppressors directly, which pro-
vides an apparent connection between the altered expression
of miRNAs and cancer development. Thus,
miRNA-expression profile of human tumours is closely asso-
ciated with diagnosis, staging, progression, prognosis and
response to treatment.31-33

In the case of lung cancer, it has been reported that miRNAs
may have multiple functions in lung development and that
aberrant expression of miRNAs could induce lung tumori-
genesis.34, 35 Moreover, as mentioned above, the different
expression profiles of miRNAs between normal lung and
lung cancer has led to their emergence as a novel type of
biomarker. This may be helpful for lung cancer diagnosis and
therapy using miRNAs as novel therapeutic targets.36, 37

The current diagnostic tools available for lung cancer often
lack sensitivity and the ability to distinguish different lung
cancer subtypes, such as NSCLC and SCLC or adenocarci-
noma and squamous cell carcinoma.38, 39 In this respect, the
applicability of miRNA-based biomarkers may improve
methodology for both sensitivity and specificity. Differently
expressed miR-29 (a, b and c), miR-99b, miR-102, let-7a-2
and let-7f-1 have been used to discriminate histological types
of lung carcinomas.32, 40 As well as data strongly supporting
the view that miRNAs work as biomarkers for differentiating
lung cancer, the expression of miRNA signatures has been
linked to the prognosis of lung cancer. Deregulated expres-
sion of the let-7 family has been frequently described in dif-
ferent analyses of miRNA expression signatures in lung can-
cer. The decrease in the let-7 family is associated with worse
prognosis and shortened survival, which supports the view
that it has a tumour suppression function.41-43 Deregulated
miRNA has been also related with lymph node metastasis
and advanced clinical stage.44

Talking about EGFR-TKIs, we know that patients with acti-
vating EGFR mutations eventually develop resistance to this
drugs. It is thought that a secondary mutation in the EGFR
gene, such as T790M, or amplification of the MET
proto-oncogene could be implicated. Recently, upregulated
miR-214 has been related to acquired resistance to gefitinib,
via PTEN/AKT signalling pathway.45

MicroRNAs in plasma from cancer pa-
tients

The presence in plasma or serum of circulating nucleic acids
(DNA and RNA) released by tumour cells increases the pos-
sibility of detecting alterations associated with the tumour
and could be used as a tumour marker. Furthermore, as cir-
culating nucleic acids are a source of tumour information
obtained through a non-invasive and rapid method, samples
could be taken at different times during follow-up to identify
residual disease and recurrence at asymptomatic stages.

MiRNAs originating in several tumour tissues enter circula-
tion and can be detected in serum. The fact that plasma con-
tains large amounts of stable miRNAs implies a great poten-
tial of serum miRNA profiling as the fingerprint for disease.46

Regarding the release mechanism of nucleic acids from tu-
mour cells to the bloodstream, we recently reported that a
major fraction of these molecules detected in plasma of can-

FIG. 1: miRNA function
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cer patients are highly protected in tumour-specific mi-
crovesicle-like structures.47 In other studies, cancer-specific
miRNAs with high resistance to RNases and harsh conditions
were identified in plasma or serum of cancer patients46, 48-52,

showing that the high stability conferred by its parti-
cle-associated features makes miRNA levels well suited for
being tested as non-invasive cancer biomarkers in patient
plasma samples.  Moreover, other studies have suggested
that miRNAs contained in tumour vesicles are functional
and suppress target mRNAs for signal transduction compo-
nents within recipient cells.53

Recently, our group as well as other research groups have
analysed serum miRNA profiles of lung cancer patients to
evaluate their potential use in predicting diagnosis and
prognosis of disease.46, 54, 55 Employing Solexa sequencing
analysis, the Chen et al.46 identified specific expression pat-
terns of serum miRNAs for lung cancer in the Chinese popu-
lation. They provided evidence that serum miRNAs con-
tained fingerprints for different cancer types. Most differ-
ently expressed miRNAS in lung cancer included miR-205
and miR-206 that were previously involved in tumorigenic
processes such as cell division and cell growth. Similarly,
Lodes et al. focused their study on the evaluation of miRNA
expression profiles in human serum for five types of human
tumours, including lung cancer, using a pan-human mi-
croRNA high-density microarray. They found that these
expression patterns could be used to distinguish between
normal and cancer patient samples and, furthermore, that
one millilitre of serum contained sufficient miRNAs to de-
tect these expression patterns, without requiring amplifica-
tion techniques. In a recent study, Hu’s group analyzed the
differences in levels of serum miRNAs between 30 NSCLC
patients with longer survival and 30 patients with shorter
survival. Using Solexa sequencing, they found 11 differently
altered miRNAs between longer-survival and
shorter-survival groups and, moreover, levels of 4 of them
(miR-1, miR-30d, miR-486 and miR499) were significantly
associated with overall survival.

Recently, a phase I//II biomarker study has been published,
in which serum miRNA using PCR was examined from 30
NSCLC patients and 20 healthy controls. A combination of
two differentially expressed miRNAs miR-15b and miR-27b
was able to discriminate NSCLC from healthy controls.56

Combining serum mi-RNA detection and low-dose com-
puted tomography (LD-CT) could be an interesting screening
test. Real-time PCR was used to identify the profile of
miRNAs extracted from the serum of asymptomatic
LD-CT-detected lung adenocarcinoma and normal serum. A
multivariate risk-predictor was developed based on 34
miRNA expression levels. When the predictor was tested on
an independent cohort of patients with asymptomatic LD-CT
detected lung cancer, it displayed an overall accuracy of 80%
(sensitivity 71%, specificity 90%), and more important, the
risk-predictor was able to distinguish between

LD-CT-detected benign nodules and malignant disease.57 We
agree with the relevance of this last point, due to the relative
high number of benign lung nodules detected by LD-CT
screening.

Conclusion
miRNAs are frequently altered in many types of tumours,
including lung carcinoma. Their expression patterns are as-
sociated with the classification and prognosis of these tu-
mours. That miRNAs are stable in plasma from lung cancer
patients supports their use as important clinical biomarkers58,

59, 60 detectable in peripheral blood associated with tumour.

The fact that certain miRNAs have an oncogenic function
while others have a role as tumour suppressors is especially
relevant in terms of their applicability in anti-tumour thera-
pies. Thus, oncogenic miRNAs would require therapies in-
hibiting their function, while those therapies for miRNAs
with tumour suppressor ability should increase miRNA ac-
tivity in cancer cells. There are some studies that analyze the
potential of miRNA-based therapies in cancer.61, 62

In summary, the expression of miRNA signatures in plasma
from lung cancer patients can be used as new markers, ob-
tained by a non-invasive method, for disease diagnosis and
prognosis. They have higher specificity and sensitivity than
analyses used currently.
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Scientific Note

J. Watson, co-discoverer of the double helix structure of the
DNA and a major force in cancer research over the last half
century, has sharply criticized the War on Cancer on the
following grounds: “Although the mortality from many can-
cers, particularly those of hematopoietic cells, has been stea-
dily falling, the more important statistic may be that so many
epithelial cancers (carcinomas) and effectively all mesen-
chymal cancers (sarcomas) remain largely incurable” 1. Thus,
Watson believes, that “the cancer world is not trying to cure
incurable cancer. They need to concentrate on late-state
disease ” 1-2.

Indeed, efforts to increase awareness and screening have
aimed to reduce late-stage disease and mortality. However,
data show a significant increase in early-stages without a
proportional decline in later ones 3. Fortunately, most can-
cers do not progress to death. Still, cancer takes a heavy toll
on society in terms of patient and family suffering, lost
productivity and ever straining demands on public and per-
sonal finances. In this context, made worse by a “tsunami” of
baby-boomers demanding more healthcare,4 laser photobi-
omodulation (L-PBM), alone or combined with standard
agents, may prove effective at targeting advanced cancer and
other complex diseases safely and, potentially, at a low cost.

A major obstacle for many cancer drugs aiming at single
molecular targets to minimizing nonspecific toxicity has

been that clinical response is often transitory and followed
by relapse 5. In light of this, and given that the acquisition of
new-generation cancer hallmarks is intricately linked and
made possible by the tumor microenvironment, it has been
suggested that new anticancer therapies should not aim at
single molecular targets to solely kill cancer cells, but at
re-establishing homeostasis-homeokinesis, a mi-
cro-environment effect which, as will be discussed below,
may be induced by light 6 .

L-PBM, also known as low-energy laser therapy (LLLT),
refers to the use of monochromatic or quasi-monochromatic
low-fluence light to induce primarily non-thermal photo-
chemical effects. Skepticism surrounding this multidiscipli-
nary field has been primordially rooted in a deep belief that,
to affect biological systems, electromagnetic signals must
ionize matter, or that too weak a signal may not be able to
trigger biological effects7. Thus, a poor understanding of the
physico-chemical basis of low-energy radiation and the fact
that much initial research was methodologically flawed and
came from behind the former Iron Wall deterred interest in
the West for decades 8 .

More than three hundred worldwide publications in reputed
peer reviewed journals have turned this scenario.  It has
been demonstrated that L-PBM can stimulate or inhibit cel-
lular function9.  It has also been ascertained that signal and
target characteristics determine biological outcome, which is
optimal (or even positive) only within a narrow set of para-
meters. Nonetheless, until recently, there was great trepida-
tion to explore L-PBM in cancer due to fear of increasing
tumor cell proliferation10-11.

Notwithstanding this, in cooperation with national and for-
eign research centers, our group completed animal testing
and embarked on a phase I clinical trial in patients with ad-
vanced and progressive neoplasias using a singular
low-energy infrared pulsed laser device (IPLD) that com-
bines high-frequency ultrasound and near-infrared (NIR)
radiation. Recruited patients, who suffered from advanced
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solid tumors, including epithelial cancers (carcinomas) and
mesenchymal cancers (sarcomas), had exhausted available
treatment alternatives and had a life expectancy ≥ 12 weeks
(TNM IV- UICC).

After > 10 years of follow-up, the IPLD was found to be
clinically safe and to improve performance status and quality
of life. Antitumor activity was found in 88.23% of patients12.
Immune data from the same trial showed modulation of CD4
CD45RA+, CD25, TNF-alpha, and soluble IL-2 receptor
(sIL-2R),13 in agreement with Coussens and others14. Also
in accord with subsequent results by Tanaka et al., 15 the
cytomorphology results of the trial showed selective activa-
tion of programmed cellular death (i.e., apoptosis, necrosis,
anoikis ) in neoplastic cells, but not in peripheral tissues.
Microdensitometric T2-weighted MRI data further showed
increased water content in tumor heterogeneities preceding
tumor-volume reduction and therapeutic anticancer ef-
fects,16 showing that changes in water-content acted as early
predicator of tumor response in a manner consistent with
the approach of Ross, Chenevert and others 17-18 for early
tumor response determination.

Other studies show that L-PBM can trigger regenerative
responses, alone or associated with stem cell therapy19. Epi-
genetic modulate chromatin structure, which affects gene
transcription, 20 and L-PBM has been shown to reduce the
frequency of chromosome aberrations21. Clinical results fur-
ther suggest that L-PBM can cause phenotypic changes 22

consistent with theoretical data from a nonlinear DNA mod-
el, in which chaotic behaviors generated by damping, exter-
nal fields and torque in solitone dynamics induce open states
of the DNA which can regulate transcription and replica-
tion23. L-PBM has also shown effectiveness in the manage-
ment of radiotherapy complications, such as mucositis 24.

Structural, kinetic, and thermodynamic implications of the
above findings have been documented by our group25-27.  In
addition, we have proposed detailed mechanisms that com-
plement the work of numerous authors, 28-30 and which help
explain and substantiate one basic premise: that external
electromagnetic energy (light) supplementation can enhance
and even substitute for endogenous ATP production to pow-
er and modulate physiologically reparative mechanisms
which can help reestablish homeostasis-homeokynesis, even
when physiologic metabolic pathways have been compro-
mised 31.

Recently, based on studies by Pollack and others on the ex-
clusion zone (EZ), described as a fourth phase of water,32

we hypothesized that the EZ might be targeted by L-PBM as
an energy reservoir, which cells may use to fuel cellular
work and trigger signaling pathways and gene expression in
the presence of injury-induced redox potentials 31. Never-
theless, we stressed that experimental proof that L-PBM
would express effects via the EZ in a high-order biological
system had not been attained. Now, clinical and experimen-

tal results which are remarkably consistent with the current
understanding of the EZ are in press33. Such evidence, and
the growing substantiation and reproduction of the above
results, lead us to be confident that L-PBM will have a bright
future in medicine at large, and oncology in particular.

A major goal for L-PBM in cancer is to safely control pro-
grammed cellular death and differentiation, as suggested by
referred studies and in accord with the need for new mul-
tiple-hallmark cancer therapies. Challenges include deter-
mining optimal treatment parameters and further docu-
menting the underlying mechanisms for potential applica-
tions in oncology. However, and given that laser-based
technologies can be significantly less expensive than most
cancer drugs, we hope that L-PBM may soon help to lower
treatment costs whilst raising standard of care and quality of
life, particularly, for the most vulnerable, such as the elderly,
the poor and those suffering currently-untreatable late stage
disease.
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Scientific Note

A radical cystectomy (RC) with pelvic lymph node dissec-
tion (PLND) is the gold standard for the management of the
appropriately selected patient with muscle invasive bladder
cancer (MIBC) and non-muscle invasive bladder cancer
(NMIBC)/carcinoma in situ (CIS) who fail appropriate
intravesical therapy. In the last decade, Robotic Radical Cys-
tectomy (RRC) is being performed in a large number of in-
ternational Centre’s with the published advantages of de-
creased blood loss, improved post-operative convalescence
and earlier initiation of adjuvant therapy1 when compared to
open cystectomy (OC). Current literature indicates that a RC
is equivalent to OC from the oncological perspective. An OC
is associated with high rates of morbidity (19-64%) or mor-
tality (6-11%), although there is a wide variation in current
literature.1-11 A RRC is perhaps just one modality in a raft of
measures to try reducing mortality and morbidity of a cys-
tectomy.

To the Robotic Urological Surgeon, a RRC comes with nu-
merous specific challenges. Questions that arise at the time
of commencing a RRC include the learning curve of the
procedure, learning steps to enhances ones speed to perform
the procedure efficiently and safely, level of lymphnode
dissection, whether one should embark of performing an
intracorpealileal conduit or neobladder formation and the
cost of commencing a RRC service. The patient’s postopera-
tive management is the most important step to ensure that
the post-operative complications are kept to a minimum
using a multi-disciplinary team (MDT) approach.

In current literature high volume centers with experienced
surgeons have reported patient outcomes that are acceptable
from the perspective of extended pelvic lymph node dissec-
tion, positive surgical margin rates and highlight that pa-
tients are not being compromised from the surgical perspec-
tive in undergoing a RC.2

The learning curve of a RRC is not as clearly defined in
comparison to Robotic Radical Prostatectomy (RRP). Before
commencing aRRC it is important to be proficient and fa-
miliar with robotic pelvic surgery. Most robotic surgeons are
proficient in RRP before embarking on performing inde-
pendent RRC. Hayn et al.3 have indicated that an acceptable
level of proficiency to perform a RRC is established after the
30th case by measuring post-operative parameters such as
operative time, lymph node yield (LNY), estimated blood
loss (EBL), and margin positivity. At our center we com-
menced performing RC after performing 150 Robotic RRP.
We would strongly recommend that a robotic urological
surgeon who is keen to commence Robotic RC should be
proficient in robotic RRP and in performing an extended
pelvic lymph node dissection (EPLND). A well-trained Ro-
botic Team consisting of the lead experience console sur-
geon, experienced assistant, nursing staff and an experience
anesthetist is essential for the commencement of a RRC pro-
gram. The techniques that a team needs to develop to aid in
improving intra-operative times including a fast docking/
undocking time, piggyback techniques for ports and , the use
of different specimen retrieval bags, use of laparoscopic sta-
plers and new intraoperative hemostatic agents.

Whilst performing an adequate RRC involves the removal of
the bladder, the importance of performing an EPLND cannot
be understated. There is no defined lymph node dissection
template for a RRC and some centers now perform an
EPLND before performing the robotic cystectomy during a
RRP.4 The anatomical landmark that we recommend to be
followed is up to the level of the aortic bifurcation or the
Inferior mesenteric artery (IMA), lymph node of cloquet
distally, genitofemoral nerve laterally and perivesical tissue
laterally. Using this template the surgeon will be able to
excise the external iliac, obturator, hyogastic and common
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iliac. Some authors5 recommend the excision of the
presacrallymphnode as the excision of this lymph node
group facilitates the transposition of the left ureter behind
the sigmoid mesentery to aid in intracorporeal anastomosis.

With an evolution in robotic systems there has been an in-
crease in the number of patients undergoing intracorporeal
ileal conduit and neobladder formation. The excellent tech-
nical description of the procedure has led to the adoption of
these techniques worldwide.5 We have recently published
the results of our initial patients.6 Robotic surgeons must be
proficient in the performing the cystectomy part of the RRC
before embarking on either an intracorporeal ileal conduit or
neobladders formation due the complications of keeping
patients in the steep Trendelenburg position for prolonged
periods, which include compartment syndrome, neurological
complications, intraocular complications, and
rhabdomyolysis.7,8 Recent evidence from high volume cen-
tres performing RRC and intracorporeal neobladders diver-
sion confirm that initial results are comparable to contem-
porary open series with regards to complication rates, func-
tional and oncological outcomes.9 We recommend that a
surgeon should embark on performing an intracorporeal ileal
conduit and neobladder formation only if the ablative part of
RRC is less than 2.5 hours of total operative time. If the abla-
tive times are longer we recommend performing a
mini-laparotomy for excision of the cystectomy specimen
and completing an extracorporeal ileal conduit or
neobladders.6

The cost effectiveness of a RRC when compared to an open
radical cystectomy (ORC) has a disadvantage of being more
expensive due to the initial high purchase and mainte-
nance contract cost, although when the indirect costs of
complications and extended hospital stay with ORC are con-
sidered, RRC may be less expensive than the traditional open
procedure. In order to accurately evaluate the cost effec-
tiveness of RARC versus ORC, prospective randomized trials
between the two surgical techniques with long-term onco-
logic efficacy are needed.10

In conclusion, a RRC with intracorporeal ileal conduit or
neobladders formation is a complex robotic procedure that
should only be undertaken by an experienced robotic pelvic
oncological surgeon who is completely competent at per-
forming a RRP + EPLND. A carefully mentored approach
and a well-trained robotic team are the two key components
to make the procedure a success.
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