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In recent years, a huge progress in the field of radiotherapy could be observed. From treating
patients with kilo-voltage X-rays units to cutting edge technology that can deliver a certain
dose with an extreme precision. Modern radiotherapy is characterized, among others, by an
individualized approach to the patient. This can be provided by functional imaging which is
another step toward a better tumor control. In this paper, we discuss the potential applica-
tion of functional imaging modalities in personalized radiotherapy planning with emphasis
on dose painting. Some limitations of this approach will also be evaluated.

© 2017 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.

1. Introduction

The year 1895, when Wilhelm Rontgen discovered X-rays, may
be assumed as the beginning of radiotherapy. Shortly after this
great discovery, first patients were treated. Early applications
were done for skin cancers, although neither biological nor
physical properties of ionizing radiation were understood.’?
Since then, new developments were implemented to improve
the quality and precision of radiation delivery.>> One of
them was the invention of new imaging techniques e.g.
Positron Emission Tomography (PET) or Magnetic Resonance
Imaging (MRI). Combining modern diagnostic imaging with
a cutting edge radiotherapy technology may bring further
improvement.

Such a combination was first suggested by Ling et al.°
who proposed the concept of integrating physical (which is

the state of art nowadays) and biological conformality in
radiotherapy. The main idea was to use functional images
that may provide additional information on metabolism,
physiology or genotype, in the treatment planning process.
Knowing the tissue differentiation and biology inside the
tumor, the dose distribution could be tailored accordingly.
It is well known that hypoxic regions are resistant to treat-
ment and that reduces the chance for recovery.” Hence,
escalating the treatment dose in that area could increase
the local control. Such individual approach to both anatomy
and biology of the patient’s tumor is called dose painting
(DP).

DP is now being thoroughly investigated by many
researchers.®'! There are still some aspects that need to be
solved before implementing this method into clinical prac-
tice. Moreover, clinical studies should be carried out in order
to prove the therapeutic gain of DP.
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In this article, the summary of the functional imaging
in radiotherapy treatment planning will be reviewed with
emphasis on the dose painting method. Furthermore, poten-
tial limitations and uncertainties are discussed.

1.1.  Dose painting by contours vs. numbers

Based on functional images, one may determine the
functional gross tumor volume (fGTV) which may be homoge-
nously escalated to a higher than typical therapeutic dose. The
level of dose prescription in this region is equal for all voxels
in the {GTV region.® This is called Dose Painting by Contours
(DPBC). A more sophisticated method of dose painting is when
the dose inside fGTV is prescribed according to the intensity
of the functional image signal. This is called Doe Painting by
Numbers (DPBN).'? For example, after PET imaging the fGTV
was contoured. For DPBC situation, a dose will be increased for
all voxels in this region by “X” Gy. However, for DPBN the pre-
scription dose inside fGTV will vary according to the amount
of radiopharmaceutical accumulation. The dose increase in
the voxels is correlated with the increase of the PET signal.

The concept of dose painting was introduced by Ling and
colleagues® in 2000. One year later, these theoretical consid-
erations were realized by Chao et al.,’®> who showed that dose
may be increased up to 80Gy in the hypoxic region located
in the head and neck area. Idea of DPBC is clinically feasi-
ble and treatment planning is not complicated. Moreover, it
can be easily performed using a typical commercial treatment
planning software. The drawback of DPBC is that higher boost
levels cannot be obtained using this method due to toxicity.'*

In 2005, Bentzen proposed a new aspect of dose paint-
ing by the introduction of DPBN.'? With this method, higher
dose escalation may be obtained. However, this method is far
more complex and sometimes special software is required.
DPBN planning has previously been proven feasible using vol-
umetric modulated arc therapy,’® tomotherapy''® and proton
therapy.'’

1.2. Functional imaging

Structural imaging (e.g. Computed Tomography (CT) or MRI)
creates visual representations of patient’s interior. Whereas,
functional imaging detects or measures changes occurring
inside a certain tissue or organ. Nowadays, CT is a gold stan-
dard imaging technique in radiotherapy. However, functional
imaging may be a helpful tool in determining tumor volume,
efficacy of the treatment or staging.

The most common molecular images used for tumor
volume delineation and assessment of pathophysiological
characteristics of tissue are PET data. Depending on the tracer
used, different information is visualized. The most popular
and understood tracer is fluorine-18 fludeoxyglucose (FDG)
that provides metabolic and functional information useful
during the radiotherapy process. It was already used in some
clinical trials where dose escalation was based on FDG avid
area inside the tumor volume.'$-2°

A lot of research was done also with other PET tracers.
Particularly, with those that visualize tumor hypoxia which
was associated with treatment failure. It is well documented
that hypoxic microenvironment makes cancer cells more

aggressive and resistant to treatment.’! For this reason,
patients with hypoxic regions could potentially benefit from
escalating the radiation dose in those regions. However, quan-
tification of tumor hypoxia based on PET still needs to be
standardized. There have been several studies that used surro-
gates for hypoxia but most of them used different approach for
thresholding - from visual, standardized uptake value (SUV)
to kinetic analysis.??

Another important aspect is the selection of the appro-
priate PET tracer. There are several hypoxia tracers, e.g.
18F-fluoromisonidazole (18F-FMISO), 18F-fluoroazomycin-
arabinoside  (18F-FAZA) or copper(ll)-diacetyl-bis(N(4)-
methylthiosemicarbazone) (Cu-ATSM). However, all of
them have different characteristics and there is no particular
hypoxia tracer that is superior to others.?

For many types of tumors, proliferation of cancer cells was
also linked to treatment failure. Thus, a PET tracer that is a
proliferation marker, e.g. 18F-fluorothymidine (FLT), may be
used for dose painting?® or radiotherapy adaptation.

Only a few studies have been found in the literature
regarding dose painting based on MR images. In some of
them, dynamic contrast enhanced magnetic resonance imag-
ing (DCE-MRI) was employed. This is another method used for
estimation of tumor oxygenation?’ and it was shown that it
may be a good estimator of local control for some tumors.?
Sevik et al.”? and Chen et al.>* have used this imaging modal-
ity for escalation of therapeutic dose with DPBN in head
and neck and brain tumors, respectively. However, acquisition
and interpretation of DCE-MRI data should be made carefully
because it is very challenging.®'

Diffusion-weighted MRI (DW-MRI) is another technique
that may be applied in the personalized radiotherapy treat-
ment planning. DW-MRI is used as an estimate of tumor cell
density.?! Dirix et al.>? showed a potential role of this method
for dose painting in the head and neck region. Moreover, Thor-
warth et al.>®> showed that combining DW-MRI with other
functional images may be helpful during tailored radiotherapy
planning.

There were also studies based on magnetic resonance
spectroscopic imaging (MRS) which can identify regions of
abnormal metabolic activity.>* van Lin et al.>> showed that
DPBC escalation up to 90Gy in prostate cancer patients is
feasible. The authors have used both DCE-MRI and MRS for
determination of the boost area. Whereas, Deviers et al.3°
showed that MRS may be a future tool to define additional
biological target volumes for DP in patients with glioblastoma
multiforme.

1.3. Limitations and uncertainties

Personalized radiotherapy treatment planning based on func-
tional imaging requires some features during the whole chain
of radiotherapy preparation to be maintained. First of all, the
patient must be positioned the same way during imaging and
treatment, which may be sometimes cumbersome, e.g. dedi-
cated coils for MR imaging. As a result, the table top should
be flat and the ability to mount fixations e.g. thermoplastic
masks must be enabled.
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When it comes to fGTV delineation, some compromise
must be adopted. The main limitation would be the voxel size
of functional imaging which for PET is 3-5mm. This value
seems to be enormous when biological effects are considered,
e.g. hypoxia cells can be observed in a micrometer scale. Due
to this fact, some hypoxic cells may not be detected and, as
a result, not included in the treatment planning. Moreover, in
one voxel several biological processes may take place so the
signal will be averaged.*” Another limitation would be the
image noise which is present in all types of functional imag-
ing due to reconstruction algorithms. These imperfections
of functional imaging may have an impact on DPBN where
each voxel is attributed to different dose level and, hence,
the above mentioned limitations may play a significant role.
However, this aspect is controversial and probably clinical
trials will help solve it.

Another aspect that is raised by the radiotherapy commu-
nity is that the dependence of signal intensity of functional
imaging and therapeutic dose is unknown. Until now, a
vast majority of papers concerning DPBN assumed a linear
relationship.8-11:116 However, this assumption is theoretical
and no evidence of this hypothesis has been proven in the
literature.

In the case of treatment plan evaluation, the typical
methodology is insufficient. In standard treatment planning
the goal is to achieve a homogenous and conformal dose
to the target volume and at the same time spare organs at
risk. However, in DPBN, the dose in fGTV is not homogenous
- it is intentionally heterogeneous. Hence, new methods of
plan evaluation have been proposed in the literature. One of
themis the new parameter - quality factor and quality-volume
histogram proposed by Vanderstraeten et al.’’ Park et al. intro-
duced the index of achievement and the index of hotness and
coldness.*®

Geometrical uncertainties is another limitation of DPBN.
Since the dose distribution is very sophisticated, it is vulner-
able to patient positioning as proven by Korreman et al.’®
However, lately, Sterpin et al.>* and Witte et al.*® have pro-
posed some solutions of that problem.

Even though there are some concerns regarding DP, some
clinical trials are now in progress, e.g. in Ghent, Belgium,®°?°
Copenhagen, Denmark,*! and Amsterdam, the Netherlands.™
All of them refer to the head and neck cancer and are based
on the FDG PET.

2. Conclusion

DP based on functional imaging is an example of an individu-
alized approach to treatment that seems to be very promising.
However, as discussed in this review, there are some concerns
regarding the usage of functional imaging in DP radiother-
apy treatment planning. Much research still needs to be done
and, hopefully, ongoing clinical trials will provide some new
findings.

Conflict of interest

All authors have no actual or potential conflict of interest
including any financial, personal or other relationships with

other people or organizations within three years of beginning
the submitted work that could inappropriately influence, or
be perceived to influence, their work.

Financial disclosure

None declared.

REFERENCES

1. Linz U. Ion beam therapy. Fundamentals, technology, clinical
applications. Berlin, Heidelberg: Springer-Verlag; 2012,
http://dx.doi.org/10.1007/978-3-642-21414-1.

2. Gasinska A. The contribution of women to radiobiology:
Marie Curie and beyond. Rep Pract Oncol Radiother
2016;21(3):250-8, http://dx.doi.org/10.1016/j.rpor.2015.11.006.

3. Litoborska J. Najnowsze technologie wykorzystywane w
procesie teleradioterapii w $wietle doniesien
konferencyjnych ASTRO 56. Zeszyty Naukowe WCO. Lett
Oncol Sci 2015;12:33-6.

4. Vargas CE, Hartsell WF, Dunn M, et al. Image-guided
hypofractionated proton beam therapy for low-risk prostate
cancer: analysis of quality of life and toxicity, PCG GU 002.
Rep Pract Oncol Radiother 2016;21(3):207-12,
http://dx.doi.org/10.1016/j.rpor.2016.01.002.

5. Malicki J. Medical physics in radiotherapy: the importance of
preserving clinical responsibilities and expanding the
profession’s role in research, education, and quality control.
Rep Pract Oncol Radiother 2015;20(3):161-9,
http://dx.doi.org/10.1016/j.rpor.2015.01.001.

6. Ling CC, Humm J, Larson S, et al. Towards multidimensional
radiotherapy (MD-CRT): biological imaging and biological
conformality. Int ] Radiat Oncol Biol Phys 2000;47(3):551-60.

7. Rockwell S, Dobrucki IT, Kim EY, Marrison ST, Vu VT. Hypoxia
and radiation therapy: past history, ongoing research, and
future promise. Curr Mol Med 2009;9(May (4)):442-58.

8. Duprez F, De Neve W, De Gersem W, Coghe M, Madani L.
Adaptive dose painting by numbers for head-and-neck
cancer. Int J Radiat Oncol Biol Phys 2011;80(July (4)):1045-55,
http://dx.doi.org/10.1016/j.ijrobp.2010.03.028.

9. Madani I, Duthoy W, Derie C, et al. Positron emission
tomography-guided, focal-dose escalation using
intensity-modulated radiotherapy for head and neck cancer.
Int J Radiat Oncol Biol Phys 2007;68(May (1)):126-35,
http://dx.doi.org/10.1016/j.ijrobp.2006.12.070.

10. Vanderstraeten B, Duthoy W, De Gersem W, De Neve W,
Thierens H. [18F]fluoro-deoxy-glucose positron emission
tomography ([18F]FDG-PET) voxel intensity-based
intensity-modulated radiation therapy (IMRT) for head and
neck cancer. Radiother Oncol 2006;79(June (3)):249-58,
http://dx.doi.org/10.1016/j.radonc.2006.03.003.

11. Deveau MA, Bowen SR, Westerly DC, Jeraj R. Feasibility and
sensitivity study of helical tomotherapy for dose painting
plans. Acta Oncol 2010;49(October (7)):991-6,
http://dx.doi.org/10.3109/0284186X.2010.500302.

12. Bentzen SM. Theragnostic imaging for radiation oncology:
dose-painting by numbers. Lancet Oncol 2005;6:112-7.

13. Chao KS, Bosch WR, Mutic S, et al. A novel approach to
overcome hypoxic tumor resistance. Cu-ATSM guided
intensity modulated radiation therapy. Int ] Radiat Oncol Biol
Phys 2001;49:1171-82.

14. Meijer G, Steenhuijsen J, Bal M, De Jaeger K, Schuring D,
Theuws J. Dose painting by contours versus dose painting by
numbers for stage II/IIl lung cancer: practical implications of
using a broad or sharp brush. Radiother Oncol



dx.doi.org/10.1016/j.rpor.2017.04.002
dx.doi.org/10.1007/978-3-642-21414-1
dx.doi.org/10.1016/j.rpor.2015.11.006
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0220
dx.doi.org/10.1016/j.rpor.2016.01.002
dx.doi.org/10.1016/j.rpor.2015.01.001
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0235
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0240
dx.doi.org/10.1016/j.ijrobp.2010.03.028
dx.doi.org/10.1016/j.ijrobp.2006.12.070
dx.doi.org/10.1016/j.radonc.2006.03.003
dx.doi.org/10.3109/0284186X.2010.500302
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0265
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0270

330

REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 22 (2017) 327-330

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2011;100(3):396-401,
http://dx.doi.org/10.1016/j.radonc.2011.08.048.

Korreman SS, Ulrich S, Bowen S, Deveau M, Bentzen SM, Jeraj
R. Feasibility of dose painting using volumetric modulated
arc optimization and delivery. Acta Oncol 2010;49(7):964-71.
Skérska M, Piotrowski T, Ryczkowski A, Kazmierska J.
Comparison of treatment planning parameters for dose
painting head and neck plans delivered with tomotherapy. Br
J Radiol 2016;89(1060):20150970,
http://dx.doi.org/10.1259/bjr.20150970.

Thorwarth D, Eschmann SM, Paulsen F, Alber M. Hypoxia
dose painting by numbers: a planning study. Int ] Radiat Oncol
Biol Phys 2007;68(1):291-300.

van Elmpt W, De Ruysscher D, van der Salm A, et al. The
PET-boost randomised phase II dose-escalation trial in
non-small cell lung cancer. Radiother Oncol 2012;104:67-71,
http://dx.doi.org/10.1016/j.radonc.2012.03.005.

Heukelom ], Hamming O, Bartelink H, et al. Adaptive and
innovative radiation treatment for improving cancer
treatment outcome (ARTFORCE); a randomized controlled
phase II trial for individualized treatment of head and neck
cancer. BMC Cancer 2013;13:84,
http://dx.doi.org/10.1186/1471-2407-13-84.

Madani I, Duprez F, Boterberg T, et al. Maximum tolerated
dose in a phase I trial on adaptive dose painting by numbers
for head and neck cancer. Radiother Oncol 2011;101:351-5,
http://dx.doi.org/10.1016/j.radonc.2011.06.020.

Padhani AR, Krohn KA, Lewis JS, Alber M. Imaging
oxygenation of human tumours. Eur Radiol 2007;17(4):861-72.
Rischin D, Hicks RJ, Fisher R, et al. Trans-Tasman Radiation
Oncology Group Study 98.02. Prognostic significance of
[18F]-misonidazole positron emission tomography-detected
tumor hypoxia in patients with advanced head and neck
cancer randomly assigned to chemoradiation with or without
tirapazamine: a substudy of Trans-Tasman Radiation
Oncology Group Study 98.02. J Clin Oncol 2006;24:2098-104,
http://dx.doi.org/10.1200/jc0.2005.05.2878.

Zips D, Zophel K, Abolmaali N, et al. Exploratory prospective
trial of hypoxia-specific PET imaging during
radiochemotherapy in patients with locally advanced
head-and-neck cancer. Radiother Oncol 2012;105:21-8,
http://dx.doi.org/10.1016/j.radonc.2012.08.019.

Thorwarth D, Eschmann SM, Scheiderbauer J, Paulsen F, Alber
M. Kinetic analysis of dynamic 18F-fluoromisonidazole PET
correlates with radiation treatment outcome in
head-and-neck cancer. BMC Cancer 2005;5:152,
http://dx.doi.org/10.1186/1471-2407-5-152.

Peeters SG, Zegers CM, Lieuwes NG, et al. A comparative
study of the hypoxia PET tracers [18F]HX4, [18F|FAZA, and
[18F]FMISO in a preclinical tumor model. Int J Radiat Oncol Biol
Phys 2015;91:351-9,
http://dx.doi.org/10.1016/j.ijrobp.2014.09.045.

Thorwarth D, Geets X, Paiusco M. Physical radiotherapy
treatment planning based on functional PET/CT data.
Radiother Oncol 2010;96:317-24,
http://dx.doi.org/10.1016/j.radonc.2010.07.012.

Cooper RA, Carrington BM, Loncaster JA, et al. Tumour
oxygenation levels correlate with dynamic
contrast-enhanced magnetic resonance imaging parameters
in carcinoma of the cervix. Radiother Oncol 2000;57:53-9.
Zahra MA, Hollingsworth KG, Sala E, et al. Dynamic
contrastenhanced MRI as a predictor of tumour response to
radiotherapy. Lancet Oncol 2007;8:63-74.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Sgvik A, Malinen E, Skogmo HK, et al. Radiotherapy adapted
to spatial and temporal variability in tumor hypoxia. IntJ
Radiat Oncol Biol Phys 2007;68:1496-504.

Chen GP, Ahunbay E, Schultz C, Li XA. Development of an
inverse optimization package to plan nonuniformdose
distributions based on spatially inhomogeneous
radiosensitivity extracted from biological images. Med Phys
2007;34:1198-205.

Thorwarth D. Functional imaging for radiotherapy treatment
planning: current status and future directions - a review. Br ]
Radiol 2015;July (88)(1051):20150056,
http://dx.doi.org/10.1259/bjr.20150056.

Dirix P, Vandecaveye V, De Keyzer F, Stroobants S, Hermans R,
Nuyts S. Dose painting in radiotherapy for head and neck
squamous cell carcinoma: value of repeated functional
imaging with (18)F-FDG PET, (18)F-fluoromisonidazole PET,
diffusion-weighted MRI, and dynamic contrast-enhanced
MRI. ] Nucl Med 2009;50(July (7)):1020-7,
http://dx.doi.org/10.2967/jnumed.109.062638.

Thorwarth D, Notohamiprodjo M, Zips D, Miiller AC.
Personalized precision radiotherapy by integration of
multi-parametric functional and biological imaging in
prostate cancer: a feasibility study. Z Med Phys
2016;(February), pii:50939-3889(16)00022-2.
doi:10.1016/j.zemedi.2016.02.002.

Sgvik A, Malinen E, Olsen DR. Strategies for biologic
image-guided dose escalation: a review. Int J Radiat Oncol Biol
Phys 2009;73(3):650-8.

van Lin EN, Fiitterer JJ, Heijmink SW, et al. IMRT boost dose
planning on dominant intraprostatic lesions: gold
marker-based three-dimensional fusion of CT with dynamic
contrast-enhanced and 1H-spectroscopic MRI. Int J Radiat
Oncol Biol Phys 2006;65(May (1)):291-303.

Deviers A, Ken S, Filleron T, et al. Evaluation of the
lactate-to-N-acetyl-aspartate ratio defined with magnetic
resonance spectroscopic imaging before radiation therapy as
a new predictive marker of the site of relapse in patients with
glioblastoma multiforme. Int J Radiat Oncol Biol Phys
2014;90:385-93, http://dx.doi.org/10.1016/j.ijrobp.2014.06.009.
Thorwarth D, Alber M. Implementation of hypoxia imaging
into treatment planning and delivery. Radiother Oncol
2010;97(November (2)):172-5,
http://dx.doi.org/10.1016/j.radonc.2010.05.012.

Park YK, Park S, Wu HG, Kim S. A new plan quality index for
dose painting radiotherapy. J] Appl Clin Med Phys
2014;15(4):4941, http://dx.doi.org/10.1120/jacmp.v15i4.4941.
Sterpin E, Differding S, Janssens G, Geets X, Grégoire V, Lee JA.
Generation of prescriptions robust against geometric
uncertainties in dose painting by numbers. Acta Oncol
2015;54(February (2)):253-60,
http://dx.doi.org/10.3109/0284186X.2014.930171.

Witte M, Shakirin G, Houweling A, Peulen H, van Herk M.
Dealing with geometric uncertainties in dose painting by
numbers: introducing the AVH. Radiother Oncol
2011;100(September (3)):402-6,
http://dx.doi.org/10.1016/j.radonc.2011.08.028.

Rasmussen JH, Hakansson K, Vogelius IR, et al. Phase I trial of
18F-fludeoxyglucose based radiation dose painting with
concomitant cisplatin in head and neck cancer. Radiother
Oncol 2016;120(July (1)):76-80,
http://dx.doi.org/10.1016/j.radonc.2016.03.005.



dx.doi.org/10.1016/j.rpor.2017.04.002
dx.doi.org/10.1016/j.radonc.2011.08.048
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0280
dx.doi.org/10.1259/bjr.20150970
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0290
dx.doi.org/10.1016/j.radonc.2012.03.005
dx.doi.org/10.1186/1471-2407-13-84
dx.doi.org/10.1016/j.radonc.2011.06.020
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0310
dx.doi.org/10.1200/jco.2005.05.2878
dx.doi.org/10.1016/j.radonc.2012.08.019
dx.doi.org/10.1186/1471-2407-5-152
dx.doi.org/10.1016/j.ijrobp.2014.09.045
dx.doi.org/10.1016/j.radonc.2010.07.012
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0340
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0345
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0350
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0355
dx.doi.org/10.1259/bjr.20150056
dx.doi.org/10.2967/jnumed.109.062638
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0370
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0375
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
http://refhub.elsevier.com/S1507-1367(16)30203-6/sbref0380
dx.doi.org/10.1016/j.ijrobp.2014.06.009
dx.doi.org/10.1016/j.radonc.2010.05.012
dx.doi.org/10.1120/jacmp.v15i4.4941
dx.doi.org/10.3109/0284186X.2014.930171
dx.doi.org/10.1016/j.radonc.2011.08.028
dx.doi.org/10.1016/j.radonc.2016.03.005

	Personalized radiotherapy treatment planning based on functional imaging
	1 Introduction
	1.1 Dose painting by contours vs. numbers
	1.2 Functional imaging
	1.3 Limitations and uncertainties

	2 Conclusion
	Conflict of interest
	Financial disclosure
	References


