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In the last years competitive arenas and scarce resources have led to focus particular attention on 

maximizing the productivity of many functions within companies, especially in research where 

the return on the investment may be risky and long-term.  

The process started by incorporating suppliers and customers in the value chain of many 

companies so that (1) a strong relationship with suppliers up to arriving at strategic partnership 

could strengthen the mutual interest in developing effective solutions and (2) the support of 

customers could add significant value in the perspective of customer-oriented solutions, not only 

for testing beta versions of new solutions but also for directly involving customers in their 

concept generation and development, since the beginning of the innovation process.  

The further evolution consisted of widening the idea of innovation development, so that 

technology was (and is currently seen) like any other good, which can be licensed, negotiated, 

bought and sold. To meet this need, a new paradigm in innovation, known as “open innovation”, 

has become increasingly popular, not only in small but also in large companies. Basic research 

and development are often outsourced to 1) universities to leverage their wide knowledge in 

different fields and 2) to development-oriented lean, small companies to speed up the 

development process. Moving towards this trend implies to focus more on the business model 

companies may profit from using inventions coming from outside, for example acquiring or 

licensing the related intellectual property. The investigation of disruptive technologies, which 

needs multi-disciplinary knowledge, could potentially benefit largely from the “open innovation” 

paradigm, facilitating the exchange of knowledge and tools within the network of collaborators. 

On the other hand, this model intrinsically may lead to situation where a research centre or a 

development company could be linked to different competitors depending on the research fields. 

This may be considered a weakness of the new paradigm, calling for protection methods such as 

secrecy, non-disclosure agreement or strategic partnership with the collaborators. On the other 

hand, this aspect may lead to the development of other business models, like the co-opetition 

model, where different competitors may cooperate for the development of an innovation, help 

each other develop the market for the new solution and finally try to differentiate their own 



solution on the market on the base of the different company orientations to gain their own 

competitive advantage. Another additional weakness could consist of the lack of the internal 

expertise development, which may lead to weak positions on the market due to the dependence of 

the company know-how on external collaborators. As to the strengths of the open innovation 

paradigm, it is imperative to highlight that, when correctly implemented in the competitive and 

dynamic contexts, this approach leads to a decreased time-to-market and to more effective and 

efficient solutions, as a result of the multiple interaction between suppliers, customers, 

developers and all the network research centres are embedded in. The key success factor seems to 

be a shared vision among all the players in this new paradigm, enabling loyal and fair interaction 

to be translated into the mission for the overall network, i.e. to create value for each customer. 

Siemens Healthcare Oncology has already adopted this model and a few examples of innovation 

projects which will reach the market in the near future are listed below: 

 
 
1) Direct Aperture Optimization (DAO) algorithms. 
 
The introduction of Intensity Modulated RadioTherapy (IMRT) at the end of the last decade1 

produced great excitement in the field of radiotherapy. This was motivated by the possibility of 

creating highly conformal plans massively sparing the Organs At Risks (OARs) and called for 

dose escalation in the target. This, in turn, has the potential of producing higher local tumor 

control. IMRT has suffered mainly from two weaknesses: 1) the possibility of treating the target 

extremely good when correctly shooting it together with the possibility of performing a very poor 

treatment when missing the target because of internal movement or re-positioning errors and 2) 

the complexity of the treatment which leads to treatment times longer than conventional 

radiotherapy, large number of Monitor Units (MUs) and increased need for quality assurance 

(QA). The first weakness was addressed through the introduction of Image Guided RadioTherapy 

(IGRT)2, which allows the target to be visualized, in many cases, before delivering the dose. The 

second weakness has been addressed by introducing the DAO algorithms3. In its first 

implementation, IMRT plans were generated by optimizing the fluence map and then generating 

the segments which aim at building up the dose distribution related to the optimized fluence map. 

This approach is inefficient, producing degraded dose distribution after the segmentation. 

Additionally, a large number of MUs is generated, which in turn leads to time-consuming 

treatment delivery and produces the risk of secondary malignancies4 related to the leakage and 



the scatter associated to a large number of MUs. The natural evolution of such approach is to 

optimize directly the dose distribution under the constraints of the physical deliverability. This 

was implemented, at the beginning of this decade, in DAO algorithms which allow the 

segmentation phase after the fluence map optimization to be skipped in IMRT treatment plan, 

reducing the number of segments and monitors units, the delivery time and the number of very 

small segments requiring high positional leaf accuracy (and facilitating the related QA). DAO 

algorithms were patented by the University of Maryland (USA), and the rights exclusively 

licensed to an US company, Prowess Inc. Siemens Healthcare Oncology, through a strategic 

partnership, has incorporated the distribution of the treatment planning system implementing the 

DAO algorithms within its worldwide distribution channels. 

 
 
 
 
 
 
 
 
 
 
 
 
FIG.1. Corresponding axial slices of the same IMRT plan optimized by a market leader treatment planning 
system (left) and by DAO approach as implemented by Prowess Inc. Plans look very similar (see the 
corresponding isodose lines), although the number of segments and MUs are significantly less for the 
DAO approach (see table in the middle). Courtesy of Prowess Inc., USA. 
 
2) Volumetric Modulated Arc Therapy (VMAT). 
 
This new approach for rotational treatments aims at delivering an IMRT-like plan in a few 

minutes, taking advantage of additional degrees of freedom such as variable dose-rate, gantry 

speed and collimator angle while delivering the treatment in one arc5. The driver is to develop a 

time-efficient delivery technique while preserving the IMRT quality. In fact, one of the 

weaknesses of IMRT consists of the possible reduced biological effectiveness when prolonged 

delivery are needed, especially in complex cases6. A possible approach to fulfil this weakness is 

based on high dose-rate LINACs, especially in those solutions where unflattened beams are used, 

producing more than 2000 MU/min7. Alternatively, another approach is based on these rotational 



delivery approaches like VMAT, which theoretically may also be combined with the use of 

unflattened beams. 

Compared to the solutions already on the market like Intensity Modulated Arc Therapy (IMAT)8, 

the main difference of VMAT consists of the delivery of the treatment in only one single arc 

while taking advantage of the variable dose-rate: in IMAT, multiple arcs at a fixed dose-rate are 

necessary to build up the dose distribution. Compared to another rotational approach, i.e. 

TomoTherapy Hi-Art system (TomoTherapy Inc., Madison, WI), the strength of VMAT should 

be in higher time-efficiency, while a potential drawback, which is still matter of investigation, 

could be the ability of obtaining highly conformal treatment plans in complex cases, typically in 

head&neck cases where multiple Planning Target Volumes (PTVs) and OARs are simultaneously 

present9. In these cases, probably multiple arcs10 will be needed to match the conformity of 

Tomotherapy while keeping the delivery time still lower. Another advantage of VMAT should 

consist of its applicability to a wide range of LINACs already in the market as an add-on option 

instead of calling for machines purposely designed for IMRT.  

Possible weaknesses of VMAT could consist of a more difficult QA compared to conventional 

IMRT because of the rotational nature of the delivery and the large time still needed for 

optimizing the treatment plan, which could be much larger than that needed for conventional 

IMRT especially in complex cases. 

Among other proposals, this approach was developed also at the German Research Cancer Centre 

in Heidelberg (Germany), with the support of Siemens Healthcare Oncology. The implementation 

of such an approach11 is currently leveraged within the frame of the development of the Siemens 

radiotherapy treatment planning system. 

 
 
 
 
 
 
 
 
 
 
FIG.2. Corresponding axial slices of prostate IMRT (left) and VMAT (centre) plans. Dose Volume 
Histogram – DVH – (right) shows better coverage of PTV and Gross Target Volume (GTV) and better 
sparing of the rectum when using VMAT (continuous line) compared to IMRT (dashed lines). Courtesy of 
DKFZ (German Cancer Research Centre), Germany. 



3) Low-Z target for imaging. 
 
The need for high contrast in-room images in order to visualise the lesion and the OARs has 

continuously increased with the introduction of IGRT. The initial 2D-portal-image-based re-

positioning approach12 was substituted by volumetric reconstruction, based on Cone Beam CT 

(CBCT) or in-room fan-beam CT. In particular, two approaches have been implemented for the 

CBCT. The first solution uses the treatment MV beam13: its strength relies on the geometrical 

coherence of the imaging and treatment beam14, claiming no need for the use of two isocentres, 

while its weakness consists of the low contrast soft-tissue images primarily due to the Compton 

effect when using MV beams. The second solution uses an additional kV system, mounted 

orthogonally to the treatment beam15: the strength relies on the high contrast soft-tissue images 

due to the photoelectric effect when using kV beams, while its weakness consists of the need for 

two isocentres whose mutual geometric relationship must be continuously monitored14. An 

interesting solution could consist of leveraging the strengths of both solutions, i.e., to have a high 

contrast imaging using the treatment beam to be used in IGRT. This has been implemented by 

changing the tungsten target with low-Z materials (for example, carbon or beryllium) and 

modifying some hardware like monitor chambers and flat panels in order to allow for low energy 

photons: this results in images with a better soft-tissue contrast, using the same geometry as in 

the treatment beam16. The better soft-tissue contrast may be used either for reducing the dose for 

imaging the patient or having a better image quality at the same imaging dose.  

In order to select the target material producing the best soft-tissue contrast, wide investigations 

based on Monte Carlo simulations and experiments were performed at Toronto–Sunnybrook 

Regional Cancer Centre (Canada) and University of California San Francisco (USA), which 

produced the result beryllium would offer the most proper spectrum, but, given its toxicity, 

carbon target was selected. Currently, the results of those investigations are implemented in a 

shortly commercially available product named Image Beam Line (IBL).  

 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
FIG.3. Corresponding coronal (upper) and axial (lower) slices of pelvis anatomy imaged through a 
conventional MV CBCT (left) and IBL (right), at the same imaging dose. IBL images look less noisy than 
the corresponding MV ones. Beam hardening artifacts present in the middle of the MV images are not 
present in the IBL, also because of new post-processing algorithms applied to the images. Contrast-to-
noise ratio is highly enhanced in the IBL solution. Courtesy of University of California San Francisco, 
USA. 
 
 
4) Fast re-planning for Adaptive RadioTherapy (ART). 
 
ART is an emerging approach in current radiotherapy to correct for interfraction anatomic 

changes17. Starting with the introduction of IGRT in order to visualize the PTV and the OARs 

session by session, the first generation ART solution was based on automatic rigid registration of 

the session to the planning CT. In case of lesion inside the skull, this approach is completely 

satisfactory, offering the possibility of accurately visualizing all the structures of interest and of 

correcting the rotations and translations by means of (a) six-degrees-of-freedom table or (b) re-

arranging the table translations, table yaw, collimator and gantry angles. Conversely, when 

dealing with body sites subject to deformation, rigid registration may not be sufficient anymore, 

calling for a different approach. For example, let us think of the geometric relationship of the 

prostate to the bladder and to the rectum: depending on many factors, rigid registration may not 

be satisfactory anymore. On the base of the statistical distribution of the geometric uncertainty, 

the problem was solved by adding safety margins which anyway limit the dose escalation to the 

lesion possible if one would be able to compensate for the soft tissue deformation session by 

session. The ideal solution would consist of re-optimizing18 the plan after delineating the PTV 

and OARs in the session CT. This approach would be time-consuming, given the patient is laying 

on the table waiting for being treated. A possible alternative solution consists of (1) an automatic 

fast segmentation to be edited, if necessary, by the radiation oncologist followed by (2) the 

automatic segment aperture morphing (SAM) of the MultiLeaf Collimator (MLC) leaves and (3) 



by the re-optimization of the segment weights (SWO)19. This approach is much faster than re-

optimizing all the beamlets of the IMRT plan and in many cases offers treatment plan quality 

comparable to the re-optimized plans. A necessary condition for the application of this method is 

the availability of in-room high contrast soft-tissue images, like from kV CT or even MRI. The 

overall procedure takes less than 10 minutes. The procedure is completed by an offline approach 

for the dose accumulation based on deformable registration.  

This approach was developed in Medical College of Wisconsin (USA), supported by Siemens 

Healthcare Oncology, with the help of Prowess Inc. (USA) for the implementation of the 

algorithm. All the simulations were performed within the Siemens RT hardware, especially 

taking advantage of the in-room CT-on-rails solution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG.4. Corresponding sagittal slices of the pelvis anatomy seen in planning (upper, left) and session 
(lower, left) CTs. Prostate (in red, centre of the field of view of the two CTs) and OARs are visibly 
deformed in the session compared to the planning CT. DVH (right) shows that SAM-and-SWO-based plan 
is almost equivalent (or even better) to the re-optimized plan, with regards to prostate and the OARs. This 
proves the feasibility of the method. Courtesy of Medical College of Wisconsin, USA, and Prowess Inc., 
USA. 
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