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Background and clinical motivation 

Radiation therapy (RT) is a type of cancer treatment where a high radiation dose is 

delivered to a tumor with a goal of destroying it while minimizing the damage to the 

surrounding normal tissue. The procedures ensuring the precise and safe delivery of the 

dose are called Quality Assurance (QA)1,2 and govern treatment planning (contour 

delineation, dose calculation, etc.), treatment verification (dose transport simulation, 

physical tests with dosimeters and phantoms, etc.), and treatment delivery (equipment 

calibration, patient positioning, motion management, etc.). Our project focuses on the 

treatment verification aspect of QA. When verifying a RT treatment plan, medical 

physicists compare the delivered radiation dose to the prescribed dose using various 

techniques. Thus, for example, in absolute dosimetry3,4, physicists locate an ionization 

chamber at a certain depth of a slab phantom to obtain the dose measurement at that 

location. In reference dosimetry5, they place a radiochromic film inside a phantom. After 

radiation exposure, physicists correlate the resultant film density with the delivered dose 

using a film-dosimetry software. When performing in vivo dosimetry3, physicists measure 

the dose at skin by installing thermoluminescent dosimeters on a patient’s body.  

Knowing the dose at surface is not sufficient for a comprehensive RT treatment 

verification. Obtaining a point dose inside a phantom does not provide with understanding 

of a complete depth dose distribution as well. Furthermore, the dosimetry in a real human 

body having heterogeneous density differs from the dosimetry in homogeneous phantoms3. 

Given that no films and chambers should be placed inside patients, there is a need for a QA 

technology allowing to verify a dose distribution in a medium outside of a phantom/patient, 

ideally in real time6. And that is where our project comes in. 



Project goal and deliverables 

The project goal is to implement a new QA method for RT using scattered x-ray 

registration. 

 

Deliverables 

Minimum: Incorporation of the detector section into the existing Monte Carlo 

radiation transport simulation package7,8 (the gDPM) 
 

Expected: 1. Detector performance verification 

 2. Depth dose profile simulation 
 

Maximum: Simulated depth dose profile verification 

 

 

Technical approach 

The project work environment is Monte Carlo (MC) Simulation of megavoltage (MV) 

radiation transport into a medium. For each individual photon, the simulation takes its 

position, direction, and velocity as inputs, and uses a random number generator and 

probability distributions for different types of photon interactions with the medium to 

sample the distance to the next interaction9. Then, the process is repeated until the energy 

of primary and scattered photons is depleted. In the case of MV x-rays, the absorption of 

photons in a medium happens mainly due to the Compton process10 where an incident 

photon interacts with a planetary electron having a low binding energy. The photon gives 

a part of its energy to the electron as kinetic energy. Then, it deflects from its original path, 

proceeds with reduced energy, and gets involved in further interactions. The project is 

based on the idea that an external registration of these Compton scattered photons might 

provide the information about the depth dose distribution6.  

The diagram in Figure1 depicts a MV x-ray beam applied to a water phantom. While the 

beam passes through the medium, many photons undergo Compton scattering. A photon 

counting detector is placed next to the phantom to register the scattered photons.  Once the 



registration is modeled, the challenge here is to relate the detector signal to the delivered 

radiation dose.  

 

 

Fig.  1. The diagram of RT QA method using scattered x-ray registration6 

 

In order to create a virtual photon counting detector, we will first extract the trajectory of 

each photon from the MC Simulation and record the angle at which photons exit the 

phantom. Then, we will filter the photons based on the angle to distinguish the ones that 

would fall onto the detector sensor, thus modeling the signal the detector would receive in 

the physical world while having a collimator placed in front of it. Next, we will record the 

deposited energy along the trajectories of the detected photons to further relate it to the 

detector signal. Testing the photon counting detector will be done against previous kV x-

ray physical measurements11,12 while the verification of the detector signal to dose 

relationship will be performed alongside MV x-ray physical experiments conducted by our 

mentors. Figure 2 displays the technical approach overview emphasizing the main work 

milestones. 

 

 

 

 

 



 

 

 

Fig. 2. Technical approach overview



Key dates & Responsibilities 

 

Samuel and Tatiana will work on the project together during their meetings. If it turns out to be easier to divide some parts of 

the work, then they will perform their designated tasks individually and discuss the results on the closest meeting. 

 

 

 

 



Key dates & Responsibilities (continued) 

 

 

 

 



Key dates & Responsibilities (continued) 

 

 

 

 

 

 

 

 

 



Dependencies 

 



Management Plan 

Samuel and Tatiana will meet on Monday, Wednesday, and Friday via Zoom or at JHH for 2-3 

hours as well as on Tuesday and Thursday on JHU Homewood for 1.5 hours before or after the 

class. They will communicate with the Dr. Su and Dr. Jia weekly via JHU email and Microsoft 

Teams group chat and meet virtually via Microsoft Teams when needed. The mentors in the 

technical support team will be contacted when there are questions about the gDPM simulation 

package as those people took part in its development. File sharing will be done via JHU OneDrive, 

JHU email and Microsoft Teams group chat.  

 

Reading List 

• QA1,2,3,4 

• Cherenkov imaging: 

o Miao, T., Bruza, P., Pogue, B. W., Jermyn, M., Krishnaswamy, V., Ware, W., Rafie, 

F., Gladstone, D. J., & Williams, B. B. (2019). Cherenkov imaging for linac beam shape 

analysis as a remote electronic quality assessment verification tool. Medical 

Physics, 46(2), p. 811–821. doi: 10.1002/mp.13303 

o Pogue, B.W., Zhang, R., Glaser, A., Andreozzi, J.M., Bruza, P., Gladstone, D.J., & 

Jarvis, L.A. (2017). Cherenkov Imaging in the Potential Roles of Radiotherapy QA and 

Delivery. Journal of Physics: Conference Series, 847, p. 012046.  doi: 10.1088/1742-

6596/847/1/012046 

• Photon counting10,11: 

o Huang, Y., Hu, X., Zhong, Y., Lai, Y., Shen, C., & Jia, X. (2021). Improving dose 

calculation accuracy in preclinical radiation experiments using multi-energy element 

resolved cone-beam CT. Physics in Medicine and Biology, 66(24), p. 245003. doi: 

10.1088/1361-6560/ac37fc 

• gDPM Simulation package6,7 
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