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Purpose 

In radiotherapy, fiducial markers are often used as internal surrogate to localize a lung tumor 

position. Placement of the fiducial markers impose additional invasion on patients. Meanwhile, 

several studies have been devoted to the development of markerless tracking of tumors on X-ray 

images [1][2]. A recent study reports that visible tumors can be tracked to an accuracy of less than 2 

mm using AKAZE feature descriptors [3]. However, markerless tracking with satisfactory accuracy 

was difficult in cases where tumors overlapped other structures or tumors were invisible on X-ray 

images. In this paper, we propose an approach in which time-varying invisible tumors are localized 

using trackable surrounding features on X-ray images. 

 

Methods 

Time series X-ray images were obtained during radiation beam delivery. Applying our tracking 

algorithm based on AKAZE [3] to these images, we are able to obtain accurate time-varying 

displacement of visible features. For example, Fig.1 shows trackable features , ,  on an X-ray 

image. We assumed that the relationship among positions of these three features and the position of 

the invisible tumor can be represented by Eq. (1). 

														 λ λ   : 	 , , , ∈      (1) 

Once weight parameters λ 	and λ  were determined, the position of the invisible tumor can be 

estimated from visible feature points. In our method, we use 4DCT before the X-ray radiation, and 

get a Digitally reconstructed radiograph, DRR [2]. Next, we estimate the position of the projected 2D 

tumor 	 	from the DRRs. In a similar way, we detect time-varying displacement of the 

corresponding feature points	 , ,  in DRR. Using these positional relationships, we identify the 

weight parameters λ  and λ  in advance. 

 

Results 

To evaluate the estimation accuracy of invisible tumors, a lung cancer patient who underwent a 

4DCT scan and real-time tumor tracking was included in this study. Orthogonal kV X-ray images 

(IMG1 and IMG2) were acquired from different angles during radiation beam delivery at 1 Hz for 10 



seconds. Although X-ray images obviously showed the tumor positions, we validated whether we are 

able to estimate tumor positions from neighbor-features positions without using the features of the 

tumor itself nor the positional information obtained from the fiducial markers shown in Fig.1. The 

positions estimated from the markers were regarded as the Ground Truth of the tumor position. The 

positional error between the estimated position 	from Eq.(1) and the Ground Truth was evaluated 

on root mean square error. 

The estimation results in maximal inspiratory and expiratory state are shown in Figs. 1(a) and (b), 

respectively. 

Fig. 2 shows 2D plots of the estimated results and Ground Truth data during one respiratory cycle. 

RMSEs of estimated results were 4.109 mm.  

 

Conclusion 

We proposed a tracking approach of invisible tumors on X-ray images using surrounding features. 

The positions of the tumors on time-varying X-ray images were estimated with RMSEs of 4.109 

mm. In clinical tumor-tracking radiotherapy, a margin size of at least 5 mm is added to the tumor at 

our hospital. Although the current framework does not achieve sufficient accuracy, we will explore 

robust features and develop more accurate estimation methods in future work. 
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Fig.1 Estimation of time-varying tumor position q using neighboring visible features p0, p1 and p2, 

(a) maximal inspiratory state, (b) maximal expiration state 



 

 
Fig.2 2D plots of estimated results and Ground Truth of the tumor location. (a) x-y plots, (b)z-y plots 


