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Abstract

:

Xerostomia is a common adverse effect of radiation therapy at the head and neck area. Radiation-induced xerostomia can be severe and detrimental for the quality of life. Clinicians and radiologists have focused on the prevention of xerostomia as feasible, which has been significantly improved in the recent decades with the use of the contemporary radiation technology. However, radiation-induced xerostomia still remains one of the most devastating side effects of radiation therapy. Clinical risk factors have been identified, but the variation of its incidence and presentation has turned the focus on the investigation of parameters that would be able to predict the onset of acute or chronic xerostomia for each individual patient. Recently, potential imaging parameters and biomarkers are investigated in order for early prediction of the incidence and severity of xerostomia. Here, we compile the resulting imaging biomarkers as have been identified in the recent literature based on MRI and CT performed in correlation with radiation therapy. The identification of such biomarkers is very promising for the prevention and control of xerostomia in the head and neck radiation setting.
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1. Introduction


Oncologic pathology can be often a greatly devastating finding with consequences in multiple aspects of the individual such as physical, psychological, social, and financial. The consequences can be long term, and, thus, affecting the quality of life of the individual [1,2]. The latter is the principal consideration for the multidisciplinary care team, along with the survival of the patient. This becomes very important as, with even the most successful treatment of cancer in regards to survival, the quality of life can often remain significantly compromised not only due to the destruction that the oncologic pathology caused but also due to the necessary for survival treatment(s) itself.



A common detrimental short- and long-term effect of a cancer treatment is the postradiation therapy-induced xerostomia (“dry mouth”), strongly associated with radiation therapy of the head and neck area and, in particular, of the oropharyngeal and nasopharyngeal areas [3,4,5]. Xerostomia is a very common side effect due to the destructive effect of radiation on the highly radiosensitive salivary glands. It is radiation field and dose dependent, and it can start to be noticed not only during the radiation therapy but also long term in the everyday life of the patient. The reduction in the saliva directly affects a multitude of oral and physical functions (e.g., mastication, deglutition, and speech), and it can consequently affect nutrition, psychology, and social interactions of the individual. The severity increases when the major salivary gland, the parotid gland, is in the field of radiation.



Salivary glands undergo physiologic changes due to radiation. A recent study found that the preradiation imaging of the parotid and submandibular glands has the potential to predict postradiation acute xerostomia. In specific, the glands were depicted as being more hypodense, hypointense, and heterogeneous in the baseline CT and MRI imaging of the patients that developed moderate or severe xerostomia 3 months after completion of the radiation therapy [6]. The incidence of chronic (1 year after radiation therapy) radiation-induced xerostomia in head and neck cancer patients and various primary tumor sites was found to be 49% for xerostomia grade 1, 14% for grade 2, and 2% for grade 3. Notably, 83.3% of this patient population had received concurrent chemotherapy [7].



Treatment of established radiation-induced xerostomia is challenging in order to re-establish normal function. Hence, of paramount importance for the effective management of xerostomia is prevention, as feasible, and early diagnosis in order to promote and improve intervention and management. Prevention can be feasible through the radiotherapy planning phase of the radiation target areas, but also through a readjustment of the individualized planning during the radiation treatment.



Biomarkers and imaging analysis can provide scientific data that, when characterized by increased sensitivity and specificity, have a great potential for pretreatment risk analysis, early diagnosis, staging, monitoring, and evaluation of the effectiveness of an intervention. Otherwise, diagnosis and monitoring could be only reached by clinical assessment of established signs and symptoms of the patient that can be expressed with a different rate for every patient. Delaying a diagnosis correlates with a more established biologic and physiologic underlying entity, which usually correlates, in turn, with a less efficient management.



Here, we review the current status of the role of magnetic resonance imaging and computed tomography for the assessment of radiation-induced xerostomia based on specific imaging biomarkers and parameters, as reflected in the literature for the years 2010–2020.




2. Computed Tomography (CT) and Radiation-Induced Xerostomia


2.1. Acute Xerostomia


Information deriving from CT imaging of the parotid glad throughout radiotherapy has been analyzed in order to evaluate the use of specific CT data for early prediction of radiation-induced xerostomia. In particular, the combination of volume changes and imaging texture analysis of the parotid, as reflected by the fractal dimension data, was found to provide the highest predictability of 71.4% for the parotid gland changes between the first and the last week of radiation therapy (Table 1) [8]. These results were based on a 6–8 weeks IMRT radiotherapy of the nasopharynx, where the parotid glands were not tumor involved areas.



A more recent study attempted to correlate specific CT parameters with the observed xerostomia, as evaluated at each week of the radiation therapy. A correlation could not be concluded between dose-volume parameters and xerostomia grade. However, a predictability of xerostomia grade in the range of 79–98% was found when a model was used that was based on both the volume change and changes of the mean CT number (MCTN), as reported once a week throughout the treatment (Table 1). Additionally, for a subset of patients, when the difference of the values of the aforementioned two parameters between the first fraction and fifth week were applied in the model, the resulting xerostomia grade at the fifth week was predicted 100% [9]. These results are very promising, as the combination of the two imaging derived parameters, volume and MCTN, are showing quantitative correlation with the xerostomia grade during each week of the radiation treatment.




2.2. Chronic Xerostomia


The long-term xerostomia, though, can be even more important to predict, as it reflects the chronic effect of the radiation therapy on the function of the salivary glands. In this direction, imaging data were attempted to be collected throughout the radiation therapy in order for a prediction model of the xerostomia grade as observed after 11–13 months post-treatment [7]. These data derived from cone beam CT (CBCT) imaging, which is performed during the radiation therapy for the exact positioning of the patient during the consecutive radiation sessions, and, thus, no additional imaging would be needed if such a protocol can be implemented successfully. Although the study included head and neck cancer patients of various primary tumor sites (Table 1), the results were significant and with a relatively high predictability for the patients that had the oropharynx as the primary tumor site and combined with the parotid gland volume and intensity (Hounsfield units) changes. The xerostomia grade at 11–13 months after the radiation therapy was categorized into two groups; grade ≥1 and ≥2. When the aforementioned combination of imaging markers was compared to using only clinical parameters for the prediction, it had a notably increased predictability only for the chronic xerostomia grade ≥ 2. Interestingly, significant sole factors associated with the grade ≥2 xerostomia were the mean intensity loss (Hounsfield Unit) of the parotid gland of the contralateral site at weeks 4, 5, and 6. On the contrary, no significant association with this advanced xerostomia grade range (grades 2 and 3) was found for the parotid glad volume change or with metrics derived from the dose-volume histograms. However, the latter metrics as derived from the ipsilateral site were significantly associated with xerostomia grade ≥1.



Similarly, in another large number population of patients, the addition of pretreatment CT (planning CT) biomarkers increased the predictability of moderate to severe xerostomia as demonstrated 12 months after the radiation treatment, compared to the sole dosimetric and clinical correlation [10]. In specific, the significant CT biomarker that was found represents the heterogeneity of the salivary glands (Table 1). In this study, CT biomarkers were also found significant in the predictability of saliva alteration to “sticky saliva,” which has been associated with radiation-induced side effects and xerostomia.



In another analysis of clinical, dosimetric, and CT radiomic data of a smaller population of head and neck cancer patients that attempted to identify sole, long-term (after 12 months) xerostomia predictors, the gland volume change was found as the most accurate predictor followed by the pretreatment CT gray scale variance and fractal dimension metrics. In this analysis, data from only three points of time during the radiation therapy were included; pretreatment, mid-treatment, and end-of-treatment [11].



The creation of a model for the long-term predictability of radiation-induced xerostomia is of undoubtful significance, as it would provide valuable information for the long-term quality of life of the patient and allow for early adaptation of the radiation therapy plan, as feasible, and early management for the patient.





3. Combined CT and MRI


A combination of imaging biomarkers from both CT and MRI of the parotid and submandibular glands has been attempted in order to predict the patient risk of moderate or severe radiation-induced xerostomia as observed 3 months after the completion of the radiation therapy. The imaging was taken before the beginning of the radiation therapy, during the radiation simulation. This study investigated and compared the prediction effectiveness of each imaging alone, as well as other potential predicting parameters, such as clinical data (i.e., age, sex, and tumor volume) or dose-volume histogram parameters [6]. The prediction model, tested for 216 patients, improved significantly when the parameters of CT, MRI, and dose-volume histogram were combined (Table 1). However, the addition of the three clinical parameters did not improve the model further. When the model was applied again on 50 patients for external validation the results were not decisive, but the highest model performance was achieved when CT, MRI, and clinical data were combined, followed by the combination of only the CT and MRI.



Interestingly, as in this study model, both the parotid and submandibular glands from both sides were included, for the CT, a contralateral submandibular gland imaging marker was one of the statistically significant markers for the model for all combinations, and not a marker of the parotid. This is a very important finding as it indicates the role of the submandibular gland in the prediction of the xerostomia side effect, and further such analyses would shed light into its role.




4. Conclusions


To sum up, imaging techniques such as magnetic resonance imaging and computed tomography can be powerful tools for the prediction and monitoring of radiation-induced xerostomia. The imaging techniques have been performed routinely during oncologic treatment for the identification, monitoring, and treatment of the tumor, and they can now be used as well in order to provide additional information for the prediction and prevention of the side effect of radiation therapy on the salivary glands. However, the current studies do not agree yet to a sole prediction model. In addition, the proposed imaging biomarkers of each of these studies are not safely comparable as there are multiple variables in the studied patient populations (i.e., primary tumor site, concurrent systemic treatment, etc.). To conclude, further investigation is needed in order not only to identify the most effective imaging biomarkers that are linked to radiation-induced xerostomia but also for comprehensive models to be developed.
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Table 1. Imaging biomarkers for acute and chronic radiation-induced xerostomia.






Table 1. Imaging biomarkers for acute and chronic radiation-induced xerostomia.





	
Authors, Year

	
Imaging

	
Primary Tumor Site (N/N)

	
IMRT

	
Chemo-

Therapy

	
Imaging Frequency (During RT)

	
Imaging Biomarker(S)

	
Predictability; Xerostomia Prediction Time






	
ACUTE RADIATION-INDUCED XEROSTOMIA




	
Scalco et al., 2013

	
CT

	
Nasopharynx (21/21)

	
Y

	
N/A

	
1st week, 2nd week, Last week

	
PG volume and fractal dimension

	
71.4%; gland changes at the end of RT




	
Wu et al., 2018

	
CT

	
Nasopharynx (34/59), oropharynx (23/59), larynx (2/59)

	
Y

	
Y (50/59),

N (9/59)

	
Daily

	
PG volume and MCTN

	
79–98%; xerostomia grade at each week of RT




	
Sheikh et al., 2019 *

Internal Cohort

	
CT, MRI

	
Oropharynx (92/216), oral cavity (49/216), larynx (19/216),

nasopharynx (13/216),

accessory sinuses (7/216),

thyroid (5/216),

hypopharynx (4/216), other (27/216)

	
Y

	
N/A

	
At simulation before RT (baseline)

	
a. DVH (contralateral PG dose 40) and CT (contralateral SMG gray level GLNN) and MRI (ipsilateral PG and SMG small area high gray level emphasis)

	
a. 0.79 AUC; xerostomia grade ≥2, 3 months post-RT




	
b. CLINICAL and DVH (contralateral PG dose 40) and CT (contralateral SMG gray level GLNN) and MRI (ipsilateral SMG gray level GLNN and small area high gray level emphasis)

	
b. 0.79 AUC; xerostomia grade ≥2, 3 months post-RT




	
c. CLINICAL and CT (contralateral SMG gray level GLNN) and MRI (contralateral PG shape least axis length, ipsilateral SMG gray level GLNN and small area high gray level emphasis)

	
c. 0.77 AUC; xerostomia grade ≥2, 3 months post-RT




	
d. DVH (contralateral PG dose 40, contralateral SMG dose 60) and CT (contralateral SMG gray level GLNN)

	
d. 0.77 AUC; xerostomia grade ≥2, 3 months post-RT




	
e. CT (contralateral SMG gray level GLNN) and MRI (ipsilateral SMG gray level GLNN and small area high gray level emphasis, ipsilateral PG small area high gray level emphasis)

	
e. 0.75 AUC; xerostomia grade ≥2, 3 months post-RT




	
f. DVH (contralateral PG dose 40)

	
f. 0.73 AUC; xerostomia grade ≥2, 3 months post-RT




	
g. MRI (contralateral PG shape least axis length, ipsilateral SMG and PG small area high gray level emphasis)

	
g. 0.70 AUC; xerostomia grade ≥2, 3 months post-RT




	
h. CT (contralateral SMG gray level GLNN, ipsilateral PG original first order 10 percentile)

	
h. 0.69 AUC; xerostomia grade ≥2, 3 months post-RT




	
CHRONIC RADIATION-INDUCED XEROSTOMIA




	
Van Dijk et al., 2017

	
CT

	
Larynx (118/249), oropharynx (74/249), hypopharynx (31/249), nasopharynx (14/249),

oral cavity (11/249), unknown primary (1/249)

	
Y (226/249),

N (23/249)

	
Y (100/249),

N (149/249)

	
Pre-RT (planning CT)

	
CLINICAL and CT (Short Run Emphasis)

	
0.77 AUC, moderate to severe xerostomia, 12 months post-RT




	
Pota et al., 2017

	
CT

	
Head and neck (37/37)

	
Y

	
N/A

	
Pre-RT, Mid-RT, End-RT

	
a. Gray value variance (σ2) pre-RT

	
a. 0.63 accuracy; 12-month post-RT




	
b. Fractal dimension pre-RT

	
b. 0.63 accuracy; 12-month post-RT




	
c. PG volume change at end-RT

	
c. 0.74–0.79 accuracy; 12-month post-RT




	
Rosen et al., 2018

	
CBCT

	
Oropharynx (65/108), oral cavity (16/108), larynx (16/108), hypopharynx (4/108), nasopharynx (3/108), head and neck unknown Primary (3/108), oropharynx and larynx (1/108)

	
Y

	
Y (90/108)

	
Daily

	
a. Ipsilateral PG volume and imaging intensity (HU) and oropharynx primary tumor site

	
a. 0.719 AUC; xerostomia grade ≥1, 11–13 months post-RT




	
b. Ipsilateral PG volume and contralateral PG imaging intensity (HU) and oropharynx primary tumor site

	
b. 0.776 AUC; xerostomia grade ≥2, 11–13 months post-RT








CT: computed tomography; CBCT: cone beam computed tomography; PG: parotid gland, SMG: submandibular gland, RT: radiation therapy, HU: Hounsfield unit, AUC: area under curve, MCTN: mean CT number, DVH: dose-volume histogram, GLNN: gray level nonuniformity normalized *: significant markers p < 0.05 in parentheses for each combination.
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