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Abstract

Background: Patients with head and neck cancer (HNC) experience psychoneurological 

symptoms (PNS, i.e., depression, fatigue, sleep disturbance, pain, and cognitive dysfunction) 

during intensity-modulated radiotherapy (IMRT) that decrease their functional status, quality of 

life, and survival rates. The purposes of this study were to examine and visualize the relationships 

among PNS within networks over time and evaluate for demographic and clinical characteristics 

associated with symptom networks.

Methods: A total of 172 patients (mean age 59.8±9.9 years, 73.8% male, 79.4% White) 

completed symptom questionnaires four times, namely, prior to IMRT (T1), one month (T2), 

three months (T3), and 12 months (T4) post IMRT. Network analysis was used to examine the 

symptom-symptom relationships among PNS. Centrality indices, including strength, closeness, 

and betweenness, were used to describe the degrees of symptom network interconnections. 

Network comparison test was used to assess the differences between two symptom networks.

Results: Depression was associated with the other four symptoms, and fatigue was associated 

with the other three symptoms across the four assessments. Based on the centrality indices, 
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depression (rstrength=1.3–1.4, rcloseness=0.06–0.08, rbetweeness=4–10) was the core symptom in all 

symptom networks, followed by fatigue. Female gender, higher levels of stress, and no alcohol use 

were associated with stronger symptom networks in network global strength prior to IMRT.

Conclusion: Network analysis provides a novel approach to gain insights into the relationships 

among self-reported PNS and identify the core symptoms and associated characteristics. 

Clinicians may use this information to develop symptom management interventions that target 

core symptoms and interconnections within a network.

Lay Summaries:

The study described the symptom-symptom relationships for five common symptoms in patients 

with head and neck cancer receiving radiotherapy. Depression and fatigue appeared to be two core 

symptoms that were connected with sleep disturbance, pain, and cognitive dysfunction within a 

network. Several characteristics (i.e., female, higher stress, no alcohol use) were associated with 

stronger symptom networks.

Precis:

Depression and fatigue appear to be two core symptoms that are connected with other 

psychoneurological symptoms. Female gender, higher levels of stress, and no alcohol use are 

associated with stronger psychoneurological symptom networks.

Keywords

Depression; fatigue; neck and head cancer; network analysis; radiotherapy; symptoms

INTRODUCTION

Patients with head and neck cancer (HNC) are a significantly growing population with 

more than 68,000 new cases in the United States in 2021.1 Most patients with HNC 

receive intensity-modulated radiotherapy (IMRT) that targets tumors with higher doses and 

reduces normal tissue complications.2 Psychoneurological symptoms (PNS) that include 

depression, fatigue, sleep disturbance, pain, and cognitive dysfunction are among the most 

common and distressing symptoms reported by patients with HNC undergoing IMRT.3,4 

These multiple co-occurring symptoms can negatively impact patients’ functional status, 

quality of life (QOL), and survival rates.5,6 In a mixed methods study, patients with HNC 

experienced varying levels of PNS that affected their functional well-being and QOL.7 In 

another national cohort study of 1589 patients with HNC,6 patients with one symptom had 

a median survival of 5.3 years compared to only 1.1 years for patients with three symptoms. 

These findings suggest that a critical need exists to understand the relationships among PNS 

in patients with HNC, especially during IMRT.

Previous studies of PNS in patients with HNC focused on the identification of symptom 

clusters. In two studies of patients with HNC undergoing radiotherapy, fatigue, sleep 

disturbance, depression, cognitive dysfunction, and pain were identified as a symptom 

cluster.3,8 However, in one cross-sectional study,5 PNS occurred in two symptom clusters 

(i.e., fatigue and sleep disturbance, depression and pain). In addition, while risk factors of 
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PNS among HNC are largely unknown, in patients with heterogeneous cancer diagnoses, 

younger age, poorer performance status, higher levels of stress, and receipt of chemotherapy 

were associated with more severe PNS.9,10 While these studies provided important 

information about PNS, several limitations warrant consideration. First, inconsistent results 

were found for the PNS cluster. Second, most of these studies used a cross-sectional design. 

In addition, no studies focused on an evaluation of risk factors associated with PNS in 

patients with HNC. Lastly, none of them identified the symptom-symptom relationships 

among the five PNS in patients with HNC.

Network analysis is an innovative approach to describe and visualize symptom-symptom 

interactions. Each symptom was defined as “node” and relationships between two nodes 

were defined as “edges”. The thickness of the edges represents the magnitude of the 

relationships.11 Three centrality indices were used for estimating network structures: 

strength (network connectivity), closeness (the average distance from one node to all other 

nodes), and betweenness (the number of times a node being the shortest path among 

nodes).12 The most common model to estimate symptom networks is the partial correlation 

network using regularization techniques.13 Network analysis allows one to visualize the 

network structures and provides centrality indices to evaluate the networks (e.g., strength, 

closeness).11 In addition, core symptoms within a network present the strongest associations 

with the other symptoms and may play a critical role in activating other symptoms.14 

Targeting core symptoms is the key to successful symptom management interventions. 

The use of network analysis will assist clinicians and researchers to understand symptom 

interconnections and develop more efficacious interventions. While network analysis was 

used to examine psychosocial symptoms,14,15 no studies have used this approach to identify 

the network associated with PNS in patients with HNC. Given the paucity of research 

on network analysis in PNS and the relationships among these self-reported symptoms 

in patients with HNC, the purposes of this study were to examine and visualize the 

relationships among PNS within networks over time and evaluate for demographic and 

clinical characteristics associated with these networks.

METHODS

Patients and settings

This prospective longitudinal study included patients with HNC who received IMRT. Details 

were described in our previous publications.16,17 In brief, eligible patients included: ≥21 

years of age; histological proof of squamous cell carcinoma of head and neck region; clinical 

stage T1–T4, any N with no distant metastasis; receiving IMRT with or without concurrent 

chemotherapy; having adequate major organ function; and being able to read, write, and 

understand English. Exclusion criteria included: simultaneous primary cancer; previous 

invasive malignancies of less than 3 years; pregnant women; major psychiatric disorders; 

and chronic medical conditions involving the immune system (e.g., HIV, hepatitis B or C) or 

regular use of immunosuppressive medications (e.g., glucocorticoids, methotrexate). Patients 

were recruited at the Oncology Clinics of Emory Winship Cancer Institute, Atlanta, GA. A 

total of 172 patients provided informed consents to participate in the study. A priori sample 

size analysis was used to determine that our sample provided sufficient power.15
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Instruments

Demographic characteristics (e.g., age, gender, race, marital status, education, and income) 

were collected through a standard patient-reported questionnaire. Lifestyle characteristics 

included history of tobacco use, years since quitting tobacco, history of alcohol use, 

and body mass index (BMI). All of these data were collected using questionnaires or 

medical record review. Clinical characteristics consisted of functional status (Eastern 

Cooperative Oncology Group [ECOG] Scale of Performance Status),18 comorbidities 

(Charlson Comorbidity Index [CCI]),19 stress (Perceived Stress Scale),20 cancer sites, cancer 

stage (TNM), human papillomavirus (HPV) status, treatment types, radiation dose, and 

feeding tubes, obtained through medical record review.

The five PNS were measured by the self-reported symptom instruments with well-

established validity and reliability.21–24 The symptoms that were assessed included: 

depression (the 8-item Patient Health Questionnaire (PHQ-8)22 with a cutoff score ≥10 

indicating clinical diagnosis of depression)25; fatigue (the 20-item Multidimensional Fatigue 

Inventory (MFI)-2024 with a cutoff score ≥43.5 indicating moderate-to-severe fatigue)26; 

sleep disturbance (the 19-item Pittsburgh Sleep Quality Index (PSQI)23 with a cutoff 

score ≥5 indicating sleep disturbance)27; and cognitive dysfunction and pain (one-item 

pain and two-item cognitive dysfunction measures from the Patient-Reported Outcomes 

version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE)28) (see the 

Supplementary Files for more details).

Study procedures

This study was approved by the Emory Institutional Review Board. Patients’ electronic 

medical records were used to determine eligibility. Eligible, consented patients were 

enrolled before the start of IMRT. If surgery was performed, it typically took place 

approximately 1 month prior to IMRT. Demographic and clinical characteristics were 

collected at baseline (prior to IMRT) and/or follow-up as appropriate through chart review 

and standardized questionnaires. All other data, including patients-reported questionnaires, 

were collected prior to IMRT (T1) and 1 month (T2), 3 months (T3), and 12 months (T4) 

post IMRT.

Data analysis

The symptom scores were standardized using z-scores and transformed to t-scores for 

visualization. Expectation-Maximization (EM) algorithm was used for imputing missing 

data.29,30 Descriptive statistics and frequency distributions were calculated for demographic 

and clinical characteristics. One-way repeated measures ANOVA was performed to 

determine if there were significant differences in PNS severity over time. Due to the 

inconsistency in the PNS cluster in previous studies, exploratory factor analysis (EFA) was 

used to identify the cluster(s) among PNS, and confirmatory factor analysis (CFA) was 

used to confirm the cluster(s) identified. Data at each time point were randomly split into 

halves for EFA and CFA, respectively. The details for EFA and CFA can be found in the 

Supplementary Files. IBM SPSS 28.0 and IMB AMOS 26.0 (IBM Corp., Armonk, NY) 

were used to support the data analysis.
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Network analysis was used to identify the relationships among the five PNS. We estimated 

a regularized partial correlation network using the least absolute shrinkage and selection 

operator (LASSO) algorithm and Extended Bayesian Information Criterion (EBIC) model 

selection using the R 4.1 package qgraph.11,13 The coefficient parameters rstrength, rcloseness, 

and rbetweenness were used to indicate the degrees of symptom network interconnections.

We examined the accuracy and stability of the network model to assess the rigorousness 

of the results over time. Accuracy was assessed by computing confidence intervals (CIs) 

of edge-weights using the non-parametric bootstrapping method (resampling rows from the 

data with replacement).15 Stability was assessed by correlation stability coefficients (CS-Cs) 

of centrality indices using subset bootstraps (dropping rows from the data).15 If CS-Cs 

did not change significantly after excluding part of the sample in the dataset, the network 

structure was considered stable. The R-package bootnet was used to perform these analyses.

The Network Comparison Test (NCT) was used to assess for differences between two 

networks as well as for networks over time (i.e., T1 vs. T2, T2 vs. T3, T3 vs. T4). First, we 

performed generalized estimating equation models to identify potential characteristics that 

were associated with PNS (p < .1) among our patients. In addition, we searched publications 

for characteristics associated with PNS.31,32 Several characteristics were included: age, 

gender, tobacco use, alcohol use, HPV status, stress, receipt of surgery, and receipt of 

chemotherapy. We carried out the NCT to examine network differences among subgroups 

with different characteristics separately. The NCT was performed on subsamples using 1000 

permutations as recommended previously.11 The NCT tested invariant network structure, 

invariant global strength, and invariant edge strength between two networks. All the tests 

were performed with the R-package NetworkComparisonTest.

RESULTS

Demographic and clinical characteristics of patients

A total of 172 patients with HNC receiving IMRT participated in the study starting from 

baseline (T1) and during three follow-up assessments (T2, T3, and T4). As shown in 

Table 1, patients were middle aged (mean age 59.8±9.9 years), mostly male (73.8%), 

non-Hispanic White (79.4%), and married (69.8%). Most patients had no history of alcohol 

use (58.1%), had a history of tobacco use (60.9%), did not receive surgery (61.6%), and 

received concurrent chemotherapy (79.7%). Half of the patients were HPV positive.

Symptom severity trajectories

As shown in Figure 1, depression and fatigue severity scores increased from baseline (T1) 

and peaked at T2 (p = .016 and p < .001, T1 vs. T2) and gradually decreased at T3 (p = .01 

and p = .002, T2 vs. T3) and T4 (both p values > .05, T3 vs. T4). Sleep disturbance severity 

scores increased at T2 and dramatically decreased at T3 and T4 (p = .024, T2 vs. T3; both 

p values > .05, T1 vs. T2 and T3 vs. T4). Pain severity scores continually decreased after 

IMRT across four time points (p = .004, T2 vs. T3; both p values > .05, T1 vs. T2 and T3 

vs. T4). However, cognitive dysfunction had a different pattern and demonstrated a tendency 
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of increased severity over time (all p values > .05) that may be attributed to the long-term 

effects of radiotherapy and continued alcohol use.

Factor analysis

One symptom cluster was identified by the EFA, namely, the PNS cluster. The item loadings 

at each time point are shown in Supplementary Table 1. Similar loading patterns were 

observed for all time points for the EFA. The results from the CFA confirmed the final 

one-cluster structure (Supplementary Figure 1). Consistent results were found for all time 

points, which suggested that the PNS cluster remained stable over time.

Symptom networks and centrality indices

Figure 2 illustrates the symptom networks at each of the four assessments. Figure 3 shows 

the centrality indices for the symptom networks. For the nodes (symptoms), depression 

(reported by 14%−25% of patients) was highly connected with the other four symptoms, 

and fatigue (reported by 54%−75% of patients) was connected with the other three 

symptoms across the four assessments. The closest relationships are illustrated by the 

thickest edges. These relationships include: between depression and sleep disturbance at 

T1, T3, and T4, between depression and fatigue at T2, T3, and T4, and between depression 

and cognitive dysfunction at T4. Based on the centrality indices for all four assessments, 

depression showed the highest strength (rstrength=1.3–1.4), closeness (rcloseness=0.06–0.08), 

and betweenness (rbetweeness=4–10). Depression was the most core symptom in all four 

networks and was most closely associated with sleep disturbance at T1 and T4, fatigue at 

T2, and sleep disturbance and fatigue at T3. Fatigue was the second most core symptom 

(rstrength=0.8–1.0, rcloseness=0.06, rbetweeness=0–2) and was most closely associated with 

depression across the four assessments.

Accuracy and stability of symptom networks

The edge weights in the current sample were consistent with the bootstrapped sample, 

which suggests that the network structure was accurate (Supplementary Figure 2). The 

case-dropping subset bootstrap procedure showed that the values for strength, closeness, and 

betweenness remained stable even after dropping large portions of the sample. The strength 

indices in this sample were relatively high (i.e., CS-C = .52 to .67). After dropping up 

to 75% of the sample, the order of the symptoms in strength was still correlated with the 

original network (r = .70). Therefore, we focused on the interpretation of symptom strength 

based on this network analysis.

Symptom network comparisons

When the symptom networks were compared at four time points, no significant differences 

were found among these networks (all p values > .05). In addition, we compared the 

symptom networks between subgroup patients who were male (n=127) vs. female (n=45), 

young to middle aged (n=112) vs. older aged (n=60), had no tobacco use (n=66) vs. tobacco 

use (n=103), had no alcohol use (n=97) vs. alcohol use (n=70), were HPV negative (n=86) 

vs. HPV positive (n=86), had low levels of stress (n=83) vs. moderate to high levels of 

stress (n=86), had surgery (n=66) vs. no surgery (n=106), and had concurrent chemotherapy 
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(n=137) vs. no chemotherapy (n=35). Significant differences between the networks prior to 

IMRT were found for gender (male: 1.79 vs. female: 2.48; p = .02), stress levels (low: 1.47 

vs. moderate to high: 1.85; p = .04), and alcohol use (no alcohol use: 2.41 vs. alcohol use: 

1.74; p = .01) for network global strength, but not for network structure. In contrast, no 

significant differences were found between the networks prior to IMRT for age, smoking 

status, HPV status, receipt of surgery, and receipt of chemotherapy (all p values > .05). No 

significant differences were found at the other time points. Of note, statistical significance 

should be interpreted with caution due to multiple comparisons and hypotheses testing.

DISCUSSION

This study is the first to examine the relationships among PNS within networks over time 

and evaluate for demographic and clinical characteristics associated with symptom networks 

in patients with HNC. Network analysis increases our understanding of the interconnections 

among the five PNS and identified the core symptoms and the characteristics associated with 

stronger symptom networks.

Depression was the most core symptom in the network at each time point. In our study, 

depression was reported by 14% to 25% of patients across the four time points. While 

depression rates were relatively low in our patients with HNC, this finding suggests that it 

may play a central role among all symptoms in the PNS network. Previous studies found 

that depression acts as a “bridge symptom” that mediates the relationships among anxiety, 

posttraumatic stress disorder symptoms, and sleep disturbance.33,34 Further investigations 

are needed to confirm the central role that depression plays in the PNS network.

Fatigue was the second most core symptom and was reported by 54% to 75% of our patients 

across the four time points. While fatigue being the most prevalent symptom among our 

patients with HNC is consistent with previous literature,32 the interconnections between 

fatigue and the other PNS were relatively weaker than those for depression. However, 

a recent systematic review found that fatigue was the core symptom among pain, sleep 

disturbance, and distress.4 Compared to previous studies where fatigue was associated 

with sleep disturbance in patients with cancer,35,36 fatigue had no or weak relationships 

with sleep disturbance in our study. This weak association in our study may explain the 

discrepancy for regulating its central role among PNS. This inconsistency may be related 

to differences in cancer diagnoses and treatments. Additional research is warranted to 

investigate the relationships between fatigue and sleep disturbance within the PNS network 

among different cancer diagnoses. Taken together, depression and fatigue appear to be two 

core symptoms in the PNS network. Given the low occurrence rate of depression in patients 

with HNC, clinicians should focus more on fatigue in clinical practice because it has the 

highest prevalence and is the second most core symptom within PNS.

Prior research suggests that targeting a core symptom(s) may be a more effective approach 

for symptom interventions because it can affect multiple co-occurring symptoms.37,38 Our 

findings inform the field of symptom clusters research by testing a new method to identify 

the core symptoms for future directions. This approach may guide the development of 

interventional studies based on the hypothesis that treatment of either depression or fatigue 

Lin et al. Page 7

Cancer. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



may decrease the other symptoms in the PNS cluster. Clinicians may target depression and 

fatigue together for multi-level symptom management for patients with HNC. For example, 

clinicians may refer patients with higher depression or/and fatigue severity for psychological 

counseling39 that target both symptoms, which may decrease the other symptoms (i.e., sleep 

disturbance, pain, and cognitive dysfunction). In addition, clinicians may encourage patients 

to exercise (e.g., 80–150 minutes per week)40 during and after cancer treatment to improve 

depression and fatigue, as well as other symptoms.

Symptom-symptom relationships were described within each of the symptom networks 

over time in the present study. Our findings suggest that depression-sleep disturbance (T1, 

T3, and T4), depression-fatigue (T2, T3, and T4), and depression-cognitive dysfunction 

(T4) have the strongest relationships compared to the other symptom interconnections. 

The findings across difference times suggest that the interactions among these symptoms 

remained relatively stable during and following IMRT. Therefore, once patients’ symptom 

combinations are defined, the interventional strategies may be able to be used for a relatively 

longer period of time for multiple symptoms. Additionally, given the symptom-symptom 

relationships, patients may benefit from different combinations of symptom interventions, 

such as psychotherapy41 with sleep hygiene education35 or cognitive behavioral therapy42.

Previous studies suggested several potential underlying mechanisms for PNS, including 

increases in pro-inflammatory responses, dysregulation of the hypothalamic-pituitary-

adrenal (HPA) axis, and neurotransmitter alterations.43,44 Additional research is warranted 

to determine if a primary common mechanism exists or if multiple mechanisms interact to 

increase symptom burden or severity. Omics approaches (e.g., genomics, transcriptomics), 

with their potential for exploring multiple pathways at the same time, can be used 

to investigate the underlying biological mechanisms of PNS. Understanding these 

mechanism(s) is essential to developing effective treatments across cancer types and other 

chronic conditions.

Three demographic and clinical characteristics were associated with stronger symptom 

networks prior to IMRT. While findings are inconsistent regarding gender differences in 

PNS among oncology patients,45,46 in our study, women were more likely to have stronger 

symptom networks. In addition, higher levels of stress were associated with stronger 

symptom networks for patients with HNC. This finding can be partially explained by 

repeated stressful events (e.g., cancer diagnosis and coming treatments) increasing patients’ 

allostatic load that results in increased symptom interactions within a network.47 Clinicians 

may need to teach patients different coping strategies to improve symptom management. 

While previous research found that alcohol use was associated with a higher symptom 

burden,48 in our study, no alcohol use was associated with stronger symptom networks. One 

hypothesis is that alcohol use dulled the patients’ experience of PNS that led to decreases 

in symptom interactions.49 In contrast, no significant differences in the networks were found 

for age, smoking status, HPV status, receipt of surgery, and receipt of chemotherapy over 

time. Larger studies are needed to confirm or refute these findings.

While our study is the first to examine the relationships among PNS within networks over 

time and evaluate for associated characteristics, several limitations warrant consideration 
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in future studies. First, while we used the split-half sample method of exploratory and 

confirmatory factor analysis for symptom clusters, confirmatory factor analysis with an 

independent sample would be an ideal approach to determine the symptom clusters. 

Second, we used the regularized network estimation method and network comparison 

tests to evaluate for variations in the symptom networks over time which did not take 

temporal dependence into account. Advanced methods such as temporal network analysis50 

may better investigate how symptom networks change over time. Third, we did not take 

treatments or medications for the PNS into account. These data should be collected in 

future studies (e.g., use of pain medications). Lastly, we compared the characteristics that 

were likely associated with PNS based on our data and literature review. Several other 

characteristics, such as social determinants of health, warrant additional investigation.

In conclusion, using network analysis, we characterized the symptom-symptom relationships 

for PNS and identified the core symptoms and associated characteristics. Depression and 

fatigue appeared to be two core symptoms that were connected with other PNS. With our 

longitudinal design, we found that the PNS networks were relatively stable over time from 

pre-radiotherapy to one-year post-treatment. Female gender, higher levels of stress, and 

no alcohol use were associated with stronger symptom networks. Future research should 

validate these findings. Additional work may help guide the testing of interventions to treat 

the PNS networks and decrease the multi-symptom burden.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Mean symptom severity t-scores across the four assessments
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Figure 2. 
Estimated network structures for psychoneurological symptoms across the four assessments
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Figure 3. 
Centrality indices for psychoneurological symptoms within the networks across the four 

assessments

Notes: Cgn = cognitive dysfunction, Dpr = depression, Ftg = fatigue, IMRT = intensity-

modulated radiotherapy, Pan=pain, Slp=sleep disturbance
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Table 1.

Baseline demographic and clinical characteristics of the participants (n = 172)

Variables Mean ± SD or N (%)

Age (years) 59.8 ± 9.9

Gender Male 127 (73.8)

Female 45 (26.2)

Race White 135 (79.4)

Non-White 35 (20.6)

Marital status Married 118 (69.8)

Unmarried 51 (30.2)

History of tobacco use No 66 (39.1)

Yes 103 (60.9)

History of alcohol use No 97 (58.1)

Yes 70 (41.9)

Antidepressant use No 140 (81.9)

Yes 31 (18.1)

Stage ≤ III 37 (21.6)

IV 134 (78.4)

Human papillomavirus status Negative 86 (50)

Positive 86 (50)

Treatment IMRT 8 (4.7)

IMRT + surgery 27 (15.7)

IMRT + chemotherapy 98 (57.0)

IMRT + surgery + chemotherapy 39 (22.7)

Concurrent chemotherapy No 35 (20.3)

Yes 137 (79.7)

Surgery No 106 (61.6)

Yes 66 (38.4)

Body Mass Index 27.9 ± 5.8

Stress scores 14.5 ± 8.1

Radiation dose (Gy) 66.1 ± 7.5

Note: IMRT = intensity-modulated radiotherapy
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