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Abstract

Context—Intensity-modulated radiation therapy (IMRT), three-dimensional conformal radiation 

therapy (3DCRT), and proton-beam therapy (PBT) are chemoradiotherapy modalities for treating 

locally advanced non-small cell lung cancer (NSCLC). Although therapy is carefully planned to 

maximize treatment benefit while minimizing risk for adverse side effects, most patients develop 

radiation-induced symptom burden.

Objectives—To demonstrate the M. D. Anderson Symptom Inventory (MDASI)’s ability to 

detect fine differences in symptom development among these modalities.

Methods—This was a longitudinal observational study. Patients with unresectable primary or 

recurrent NSCLC (n=82) underwent either 3DCRT, IMRT, or PBT. Patients rated MDASI 

symptoms weekly for up to 12 weeks. We used mixed-effect modeling to estimate development of 

symptoms and functional interference.

Results—The PBT group received a significantly higher radiation target dose than did the IMRT 

and 3DCRT groups (P<0.001). Fatigue was the most severe symptom over time for all groups. 

Controlling for patient and clinical factors (age, sex, race, cancer stage, performance status, body 

mass index, previous cancer therapy, total radiation dose), we found that pain, as a major 

esophagitis-related symptom, increased more during therapy (P=0.019) and decreased more after 

(P=0.013) therapy in the 3DCRT and IMRT groups than in the PBT group. Compared with the 
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PBT group, the 3DCRT and IMRT groups reported greater decrease in systemic symptoms 

(fatigue, drowsiness, lack of appetite, disturbed sleep) after therapy (P=0.016).

Conclusion—Patients receiving PBT reported significantly less severe symptoms than did 

patients receiving IMRT or 3DCRT. These results should be confirmed in a randomized study with 

comparable tumor burden among therapies.
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Introduction

Concurrent chemoradiation therapy (CXRT), a standard treatment option for patients with 

locally advanced non-small cell lung cancer (NSCLC),1-3 is often associated with acute side 

effects from the radiation and/or chemotherapy, including both systemic symptoms (e.g., 

fatigue, sadness, distress, disturbed sleep, drowsiness, lack of appetite) and localized 

symptoms from radiation-induced toxicities such as esophagitis or pneumonitis (e.g., 

coughing, sore throat, pain).4,5 A systematic review revealed that treatment-related toxicities 

(mainly acute grade 3 or 4 esophagitis and hematological issues such as neutropenia and 

anemia) from CXRT were more severe than the toxicities from radiotherapy alone or from 

sequential CXRT.2 High symptom burden contributes to the patient’s general distress during 

the course of treatment.6 Therefore, minimizing symptoms and their effects on a patient’s 

functional status, especially during aggressive cancer therapy, is an important treatment 

goal.7

Over the past decade, photon radiotherapy modalities such as three-dimensional conformal 

radiation therapy (3DCRT) and intensity-modulated radiotherapy (IMRT) have been widely 

adopted for the treatment of NSCLC.2,8 In addition, other radiotherapy modalities for 

treating NSCLC, such as proton-beam therapy (PBT), are emerging.9 PBT provides a 

substantial dosimetric benefit compared with conventional photon radiotherapies like 

3DCRT or IMRT, because protons deliver essentially no dose beyond the end of the range 

and a much-reduced dose proximal to the target volume.10 This improved dose localization 

from PBT permits administration of a high radiation dose to the tumor while minimizing 

exposure of the surrounding normal tissues.

Although toxicity data for various modes of radiation, with or without concurrent 

chemotherapy, are becoming available,9,11,12 there is a paucity of empirical research into the 

severity of the multiple symptoms experienced by patients with NSCLC undergoing this 

type of aggressive cancer treatment. Having a sensitive symptom-assessment tool for 

capturing accurate symptom profiles is critical for establishing the patient’s experience of 

various advanced therapies, especially as new technologies arise, and for managing 

symptoms effectively. In a study of NSCLC patients who underwent either 3DCRT or 

IMRT,6 a validated multisymptom assessment tool, the M. D. Anderson Symptom Inventory 

(MDASI),13 was used to describe the longitudinal development of esophagitis-related pain 

and systemic symptoms (fatigue, drowsiness, lack of appetite, disturbed sleep) that arose 

during treatment. The longitudinal study presented here compared the symptom profiles of 
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patients with NSCLC undergoing PBT versus conventional IMRT or 3DCRT therapy. We 

hypothesized that the technologies with better normal tissue protection (PBT or IMRT) 

would cause significantly less severe symptom burden.

Methods

Participants

Patients being seen in the Department of Radiation Oncology at The University of Texas M. 

D. Anderson Cancer Center in Houston, Texas from 2002–2010 were approached to 

participate in the study. Eligible patients had a pathological diagnosis of locally advanced, 

unresectable primary or recurrent NSCLC, were scheduled for 3DCRT, IMRT, or PBT, and 

were at least 18 years old. Patients were enrolled prior to therapy under two separate 

protocols that were prospective, observational, patient-reported outcome (PRO)-based 

studies of the symptomatic effects of either PBT in patients with a recurrent tumor after 

surgery and/or chemotherapy, or photon radiotherapy (3DCRT or IMRT) in patients with 

nonoperable NSCLC, in each case with concurrent chemotherapy. PBT was delivered with 

passively-scattered protons, the 3DCRT analogue of photons. The chemotherapy regimen 

(standard platinum/taxane-based doublets) was consistent for all patients regardless of 

radiation modality. Both protocols used the same study schema for PRO measurement.

The studies were approved by the M. D. Anderson Institutional Review Board. All 

participants gave written informed consent.

Patient-Reported Outcomes Tool: The MDASI

The MDASI is a PRO assessment tool validated for use in the cancer population.13 The 

severity of 13 common cancer-related symptoms (pain, fatigue, nausea, vomiting, dry 

mouth, shortness of breath, lack of appetite, difficulty remembering, drowsiness, disturbed 

sleep, sadness, distress, numbness/tingling) during the previous 24 hours is assessed on a 0–

10 numerical rating scale, with 0 being “not present” and 10 being “as bad as you can 

imagine.” The additional symptoms “coughing” and “sore throat” were added to the MDASI 

in the 3DCRT/IMRT protocol, and “mouth or throat sores” was added in the PBT protocol. 

The MDASI also contains six items that describe how much symptoms have interfered with 

various aspects of the patient’s life (general activity, mood, walking ability, normal work, 

relations with other people, and enjoyment of life) during the past 24 hours. These 

interference items also are assessed on a 0–10 scale, with 0 being “does not interfere” and 10 

being “completely interferes.” The MDASI was administered before the start of CXRT 

(baseline) and then weekly during and after therapy for up to 12 weeks.

Statistical Analysis

The symptoms targeted in the current analysis were the most severe MDASI symptoms 

reported in previous studies of patients with NSCLC undergoing CXRT. We operationally 

defined the four most severe symptoms (fatigue, lack of appetite, disturbed sleep, and 

drowsiness) as the “systemic symptoms” component,6 whereas pain is a “local” symptom 

that is more relevant to esophagitis. An interference composite score was computed from the 

mean scores of the six individual interference items to present the functional burden of 
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cancer-related symptoms. Differences in patient and clinical variables between radiotherapy 

groups were examined by Chi-square test (for categorical variables) and analysis of variance 

(for continuous variables). P-values < 0.05 were considered statistically significant.

For systemic symptoms and pain, the effects of treatment technique on change in symptom 

severity during the seven weeks from before the commencement of CXRT to the end of 

treatment were examined by mixed-effect growth-curve models with a random subject effect 

and linear splines to approximate the change over time. Similar modeling was applied to 

demonstrate symptom changes during the five weeks post-CXRT (weeks 7–12 from CXRT 

start). To actively address potential confounding issues in this nonrandomized study, we 

included age, sex, race, cancer stage, Eastern Cooperative Oncology Group performance 

status, body mass index, previous cancer therapy, and total radiation dose in all models. The 

interpretation focuses on the average weekly rate of change in symptom severity along the 

0–10 scale. The interactive effects of time and CXRT technique, and among the three types 

of CXRT, were estimated using multivariate analysis.

Results

Patient and Treatment Characteristics

Patient demographics and cancer therapy data are shown in Table 1. In all, 22 patients 

receiving 3DCRT, 34 patients receiving IMRT, and 26 patients receiving PBT were enrolled. 

Platinum/taxane-based chemotherapy regimens were administered concurrently with 

radiotherapy for all patients. There were no significant differences in patient demographics, 

disease stage, or type of chemotherapy agent used among the three radiotherapy groups. 

Fewer patients in the IMRT group had previously undergone chemotherapy, and more 

patients in the PBT group had previously undergone surgery. All patients completed their 

planned therapy.

A significantly higher radiation dose was received by the PBT group compared with the 

3DCRT group (P < 0.001) or IMRT group (P = 0.002) (Table 1).

All of the patients contributed symptom data at baseline; three patients (3.7%) withdrew 

from the study before CXRT completion at week 7. The random missing-data rate ranged 

from 4.8% to 11.0% for the MDASI symptom items during CXRT, stemming primarily from 

administrative error.

White blood cell (WBC) count and hemoglobin levels were not significantly different at 

baseline and decreased during CXRT in all three radiotherapy groups. At the end of CXRT, 

there was no significant difference in hemoglobin levels between the three groups; patients 

who received 3DCRT had a lower WBC count (2.88×103/μL ± 1.74×103/μL) than did 

patients in the PBT group (4.94×103/μL ± 2.61×103/μL; P < 0.023), but no significant 

difference in WBC count was found between the 3DCRT group and the IMRT group 

(3.07×103/μL ± 0.99×103/μL).
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Longitudinal Patterns of Symptom Development by Radiotherapy Type

Fatigue was consistently the most severe MDASI symptom throughout the course of CXRT 

for all three radiotherapy modalities. Other most severe symptoms in terms of mean severity 

were drowsiness, pain, disturbed sleep, lack of appetite, and sore throat. Pre-CXRT, no 

significant differences between groups were noted for any symptom. Table 2 presents the 

mixed-modeling results of weekly dynamic increase in severity during and after CXRT for 

these individual most severe symptoms. Each model was adjusted for patient and clinical 

factors. During CXRT, patients receiving 3DCRT or IMRT reported significant increases 

over time in pain, sore throat, and lack of appetite (all P < 0.001), fatigue (P = 0.019 and P < 

0.001, respectively) and drowsiness (P = 0.016 and P < 0.001, respectively). For patients 

receiving PBT, only pain increased significantly (P = 0.024). Post-CXRT, patients receiving 

IMRT reported significant decreases in pain, sore throat, fatigue, drowsiness, and lack of 

appetite (all P < 0.05). The 3DCRT patients reported significantly decreased sore throat, lack 

of appetite, and disturbed sleep (all P < 0.05). PBT patients reported no significant change in 

any symptom.

The mean severities of the systemic symptoms component score and pain for all three 

radiotherapy groups during and after CXRT are presented in Fig. 1. Before CXRT (at 

baseline), the differences between groups were not significant for the mean symptom 

severity component score.

Differences in Symptom Outcomes by Radiotherapy Modality

Adjusted for patient and clinical factors, mixed modeling (Table 3) demonstrated the 

estimation (est) of differences in symptom change for the component scores and pain among 

the three groups, by multivariate analysis. During CXRT, the trend toward lower severity for 

the systemic symptoms component score in the PBT group versus the 3DCRT group or 

IMRT group was not statistically significant (est = 0.11, P = 0.307). After CXRT, both 

3DCRT and IMRT patients experienced a more rapid decrease in systemic symptoms, 

compared with PBT patients (all P < 0.05).

Compared with the PBT group, the IMRT patients had a more rapid increase in pain during 

CXRT (P = 0.014). No significant difference was found for change in pain between the 

3DCRT and IMRT groups (P = 0.409). The average weekly increase in pain was 

significantly greater in the 3DCRT and IMRT groups than in the PBT group during CXRT 

(est = 0.21, P = 0.019), and decrease in pain was greater post-CXRT (est = −0.46, P = 

0.013). The model was also adjusted for patient and clinical factors.

Cumulative Effects on Interference

Patient-reported symptom interference increased significantly in the 3DCRT (P < 0.001), 

IMRT (P < 0.001), and PBT (P = 0.016) groups. As expected, systemic symptoms 

contributed significantly to interference (est = 0.62, P < 0.001), but pain, as a local symptom 

from esophagitis, did not (est = 0.04, P = 0.206).
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Discussion

In this longitudinal study, we examined the patient-reported symptom burden produced by 

three different modes of concurrent CXRT for NSCLC: photon radiotherapies (3DCRT and 

IMRT) and proton-beam therapy (PBT). Although the three modes shared a similar 

symptom-development pattern over the course of CXRT, comparisons between modes 

indicated a significant difference in the emergence of acute esophagitis-related pain, which 

was more severe for the 3DCRT and IMRT groups than for the PBT group. These results 

support our hypothesis that less severe symptom burden would be associated with a 

radiotherapy technology with enhanced normal-tissue protection.11,14

Previous studies in patients with NSCLC undergoing CXRT identified two treatment-related 

symptom clusters in the acute phase of the therapy: an esophagitis symptoms component 

(pain and sore throat)15 and a systemic symptoms component comprising the most severe 

symptoms reported by this patient cohort (fatigue, lack of appetite, disturbed sleep, and 

drowsiness).6 In the latter study, the systemic symptoms component was shown to have a 

steady increase in severity that was correlated with increasing CXRT dose, reflecting the 

body’s overall response to radiation damage to tissue (both the tumor and normal structures) 

plus systemic damage from concurrently administered chemotherapy.16,17 Because systemic 

symptoms have a strong impact upon daily functioning,18 examining new therapies with 

potential for reduced symptom burden is of high interest. In the current study, the systemic 

symptoms fatigue, drowsiness, disturbed sleep, and lack of appetite worsened significantly 

in the 3DCRT and IMRT groups but not in the PBT group, despite the 15% higher tumor 

radiation dose and an additional week of treatment for PBT. These results are indicative of 

the symptom benefit associated with PBT.

In terms of tumor burden and impact from prior therapy, all patients had locally advanced 

NSCLC and were therefore generally comparable among CXRT modalities, although 

3DCRT patients (many of whom had undergone previous chemotherapy) and IMRT patients 

had nonresectable disease, whereas PBT patients (many of whom had undergone surgery) 

had recurrent disease. Nonetheless, we adjusted the models for cancer stage and prior cancer 

therapies as important factors. Because ours was a nonrandomized study, we remain 

interested in results from randomized studies among these three treatment groups that 

address the benefits of better normal tissue protection. The results from a Phase II study of 

high-dose proton therapy with CXRT for stage III NSCLC19 showed improved toxicity 

profiles, supporting our notion that sparing normal tissue reduces the symptomatic effects of 

therapy.

Results from the current study also suggest that accumulated effects over time from 

concurrent CXRT could substantially affect a patient’s daily functioning, As expected, 

systemic symptoms contributed significantly to interference (est = 0.62, P < 0.001).

The MDASI, a brief multisymptom assessment tool, can be completed frequently with 

minimal effort by cancer patients. Such feasibility is especially important for longitudinal 

studies in which repeated measures are required. Because this longitudinal study was not a 

randomized trial, we used mixed modeling to handle the change in PRO data over time and 

Wang et al. Page 6

J Pain Symptom Manage. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



included both patient and clinical variables in the modeling to proactively address potential 

confounding issues.

Our study had certain limitations. First, this was a nonrandomized prospective study with 

convenience samples. The significantly higher radiation dose and trend toward lower 

symptom burden that we observed in the PBT group should be carefully examined in a 

randomized study of the three treatment modalities in patients with similar disease and prior 

treatment status, along with potentially related differences in damage to normal tissue, with 

or without passive scattering technology. Second, the wording on the additional MDASI 

item “sore throat” used in the 3DCRT and IMRT groups did not match the additional item 

“mouth or throat sores” used in the PBT group; therefore, we did not include this 

comparison result among groups in this report. Although treatment-induced mouth sores 

were not expected in the PBT group, the same wording should be tested and compared 

among the three radiotherapy groups in a future study. Third, we did not have sufficient data 

to analyze dose-distribution patterns (because of missing dose volume histogram data from 

the 3DCRT group), and clinician-rated toxicity data (especially lower-grade toxicity 

ratings),20 or tumor size and location, which would have allowed us to review fine 

differences in symptom burden by radiation dose to lung tissue and their relationship to 

clinically rated acute toxicities. In a future study with a longer study period, PRO measures 

might further clarify the fine differences in post-CXRT symptom burden related to lung 

damage, as well as grade 2 or higher radiation pneumonitis, produced by each of the three 

radiotherapy types. Incorporation of other widely used PRO-based symptom assessment 

tools, such as the European Organization for Research and Treatment of Cancer Quality of 

Life Questionnaire-Core 30 or the Functional Assessment of Cancer Therapy-Lung, would 

facilitate comparison of results with those of other published studies.

The longitudinal symptom profile findings from this study demonstrate methods for 

accurately monitoring patients during and after treatment that might lead to a better 

consensus about symptom burden during standard and advanced cancer care with CXRT. 

Clinically, this study provides evidence for both patients and clinicians as to when to expect 

the greatest symptomatic impact from treatment, and it could inform their choice of therapy; 

in particular, our results may provide justification for choosing proton therapy.21 

Methodologically, this study provides evidence for PRO-based symptom clusters that are 

relevant to and affected by specific cancer therapies.22
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Fig. 1. 
Weekly change in mean severity of (A) systemic symptoms and (B) pain during CXRT. 

3DCRT = three-dimensional conformal radiation therapy; CXRT = concurrent 

chemoradiation therapy; IMRT = intensity-modulated radiotherapy; PBT = proton-beam 

therapy.
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Table 1

Patient Characteristics

Treatment Technique
P

a
3DCRT (n = 22) IMRT (n = 34) PBT (n = 26)

Age 0.634

 Mean (SD) 63.6 (9.0) 65.7 (6.7) 65.0 (9.2)

 Median (range) 63.7 (42.5–77.9) 65.6 (48.1–77.8) 65.5 (43.0–79.0)

BMI (kg/m2) 0.606

 Mean (SD) 26.7 (6.0) 28.2 (5.8) 28.1 (4.6)

 Median (range) 25.1 (19.6–45.2) 27.0 (19.7–42.2) 27.3 (20.5–38.9)

Total tumor dose (Gy RBE) < 0.0001

 Mean (SD) 62.1 (3.3) 64.7 (6.4) 70.6 (5.7)

 Median (range) 63.0 (50.4–70.0) 63.0 (41.4–70.0) 74.0 (54.0–74.0)

n % n % n %

Sex 0.846

 Male 10 45.45 17 50.00 14 53.85

 Female 12 54.55 17 50.00 12 46.15

Race 0.920

 Non-Hispanic white 19 86.36 28 82.35 22 84.62

 Other 3 13.64 6 17.65 4 15.38

Marital status 0.893

 Married 15 68.18 25 73.53 18 69.23

 Unmarried 7 31.82 9 26.47 8 30.77

Education 0.216

 College or higher 10 45.45 15 44.12 17 65.38

 High school or lower 12 54.55 19 55.88 9 34.62

Cancer stage 0.108

 I/II 2 9.09 10 29.41 8 34.78

 III 20 90.91 24 70.59 15 65.22

ECOG PS 0.023

 0–1 18 81.82 31 93.94 24 100.00

 2–3 4 18.18 2 6.06 0 0

Previous chemotherapy 0.036

 No 9 40.91 25 73.53 13 50.00

 Yes 13 59.09 9 26.47 13 50.00

Previous surgery < 0.001

 No 20 90.91 33 97.06 15 57.69

 Yes 2 9.09 1 2.94 11 42.31

3DCRT = three-dimensional conformal radiation therapy; BMI = body mass index; ECOG PS = Eastern Cooperative Oncology Group performance 
status; IMRT = intensity-modulated radiotherapy; PBT = proton-beam therapy; RBE = relative biological effectiveness; SD = standard deviation.
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a
Chi-square test for categorical variables and analysis of variance for continuous variables.
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Table 2

Mixed Modeling of Weekly Change of Individual Symptom Burden Among Three Groups by Type of CXRT

3DCRT (151 observations)
a

IMRT (240 observations)
a

PBT (144 observations)
a

Est SE P Est SE P Est SE P

During CXRT (weeks 1–7)

 Pain 0.43 0.09 < 0.001 0.44 0.08 < 0.001 0.20 0.08 0.024

 Sore throat 0.65 0.10 < 0.001 0.50 0.08 < 0.001
0.10

b 0.06 0.097

 Fatigue 0.22 0.08 0.019 0.41 0.07 < 0.001 0.16 0.10 0.132

 Drowsiness 0.30 0.11 0.016 0.32 0.06 < 0.001 0.22 0.10 0.050

 Lack of appetite 0.48 0.12 < 0.001 0.36 0.08 < 0.001 0.16 0.11 0.151

 Disturbed sleep 0.15 0.12 0.249 0.06 0.08 0.409 0.02 0.11 0.826

Post-CXRT (weeks 7–12)

 Pain –0.14 0.14 0.308 –0.40 0.13 0.005 –0.10 0.10 0.341

 Sore throat –0.54 0.15 0.001 –0.37 0.12 0.004 –0.06 0.07 0.409

 Fatigue –0.14 0.08 0.093 –0.44 0.11 < 0.001 0.19 0.12 0.117

 Drowsiness –0.11 0.11 0.352 –0.31 0.10 0.003 –0.06 0.11 0.599

 Lack of appetite –0.48 0.14 0.002 –0.28 0.13 0.037 –0.13 0.13 0.317

 Disturbed sleep –0.30 0.13 0.030 –0.04 0.12 0.728 –0.03 0.12 0.796

3DCRT = three-dimensional conformal radiation therapy; CXRT = concurrent chemoradiation therapy; Est = estimate of the effect of independent 
variables (or factors) on symptoms; IMRT = intensity-modulated radiotherapy; PBT = proton-beam therapy; SE = standard error.

a
Age, sex, race, cancer stage, Eastern Cooperative Oncology Group performance status, body mass index, total radiation dose, previous 

chemotherapy, and previous surgery were included as covariates in all models. Estimate value represents the average weekly change in symptom 
score on the MDASI’s 0–10 scale, with a positive score indicating increased severity.

b
This item was worded as “mouth or throat sores” in the PBT group.
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Table 3

Mixed Modeling of Weekly Change in Major Symptom Burden Among Three Groups During and After 

CXRT (785 Observations)
a

Effect Est SE Pr > |t|

Systemic symptoms (fatigue, lack of appetite, disturbed sleep, drowsiness)

 Weeks 0–7

  IMRT vs. PBT 0.12 0.13 0.338

  3DCRT vs. PBT 0.10 0.12 0.394

  IMRT vs. 3DCRT –0.02 0.12 0.840

  3DCRT/IMRT vs. PBT 0.11 0.11 0.307

 Weeks 7–12

  IMRT vs. PBT –0.35 0.16 0.026

  3DCRT vs. PBT –0.31 0.15 0.032

  IMRT vs. 3DCRT 0.04 0.13 0.775

  3DCRT/IMRT vs. PBT –0.33 0.14 0.016

 Total radiation dose (Gy) –0.10 0.04 0.007

Pain

 Weeks 0–7

  IMRT vs. PBT 0.24 0.10 0.014

  3DCRT vs. PBT 0.17 0.11 0.118

  IMRT vs. 3DCRT 0.08 0.09 0.409

  3DCRT/IMRT vs. PBT 0.21 0.09 0.019

Weeks 7–12

  3DCRT vs. PBT –0.38 0.21 0.070

  IMRT vs. PBT –0.51 0.20 0.010

  IMRT vs. 3DCRT –0.13 0.17 0.452

  3DCRT/IMRT vs. PBT –0.46 0.19 0.013

 Total radiation dose (Gy) –0.09 0.04 0.027

3DCRT = three-dimensional conformal radiation therapy; CXRT = concurrent chemoradiation therapy; Est = estimate of the effect of independent 
variables (or factors) on symptoms; IMRT = intensity-modulated radiotherapy; PBT = proton-beam therapy; SE = standard error.

a
Age, sex, race, cancer stage, Eastern Cooperative Oncology Group performance status, body mass index, total radiation dose, previous 

chemotherapy, and previous surgery were included in all models.
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