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Background: Delineating gross tumor volume (GTV) using computed tomography (CT) imaging is the
standard for lung cancer contouring, but discrepancies among observers compromise accuracy and reliability.
Magnetic resonance imaging (MRI) provides superior soft-tissue resolution compared to CT, thus, we design
this retrospective study to compare the treatment outcomes of magnetic resonance-based (MR-based) and
CT-based tumor delineation in locally advanced non-small cell lung cancer (LA-NSCLC) patients treated
with hypo-fractionated concurrent chemoradiotherapy (hypo-CCRT).

Methods: A total of 293 LA-NSCLC patients treated with hypo-CCRT from three trials between
October 2015 and October 2020 were screened. Ninety patients with each MR-based delineation and CT-
based delineation of the primary tumor were selected for analysis. In the MR-based delineation group,
T1-enhanced MR images was rigidly registered with 10 respiratory phases of planning CT images,
respectively. The primary tumors were contoured on each respiratory phase based on co-registered MRI.
The locoregional progression-free survival (LPFS), progression-free survival (PES), overall survival (OS) and
toxicities in both groups were analyzed.

Results: The 2-year LPFS rate was 69.2% [95% confidence interval (CI): 59.6-80.2%] in the MR-based
delineation group and 61.0% (95% CI: 50.9-73.0%) in the CT-based delineation group (P=0.37). There was
no significant difference in median PFS (P=0.45) or OS (P=0.69) between the two groups. The MR-based
delineation group had smaller planning target volume (186.1 vs. 315.3 cm’, P<0.001), lower incidences of
>@G2 pneumonitis (10% vs. 24.4%, P=0.001) and >G3 esophagitis (2.2% wvs. 15.6%, P<0.001). In evaluating
the patterns of recurrence, in-field recurrences were the dominant type in both groups (21 out of 27 patients

in MR-based delineation group, 24 out of 32 patients in CT-based delineation group).

A ORCID: 0009-0008-1771-2991.

© AME Publishing Company. Transl Lung Cancer Res 2024;13(11):2890-2902 | https://dx.doi.org/10.21037/tlcr-24-341


https://crossmark.crossref.org/dialog/?doi=10.21037/tlcr-24-341

Translational Lung Cancer Research, Vol 13, No 11 November 2024

2891

Conclusions: MR-based delineation in hypo-CCRT was feasible and achieved similar treatment efficacy

to CT-based delineation. The use of MR imaging to reduce the target volume resulted in promising local

control and lower incidence of radiation-induced toxicities.
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Introduction

Radiotherapy plays a pivotal role in the treatment of
locally advanced non-small cell lung cancer (LA-NSCLC).
Conformal radiotherapy technology has undergone
significant improvements over the decades. In patients
with locally advanced or recurrent NSCLC, hypo-
fractionated radiotherapy has been proved to be safe and
effective, achieved by tailoring the fractionated dose and
escalating the total dose (1-3). Compared to conventional
fractionation schemes of radiotherapy, the hypo-fractionated
regimens enhance radiation-induced anti-tumor immune
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® This study finds that magnetic resonance (MR)-based tumor
delineation for hypo-fractionated concurrent chemoradiotherapy
(CCRT) in locally advanced non-small cell lung cancer (LA-
NSCLC) achieves comparable outcomes in local control and
survival compared to computed tomography (CT)-based
delineation CCRT. Meanwhile, lower incidence of radiation-
induced toxicities observed in patients with MR-based tumor

delineation due to the smaller volumes of gross tumor volume
(GTV).

What is known and what is new?

® The delineation of GTV based on CT imaging remains the
mainstream approach to lung cancer contouring.

e Several studies have demonstrated the feasibility and advantages
of using magnetic resonance imaging (MRI) for delineating lung
tumor volumes. But there is limited evidence on comparing MRI-
based delineation with CT-based delineation.

What is the implication, and what should change now?

® MR-based tumor delineation can be considered for radical-intent
radiotherapy in LA-NSCLC to reduce treatment-related toxicity
without compromising efficacy.
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responses (4), providing a basis for the combination of hypo-
fractionated therapy and immunotherapy. Precise target
definition is crucial for hypo-fractionated radiotherapy as
it can improve treatment outcomes and reduce radiation-
related toxicities (5). Delineation of the gross tumor volume
(GTV) based on computed tomography (CT) imaging can
significantly vary among different observers, particularly in
cases involving atelectasis and obstructive pneumonitis (6).
The application of fluorodeoxyglucose positron emission
tomography (FDG-PET) reduces observer variability
and improves lesion boundary sensitivity and specificity
compared to CT alone (7). However, FDG-PET is not
specific to malignant tissues and can also detect tissues
with high glucose metabolism, making it challenging to
differentiate between inflammatory and malignant tissues.
With the technological advancements in magnetic
resonance imaging (MRI), such as sequencing, acceleration
methods, parallel imaging techniques, utilization of contrast
media, post-processing software and ultrashort echo time
(UTE), have made magnetic resonance (MR) imaging
highly useful in routine clinical practice for pulmonary
disease (8-10). Compared to thin-section CT, MRI with
UTE technology can capture fine pulmonary structures and
lymph nodes with minimum diameters of 4 millimeters to
maximum diameters of 30 millimeters, offering a reliable
tool for diagnosing lung diseases (11,12). Additionally,
the Radiologic Diagnostic Oncology Group (RDOG)
suggested that the accuracies between MRI and CT in
tumor assessment were comparable (13). When combined
with diffusion-weighted sequence (DW-MRI), MRI has
demonstrated diagnostic efficacy comparable to FDG-PET-
CT in the staging of primary tumors and lymph nodes (14).
But MRI provides superior soft-tissue resolution compared
to CT, mainly in cases where tumors invade the chest

wall, mediastinum, vascular and neural structures, or are
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associated with atelectasis (13,15,16). Moreover, MRI has
potential applications in various fields of radiotherapy,
such as patient selection, tumors and organs at risk (OARs)
delineation, image-based adaptive treatment delivery, and
assessing treatment response (17,18). Several studies have
now shown us the feasibility and benefits of using MRI to
delineate the volume of lung tumors (19-21).

As MR-based radiation treatment planning is still a
relatively new technology, further exploration in the areas
of radiomics and focal boost may expand the boundaries
of cancer diagnosis and treatment, leading to higher
customization of cancer therapies. We have implemented
MR into routine practice for better tumor delineation these
years. Given that, we aimed to compare the treatment
efficacy and toxicities of MR-based and CT-based tumor
delineation in LA-NSCLC patients treated by hypo-
fractionated concurrent chemoradiotherapy (hypo-CCRT).
We present this article in accordance with the STROBE
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-24-341/rc).

Methods
Patient enrollment

Two hundred and thirty-three unresectable stage III
NSCLC patients were selected from 3 prospective clinical
trials conducted at Sun Yat-sen University Cancer Center
between October 2015 and October 2020 (3,22,23). The
involving studies were all approved by the institutional
review boards of Guangdong Association Study of Thoracic
Oncology (GASTO) and Sun Yat-sen University Cancer
Center (approval numbers from GASTO: A2015-004,
A2018-009, A2019-003; approval numbers from Sun Yat-
sen University Cancer Center: B2015-041-01, B2018-
029-01, B2019-075-01) and conducted according to the
Declaration of Helsinki (as revised in 2013). All participants
provided written informed consent. The ClinicalTrials.gov
identifiers for the aforementioned trials are NCT02573506,
NCT03659578 and NCT03900117, respectively.
The protocol IDs for these studies are GASTO1011,
GASTO1043 and GASTO1049, respectively.

Inclusion criteria were as follows: (I) histologically or
cytologically confirmed unresectable stage IIIA-C NSCLC;
(II) an Eastern Cooperative Oncology Group (ECOG)
performance status score of 0 to 2; (III) received hypo-
fractionated radiotherapy with concurrent chemotherapy;
(IV) underwent chest MRI within two weeks prior to hypo-

© AME Publishing Company.

CCRT. Patients with a history of other cancers or previous
thoracic radiotherapy were excluded. After screening, a total
of 216 patients were eligible for this study, including 98
patients with MR-based delineation and 118 patients with
CT-based delineation. To control for potential confounder,
a 1:1 propensity score matching was performed among
the 216 patients based on tumor-node-metastasis (TNM)
stage (including stage IIIA vs. IIIB vs. IIIC), ECOG score
and age. Finally, 180 patients were included in this study,
including 90 in MR-based delineation group and 90 in CT-

based delineation group.

4D-CT simulation and MRI sequence

All patients received 4D-CT simulation scan using the
Brilliance Big Bore scanner from the atlas to the second
lumbar vertebra with a slice thickness of 3 mm. The Real-
time Position Management system respiratory gating
hardware (Varian Medical Systems, Palo Alto, CA, USA)
was used to record the patient’s breathing pattern during
the CT scan. For 4D-CT images, the respiratory signal data
was reconstructed and divided into 10 equally spaced time
percentage bins (from 0% to 90% maximum inhalation),
with each bin representing 10% of the respiratory cycle.
Thus, the 0% breathing phase corresponds to the peak of
inhalation, and the 50% breathing phase corresponds to
the peak of exhalation. The 20% breathing phase image
was close to mid-ventilation, so for clinical convenience,
we chose this phase to formulate treatment planning
(24,25). Patients were immobilized in the same treatment
position for both MRI and planning CT acquisition. MRI
was acquired at two 1.5 T magnetic scanners (Signal HDx
1.5 T, GE Medical System, Milwaukee, Wisconsin, USA;
Magnetom Aera 1.5 T, Siemens, Shenzhen, China) and one
3.0 T magnetic scanner (Discovery MR750w 3.0 T, GE
Medical System, Milwaukee, Wisconsin, USA) with a slice
thickness of 3 mm. The contrast-enhanced T1-weighted
(T'1C) sequence was chosen as the MR sequence to register
with each respiratory phase, centered on the primary tumor.
To suppress the fatty tissue signal, we utilized the “water
only” image contrast (26).

Region of interest (ROI) delineation

The GTV was defined as the visual primary tumor (GTVp)
and the locoregional metastatic lymph nodes (GTVn).
For the MR-based delineation group, we first performed
rigid registration of the primary tumor between the T'1-
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Figure 1 Schematic illustration of image registration and primary tumor contour using T1C-MR images. This approach consisted of three

steps: (I) MRI and planning CT registration; (IT) manual adjustments in coronal, sagittal and transverse planes; (IIT) summarizing the GTVp

from 10 respiratory phases to form the IGTV. The red-encircled areas represent the GTVps delineated across 10 respiratory phases. The

purple-encircled area represents the IGTVp, which is composed of GTVps from 10 respiratory phases. T1C-MRI, contrast-enhanced T'1-

weighted sequence magnetic resonance image; 4D-CT, four-dimensional computed tomography; IGTVp, internal primary gross tumor

volume; MRI, magnetic resonance image; CT, computed tomography; GTVp, primary gross tumor volume; IGTV, internal gross tumor

volume.

enhanced MR images and the lung window CT images
(width/level, 1,600/-600 HU) for each of the 10 respiratory
phases respectively. The registration was conducted
using mutual information-based matching and was then
manually reviewed to ensure the quality of the registration.
Following this, on each respiratory phase of the CT, the
GTVp from the MR images was propagated according to
the transformation. The results were visually verified, and
necessary modifications were made. Finally, the GTVps
from the 10 respiratory phases were merged to form the
internal GTVp (IGTVp). The internal GTVn (IGTVn)
was generated based on the mediastinal window CT images
(width/level, 400/20 HU) (Figure 1). As for the CT-based
delineation group, GTVp and GTVn were separately
contoured on each 10 respiratory phases of lung window
and mediastinal window CT images. In both groups, an
internal GTV (IGTV) was obtained by summing the GTVs
from 10 respiratory motion phases. Then, a 5 mm margin
is added to the IGTV to account for setup uncertainties,
resulting in the planning tumor volume (PTV). Of note, for
patients with atelectasis who did not underwent PET-CT,
we typically delineated tumor boundaries on CT images by
adjusting the window width and level, while using MRI as a

© AME Publishing Company.

reference to define the boundaries and finalize the contours
in consultation with experienced radiologists. OARs,
including lungs, spinal cord and heart were contoured
on the 20% breathing phase of planning CT for dose
constraint evaluation. All delineations of OARs adhere
to the European Society for Radiotherapy & Oncology
(ESTRO) ACROP guidelines (27), except for esophagus
in the MR-based delineation group, where delineation was
carried out on the mediastinal window CT based on MRI.

CCRT

Patients involved in the study underwent concurrent
chemotherapy and hypo-fractionated radiotherapy with
the technique of intensity-modulated radiation therapy/
volumetric modulated arc therapy (IMRT/VMAT) using
conventional linacs. The median dose of hypo-fractionated
radiotherapy and boost was 64 Gy (range, 54-68 Gy, 4 or
5 Gy per fraction) for the MR-based delineation group and
68 Gy (range, 64-75 Gy, 3 or 4 Gy per fraction) for the CT-
based delineation group. Daily cone beam CT (CBCT) was
used for guidance during radiotherapy delivery. Each patient
received a weekly concurrent chemotherapy regimen, which
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included docetaxel (25 mg/m’) and nedaplatin (25 mg/m?).

Definition of local failure

Locoregional recurrence was defined as the re-emergence
of a malignancy at the primary site of the original tumor or
within the adjacent lymph nodes. CT imaging performed
at the time of locoregional recurrence was registered
to the original simulation CT using Zeus Cloud TPS
software V1.0 (Tongdiao, Suzhou, China). Bone landmarks
were used for rigid registration, which was followed by
visual correction relying on soft tissue structures. All
measurable anatomic regions of recurrent GTVs (rGTVs)
were contoured by an experienced radiation oncologist
in thoracic service. The rGTVs were then mapped to the
original IGTVs from the original treatment planning. The
rGTVs were classified as follows: (I) in-field recurrence
(95% of rGTV was located within the 95% isodose); (II)
marginal recurrence (20-95% of rGTV was located within
the 95% isodose); (III) out-of-field recurrence (less than
20% of rGTV was located within the 95% isodose) (28).

Follow-up

For the first 2 years following treatment, chest and upper
abdomen CT scans were conducted every 3 months,
and then every 6 months for the third to fifth years.
Furthermore, during the first 5 years, brain MRI scans were
conducted every 6 months. PET-CT scans and biopsies
were recommended if there was suspected locoregional
or distant disease progression. Treatment responses were
first evaluated by an independent radiation oncologist
and confirmed by a senior physician eight weeks after
completion of hypo-CCRT using Response Evaluation
Criteria in Solid Tumors version 1.1. Therapeutic
toxicities were graded and recorded based on the Common
Terminology Criteria (CTC) for Adverse Events version 5.0.

Statistical analysis

The locoregional progression-free survival (LPFS) was
defined as the time from the initiation of radiotherapy to
disease progression in primary tumor site or regional lymph
nodes. The progression-free survival (PFS), defined as the
time from radiotherapy to death or disease progression;
overall survival (OS), defined as the time from radiotherapy
to death from any cause.

Treatment-related toxicities were classified according to

© AME Publishing Company.

CTC version 5.

Survival curves were plotted using the Kaplan-Meier
method and compared using the log-rank test. The
distribution of patient characteristics between groups was
compared using Wilcoxon rank sum test or Chi-squared
tests. The Wilcoxon rank sum test was used to compare
dosimetric parameters and toxicities between two groups.
Statistical analysis was conducted using SPSS 23 software
(IBM, Chicago, IL, USA), with a two-sided P value <0.05
considered statistically significant.

Results
Clinical characteristics

The clinical characteristics of the 180 eligible patients
were summarized in Table 1. The median age for the MR-
based and CT-based delineation groups was 59 (range,
28-89) and 58.5 (range, 28-77) years, respectively. There
were no significant differences in age, ECOG score, and
disease stage distribution (including T stage, N stage and
M stage) between the two groups. Squamous cell carcinoma
accounted for more than half of the cases in both groups:
60.0% (54/90) in the MR-based delineation group and
53.3% (48/90) in the CT-based delineation group. The
tumor locations and treatment modalities were comparable
between the two groups.

Local control and survival

The median follow-up duration for the whole cohort was
36.3 months [95% confidence interval (CI): 31.1-41.5], with
a median follow-up time of 29.7 months (95% CI: 29.2-30.2)
for the MR-based delineation group and 44.3 months (95%
CI: 39.4-47.1) for the CT-based delineation group. The 1-
and 2-year LPFS rates for the MR-based delineation group
were 80.3% (95% CI: 72.4-89.2%) and 69.2% (95% CI:
59.6-80.2%), which were similar to the CT-based delineation
group, which were 76.4% (95% CI: 67.9-86.0%) and 61.0%
(95% CI: 50.9-73.0%), respectively (P=0.37, Figure 2A4).
The median OS durations were 28.4 months (95% CI:
22.2-34.6) in the MR-based delineation group compared
with 27.0 months (95% CI: 19.7-34.3) in the CT-based
delineation group (P=0.69, Figure 2B). The median PFS were
12.9 months (95% CI: 11.6-14.2) in the MR-based delineation
group compared with 12.1 months (95% CI: 10.5-13.7)
in the CT-based delineation group (P=0.45, Figure 2C).
The 2-year distant metastasis-free survival (DMFS) was not
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Table 1 Clinical characteristics in the MR-based and CT-based delineation groups
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Patient characteristics

MR-based delineation group (n=90)

CT-based delineation group (n=90)

Test

Age (years), median [range]

Gender, n (%)
Male
Female

ECOG PS, n (%)
0
1
2

Disease stage, n (%)
A
B
lnc

T stage, n (%)
1

2
3
4
N stage, n (%)
0
1

2
3

Histologic classification, n (%)

Squamous cell carcinoma

Adenocarcinoma

Other subtypes
Tumor location, n (%)

Central

Peripheral

Treatment, n (%)

Neoadjuvant treatment followed by CCRT

CCRT

59 [28-89]

74 (82.2)
16 (17.8)

29 (32.2)
61 (67.8)
0

23 (25.6)
34 (37.8)
33 (36.7)

7(7.8)
20 (22.2)
31(34.4)
32 (35.6)

2(2.2)
9 (10.0)
36 (40.0)
43 (47.8)

54 (60.0)
20 (22.2)
16 (17.8)

57 (63.3)
33 (36.7)

80 (88.9)
10 (11.1)

58.5 [28-77]

68 (75.6)
22 (24.4)

35 (38.9)
52 (57.8)
3(3.3)

30 (33.3)
39 (43.3)
21 (23.3)

8 (8.9)
25 (27.8)
33 (36.7)
24 (26.7)

2(2.2)
10 (11.1)
36 (40.0)
42 (46.7)

48 (53.3)
30 (33.9)
12 (13.3)

56 (62.2)
34 (37.8)

70 (77.8)
20 (22.2)

2, P=0.39

Wilcoxon, P=0.27

Wilcoxon, P=0.54

Wilcoxon, P=0.17

Wilcoxon, P=0.21

Wilcoxon, P=0.85

Wilcoxon, P=0.63

Wilcoxon, P=0.88

Wilcoxon, P=0.07

Chi-squared tests (x?) was used for the comparison of continuous variables between the two groups; Wilcoxon rank sum test was used
for the comparison of categorical variables between the two groups. MR, magnetic resonance; CT, computed tomography; ECOG PS,

Eastern Cooperative Oncology Group physical status; CCRT, concurrent chemoradiotherapy.
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Figure 2 Kaplan-Meier plots and P values of (A) local progression-free survival, (B) overall survival, (C) progression-free survival and (D)

distant metastasis free survival in the two groups. MR, magnetic resonance; CT, computed tomography.

significantly different between the two groups, with rates of
66.4% (95% CI: 56.8-77.6%) in the MR-based delineation
group and 51.8% (95% CI: 41.6-64.7%) in the CT-based
delineation group (P=0.14, Figure 2D).

Radiation dose distribution of tumors and OARs

Dosimetric data and target volumes for both MR-based and
CT-based delineation groups are presented in Table 2. The
mean total dose was 63.6 Gy in the MR-based delineation
group and 68.3 Gy in the CT-based delineation group,
respectively. Although the MR-based delineation group had
a smaller median IGTV (78.2 cm’) than the CT-based group
(86.7 cm’), there was no significant difference in median
IGTV between the two groups (P=0.37). As for the median
PTV, the MR-based delineation group (186.1 cm’) was
significantly smaller than the CT-based delineation group
(315.3 ecm’, P<0.001). The MR-based delineation group
had a lower mean lung dose (median, 13.9 vs. 20.0 Gy;
P<0.001), and a lower lung V20 (bilateral, ipsilateral, and

© AME Publishing Company.

contralateral lung) than the CT-based delineation group.
The MR-based delineation group had lower V40 and
V50 of the esophagus (28.7% and 6.3%, respectively)
than the CT-based delineation group (55.2% and 27.8%,
respectively) (P<0.001). Additionally, the MR-based
delineation group had lower V25 (8.3% vs. 14.3%, P=0.004)
and V30 of the heart (5.3% vs. 11.0%, P=0.01) compared to
the CT-based delineation group.

The dose-volume histogram (DVH) and dose
distribution for one same patient under the MR-based and
CT-based delineation are shown in Figure 3. The MR-based
delineation treatment plan exhibits smaller IGTV (circled
in red) and PTV (circled in blue) boundaries than the CT-
based counterpart. In the MR-based delineation treatment
plan, the prescription dose delivered to 100% volume of the
PTYV, V20 of bilateral lungs and V40 of the esophagus were
90.78%, 26.49%, and 14.61%, respectively. In the CT-based
delineation treatment plan, the prescription dose delivered
to 100% of the PTV, V20 of bilateral lungs and V40 of
esophagus were 91.5%, 30.38%, and 17.17%, respectively.
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Table 2 Dosimetric parameters of tumors and OARs in the two groups

MR-based delineation group (n=90) CT-based delineation group (n=90)

Dosimetric factors P
Median Q1-Q3 Median Q1-Q3
IGTV volume, cm® 78.2 55.1-121.8 86.7 59.3-117.6 0.37
PTV volume, cm® 186.1 126.3-264.9 315.3 212.9-429.7 <0.001
Median dose to IGTV, Gy 67.2 66.5-67.7 .7 71.2-72.3 <0.001
Median dose to PTV, Gy 65.6 64.5-66.3 70.5 69.6-71.2 <0.001
Median D95% of PTV, Gy 61.2 60.2-61.9 64.8 63.7-65.5 <0.001
Lungs
Median lung dose, Gy 13.9 7.7-19.1 20.0 14.8-24.4 <0.001
V20 of bilateral lungs, % 23.5 20.3-26.4 37.2 31.8-38.7 <0.001
V20 of ipsilateral lung, % 37.1 32.6-44.3 56.2 52.1-63.3 <0.001
V20 of contralateral lung, % 9.7 5.7-13.0 15.7 11.7-20.1 <0.001
Esophagus
Max dose of esophagus, Gy 59.1 54.9-62.9 64.2 61.8-66.7 <0.001
V40, % 28.7 15.6-40.7 55.2 49.2-62.6 <0.001
V50, % 6.3 0.6-12.9 27.8 17.3-40.9 <0.001
Heart
Max dose of heart, Gy 67.5 62.9-68.9 70.2 65.5-73.4 <0.001
V25, % 8.3 3.2-16.3 14.3 9.8-25.4 0.004
V30, % 5.3 2.0-11.2 11.0 7.1-18.9 0.01

OAR, organ at risk; MR, magnetic resonance; CT, computed tomography; IGTV, internal gross tumor volume; PTV, planning target volume;
D95%, the minimum coverage dose of 95% of the target.

Toxicity hematologic toxicities, no G2 or higher thrombocytopenia
was observed in the MR-based delineation group, while
eight (8.9%, 8/90) occurred in the CT-based delineation

group (P=0.01). The incidence of G3—4 lymphocytopenia

Safety analyses were performed for both groups, and the
results are presented in Table 3. No grade (G) 5 toxicity

events occurred in either group. Patients in the MR-based was lower in the MR-based delineation group (36.7%;

33/90) than in the CT-based delineation group (72.2%;
65/90) (P<0.001).

delineation group had a lower incidence of radiation-
induced pneumonitis, esophagitis, thrombocytopenia,
and lymphocytopenia compared to those in the CT-
based delineation group. The incidence of G2 or higher
pneumonitis was significantly lower in the MR-based Tumor response to hypo-CCRT

delineation group (10%; 9/90) compared to the CT-based The objective response rates (ORRs) of hypo-CCRT were

delineation group (24.4%; 22/90) (P=0.001). The incidence
of G3 or higher esophagitis was significantly lower in the
MR-based delineation group (2.2%, 2/90) than in the CT-
based delineation group (15.6%, 14/90, P<0.001). As for

© AME Publishing Company.

evaluated 8 weeks after the completion of the treatment
(Table S1). The short-term responses were similar between
the two groups (P=0.79), with objective response [complete
response + partial response (CR + PR)] rates of 82.2% in
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Figure 3 Exemplary of cumulative DVH and dose distribution in one same patient under MR-based delineation treatment plan and CT-

based delineation treatment plan. MR, magnetic resonance; CT, computed tomography; IGTV, internal gross tumor volume; PTV, planning

target volume; DVH, dose-volume histogram.

Table 3 Incidence of treatment-related toxicities

MR-based delineation group (n=90), n (%)

CT-based delineation group (n=90), n (%)

Events P value
Grade0 Grade1 Grade2 Grade3 Grade4 GradeO Grade1 Grade2 Grade3 Grade4
Pneumonitis 19(21.1) 62(68.9 9(10.0) 0 0 7(7.8) 61(67.8) 18(20.0) 4 (4.4) 0 0.001
Esophagitis 46 (51.1) 19(21.1) 23(25.6) 2(2.2) 0 15(16.7) 19(21.1) 42 (46.7) 14 (15.6) 0 <0.001
Aleucocytosis 48(53.3) 20(22.2) 19(21.1) 3(3.3 0 42 (46.7) 24 (26.7) 20(22.2) 4(4.4) 0 0.43
Neutropenia 62 (68.9) 13(14.4) 13(14.4) 1(1.1) 1(1.1) 58(64.4) 17(18.9) 13(144) 2(2.2) 0 0.61
Anemia 38(42.2) 41(45.6) 10(11.1) 1(1.1) 0 42 (46.7) 39 (43.3) 7(7.8) 2(2.2) 0 0.52
Thrombocytopenia 83 (92.2) 7(7.8) 0 0 0 72(80.00 10(11.1) 3(3.3) 5 (5.6) 0 0.01
Lymphocytopenia 4 (4.4) 20 (22.2) 33(36.7) 29(32.2) 4(4.4) 1(1.9) 3@B.3) 21(23.3) 51(56.7) 14(15.6) <0.001

MR, magnetic resonance; CT, computed tomography.

both groups. Three (3.3%) in the MR-based delineation
group and one (1.1%) in the CT-based delineation group
had a CR, while 71 (78.9%) in the MR-based delineation
group and 73 (81.1%) in the CT-based delineation group
achieved a PR.

A patient who was assessed as PR by using both CT and
MRI scans 2 months after the completion of hypo-CCRT

was shown in Figure S1. Six months after the completion

© AME Publishing Company.

of hypo-CCRT, the residual lesion observed on the CT
images was larger than that seen on the CT images taken
2 months after the completion of hypo-CCRT. In contrast,
the MR imaging showed a continuous decrease in the size
of the residual disease. Based on the radiological evidence
from MR imaging, we considered that the patient achieved
PR after hypo-CCRT, while the residual lesion observed on

the CT scan was composed of atelectasis components.
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Failure patterns

The disease progression patterns were presented in
Table S2. There were 27 patients (30.0%, 27/90) in the
MR-based delineation group and 32 patients (35.6%,
32/90) in the CT-based delineation group had locoregional
progression. In the MR-based delineation group, in-field
local recurrences occurred in 21 out of 27 patients (77.8%,
21/27), while in the CT-based delineation group, this was
observed in 24 out of 32 patients (75.0%, 24/32). Marginal
recurrences were observed in 5 patients (18.5%, 5/27) in
the MR-based delineation group and 6 patients (18.8%,
6/32) in the CT-based delineation group. Only one patient
(3.7%, 1/27) in the MR-based delineation group had out-
of-field recurrence. Two patients (6.2%, 2/32) in the CT-
based delineation group experienced co-existing in-field
and out-field local recurrences during follow-up (both
patients exhibited enlarged regional lymph nodes and in-
field recurrent lesions). Distant metastases were identified
in 30 patients (33.3%, 30/90) in the MR-based delineation
group and 41 patients (45.6%, 41/90) in the CT-based
delineation group. Five patients (5.6%, 5/90) in the MR-
based delineation group and 20 patients (22.2%, 20/90) in
the CT-based delineation group were identified concurrent
locoregional failure and distant metastases.

Discussion

This present study results showed that LA-NSCLC patients
who received hypo-CCRT with either MR- or CT-based
delineation had comparable local control and survival rates.
In addition, our data indicated that the reduction of volumes
informed by MRI resulted in lower incidence of radiation-
induced toxicities, and does not confer an increased risk of
out-of-field progression.

CT imaging has limitations in accurately delineating
tumor boundaries due to its limited soft tissue resolution.
As a result, it might miss or exceed the true extent of the
tumor. In contrast, MRI is effective in assessing atelectasis,
mediastinal and chest wall invasion. Our previous and
current studies had demonstrated the efficacy of thoracic
MRI in defining primary lung tumor boundaries (29).
Compared to PET imaging, MRI offers superior spatial
resolution for determining the tumor target. So far, there
has been no consensus on which MRI sequence to choose
for target delineation in lung cancer. Previous studies
have recommended T2-weighted HASTE (21), contrast-
enhanced T1-weighted (19), and diffusion-weighted
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imaging (DWI) (30) MRI sequences. Based on our
experience, we chose the contrast-enhanced T1-weighted
MRI sequence with fat suppression to delineate the
boundaries of the primary tumor and regional lymph nodes,
given its clarity in differentiating tumor edges from adjacent
tissues.

This study found comparable local control in both
groups. Well-defined tumor boundaries identified by MRI
led to smaller IGTV and PTV. Although the MR-based
delineation group had a reduced irradiation volume, most
local recurrences persisted as in-field recurrence, with only
three patients experiencing out-field recurrence. Before the
PACIFIC trial, nearly one-third of patients experienced
local-regional relapse within one year (31,32). Patients in
our study achieved a satisfactory 1-year LPFS (81.6% in
MR-based delineation group), which was similar to the rate
from patients treated with chemoradiotherapy followed
by durvalumab (82-86%) (33,34). Therefore, enhancing
local-regional control through CCRT continued to be
promising for unresectable LA-NSCLC patients during
the immunotherapy era. Integrating MR imaging and 4D-
CT simulation for target delineation could serve as a novel
image-based option for LA-NSCLC patients undergoing
hypo-CCRT.

A diagnostic whole-body FDG-PET-CT is considered
essential for precise tumor volume delineation in patients
with LA-NSCLC according to ESTRO/ACROP guidelines.
However, in China, financial constraints related to PET-
CT present a challenge, as it is relatively expensive and not
covered by medical insurance. On the other hand, MRI is
included in the scope of insurance reimbursement, making
it a more accessible option for patients. Consequently, in
our routine clinical practice, while we highly recommend a
pre-treatment PET-CT scan, it is not mandatory. Instead,
chest MRI is conducted routinely due to its critical role in
tumor delineation and response assessment, as supported
by previous studies (14,20,35). In our study, 45 patients
(25%) underwent PET-CT before treatment, with 21 in
the MR-based delineation group and 24 in the CT-based
delineation group. The remaining 135 patients (75%) who
did not undergo PET-CT were evaluated using enhanced
chest and abdominal CT, brain MRI, and whole-body bone
scans for staging. Additionally, all patients in both groups
underwent chest MRI. Thus, while the absence of PET-
CT in most patients introduces a potential risk of stage
migration, this risk is comparable across both groups.
The slight, statistically insignificant, difference in DMFS
between the MR-based and CT-based delineation groups
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might be attributed to the shorter follow-up duration in the
MR-based delineation group, leading to a lack of endpoint
events by the end of the follow-up period.

Patients with MR-based delineation were associated
with a reduced incidence of treatment-related toxicities,
which may be attributed to the superior soft-tissue contrast
allowing for precise delineation of OARs and target
volumes. Our previous study suggested that the esophagus-
sparing technique reduces radiation-induced esophagitis,
improves nutrition status, and lowers the grade of radiation-
induced pneumonitis (36). The precise delineation of
the esophagus using MR imaging in this study resulted
in a nearly 50% reduction in the incidence of grade >2
esophagitis compared to the CT-based delineation group.
Previous findings demonstrated increased irradiation
volumes to pulmonary tumors could cause not only direct
injury to the lungs but also severe lymphopenia (37). Our
data illustrated MR-based delineation led to significantly
lower doses to the lobes, resulting in a lower incidence
of radiation-induced pneumonitis and lymphopenia. The
significant reduction in pneumonitis and lymphopenia
rates achieved through MR-based delineation lends
strong support to the combination of radiotherapy and
immunotherapy.

Certain limitations and biases remain in this study.
First, all observers in this study were from the same center,
and the use of contouring guidelines and a radiologist-led
workshop further restricts the generalizability of the results.
Nevertheless, these guidelines could help with the clinical
application of MRI in GTV delineation for lung cancer
radiotherapy. Second, the use of a flat top bed and curved
MRI bed may have caused errors in image registration,
and the respiratory motion was found to be the primary
source of mis-registration, which could have affected the
data analysis. Developing 4D-MRI for radiotherapy is
still a challenge, but it has the potential to provide high-
resolution information for creating motion-managed
treatment plans, such as using an internal target volume or
mid-position approach. Third, this study was retrospective
and propensity-matched, so a larger randomized cohort
might be necessary to validate the results. Finally, real-time
MR imaging and adaptive planning during radiotherapy
were not used in this study but could be explored in future
research.

Conclusions

The use of MR-based delineation hypo-CCRT was feasible

© AME Publishing Company.

and showed comparable rates of local control and survival
when compared to CT-based delineation hypo-CCRT. The
use of MR imaging to reduce the target volume resulted
in lower incidence of radiation-induced toxicities without
compromising local control. Further prospective studies are
warranted to verify the present findings and to evaluate the
prognostic potential of MR-based delineation for thoracic
radiotherapy in clinical practice.
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