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Objectives: Anatomic changes may occur during
chemoradiation treatment for lung cancers, requiring
adaptive replanning. Here we characterize these cases.
Methods: We retrospectively studied lung cancer cases
that underwent resimulation and adaptive replanning
during 1/2016-3/2019. We compared first and second
CT-simulation regarding tumor location, timing of
change, tumor volume, anatomical alteration and change
in simulation technique. We also compared dosimetric
parameters between the plans, recorded local control,
and overall survival outcomes.

Results: Out of 281 patients, 58 underwent replanning
(20.6%). Histology included small cell (22.4%) and non-
small cell (77.6%). Stage Il was in 91.4%. Mean radiation
dose of 59.4 Gray (Gy) (range 50-66Gy).

Tumor location was peribronchial in 53.5%. Timing of
replanning was in the first, second and final third of
the treatment course in 26%, 43% and 31% respectively.
Changes in gross tumor volume were observed in 74%;
mean gross tumor volume was 276.7cc vs 192.7 cc (first
vs second simulation, p = 0.001). Anatomical changes
were identified in 35.4% including pleural fluid accumu-
lation, atelectasis or pneumothorax alteration. Change in
simulation technique was performed in 25.9%, including
breath-hold or continuous positive airway pressure.
Changes in dosimetric parameters when the same tech-
nigue was used: lung V20Gy 26% (standard deviation,

SD 7.6) vs 25.3% (SD 6.6) (p = 0.36), mean lung dose
151Gy (SD 3.7) vs 14.7Gy (SD 3.3) (p = 0.23), heart
V40Gy 10.2% (SD13) vs 7.2% (SD 9.8) (p = 0.037). When
simulation technique changed: lung V20Gy 30.8% (SD
8.2) vs 27.3% (SD 8) (p = 0.012), mean lung dose 17.3 Gy
(SD 4.4) vs 15.3Gy (SD 3.8) (p = 0.007), heart V40Gy
111% (SD 14.7) vs 6.5% (SD 6.7) (p = 0.014).

2 year local control was 60.7% (95% confidence
interval, 34.5-79.2%), and median overall survival was
19.7 months.

Conclusion: Adaptive replanning of radiation was
performed in a fifth of locally advanced lung cancer
patients. In most cases tumor volume decreased, or
atelectasis resolved, causing mediastinal shifts, which,
if unidentified and left uncorrected, may have led to
local failure and increased toxicity. The heart V40Gy was
reduced significantly in all cases, but significant reduc-
tion in lung doses was evident only if simulation tech-
nigue was altered.

Advances in knowledge: In locally advanced lung
cancer image-guidance with cone beam CT can detect
significant mediastinal shifts and gross tumor volume
changes that raise the need for adaptive replanning.
Image guidance-triggered adaptive replanning should
be added to the armament of advanced radiation treat-
ment planning in locally advanced lung cancer.
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INTRODUCTION

Intensity modulated radiation therapy (IMRT) and volumetric
modulated arc therapy (VMAT) are technologic advances in
thoracic radiation that deliver conformal dose distributions to
the tumor with steep dose gradients. They have been shown to
reduce pulmonary, esophageal and cardiac radiotherapy-related
toxicity in lung cancer patients, compared to three-dimensional-
conformal radiotherapy (3DCRT)."* Since dose distributions
with IMRT/VMAT are tightly sculptured around the planning
target volume (PTV), it is imperative that the tumor will be in
the expected position: even if the patient is positioned according
to skin and bone anatomy, the tumor may be missed, when
changes in internal thoracic anatomy occur. This may reduce the
local control rate, and increase side-effects due to normal tissues
over dose. Hence, image-guided radiotherapy (IGRT) tech-
niques are required to ensure accurate patient setup. Cone-beam
computed tomography (CBCT) is one of the IGRT modalities
available. By virtue of the soft tissue contrast of CBCT, it is used
for monitoring of the set-up of the patient immediately before
treatment delivery, and thus may reduce setup-error and may
permit margin-reduction compared to bone match using KV/
KV images.’

Frequent volumetric IGRT using CBCT, as is used in Chaim
Sheba Medical Center, allows also monitoring of lung anatomic
changes and tumor regression or progression that may occur
throughout the six weeks of radiotherapy course.

In our institute, if anatomic changes were detected by CBCT
during chemoradiation to lung cancers, we would suggest repeat
simulation and replanning.

This case series sought to characterize the reasons for repeat
simulation and adaptive replanning in locally advanced lung
cancer.

METHODS AND MATERIALS

After institutional review board approval, we conducted a review
of clinical records for patients with locally advanced lung cancer
treated with chemoradiation during the period 1/2016-3/2019.
We included in this cohort patients that were treated with thoracic
radiation to a dose of at least 50 Gray (Gy) in standard fraction-
ation. Both small cell and non-small cell lung cancer histologies
were included, whether treated with definitive or neoadjuvant
intent. Exclusion criteria included stereotactic body radiation
therapy (SBRT), and adjuvant indications. Within this popula-
tion, we identified cases that underwent repeat simulation and
adaptive replanning during the course of treatment. For every
case, two sets of simulations and treatment plans were available.

Contouring and planning details have been described previ-
ously.* In both simulations, the same mediastinal lymph node
stations were contoured, conversely, the primary tumor gross
tumor volume (GTV) was contoured based upon the new
imaging findings.

Dose calculations were performed using the analytical aniso-
tropic algorithm (AAA) in the Eclipse (Varian Medical Systems,
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Palo Alto, CA) treatment planning system. Radiation in both
cohorts had a planned prescription goal of 295% of the treat-
ment dose was prescribed volumetrically to >95% of the plan-
ning target volume (PTV), unless limited by organ at risk. Dose
limitations used were lung volume receiving 20 Gy and above
(V20) to be less than 35%; mean lung dose less than 20 Gy; spine
dose max of up to 50 Gy; heart V40 less than 35%.

Treatment delivery verification was performed according to the
matched images between the daily CBCT and the initial CT
simulation. The initial match was to the main carina; subse-
quently the primary tumor was assessed to ensure that it is inside
the PTV.

Reasons for replanning

In cases where significant misalignments of the target were
detected, the treating physician would decide if the case required
repeat simulation and replanning. Significant changes in tumor
volume also were considered for replanning.

There were also cases for which this situation was not foreseen in
advance, and became evident only after completing the plan opti-
mization. For example, if dose to organ at risk were exceedingly
high. In these cases, deep inspiration breath hold with or without
continuous positive airway pressure (CPAP) were required.

In this study, the radiation dose and the treatment techniques
were recorded as well as the total treatment duration and the
timing of the change from the initial plan to the second plan.
GTYV of the primary cancer was measured and compared to the
second simulation. Change in GTV was determined if there was
an increase or decrease of greater than 20% compared to the
initial volume. Lung volumes were measured and compared. The
tumor location was recorded and defined “peribronchial” if the
tumor was causing any distal atelectasis. Anatomical changes
were recorded by comparing the first CT simulation to the
second.

Dosimetric parameters that were analyzed included lung V20
(percent of volume of the lung receiving 20 Gy or above), mean
lung dose (MLD) (the mean radiation dose to the lung, in Gy),
heart V40 (percent of heart volume receiving 40 Gy), PTV D95%
(PTV; volume covered by 95% of the dose) and spine maximal
dose in Gy. These parameters were compared between first and
second plans.

In cases that underwent completion surgery after chemoradi-
ation, we recorded the pathologic regression according to the
American College of Pathology guidelines.’

Finally, overall survival (OS) was calculated from initiation
of treatment till death (recorded from the hospital electronic
medical records data or from the national registry) or censored
at last follow-up. Disease free survival (DFS) and local control
(LC) were determined similarly, based on progression of disease
on CT or PET/CT reports (performed as per standard-of-care
every 3 months in the first 2 years and every 3-6 months after
the second year).
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Statistical analysis

Survival data were expressed using Kaplan-Meier estimation,
with July 2019 being the date for data censoring. Wilcoxon
signed-rank test was used for non-parametric comparisons,
performed separately for the cases with the same simulation
technique and for the cases with altered simulation technique.
x* and Fisher exact test were used for contingency between vari-
ables. Analyses were performed using STATA v. 13 (StataCorp.
2013. Stata Statistical Software: Release 13.Texas).

RESULTS

281 patients with locally advanced lung cancer were identified,
of which 58 cases underwent repeat simulation and replanning
(20.6%). Of these, 74.2% were male with mean age 65.3 years
(Table 1). The histologies were non-small cell lung cancer in
75.9% and small cell lung cancer or neuroendocrine in 22.4%.
Stage 3a-3b comprised 91.4% of patients. 90% of patients received
concomitant platinum-based chemotherapy. Tumor location was
peribronchial in 31/58 (53.5%).

Radiation planning and dosing

Mean radiation dose was 59.43 Gy (SD 4.8, range 50-66 Gy), in
29 fractions (SD 3.5). Planning technique was 3DCRT in 12/58
(20.7%), VMAT or IMRT in 34/58 (58.6%) and hybrid (combi-
nation of 3DCRT and IMRT) in 12/58 (20.7%). CBCT was
performed daily in 77.6% of cases. In the rest it was performed
at least once a week.

Timing of replanning was in the first, second or final thirds of
treatment in 26, 43 and 31% respectively. Mean duration of treat-
ment with the first plan was 14.9 days (SD 6.9 range 2-25) and
mean dose with first plan was 30.5 Gy (SD 14, range 4-50). Mean
time interval from start-to-end of radiation therapy was 42.3
days (SD 11.6).

The reason for early replanning (during the first third of treat-
ment) were enlarging tumor (4/7 cases) or need for change in
simulation technique. Of the 14 cases with change in simulation
technique, 8 occurred in the first third of treatment (57%) with
the new plan started after mean of 6.9 fractions (range 3-10). In
the middle and last thirds, the prevalent reason was shrinking
of the tumor, occurring in 32/47 (68%) of cases. This was more
likely to occur in the middle and late phases of the treatment
compared to the early third (p = 0.049). The cohort was grouped
into three categories according to changes observed:

(1) Change in GTV of primary tumor (>20% compared
with initial GTV) were observed in 43/58 (74.1%). GTV
decreased in volume in 35/58 (60.3%) and increased in 8/58
(13.8%) (Table 1 for further details). In cases where the same
simulation technique was used, the mean GTV in first and
second scan were 276.7 cc (SD 253.8) vs 192.7 cc (SD 180)
(p = 0.001) (Table 2a). Figure 1 shows an example of GTV
regression.

(2) Significant anatomical changes: were detected in 20/58
(34.5%) including resolution of atelectasis in 14/58 (24%),
pleural fluid accumulation in 2/58 (3.5%), new atelectasis in
3/58 (5%) and emergence or absorption of pneumothorax
in 2/58 (3.5%). We noted that some cases had overlapping
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Table 1. Patients characteristics, disease and treatment details

Parameters
Total study cohort N (%) 58 (100)
Age N (%)
Mean (years) , (Range) 65.3 (41-81)
Sex N (%)
Male 43 (74.2%)
Female 15 (25.8%)
Histology N (%)
NSCLC 44 (75.9%)
SCLC /NE 13 (22.4%)
Sarcomatoid 1(1.7%)
Stage N (%)
I 3(5.2%)
III 53 (91.4%)
v 2(3.4%)
Chemotherapy N (%)
Cisplatin-Vinorelbine 2 (3.4%)
Carboplatin-Paclitaxel 29 (50%)

Etoposide- Cisplatin 17 (29.3%)

Pemetraxed-Cisplatin 2 (3.4%)

Cisplatin 2 (3.4%)

Non 6(10.3%)
Radiation therapy

Radiation Dose ; Mean (SD) 59.45 Gray (4.8)

Total Number of Fractions ;
Mean (SD)

29 (3.5)

Number of Fractions In First
Plan; Mean (SD)

14.9 (6.8); range 2-25

Duration of radiation
treatment; Mean (SD)

42.3days (11.6)

Planning technique N (%)

3 Dimensional conformal 12 (20.7%)

IMRT/VMAT 34 (58.6%)

Hybrid 12 (20.7%)
IGRT CBCT N (%)

Daily 45 (77.6%)

Weekly 13 (22.4%)

Timing of second plan N (%)

First third 15 (26%)
Second third 25 (43%)
Last third 18 (31%)

Tumor Locations peribronchial
(with atelectasis) N (%)

(Continued)
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Table 1. (Continued)

Parameters
Yes 31 (53.5%)
No 27 (45.5%)

Changes In GTV Volume (More
Than 20%)

Decrease ; (Mean% From 35 (60.3%) ; (—40%; —124 ml,+SD
Initial GTV); Mean 121)
volume,+SD (ml))

Increase; (Mean % From 8 (13.8%) ; (+89%;+65ml,SD 50.8)
Initial GTV); Mean volume +

SD (ml)

No Change (+20%) (Mean 15 (25.9) ; (4% ; 20.8 m1,+SD
% From Initial GTV); Mean 0.13)
volume + SD (ml)

Other Anatomical Changes
Detected In CBCT N (%)

Yes 20 (34.5%)

No 38 (65%)

Need to Improve Technique of
Simulation N (%)

Yes 14 (24.2%)
No 44 (75.8%)
Surgery after chemo-radiation
N (%)
Yes 15 (25.9%)
No 43 (74.1%)
Pathological Response (Total 15)
N (%)
Complete Response, no viable 8 (53.3%)
tumor cells
<10% Residual viable tumor 5(33.3%)
cells
>10% Residual viable tumor 2 (13.3%)

cells

CBCT, cone beam CT; GTV, gross tumor volume; IGRT, image guided
radiation therapy; IMRT, intensity modulated radiation therapy; SCLC
/NE, small cell lung cancer/neuroendocrine; SD, standard deviation;
VMAT, volumetric modulated arc therapy.

Hybrid - combination of IMRT and 3D Conformal.

changes, i.e. the GTV changed and anatomical alteration
occurred in the same patient (as can be observed in Figure 1).
The proportion of patients with change in GTV did not
differ by change in anatomy (p = 0.6). The proportion of
patients with anatomical changes did not differ by location of
the primary tumor (p = 0.27). Figure 2a-c show examples of
peribronchially located tumors causing lung atelectasis that
resolved during the radiation treatment course. Figure 2d
shows fused images between the simulation CT and the CBCT,
with mediastinal shift. Repeat simulation of this patient
revealed a large pneumothorax that was decompressed with
immediate insertion of chest tube (Figure 2e).

Appel et a/

(3) A change in simulation technique was recorded in 14/58
(24.2%) including breath-hold in 5/58 (8.6%) or use of
CPAP to expand the normal lung in 9/58 (15.5%). Figure 3a
presents an example of breath-hold, and Figure 3b the use
of CPAP.

Comparison of volumes and dosimetric variables
between first and second plans (Table 2a, 2b)

For those patients in whom the same simulation technique was
used in both simulations (Table 2a) the lung volume increased
by mean 133ml (p = 0.064), the lung V20 decreased only mini-
mally from 26% (SD 7.6) to 25.3% (SD 6.6) (p = 0.36) and MLD
decreased from 15.1 Gy (SD 3.7) to 14.7 Gy (SD 3.3) (p = 0.23).
The heart V40 decreased significantly in the new plan from
10.2% (SD 13) to 7.2% (SD 9.8) (p = 0.03).

For cases when different simulation techniques were used
(Table 2b) the lung volumes increased significantly from 2835.8
cc (SD 1062) to 4466 cc (SD 1250) (p =0.001), lung V20 decreased
significantly from 30.8% (SD 8.2) to 27.3% (SD 8) (p = 0.012) and
the MLD decreased from 17.3 (SD 4.4) to 15.3Gy (SD 3.8) (p =
0.007). The heart V40 decreased as well, from 11.1% (SD 14.7) to
6.5% (SD 6.7) (p =0.014).

Surgery, DFS and OS

Surgery was performed in 15 cases (25.9%) after neoadjuvant
chemoradiation. Final pathology reports indicated signifi-
cant tumor regression in the majority of cases, with complete
response in eight cases (53.3%), and less than 10% residual
tumor in another five cases (33.3%).

Median follow-up was 17.3 months (interquartile range 25-75%,
4.08-22.8). Median OS was 19.7 months. 3 years OS was 44.4%
(95% CI, 26-61.3%). Median DFS was 14.4 months, with 3 year
DES 37% (95% CI, 18-56%). The 2 year LC rate was 60.7% (95%
CI, 34.5-79.2%) and 3 year LC rate 52% (95% CI 25.4-73.3%).

DISCUSSION

In this retrospective descriptive study, a fifth of all locally
advanced lung cancer patients treated with fractionated therapy
required radiotherapy replanning. This finding appears consistent
with other prospective studies that used weekly CT simulation
for detection of changes in anatomy and GTV, with replanning
rates of 25-27% of cases. In this cohort, the magnitude of GTV
volume-reduction was 40%. Again, in line with other studies
reporting volume-reduction of 24% to 49%, depending on the
time points of measurement during the six weeks of treatment.*’

The effects of radiotherapy on the primary tumor or adjacent
lung can cause anatomical changes which require replanning to
avoid incomplete tumor irradiation, or conversely, toxic effects
on normal tissues. In our study, we detected anatomical changes
in a third of cases that were replanned. Other authors have
reported a higher rate of intrathoracic changes, in up to 83% of
the patients over the course of radiotherapy treatment.®

When is the optimal time to perform a repeat simulation? Early
resimulation may reduce the radiation dose to organ at risk, but
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Table 2. Comparison for volumes and dosimetric parameters between first and second scan

2a: No change in simulation technique
Mean (SD) (min-max) p-value

GTV (cc) First scan 276.7(253.8) (4.8-933) 0.001
Second scan 192.7 (180) (2.4-733)

Lung volume (cc) First scan 3700 (1085) (1791-6540) 0.064
Second scan 3833 (1046) (1313-6145)

PTV D95 (%) First scan 94.99 (4.04) (84-99.7) 0.38
Second scan 94.52 (4.9) (80-99.7)

Lung V20 (%) First scan 26 (7.6) (0.8-39) 0.36
Second scan 25.3 (6.6) (9.7-37)

Mean lung dose (Gy) First scan 15.1 (3.7) (3-22.5) 0.23
Second scan 14.7 (3.3)>%

Heart V40 (%) First scan 10.2 (13) (0-64) 0.037
Second scan 7.2 (9.8) (0-45)

Spine maximal dose (Gy) First scan 39 (8.4) (19.6-50.7) 0.72
Second scan 39.2 (8.8) (21-52)

2b: With change in simulation technique

Mean (SD) (min-max) p-value

GTV (cc) First scan 165.8 (161) (9.3-480) 0.13
Second scan 131 (126) (3.3-349)

Lung volume (cc) First scan 2835.8 (1062) (1613-5300) 0.001
Second scan 4466 (1250)(2567-6838)

PTV D95 (%) First scan 92.2 (4.9) (84-98) 0.72
Second scan 93.3 (6.5) (79-99)

Lung V20 (%) First scan 30.8 (8.2) (8-37.5) 0.012
Second scan 27.3 (8) (4-36.5)

Mean lung dose (Gy) First scan 17.3 (4.4) (5.6-22.6) 0.007
Second scan 15.3 (3.8) (3-18.8

Heart V40 (%) First scan 11.1 (14.7) (0-51) 0.014
Second scan 6.5 (6.7) (0-19)

Spine maximal dose (Gy) First scan 46.6 (8.4 (31.7-60) 0.028
Second scan 39.4 (7.9) (26.8-50.3)

GTV, Gross tumor volume; Gy, radiation units in Gray; LungV20, lung volume receiving above 20 Gy; PTV, Planning Target Volume; SD, standard

deviation.

D95 volume covered by 95% of the dose; Heart V 40-heart volume receiving dose above 40 Gy. Dose if plan was to the full prescribed dose with

the current scan. For p-value Wilcoxon signed-rank test was used.

if performed too early there may be a need for a third simula-
tion, with time and resource implications. In this study, most
cases were replanned in the middle third of the treatment course,
allowing enough time for the new plan to be implemented. Early
replanning were generally performed for purpose of improving
planning dosimetric parameters (e.g. need for change in tech-
nique of simulation using breath-hold, or the novel use of CPAP
in our department to expand the lungs and thus reduce the radia-
tion dose to the normal lung tissue).”'° Changing the plan in the
last third of the radiation course occurred in 31%, where signif-
icant change developed only later in the treatment. In fact, there

is evidence the GTV may continue to decrease after 50 Gy° and
some authors advocate repeat simulation and planning in the last
third of treatment, allowing the effect of treatment to become
evident.'"!2

The duration that is taken to implement the change in radiation
plan should be kept to a minimum. If the previous plan can be
continued safely until the new plan is ready, we recommend
continuing. However, if a break is unavoidable, due to major
shifts in the mediastinum or tumor-location, these cases should
be given high-priority for planning and quality assurance (QA)
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Figure 1. An example of GTV regression. GTV, gross tumor volume.
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to resume treatment as quickly as possible. This is in accordance
with the suggested “Traffic Light Protocol” from The Nether-
lands Cancer Institute." In our cohort, treatment interruptions
were kept to minimum with a mean total treatment interval of
42.3 days. In cases where there are major anatomic changes, as
occurred in 34.5% of patients in our group, proceeding with the
previous plan may not be advised since the repositioning of the
patient will not be accurate. In these cases not only normal tissue
exposed to radiation increases, but equally important, the risk
of geographical-miss increases significantly. These anatomical
changes must be recognized as fast as possible by regular inspec-
tion of the CBCT. In our department, to mitigate these risks, our
radiation therapists have undertaken specialist training to recog-
nize the mediastinal structures and the matching parameters
which are important for mediastinal set-up,'* as recommended
in published data.">~"

One concern of adaptation of target volume is the risk of recur-
rence in the area of target-reduction (marginal relapse). In the
Local Control and Toxicity of Adaptive Radiotherapy Using
Weekly CT Imaging trial, marginal relapse was observed in 6%
of patients.'® This incidence is considered relatively low and
provides some proof of safety when adopting this treatment
approach. In our cohort, LC at 2 years was 60.7%, somewhat
lower than the 69.6% in the RTOG prospective trial,' probably
due to different study design, and aggressive histologies included
in our cohort.

A correlated proof of safety of adaptive planning may come from
the pathologic examination of specimens that were excised after
chemoradiation. In this study, major pathologic regression was
recorded in 86.6% of the cases that were operated. This is consid-
erably higher than the 65% that was seen in our previous report

of trimodality approach.”’ However, this needs to be validated in
a larger cohort.

Replanning requires considerable resources and places unex-
pected time pressures on radiotherapy departments’ workflow
due to its typically unpredictable nature. It would be useful if we
were able to foresee the need for repeat planning: are there iden-
tifiable factors that increase the probability of this occurrence?
In our group, more than half the cases had primary tumor in a
peribronchial location causing distal lung atelectasis. The effect
of treatment in these cases usually results in some resolution of
the atelectasis and thus a shift in the tumor location. Likewise,
small cell lung cancers may regress significantly after chemo-
therapy and anatomical change can be expected. However, some
changes are unpredictable, such as the development of pleural
effusions, rapid regression or enlargement of the primary tumor,
or change in pneumothorax after trans-thoracic biopsy. These
cases are identified by the radiation therapists, with daily moni-
toring of the patients' CBCT before each fraction of radiation.
In the future, this process may become automated: work on
deformable image registration algorithms such as the Consistent
Anatomy in Lung Parametric imagE Registration framework,
will be able to handle large geometric changes in the thorax to
facilitate accurate adaptive planning.”!

In this study all cases, except two, were replanned only once.
Would it be beneficial if replanning occurred more than once
routinely? According to a dosimetric trial by Dial et al, incre-
mental reductions in doses to organ at risk were seen as a func-
tion of replanning frequency. Increased frequencies of adaptation
resulted in additional benefit while the magnitude of benefit
decreased.”
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Figure 2. (a-c) Examples of peribronchially located tumors causing lung atelectasis that resolved during the radiation treatment
course. (d) Fused images between the simulation CT and the CBCT, with mediastinal shift. () Repeat simulation revealed a large
pneumothorax that was decompressed with immediate insertion of chest tube. CBCT, cone beam CT.

2b: Complete lung atelectasis resolved
and mediastinum shifted

2c: Complete atelectasis resolved
during treatment course

Furthermore, we observed reduction in dose to the heart with
repeated planning: the heart V40 was reduced significantly
from 10.2 to 7.2% (p = 0.037) without change in simulation
technique. The reason for this may be related to the change in
the anatomy and the shrinkage of the tumor, displacing it away
from the heart and change in planning technique from 3DCRT
to VMAT. In this study, the heart V40 was chosen for measure-
ments and comparison according to the analysis performed on
the prospective RTOG 0617 trial, which was published by Chung
et al.” In their study, the volume of heart receiving 40 Gy (V40)
was significantly associated with OS (p < 0.05). Other authors
have reported other heart doses to be associated with OS and
cardiac toxicity: Speirs et al reported that when heart volume
receiving 50 Gy (heart V50) was less than 25%, the 1year OS
rates were 70.2 vs 46.8% if the V50 exceeded 25%. In their study,
the heart V50 was significantly higher (20.8% vs 13.9%, p <
0.0001) in patients who suffered from cardiac toxicity.** Wang et
al presented a correlation between mean heart dose (MHD) and
higher rate of cardiac events: for MHD of 20 Gy, the rate was 21%
at 2 years compared to 4% in MHD if <10 Gy.* In another study

2d: Mediastinal shift detected on CBCT

(B

e

2e: Pneumothorax detected and
decompressed, new simulation was
needed

by Atkins et al, the MHD (210 Gy vs. <10 Gy) was also associated
with a significantly increased risk of all cause mortality, but only
in patients without pre-existing coronary heart disease (hazard
ratio: 1.34; p = 0.014).%° The dose to the heart may be related
to the nodal stations involved and if the subcarinal or multiple
nodal stations are involved, as in locally advanced Stage III lung
cancer, the doses to the heart might be unavoidable with photon
therapy.?” Therefore, if with replanning the heart dose can be
reduced, as was shown in this study, this may potentially reduce
cardiac toxicity.

A potential benefit of plan adaptation may be the reduction of
doses to the normal lung. Guckenberger et al reported that plan
adaptation to tumor shrinkage resulted in significantly decreased
mean lung doses.” Moller et al also reported a significant
decrease in lung dose (MLD decreased from 14.6 to 12.6Gy).*®
In our study, the lung doses were not reduced significantly in the
group that was replanned with the same simulation technique.
However, significant reduction in lung dose was observed if a
change was introduced to the simulation technique (breath-hold
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Figure 3. (a) Example of change in simulation technique by using breath-hold. (b) Example of change in simulation technique by

using CPAP. CPAP, continuous positive airway pressure.

FREE BREATHING

CPAP

Figure 3a: change in simulation technique: use of
continuous positive airway pressure (CPAP)

or use of CPAP). In these cases, the radical radiation doses could
otherwise not be safely delivered, as the doses to the organ at
risk would have exceeded their limits. This situation may occur
in large tumors or if lung volumes are small. Indeed, the lung
volumes increased significantly with change in simulation tech-
nique from 2835.8 cc to 4466 cc (p = 0.001) and the lung V20 as
well as the heart V40 were significantly reduced. Interestingly,
a study by Kataria et al demonstrated that if the initial plan
was delivered with the new anatomical configuration, it would
have resulted in a significantly higher doses to the lung, heart
and spinal cord, while repeat planning enabled better normal
tissue-sparing.!

A related important point is the increasing use of adjuvant immu-
notherapy for unresectable Stage III lung cancers—undoubtedly
one of the most significant breakthroughs in oncologic treatments
of lung cancer.”’ Now, more than ever, it is important to reduce
the risk of iatrogenic pneumonitis to minimum so that these
patients will be able to receive the immunotherapy according to
schedule without the need for steroids or treatment-breaks.

With technological advancements in automated-contouring and
planning modalities such as MRI-guided adaptive planning in

peribronchial located thoracic tumors® it may be expected that
frequent replanning may be feasible in the future and may be
implemented in more centers.”® Certainly, if the clinical bene-
fits of MRI-guided radiotherapy can be realized, treatment can
be adapted for each fraction and in real-time, using "beam-on"
imaging avoiding resimulation.

A limitation of this study is its single center, retrospective design,
and patients' heterogeneity. However, adaptive planning in this
context is still innovative and the decisions are being made
locally, based on experience and available resources.

In conclusion, image-guidance triggered-adaptive replanning
should be added to the armament of radiation therapy planning
for lung cancer, in addition to FDG-PET/CT registration and the
advanced planning technique using VMAT. Adaptive replanning
may reduce doses of radiation to the heart thus reduce the cardiac
toxicity risk, but doses to the lungs could be lowered significantly
only if change in simulation technique was introduced.

Some cases requiring replanning can be foreseen, especially
peribronchial-located tumors that cause distal lung atelec-
tasis and tumors expected to regress dramatically in response
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to chemotherapy. However, many changes are not predictable;
therefore vigilant monitoring of the CBCT is recommended.

Adaptive replanning may allow safer introduction of adjuvant

immunotherapy and together with reduced cardiac doses, may
consequently lead to improvements in survival.?’
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