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dose-effect relationship of exclu-
Asive radiotherapy (RT) is likely

to exist in non-small cell lung
cancer (NSCLC) with lower doses pro-
viding poorer local control.!> However,
high doses result in more severe toxicity.
Based on 3D conformal RT, thresholds
have been established for pulmonary
dose-volume histograms (DVH), with

the aim of avoiding severe radio-induced
pneumonitis.? In selected patients with
unresectable stage III NSCLC, concomi-
tant chemoradiation has proven superior
to sequential combination therapy,*’
but causes more frequent acute esopha-
gitis.®° Therefore, RT quality control is
useful for reducing treatment toxicity and
improving tumor control.
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In some other malignancies, both
toxicity and overall survival (OS) cor-
relate with the quality of RT.!® Very
few data on RT quality are available for
NSCLC, as quality assurance usually
focuses on technical and physical as-
sessment of linear accelerators. 12

We analyzed RT quality in a phase 11
randomized trial of concurrent chemo-
radiation for unresectable stage III
NSCLC. The main objectives were to
assess compliance with the trial’s pro-
tocol and the impact of observed devia-
tions on survival and toxicity.

Materials and methods

The GLOT-IFCT-GFPC 02.01
(Groupe Lyon-Saint-Etienne
d’Oncologie Thoracique, Inter-
groupe Francophone de Cancérologie
Thoracique, Groupe Francais de
Pneumo-Cancérologie), study was a
multicenter randomized phase II trial
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Planned

Table 1. Definition of major and minor deviations
from radiotherapy protocol guidelines

Immobilization device

Dose per fraction (Gy) 2

Total dose (Gy) 66

Elective node irradiation  not allowed

Beam number =6

Portal imaging before RT done

Portal imaging during RT Weekly >6

RT duration (days) 45

Treatment interruption 0

(days)

Pulmonary DVH V20 <30

V30 <20

Personalized T-bar device

Minor deviation Major deviation
none

1.8 <1.8

60to63and>69 <60

done

5 <5

----- not done

<6 <3

>48 >55

<7 >7

30%<V20<40% V20>40%

20%<V30=30% V30>30%
DVH not done
missing data

of concurrent chemoradiation either
preceded (arm A) or followed (arm
B) by chemotherapy for unresect-
able stage III NSCLC. The chemo-
therapy regimen was cisplatin 80 mg/
m? and paclitaxel 200 mg/m? every
21 days for two cycles, cisplatin
80 mg/m? every 21 days, and vinorelbine
15 mg/m? weekly concurrently. Standard
inclusion criteria applied.

The trial’s RT protocol conformed
to European Organisation for Research
and Treatment of Cancer (EORTC)
guidelines.'? The gross tumor volume
(GTV) included the primary tumor
and enlarged mediastinal lymph nodes
(smallest diameter > 1 cm). Prophylac-
tic node irradiation was not authorized.
The planning treatment volume (PTV)
was defined as GTV + 15 mm without

field reduction. A personalized immo-
bilization device was required for CT
scanning in the treatment position. The
total dose was 66 Gy in 33 fractions.
Three-dimensional conformal irradia-
tion was mandatory. Maximum spinal
cord dose was 46 Gy. Pulmonary DVH
were required, with the following rec-
ommended values: V20 < 30% and
V30 <20%. Six beams or more had to
be used. All fields were verified before
starting treatment, and weekly thereaf-
ter. All patients were examined weekly
by the radiation oncologist, who scored
acute toxicity according to the CTCAE
v3 scale. The following items were col-
lected and reviewed twice a year by the
GFPC radiation oncologists panel: im-
mobilization device, total dose, dose per
fraction, prophylactic nodal irradiation

CME

(supraclavicular or mediastinal), num-
ber of beams, control imaging before
and during irradiation, treatment dura-
tion, treatment interruption (number of
days, reasons), and pulmonary DVH.

As the aim of this study was to assess
the quality of RT, the analysis included
only patients who completed the concur-
rent chemoradiation. Major (MD) and
minor (md) deviations were defined for
11 criteria (Table 1). Four clinically most
relevant MDs were grouped together for
analysis: the total dose, the pulmonary
V20 DVH (V20), treatment interruption
and elective node irradiation.

Statistical analysis

Comparisons were made using the
chi-2 or Wilcoxon test. The survival
time was calculated from the date of
cancer diagnosis to the date of death, or
censored at the date of last follow-up for
survivors, based on Kaplan-Meier esti-
mates.'* Progression-free survival was
calculated from the date of cancer di-
agnosis to the date of progression. Cox
proportional hazards models were used
to test the effect of each deviation, with
adjustment for the treatment arm.

Results

Between May 2002 and March 2005,
132 patients were irradiated in 28 cen-
ters. Median follow up was 44.9 months
(95% CI: 42.3-47.4). Five patients were
ineligible, 18 patients were excluded
before concomitant treatment, and 8
patients did not receive the entire irradi-
ation. The remaining 101 patients com-
pleted the concurrent chemoradiation
and constituted the study population
(Figure 1). The characteristics of the
patients were well-balanced between
the two arms, except for the histological
type (Table 2).

Grade 1-2 pulmonary toxicity affected
24% and 25% of the patients, respec-
tively, in arm A and arm B; one case of
grade 5 pulmonary toxicity occurred
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132 included pts

X

127 randomized pts
Arm A: 64 pts
Arm B: 63 pts

109 evaluable pts
Arm A: 59 pts
Amm B: 50 pts

Y

101 analysable pts
Arm A: 55 pts
Arm B: 46 pts

5 ineligible pts:

stage I1(1), stage IV (1), small cell
lung cancer (1), inadequate tumour
volume (1), supraclavicular
involvement (1)

18 excluded pts: surgery (2),
CT toxicity (7), intercurrent

disease (3), progressive
disease (3), RT delay (1)

RT interruption for 8
pts: infection (3),
pulmonary embolism
(1), oesophageal fistula
(1), myocardial
infarction (1), metastatic
spread (1), grade 3

FIGURE 1. FLOW CHART Arm A: Induction chemotherapy; Arm B: Consolidation chemo-

therapy.

in arm B. Grade 3-4 esophageal toxic-
ity affected 15.8% of patients overall
(6 patients in arm A, 10 patients in arm
B). The 2-year OS rates were 47% and
43% in arms A and B, respectively, and
the objective response rates were 55%
and 48%.

Full data on RT were provided by
all but 3 of the radiotherapy centers (6
patients). All patients received an ad-
equate photon energy, and most patients
received 2-Gy fractions. Twelve pa-
tients (13%) had a treatment interrup-
tion of one week or more.

Among the 101 assessable patients,
69 (68.3%) had at least one MD, 27

(26.7%) had at least one md, and 5 (5%)
had no deviation (Table 3).

The most frequent MDs were an in-
appropriate number of beams in 27
(27.6%) cases, and inadequate values
for pulmonary DVH, respectively, in 26
patients (25.7%) for V20, and 29 patients
(28.7%) for V30. Other MDs were pro-
phylactic nodal irradiation and treatment
interruption lasting >1 week. The total
dose was that recommended, except in
7 patients. There was a strong correla-
tion between the total dose and treatment
interruption (p < 0.0001). Age, gender,
weight loss, histological type and tumor
stage were not predictive of MD risk.

There was a significant difference be-
tween the 2 treatment arms with respect
to V20 MDs (17.4% in the induction arm
versus 32.7% in the consolidation arm, p
=0.04). The reduction in tumor volume
after 2 cycles of induction chemotherapy
may explain this difference. There was
no difference between the treatment
arms with respect to the total dose, RT
duration or elective nodal irradiation.

Consequences of the deviations

The 2-year OS tended to be lower
in patients with at least one MD (40%,
95% CI: 28.1; 51.9) than in patients
with no MD (53.1%, 95% CI: 35.8,;
70.4), as well as the median OS (19 ver-
sus 25.3 months, p = 0.31), but the dif-
ference was not statistically significant.
When considering only the 4 clinically
relevant MDs (total dose, V20, treat-
ment interruption, elective nodal irra-
diation), outcome tended to be poorer
among patients with MDs than in pa-
tients without MD: The median OS
times were respectively 13.3 and 19
months, and the 2-year OS rates were
respectively 31% (95% CI: 17.8; 45)
and 54.5% (95% CI: 10.6; 66.6) (p =
0.077, Figure 2). OS was significantly
affected by deviations from the total
dose (p =0.0001) and by treatment in-
terruption (p = 0.0003), but not by V20
or elective nodal irradiation (Figure 3).
Patients with MD from the total dose
had a median OS of 4.8 months, com-
pared to 23 months in other patients,
and the difference in the 2-year OS rate
was huge (0% versus 47.8%, 95% CI:
37.2; 57.6). Patients with MDs due to
treatment interruption received a lower
total dose (54.7 Gy vs 66 Gy), which
likely influenced their OS. In multivari-
ate analysis, the only factor predictive
for alower OS was TL

There was no difference in progres-
sion-free survival or the time to local
progression according to the MDs. Me-
tastasis-free survival was significantly
shorter in patients with MDs for treat-
ment duration (p =0.004).
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Table 2. Characteristics of the patients in the two treatment arms.
Arm A: induction chemotherapy,
Arm B: consolidation chemotherapy; (* = p < 0.05)
ArmA ArmB All
N=46 % N=55 % N=101 %

Age (min-max) 56.5 (40-69) 58.7 (42-70) 57.7 (40-70)
Gender

Male 43 93.5% 47 85.4% 90 89.1%
PS

0 30 68.2% 42 77.8% 72 71.3%

1 14 31.8% 12 22.2% 26 25.7%
Weight loss >5%

No 35 77.8% 40 741% 75  74.3%
Histology*

AdenoCa 14 31.1% 16 32.0% 30 29.7%

Squamous cell Ca 18 40.0% 30 60.0% 48 47.5%

Large cell Ca 13 28.9% 4  8.0% 17  16.8%
Stage

1A N2 10 21.7% 16 29.1% 26 25.7%

B 36 78.3% 39 70.9% 75 74.3%
Local progression

No 36 78.3% 49 90.7% 85 85.0%

Yes 10 21.7% 5 9.3% 15  15.0%
Distant progression

No 24 52.2% 27 50.0% 51  51.0%

Yes 22 47.8% 27 50.0% 49  49.0%
Death

No 11 25.0% 17 32.1% 28 28.9%

Discussion outcome. Despite protocol requirements

The study’s aim was to assess the
quality of RT and its impact on patient
outcome. In published trials of concur-
rent chemoradiation, information on the
RT is restricted to the total dose, fraction-
ation and recommended volumes.® Data
on the treatment actually administered
are rarely provided.®’ In definitive ra-
diotherapy, the volumes, total dose and
toxicity are strongly related. As radio-
therapy plays a major role in the local
control of unresectable NSCLC, the
question arises as to whether the qual-
ity of radiotherapy is related to patient

concerning centralized review of the
radiotherapy data, some centers failed
to provide their patients’ records, or
provided only very sketchy information
with many missing data.

The OS time in the entire study popu-
lation was slightly longer than in other
series of concurrent chemoradiation for
NSCLC, with a median of 20.2 months,
compared to 15 months in the French
GFPC 95.01 study,” 17.1 months in the
Radiation Therapy Oncology Group
(RTOG) 94.10 study,'® and 16.5 months
in the Japanese trial'® and the EORTC

CME

study.® OS was significantly influenced
by the total dose (4.8 months if < 60 Gy
vs 21.9 months if > 60 Gy, p <0.0001),
as in previous studies that showed that
the total dose must be > 60 Gy for cura-
tive purposes.'?

OS was also negatively affected by
treatment interruption and by a longer
radiotherapy duration (p =0.005 and p =
0.0001, respectively), as was metastasis-
free survival (p = 0.047 and p = 0.002,
respectively). Treatment interruption is a
well-known prognostic factor in patients
with head-and-neck tumors or cervical
cancer.'!3 Fowler suggested that clono-
gens proliferated within the tumor after 3
or 4 weeks of radiotherapy.' Machtay et
al.? pooled patient data from 3 RTOG tri-
als, including concurrent chemoradiation
for unresectable NSCLC, with most pa-
tients receiving hyperfractionated radio-
therapy. Altogether, 18% of the patients
had treatment interruption lasting more
than 5 days. The median OS was not
significantly better among patients who
completed their treatment on time (19.5
versus 14.8 months, p=0.15).

In multivariate analysis, prolonged
treatment time was associated with
poorer OS (hazard ratio 1.02, CI: 1.003-
1.03, p=0.01) and a lower total dose (p
=0.03). In the present study, there was
also a strong correlation between treat-
ment interruption and total dose. In the
12 patients who had MD for treatment
interruption, the mean total dose was
54.7 Gy, compared to 66 Gy among
patients with no delay (p < 0.0001).
Progression-free survival and locore-
gional progression-free survival were
not affected by the occurrence of MDs,
suggesting that the impaired survival
reported in the deviation group was
not related to an increased rate of lo-
coregional recurrence. Treatment in-
terruption (p = 0.047) and longer RT
duration (p = 0.002) were associated
with a poorer metastasis-free survival.
The small size of this study probably ex-
plains the lack of any significant differ-
ence in OS according to the occurrence
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Table 3. Observed major and minor deviations (* = p < 0.05)

of any MD or any of the 4 clinically rel-
evant MDs.

All ArmA ArmB Prophylactic nodal irradiation was
N=101 % N=46 % N=55 % delivered to 17 (16.8%) patients, either
All deviations to uninvolved mediastinal areas or to
MD 69 68.3 34 739 35 63.6 the supraclavicular fossae. Some stud-
Md 27 26.7 10 21.7 17 30.9 ies have shown no improvement in local
No deviation 5 5.0 2 43 3 5.5 control or survival with elective node
Total dose (Gy) irradiation.?!->2 In the present study, pa-
MD 7  7.0% 3 6.5% 4 7.4% tients receiving prophylactic node irra-
Md 6 6.0% 2 4.4% 4 7.4% diation did not have worse pulmonary
no deviation 87 87.0% 41 89.1% 46 85.2% DVH values, and were not at a greater
Pulmonary DVH V20Gy risk of receiving an inadequate total ra-
MD* 26 25.7% 8 17.4% 18 32.7% diation dose. This could be explained
Md 30 29.7% 12 26.1% 18 32.7% by the use of field reduction techniques
No deviation 45 44.6% 26 56.5% 19 34.5% to avoid excessive irradiated volumes,
Pulmonary DVH V30Gy and by the central location of the node
MD 29 28.7% 12 26.1% 17 30.9% areas in the chest. Pulmonary DVH val-
Md 35 34.7% 15 32.6% 20 36.4% ues for V20 and V30 were extremely
No deviation 37 36.6% 19 41.3% 18 32.7% variable, ranging from 9% to 64% and
Treatment Interruption (days) from 3% to 61%, respectively. For
MD 12 13.0% 5 11.4% 7  14.6% V20, the median value was 31.4% and
Md 13 14.1% 4 91% 9 18.7% the mean value was 30.5%. According
No deviation 67 72.8% 35 79.5% 32 66.7% to the protocol, the percentage of lung
RT duration (days) receiving more than 20 Gy should not
MD 10 10.3% 4  8.9% 6 11.5% have exceeded 30%, which is a stricter
Md 47 48.5% 20 44.4% 27 51.9% cut-off than the 35% accepted in most
No deviation 40 41.2% 21 46.7% 19 36.5% recent studies. Nevertheless, MD from
Elective node irradiation V20 was defined as V20 >40%, which
MD 17 16.8% 7 15.2% 10 18.2% is well above the maximal value recom-
No deviation 84 83.2% 39 84.8% 45 81.8% mended. After excluding missing values
Immobilization device (11 patients), 24 (23.8%) patients had
MD 7 T77% 4 95% 3 6.1% V20 >35% and 15 (16.7%) patients had
Md 20 22.0% 9 21.4% 11 22.4% V20 > 40%. The rates of MD for the
No deviation 64 70.3% 29 69.1% 35 71.4% total dose (7%) and pulmonary DVH
CT scan (25.7%) seem to show that radiation
No deviation 101 100.0% 46 100.0% 55 100.0% oncologists preferred to stick to the rec-
Dose per fraction ommended dose while accepting inad-
Md 9 9.0% 2 4.3% 7 13.0% equate pulmonary DVH values.
No deviation 91 91.0% 44 95.7% 47  87.0% The question of whether the PTV, the
Beam number GTYV, or neither should be subtracted
MD* 27 27.6% 19 41.3% 8 15.4% from the total lung volume when calcu-
Md 5 51% 0 0.0% 5 9.6% lating DVH values is controversial, and
No deviation 66 67.3% 27 58.7% 39 75.0% practices vary across published stud-
Imaging before RT ies.!? The protocol guidelines required
MD 11 11.6% 6 13.6% 5 9.8% the PTV to be subtracted from the total
No deviation 84 88.4% 38 86.4% 46 90.2% volume of the two lungs. Despite the
Imaging during RT large number of patients with DVH
MD 20 33.3% 8 25.8% 12 41.4% values outside the recommended range,
Md 10 16.7% 6 19.4% 4  13.8% this deviation did not correlate with in-
No deviation 30 50.0% 17 54.8% 13 44.8% creased toxicity. The incidence of acute
28 H  APPLIED RADIOLOGY’ www.appliedradiology.com July 2014
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FIGURE 3. (A to D) Overall survival according the four major deviations (Total Dose, V20,
treatment interruptions, Elective Nodal Irradiation); black lines correspond to patients with
deviations and grey lines to patients without deviations.

pulmonary toxicity was low and simi-
lar to that reported in randomized tri-
als of concurrent chemoradiation and
in the Cochrane review>-1316 A Japa-
nese study focusing on radio-induced

pneumonitis following concurrent
chemoradiation showed a 28% crude
incidence of grade 2 or higher pneu-
monitis. Severe toxicity (grade > 3) af-
fected 4.2% of patients.?® This confirms

CME

that radiation pneumonitis may be over-
looked unless specifically sought.

In a recent retrospective study focus-
ing on dosimetric factors associated
with treatment-related pneumonitis in
patients with NSCLC receiving concur-
rent chemoradiation, the cumulative
rate of severe pneumonitis was 22% at
6 months and 32% at 12 months, which
is higher than the rates usually reported.
The authors found that V5 (the percent-
age of lung volume receiving 5 Gy) was
the most relevant factor for predicting
pulmonary toxicity, with pneumonitis
incidence rates of 3% and 38% for V5
< 42% and > 42%, respectively. The
influence of the mean lung dose was
confirmed, with a threshold of 16.5 Gy.
Interestingly, the patients analyzed had
mainly received platinum-taxane or
platinum-etoposide combinations and,
occasionally, irinotecan, gemcitabin
or doxorubicin-based regimens, which
are known to be highly radiosensitiz-
ing and could explain the high rates of
severe pulmonary toxicity.?* Concur-
rent chemoradiation with cisplatin and
vinorelbine is usually better tolerated
than other chemotherapy regimens,® as
confirmed in this trial. In a literature-
based review of clinically relevant radia-
tion pneumonitis following concurrent
chemoradiation for lung carcinoma, the
rate of severe radiation pneumonitis was
7.8% and the only factor associated with
an increased incidence of toxicity was a
fraction size larger than 2.67 Gy.?

In a more recent retrospective study,
the incidence of severe radiation pneu-
monitis was similar (8.3%), and the
only factors associated with a higher
incidence were performance status (1
versus 0) and female gender.?® The
number of events suggestive of severe
radiation pneumonitis was insufficient
to test these hypotheses. Unfortunately,
the protocol was not designed to collect
treatment planning volumes, and it was
not therefore possible to study correla-
tions between these volumes and toxic-
ity, survival or loco-regional control.
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Conclusion

This study shows an association be-
tween poorer overall survival and pro-
longed irradiation in a homogenous
group of patients treated with concur-
rent chemoradiation and conventional
fractionation. This calls for procedures
to obtain treatment planning data before
randomization, in order to include only
patients whose V20 pulmonary DVH
is no more than 35%. The next step will
be to organize a centralized review of
radiotherapy quality criteria and proto-
col compliance before participating ra-
diation oncologists are allowed to enroll
patients, as is already the case in some
multicenter studies.
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