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ABSTRACT

Background: This study aimed to evaluate short term clinical outcomes of accelerated hypofractionated radiotherapy (AHRT)
regarding locoregional response (LRR), symptoms relief and acute toxicities in non-small cell lung cancer (NSCLC) patients.
The radical treatment for inoperable NSCLC is intolerable for some patients. An alternative RT regime should be considered
for them.

Materials and methods: Inoperable NSCLC patients who could not tolerate radical treatment were treated with AHRT (45 Gy
in 15 fractions over three weeks) by using the 3-dimensional conformal (RT) technique. The LRR was assessed by chest com-
puted tomography (CT) performed before and 6 weeks after RT. Relief of symptoms such as cough, dyspnoea and chest pain
was evaluated during RT and 6 and 12 weeks after RT, compared with the status before RT. Treatment-related acute toxicities
such as dysphagia and radiation dermatitis were observed during and 6 and 12 weeks after RT.

Results: Total 65 patients (seven patients of stage Il and fifty-eight patients of stage lll) were included. Partial response was
seen in 70.8% of patients, and stable disease was seen in 29.2% while there was neither complete response nor progressive
disease after RT. Statistically significant associations were found between tumour response vs. pre-treatment tumour size
and tumour response vs. performance status of the patients. Satisfactory symptom relief was found after RT, but severe acute
dysphagia and radiation dermatitis (more than grade 3) were not observed.

Conclusion: Satisfactory LRR, symptom relief and acute toxicities were achieved by this regime. Long term studies are recom-
mended to evaluate late toxicities and survival outcome further.
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Introduction

According to the Global Cancer Observatory,
the global cancer burden has increased to 18.1
million cases and 9.6 million cancer-related deaths
in 2018. About 70% of cancer-related deaths oc-
curred in low- and middle-income countries.

Among them, lung cancer is the most common
type of cancer, representing 11.6% of all new cases
and 18.4% of all cancer deaths [1]. In Radiotherapy
department of the Yangon General Hospital, lung
cancer was the second leading cause of morbidity
in 2018. There were 1495 new lung cancer cases
which accounted for about 19.9 % of total patients.
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Compared to the previous data (1180 new lung
cancer patients in 2017), the incidence has been
rising annually. On the other hand, limitation of
resources in a developing country like Myanmar
has become a large barrier to overcome the massive
burden of the disease.

The current standard treatment for medically or
surgically inoperable non-small cell lung cancer
(NSCLC) is once-daily radiation treatments of 60
Gy at 2 Gy per fraction, established by the Radia-
tion Therapy Oncology Group (RTOG) 0617 trial
[2]. The addition of concurrent chemotherapy can
further improve the treatment outcome[3]. This
standard concurrent chemoradiation (CCRT) given
for six weeks may be difficult to tolerate for patients
with comorbidities and poor performance status
(PS). Therefore, those patients who are unfit for
standard CCRT treatment should be treated with
a shorter course radiation regime such as acceler-
ated or hypofractionated regime. Accelerated radio-
therapy schedules have the advantage of shortened
overall treatment time to save time and costs as well
as the benefit of counteracting rapid proliferation
of tumour cells [4]. Hypofractionated radiotherapy
consists of significantly fewer fractions of radiation,
higher doses per fraction than conventional 2 Gy,
and lower cumulative doses. The use of larger than
standard fraction causes a substantial risk of late
toxicities in slowly proliferating tissues (spinal cord,
lung, heart) that may be life-threatening [4]. How-
ever, the technological advances in radiotherapy
treatment planning and delivery favour a wide use
of large radiation fractions for both cure and pal-
liation. By using hypofractionation, high doses per
fraction are likely to achieve more cell kill per single
exposure. Therefore, when the need for rapid symp-
tom control and tumour shrinkage is greater than
the risk of late toxic effects, a large fraction therapy
may be preferred [4].

Radiotherapy dose fractionation schedule (2019)
by the Royal College of Radiologists recommended
high dose hypofractionated palliative regimes for
patients with good PS because they confer mod-
erate survival advantage at the expense of extra
toxicity [5]. A Cochrane review also concluded that
different palliative radiotherapy regimes equally
palliate thoracic symptoms and patients with good
PS should be considered for treatment with high-
er dose palliative regimes if there is a chance for
a modest increase in survival [6]. According to

Amini et al. (2012) and Nguyen et al. (1999), accel-
erated hypofractionated radiation therapy (AHRT)
with 45 Gy in 15 fractions over three weeks appears
to be an acceptable treatment option which has
similar efficacy without increasing toxicity when
compared to conventional radiation 60 Gy in 2Gy
per fraction (7, 8].

Previously, inoperable non-small cell lung can-
cer patients of our department were treated with
radiotherapy regime of 60 Gy in 30 fractions as
curative schedule or 20 Gy in 5 fractions as pallia-
tive schedule, depending on the stage of lung can-
cer, PS and comorbid diseases of those patients.
However, old patients with some comorbidities
may have difficulties to complete the full course of
60 Gy in 30 fractions for six weeks. On the other
side, patients with good PS should be treated with
moderate hypofractionated schedule rather than
20 Gy in 5 fractions [9]. That is why this study was
planned to assess the short term clinical outcomes
such as LRR, symptom relief and acute toxicities
of AHRT regime (45 Gy in 15 fractions over three
weeks) by using 3D conformal planning given to
inoperable NSCLC with ECOG PS < 2. Such an
approach may be a reasonable and convenient op-
tion for inoperable NSCLC patients who could not
achieve radical cure in a resource-limited country
like Myanmar.

Materials and methods

This was a hospital-based prospective study
done at the Radiotherapy Department, Yangon
General Hospital (YGH), Myanmar. All cases of
histologically proven and unresectable or medi-
cally inoperable NSCLC (stage I to III) patients
who are unfit for chemotherapy due to comorbidi-
ties (e.g., poor cardiac, liver or renal function, etc.
or old age) and patients with Eastern Cooperative
Oncology Group (ECOG) PS 0, 1 or 2 were re-
cruited between January 2018 and December 2018.
Patients with distant metastasis and patients previ-
ously treated with thoracic radiotherapy or chemo-
therapy were excluded.

After selection according to the inclusion and
exclusion criteria, written informed consent was
taken before the study. Staging assessment was
done with chest X-Ray (CXR), chest CT and ul-
trasonography (Abdomen & pelvis). Bone scan
and CT head or abdomen were done if symptoms
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for suspicious metastasis appeared. Staging of tu-
mour followed the American Joint Committee on
Cancer staging criteria (eighth edition) [10]. Any
infection, such as chest infection, oral candidiasis
or pulmonary TB, was controlled first before ra-
diotherapy.

Radiotherapy technique

Immobilization was done in a supine position
with arms immobilized above the head in a com-
fortable, reproducible position to allow a greater
choice of beam angle. CT scanning was obtained
from the cricoid cartilage to the superior limit of
the L2 vertebra with 3-5 mm slice interval. The
parenchymal extent of the Gross tumour volume
(GTV) was defined with CT images. The spiculated
edge of the tumour and any involved node were
included within the GTV. Clinical target volume
(CTV) was an 8 mm margin from GTV. Planning
target volume (PTV) margins were 10 mm from
CTYV for tumour motion and setup errors. An iso-
center was tattooed in the CT scanner, as are lateral
reference points. Elective nodal irradiation was not
performed [11].

Three-dimensional conformal planning tech-
nique with the planning software “Eclipse” Exter-
nal Beam Planning 10.0.42 was used. To reduce
lung dose, anterior oblique, posterior oblique and
lateral beams were used. Wedges compensated for
the obliquity of the beams in relation to the chest
wall, and multileaf collimator shielding was used
to conform each beam shape to the PTV. The V20
(volume of the lung minus PTV receiving more
than 20Gy) was kept below 32 per cent to avoid
pneumonitis. The length of oesophagus in the treat-
ed volume was kept below 8 cm by choosing beam
angles carefully to prevent esophagitis [11]. Radio-
therapy was administered with total 45 Gy at 3 Gy
per fraction, 5 fractions per week, over 3 weeks, by
a Linear Accelerator Machine (Clinac iX, Varian
Medical Systems, USA).

All patients underwent chest CT at pre-treat-
ment and six weeks after radiotherapy for assess-
ing LRR (both tumour and lymph node changes).
Revised RECIST (Response Evaluation Criteria
in Solid Tumours) guideline version 1.1 was used
to detect LRR [12]. Relief of symptoms and treat-
ment-related acute toxicities (developed within 90
days after start of treatment) were assessed weekly
during RT, six and twelve weeks after RT, compared

to pretreatment baseline status. The assessment in-
cluded cough, dyspnoea, chest pain, skin reaction
and dysphagia. Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0 were used to
study these symptoms and toxicities [13].

Statistical analysis

Continuous described as
mean * standard deviation (SD) and compared
with the independent samples t test. Categorical
variables were described as a number and percent-
age and compared with the Chi-square or Fisher’s
exact test. Data analysis was performed on SPSS
version 16 (SPSS Inc., 444 N. Michigan, Chicago,
Illinois, USA).

variables were

Results

Among the recruited 65 patients, two patients
were lost to follow-up at 12 weeks after RT due
to non-cancer-related death. The baseline patients’
characteristics were described in Table 1.

Table 1. Baseline patients’ characteristics (n = 65)

Mean + SD (range)
No. (%)

Age (year) 69.82 +9.52 (49-88)
Sex

Male 45 (69.23%)
Female 20 (30.77%)
ECOG performance status

0 10 (15.38%)
1 29 (44.62%)
2 26 (40.00%)
History of smoking 14 (67.69%)
Histological types

Squamous cell carcinoma 46 (70.77%)
Adenocarcinoma 5 (7.69%)
Large cell carcinoma 12 (18.46%)
Others 2 (3.08%)
Staging

1IB 7 (10.77%)
A 22 (33.85%)
1B 28 (43.08%)
e 8(12.31%)
Tumour size [cm] 6.26 + 1.84 (2.7-10)
<3cm 1(1.54%)
3-5cm 20 (30.76%)
5-7cm 24 (36.92%)
>7cm 20 (30.76%)
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Figure 1. Locoregional response (LRR) of patients six weeks after RT (n = 65)

Locoregional response (LRR)

The LRR of the patients six weeks after RT is pre-
sented in Figure 1. Partial response (PR) was seen
in 46/65 (70.8%) of patients and stable disease (SD)
was seen in 19/65 (29.2%) while there was neither
a complete response (CR) nor a progressive disease
(PD). One patient with SD was found to develop
brain metastasis at 10 weeks after RT.

Symptoms relief

Grading of symptoms (cough, dyspnea and chest
pain) at pre-RT, during RT and after RT was shown
in Figure 2 (A, B, C). Patients who suffered from
grade 2-3 cough represented 63.08% of the total
before RT, 3.08% at 6 weeks after RT and 0% at 12
weeks after RT (Fig. 2A). It was found that patients
who suffered from grade 2-3 dyspnoea accounted
for 41.54% of the total before RT, 1.54% at 6 weeks
after RT and 0% at 12 weeks after RT (Fig. 2B). The
incidence of Grade 2-3 chest pain decreased from
59.99% before RT to 0% at the 3" week during RT
and afterwards (Fig. 2C).

Acute toxicities

Table 2 showed the grading of dysphagia and
radiation dermatitis during RT and after RT. Dys-
phagia was mostly found in the 3" week during RT
(12.3% for Grade 1 dysphagia and 4.62% for grade
2 dysphagia. This value decreased after RT gradu-
ally, and most patients (92.3%) had no dysphagia
at 12 weeks after RT. No severe dysphagia (more
than grade 2) occurred. The majority of patients

(95.38%) were free from radiation dermatitis. There
were only 3 patients (4.62%) who suffered from
mild radiation dermatitis (grade 1). No severe ra-
diation dermatitis (grade 2 and above) was found
in the study.

Associations between tumour responses
and baseline patients’ characteristics
Association between tumour response and age,

sex, stages and size of tumour and PS of the patients
was described in Table 3. There was no statistically
significant difference in age, sex and stages of tu-
mour between partial responders and SD (p > 0.05).
The mean tumour size of partial responders was
5.65 + 1.62 cm and that of SD was 7.73 + 1.50
cm and that difference was statistically significant
with p < 0.001. The PS of patients before RT was
also found to be statistically different between par-
tial responders and SD (p < 0.05). Among patients
with PS 0-1, the number of partial responders was
higher than that of SD, whereas patients with SD
were mostly found in the PS 2 group.

Discussion

In this study, the overall response rate (combined
CR and PR) of 70.8% was achieved with the simple
3D conformal RT technique. Grade 2 dysphagia
was mostly seen in the 3rd week during RT, repre-
senting 4.62% of total patients. No severe esopha-
geal toxicity (> grade 3) was seen, and no patient
had > grade 2 radiation dermatitis. A study done by
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Figure 2. Grading of symptoms at pre-RT, during RT and after RT (n = 65). A. Cough; B. Dyspnea; C. Chest pain (2 missing
values in 12 weeks after RT). RT — radiotherapy

Table 2. Grading of acute toxicities during radiotherapy (RT) and after RT

During RT
Acute 6 weeks after RT 12 weeks after RT*
L No. (%)
toxicities No. (%) No. (%)
2" week
Grade 0 63 (96.92) 60 (92.31) 54 (83.08) 58(89.23) 60 (92.31)
Dysphagia Grade 1 2(3.08) 4 (6.15) 8(12.30) 5(7.69) 3(4.62)
Grade 2 0(0.00) 1(1.54) 3(4.62) 2(3.1) 0 (0.00)
Radiation Grade 0 65 (100.00) 65 (100.00) 62 (95.38) 64 (98.46) 63 (96.92)
Dermatitis | Grade 1 0(0.00) 0 (0.00) 3(4.62) 1(1.54) 0(0.00)

*2 missing values in 12 weeks after RT
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Table 3. Association between tumour response and baseline patients’ characteristics

Stable disease
Mean + SD/No. (%)

Partial response

Mean + SD/No. (%)

(n=46) (GERE)]
Age [years] 70.46 +10.21 68.26 + 7.60 0.403*
Sex
Male 31(67.4) 14 (73.7) .
Female 15 (32.6) 5(26.3) 0617
Stages
1B 6(13) 1(5.3)
A 18 (39.1) 4(21.1) 0.329°
1B 17 (37) 11 (57.9)
lnc 5(10.9) 3(15.8)
Size of tumour [cm] 5.65 % 1.62 7.73+1.50 0.00001*"
Performance status
0 8(17.4) 2(10.5)
1 25 (54.3) 4(21.1) 0.010""
2 13 (28.3) 13 (68.4)

*p < 0.05; **p < 0.001; “independent samples t test; "Chi-square test; *Fisher’s exact test

Nguyen et al. at the M.D. Anderson Cancer Center,
Texas, reported that the response rate of AHRT re-
gime with 45 Gy in 15 fractions in locally advanced
inoperable NSCLC patients as 52% (CR 14% + PR
38%). Toxicity results were not described in that
study [8]. A retrospective analysis of 300 patients
with stage III NSCLC done at the same centre by
Amini et al. reported the toxicity rates of the 45 Gy
in 15 fractions regime were 107 (89.9%) for grade
0-1 esophagitis, 12 (10.1%) for grade > 2 esophagi-
tis, 110(92.4%) for Grade 0-1 dysphagia, 9 (7.6%)
for grade > 2 dysphagia and 2 (1.7%) for grade > 2
radiation dermatitis [7]. A prospective randomized
trial done in South Africa compared two radio-
therapy regimes: 35 Gy in 10 fractions and 45 Gy
in 15 fractions. The response rates were 56% (CR
12% + PR 44%) and 51% (CR 10% + PR 41%), re-
spectively. The incidence of moderate to severe ra-
diation esophagitis was 23% and 41%, respectively.
84 patients were included, and the 2D RT technique
was used [14]. In a study by Teo et al.,, 45 Gy in 18
fractions was given to 128 NSCLC patients. The
response rate was 53% (no CR and 53% PR), and
radiation-induced esophagitis was found in 9% of
patients. Skin reaction was not described [15].

The response rate of our study was superior to
those achieved by Nguyen et al. (52%) Abaratt et
al. (51%) and Teo et al. (53%). The esophageal and
skin toxicity rates were similar to those studies
and not severe at all. Most of the patients in our

study suffered from cough (78%), dyspnoea (62%)
and chest pain (72%) before RT. These symptoms
were reduced after RT. Patients who suffered from
grade 2-3 cough were 63.08% of the total before
RT, 3.08% at six weeks after RT and 0% at twelve
weeks after RT. Similarly, the incidence of Grade
2-3 dyspnoea decreased from 41.54 % before RT to
1.54% at six weeks after RT, and 0% at twelve weeks
after RT. Grade 2-3 chest pain was experienced by
59.99% of patients before RT, and by none after RT.
These results suggest that this regime could give
an excellent symptomatic response in addition to
a good radiologic response.

A phase 2 trial (ICORG 99-09) of dose-escalating
AHRT in stage I-III NSCLC patients showed that
72 Gy in 24 fractions (3Gy per fraction) gave the
response rate of 34% (20% CR+ 14% PR), >grade
2 acute esophageal toxicity of 27%, > grade 2 acute
lung toxicity of 9%, > grade 2 late esophageal tox-
icity of 14%, > grade 2 late lung toxicity of 23%,
and > grade 2 acute skin reaction of 23% [16].
Another retrospective study of the AHRT regime
with 55 Gy in 20 fractions in four UK centers re-
sulted in CR (24.3%), PR (46.3%), SD (13.8%), PD
(2.6%) and unknown (13.0%). The median overall
survival was 24 months from time of diagnosis and
2-year overall survival was 50%. No grade 3-4 tox-
icities were observed [17]. A long-term follow-up
analysis done in Italy reported that image-guided
hypofractionated radiotherapy (60Gy /20 fractions
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with 3 Gy per fractions) given to sixty patients with
advanced-stage NSCLC (IIIA-IV) achieved CR
10% and PR 76%. Among them, 27% of patients
had > grade 2 esophagitis. Radiation-induced skin
reaction was found in 8% of patients and all were
Grade 1 [18]. In comparison with those AHRT re-
gimes with higher doses, the regime of our study
resulted in similar LRR and lower toxicity out-
comes. Incorporating other new technologies, such
as PET/CT image fusion for radiation treatment
planning, respiratory gating or respiratory cor-
related radiation treatment, intensity-modulated
radiotherapy and image-guided radiotherapy may
further reduce the likelihood of this hypofraction-
ated regimen inducing toxicities. It would also pos-
sibly allow further dose escalation.

In Myanmar, there is still a paucity of data about
hypofractionated radiotherapy in lung cancer cases.
In a clinical study done in YGH, short course pallia-
tive hypofractionated radiotherapy with 20 Gy in 5
fractions was given to 48 patients of stage IIIB-IV
NSCLC. It resulted in a 56% response rate (no CR+
56% PR), 20% PD and 24% SD. Patients suffered
from Grade 1 dysphagia in 20% of cases and Grade
2 dysphagia in 2% of cases [19]. In another study of
inoperable NSCLC patients done in YGH, the LRR
rate of sequential chemoradiation with palliative
RT (30 Gy in 10 fractions) given to 28 cases of stage
IIIB was 12% (no CR + 12% PR). 15% of patients
had SD, and 1% had PD [20]. Compared to those
studies, the AHRT regime of 45 Gy in 15 fractions
over three weeks gave a better response rate and
similar toxicity outcomes.

While concurrent chemoradiotherapy (CCRT)
has been known to be the standard treatment of
NSCLC patients, patients with old age, poor PS
or some comorbidities rarely completed the full
course CCRT regime within long duration, lead-
ing to treatment interruptions and subsequently
reducing the survival outcomes. To overcome these
difficulties, the AHRT regime could be a solution
for patients who are unfit for standard CCRT. In
our study, 45 Gy in 15 fractions given to inoper-
able NSCLC patients achieved an acceptable re-
sponse rate with acceptable acute toxicity. Although
this study achieved a good overall response rate
of 71%, no CR was seen. This may be related to
the fact that we only selected cases who were unfit
for chemotherapy. There has been strong evidence
that combined chemoradiotherapy produces better

outcomes than radiation alone [21]. Nevertheless,
a study done by Trovo et al. (1990) reported that
there was no significant difference in response rate
between combined chemoradiotherapy and radio-
therapy alone with the regime of 45 Gy in 15 frac-
tions (38.8% vs. 56.4%) (p = 0.900) [22].

In our study, statistically significant relation-
ships were found between the LRR of the tumour
to radiotherapy with pre-treatment tumour size
(p < 0.001) and with PS of the patient (p < 0.05).
A Cochrane systematic review about radical radio-
therapy for medically inoperable NSCLC patients
concluded that better response rates and survival
were seen in those with smaller tumour and those
receiving higher radiation doses [23]. Other stud-
ies have already reported that tumour size has
a significant impact on overall survival, leading
to inferior survival if the primary tumour size is
large [24]. Previous studies have shown that PS
is associated with improved outcomes in NSCLC
patients [25, 26].

There are several radiobiological benefits of the
45 Gy in 15 fraction treatment regime. Applying
the o/p ratio of 10, this regimen has a biological
equivalent dose (BED10) of 58.5 Gy. Although this
is lower than the BED10 for patients treated with
conventionally fractionated radiation of 60-70 Gy
(72-84 Gy), the data published by Nguyen et al. and
Aminij et al. indicate that control rates seem similar
between the two treatment schedules (45 Gy in 15
fractions vs. 60 Gy in 30 fractions) [7, 8]. The ben-
efit may come in the shortened treatment time of
this AHRT regime. Lung cancer cells demonstrate
accelerated repopulation during radiotherapy, and
increases in treatment duration can, therefore, re-
duce local control, negatively impacting survival.
Therefore, it is critical to reduce the overall treat-
ment duration [27].

Another proved benefit of this RT regime is sur-
vival advantage and good tumour control which is
comparable with conventional standard radiothera-
py [7, 8]. Radiotherapy dose fractionation schedule
(2019) by the Royal College of Radiologists rec-
ommended high dose hypofractionated palliative
regimes for patients with good PS because they
confer moderate survival advantage at the expense
of extra toxicity [5]. However, survival outcome
could not be assessed in this study due to time
limitation and feasibility reasons. Though the sur-
vival data could not be obtained within the limited
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study period, good LRR and symptom control had
been achieved. From these outcomes, acceptable
survival results could be expected, as tumour re-
sponse was associated with better overall survival
and progression-free survival in non-small cell lung
cancer patients [28, 29].

There were two patients lost to follow up at
twelve weeks after RT due to non-cancer-related
death. A patient with brain metastasis was found
at 10 weeks after RT and his LRR after RT was SD.
As lung cancer has the nature of high rate of distant
metastasis, the occurrence of brain metastasis may
be due to distant failure or occult micrometastasis
at the time of diagnosis. Apart from that, no other
patient had symptoms indicating any local recur-
rence or distant failure.

Conclusion

This AHRT regime using 45 Gy in 15 fractions
offers acceptable short term clinical outcomes
such as good LRR, satisfactory symptom relief and
well-tolerated acute toxicities for unresectable or
medically inoperable NSCLC patients. Shorter
treatment time than conventional fractionation can
also prove more convenient and cost-effective. It
might be a reasonable alternative for patients who
are not candidates for conventional radiotherapy.
Further long-term studies are warranted to find
out the survival outcomes and late toxicities of this
radiotherapy regime.
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