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Abstract: Management for locally advanced non-small cell lung cancer (LANSCLC), which consists of
Stage IITA and ITIB disease, has progressed throughout the decades. While overall survival (OS) remains
guarded, advancements in radiotherapy techniques along with the integration of chemotherapy, including
targeted therapy, is transforming modern management. LANSCLC was initially treated with definitive
radiation therapy (RT) alone. Early trials showed a local control benefit and OS benefit with dose escalation
using conventional and altered fractionation. The next phase of management included the addition of
chemotherapy. Sequential chemoradiation led to a survival benefit, however, concurrent chemoradiation
proved to be a better regimen. While definitive chemoradiation is the standard of care for LANSCLC,
neoadjuvant chemoradiation followed by surgical management is reserved for a subset of patients who have
low volume single nodal station disease and are eligible for a lobectomy upfront. In terms of techniques,
we have progressed from treating elective nodal sites to involved nodal regions. Supplementary technical
improvements include three dimensional computed tomography planning, targeting '*F-fluorodeoxyglucose
positron emission tomography-computed tomography planning, motion management, use of Intensity
Modulated Radiation Therapy (IMRT), and evaluating normal tissue dose volume relationships. We will
also discuss ongoing novel techniques such as adaptive RT and use of hypofractionation. Finally, appropriate
palliative treatment will be reviewed highlighting the role of dose per fraction, brachytherapy, and use of
concurrent chemotherapy. American society for radiation oncology (ASTRO) summary guidelines will be

presented at the end of the definitive and palliative section. Here, the advancement of RT for definitive and

palliative treatment will be reviewed.
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Definitive RT
RT alone

Definitive radiotherapy as a therapeutic strategy for
LANSCLC is based on the landmark study reported by
Roswit et al. in 1966 (1). This randomized control trial
(RCT) found RT doses of 40 to 50 Gy using 1.75 to 2 Gy
per fraction resulted in an overall survival (OS) benefit
when compared to observation (1-year OS 18.2% wvs.
13.9%, respectively). While OS was limited, local control

© Translational Cancer Research. All rights reserved.

as a means of improving overall outcomes was established.
Further improvement in survival was sought in the first dose
escalation conducted by the RTOG. Here, RTOG 73-01
compared four radiation fractionation schemes. This
included a split course regimen of 40 Gy, as well as 40, 50,
and 60 Gy delivered at 2 Gy per fraction, 5 fractions per
week (2). While the split course had the lowest survival
(2-year OS 10%), the other dose regimens were equivalent
in regards to survival (2-year OS 45%). Maturation of the
data demonstrated that the 60 Gy arm, when compared to

www.thetcr.org Tiransl Cancer Res 2015;4(4):356-371



Translational Cancer Research, Vol 4, No 4 August 2015

the other conventional treatments of 50 Gy and 40 Gy had
higher intrathoracic control [3-year local regional control
(LRC) 67% wvs. 58% wvs. 56%, respectively] (3). This dose
response relationship was supported by additional RTOG
Trials where dose was found to correlate with an increase
OS (4). Consequently, 60 Gy at 2 Gy per fraction became
the standard of care for LANSCLC.

Hyperfractionation benefits

Seeking to improve upon the results of standard
fractionation, various fractionation schemes were developed
in an attempt to improve local control. This included
hyperfractionation which is the delivery of higher doses in
the same overall treatment time but with more fractions
(e.g., 2 fractions per day). Total dose must be increased
to account for the lower dose per fraction to achieve
equivalent local control. When hyperfractionation is
applied clinically, typically two fractions are delivered
per day (with a 6-hour interfraction interval to allow for
normal tissue repair). For example, RTOG 8311 was a
phase I/II dose escalation trial using hyperfractionation.
Dose was escalated using 60, 64.8, 69.9, 74.4, and 79.2 Gy
at 1.2 Gy twice daily (BID) fractions (5). This feasibility
study demonstrated that hyperfractionation as a means
of escalating dose did not lead to a significant increase in
acute or late effects on normal tissue. Also, the 69.6 Gy arm
showed an improved OS in a subset of patients with stage
III disease [American Joint Committee on Cancer (AJCC)
1984], <5% weight loss, and Karnofsky performance
scale (KPS) >70. Hyperfractionation can also be delivered
using a three fraction per day approach referred to as
continuous hyperfractionated accelerated radiotherapy
(CHART). CHART was explored in a RCT where 60 Gy
in 2 Gy daily fractions was compared to 54 Gy in 1.5 Gy
fractions given three times a day (TID) (6). The
TID regimen was associated with an OS advantage,
predominantly in squamous cell carcinoma histology,
while again showing no difference in late dysphagia and
moderate/severe pneumonitis. A follow-up dose escalation
study (CHARTWEL) compared 60 Gy using 1.5 Gy TID
fractions against 54 Gy using 1.5 Gy TID fractions (7). The
high dose arm was associated with higher acute esophagitis
and late mild pulmonary morbidity. Additionally, ARO97-1
compared the CHARTWEL regimen against 66 Gy using
2 Gy daily fractions (8). While CHARTWEL may have
improved local control in those with advanced disease,
when including all cohorts the OS, local control, and rate of
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distant metastasis were the same.

Sequential chemoradiation therapy

Concurrent with the development of hyperfractionation
regimens, the introduction of chemotherapy to the
management of LANSCLC occurred. The CALGB
were the first to demonstrate that induction cisplatin
and vinblastine followed by 60 Gy (2.0 Gy per fraction)
improved median survival for inoperable LANSCLC when
compared to RT alone (13.7 vs. 9.6 months, respectively) (9).
Additionally, the benefit of sequential chemoradiotherapy
(CRT) was demonstrated in the Intergroup (INT) study as
induction chemotherapy followed by 60 Gy in 2 Gy fractions
led to an increase in median survival when compared
to RT alone using 60 Gy in 2 Gy fractions and altered
fractionation RT alone using 69.6 Gy with 1.2 Gy BID
fractions (13.8 vs. 11.4 vs. 12.3 months, respectively) (10).
These two trials established induction chemotherapy
followed by 60.0 Gy at 2.0 Gy per fraction as the standard
management for LANSCLC prior to the development of
concurrent CRT.

Concurrent chemoradiation therapy

Though the CALGB and INT trials established sequential
CRT over RT alone as the standard of care for LANSCLC,
multiple concurrent CRT trials established this to be
superior over sequential therapy as seen in Tuble 1. A
Japanese trial included 312 patients with unresectable
stage III NSCLC and compared concurrent CRT (split
course RT) to sequential therapy (11). The median
survival and OS was improved in the concurrent CRT
arm at the expensive of increased myelosuppression.
Additionally, RTOG 9410 performed a 3-arm study in
patients with unresectable stage II-IIIB (99% were stage
III) disease (12). Here, sequential CRT using conventional
fractionation to 63 Gy, concurrent CRT using conventional
fractionation to 63 Gy, or concurrent chemotherapy using
hyperfractionation, 69.6 Gy at 1.2 Gy BID were compared.
After a median follow-up of 11 years, the concurrent CRT
arm was reported superior to that of sequential therapy
by demonstrating an OS benefit of 6%. Several other
studies contributed to the establishment of concurrent
CRT to be superior to sequential chemotherapy using
radiotherapy doses between 60 to 66 Gy (12-14) (Table I).
In 2010, the NSCLC Collaborative Group published a
meta-analysis analyzing sequential and concurrent CRT
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Table 1 Important definitive radiation therapy trials for Locally Advanced Non-Small Cell Lung Cancer (LANSCLC)

Trials Pts Arms Conclusions
RT alone
VA Study 800 pts I. Placebo (Inert compound) RT (compared to placebo)
Localized inoperable  Il. RT alone (40-50 Gy) . T MS (112 — 142 days; P=0.05)
RCT Ill. Chemotherapy Il. T 1-year OS (13.9 > 18.2%; P=0.05)
Ill. Long term survivors* (230 — 300 days;
P=0.01)
RTOG 73-01 365 pts I. Split course 40 Gy Split course 40 Gy lowest survival (2-year OS 10%)
Stage |lI Il. Continuous 40 Gy 3-year LRC
(Included T3NO) lll. Continuous 50 Gy I. Split Course 40 Gy (48%)
RCT IV. Continuous 60 Gy Il. Continuous 40 Gy (56%)

Ill. Continuous 50 Gy (58%)
IV. Continuous 60 Gy (67%)
Altered fractionation

RTOG 83-11 848 pts |. 60.0Gyat 1.2 Gy BID All arms
Stage II-IV (No DM) Il. 64.8 Gy at 1.2 Gy BID I.  Same amount of acute and late toxicity
Phase I/l Ill. 69.6 Gy at 1.2 Gy BID Il. Same OS
IV. 74.4 Gy at 1.2 Gy BID Subset meeting CALGB 84-33 requirements’
V. 79.2 Gy at 1.2 Gy BID MS peaked at 69.6 Gy (13.0 mo)
CHART 563 pts I. 60 Gy at 2 Gy Daily 54 Gy at 1.5 Gy BID
Locally advanced, Il. 54 Gy at 1.5 Gy BID I. 1 3-year OS (13 — 20%)
inoperable stage IA- II. T MS (13 — 16.5 mo)
1B (61% stage llI) lll. T Acute severe dysphagia (3 —~ 19%)
RCT
Sequential chemotherapy
CALGB 331 pts I. RT alone Induction chemotherapy
84-33 Stage |lI Il. Sequential chemotherapy — RT . 7 MS (9.7 — 13.8 mo; P=0.066)
Phase llI Chemotherapy: cisplatin (100 mg/m” days 1 and Il. 7 FFS (6.0 — 8.2 mo; P=0.041)

29) with vinblastine (5 mg/m® weekly)
RT: 60 Gy at 2 Gy fractions

RTOG 452 pts |. Standard RT alone Induction chemotherapy

88-08/ECOG Stage II, IlIA, 1lIB Il. Hyperfractionated RT alone . T MS(11.4,12.3, — 13.8 mo; P=0.03)
4588 (95% IIIA, 1IB) Ill. Sequential chemotherapy — standard RT

(INT) Phase llI Standard RT: 60 Gy at 2 Gy daily

Hyperfractionated RT: 69.6 Gy at 1.2 Gy BID

Chemotherapy: cisplatin (100 mg/m? days

1 and 29) and vinblastine (5 mg/m® weekly)
Concurrent chemotherapy

RTOG 9410 610 pts I. Sequential chemotherapy — using Concurrent conventional chemoradiation
Phase llI conventional 63 Gy I. 1 Highest 5-year OS (10%, 16%, 13%)
Il. Concurrent chemoradiation using No different in Survival between conventional
conventional 63 Gy vs. altered fractionation.
Ill. Concurrent chemoradiation using 69.6 Gy at
1.2 Gy BID
Chemotherapy:

Arms 1+2: Cisplatin (100 mg/m?, days 1 and 29)
and Vinblastine (5 mg/m® weekly);

Arms 3: cisplatin (50 mg/m? weekly) and
etoposide (50 mg PO BID)

Table 1 (continued)
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Trials Pts Arms Conclusions
Japan 320 pts I. Sequential chemotherapy —> RT Concurrent chemoradiation
Phase llI Il. Concurrent chemoradiation using split I. T Response Rates (66 — 84%; P=0.0002)
course RT II. T MS (13.3 - 16.5 mo; P=0.03998)
Chemotherapy: cisplatin, vindesine, MMC; lll. T Myelosuppression (P=0.0001)
Sequential RT: 56 Gy continuous;
Split course RT: 28 Gy — 10 day rest —>
28 Gy
French 205 pts I. Sequential chemotherapy — RT 2,3, 4 year OS
Stage llI Il. Concurrent chemoradiation I. Sequential arm: 26%, 19%, 14%
Phase llI Chemotherapy: cisplatin (120 mg/m?® days 1, 29, Il. Concurrent arm: 39%, 25%, 21%
57) and vinorelbine (30 mg/m?/week) Caveat:
Thoracic RT: 66 Gy in 2 Gy fractions Although differences not significant, trend to
OS benefit
Zatloukal 102 pts I. Sequential chemotherapy — RT Concurrent chemoradiation
etal. Stage IIIA/B Il. Concurrent chemoradiation . T MS(12.9 — 16.6 mo, P= 0.023)
Phase llI Chemotherapy: cisplatin and vinorelbine Il. 7 TTP (8.5 — 11.9 mo, P= 0.024)
RT: 60 Gy in 2 Gy fractions T WHO grade 3/4 toxicity
RTOG 06-17 166 pts First randomization 74 Gy Arm
2x2 phase lll I. Concurrent chemoradiation using . | MS(28.7 — 20.3 mo)

Surgical management

INT-0139

396 pts
Phase llI

60 Gy — Adjuvant chemotherapy x
2 cycles
Il. Concurrent chemoradiation using
74 Gy— Adjuvant chemotherapy x
2 cycles
Second randomization
I. No adjuvant cetuximab
Il. Adjuvant cetuximab
Concurrent chemotherapy: Carboplatin (AUC 2
weekly) paclitaxel (45 mg/m® weekly)
Adjuvant chemotherapy: Carboplatin (AUC 6)
and paclitaxel (200 mg/m? Q3weeks

I.  Definitive chemoradiation
Il. Neoadjuvant chemoradiation —>
thoracotomy
Definitive RT dose: 61 Gy
Neoadjuvant RT dose: 45 Gy
Chemotherapy: weekly cisplatin 50 mg/m?® +
etoposide 50 mg/m®

Il. | 2-year OS (57.6 — 44.6%)

Ill. Same Median PFS (11.8 vs. 9.8 mo)
IV. Same 2-year LF (30.7 vs. 38.6 mo)
V. Same 2-year DM (46.6 vs. 51.0 mo)

Neoadjuvant chemoradiation + surgery
. Same OS (22.2 vs. 23.6 mo)
Il. 7 PFS(10.5 > 12.8 mo, P=0.017)
IIl. 7 morbidity (2 —> 8%)
Subset analysis
In lobectomy eligible patients, Trimodality 1
MS (31.7 — 33.6 mo)

*, upper 25 percentile; * AJCC 1984 stage Ill, <5% weight loss, KPS >=70; AJCC, American Joint Committee on Cancer; AUC, area under
the curve; BID, twice a day; DM, distant metastasis; ECOG, Eastern Cooperative Oncology Group; FFS, failure free survival; Fx, fractions;
INT, intergroup; KPS, Karnofsky performance scale; LC, local control; LF, local failure; mo, months; MMC, mitomycin C; MS, medium
survival; OS, overall survival; PO, oral intake; PFS, progression free survival; pts, patients; Q3weeks, every 3 weeks; RCT, randomized
control trial; RT, radiation therapy; RTOG, radiation therapy oncology group.
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trials concluding that concurrent CRT provides an OS
benefit (5.7% at 3 years; 4.5% at 5 years) nevertheless at
the cost of increased acute grade 3 or 4 esophageal toxicity
(18% vs. 4%) (15).

Multiple chemotherapeutic agents have been delivered
concurrently with radiotherapy however platinum based dual
agents are standard with carboplatin and paclitaxel often
favored over cisplatin and etoposide given the lower toxicity
profile (16,17). Additionally, dosing has varied from weekly
to full dose every-3-weeks (Q3weekly) regimens. Belani ez .
randomized 404 patients with LANSCLC treated with
definitive concurrent CRT to either carboplatin with weekly
paclitaxel or Q3weekly paclitaxel and carboplatin (18).
Both arms had similar median survivals and time to
progression. The weekly paclitaxel arm had more grade
3 or 4 anemia and the Q3weekly arm had more neuropathy
and arthralgia. The authors concluded both treatment
strategies were acceptable.

However, given the low survival after definitive management,
consolidative chemotherapy was studied to improve these
outcomes. The Southwest Oncology Group (SWOG)
phase II S9504 trial demonstrated promising results using
consolidative docetaxel after concurrent chemoradiation
for stage IIIB patients (19). The results showed a 3-year
OS of 37% and a median survival of 26 months. However,
the Hoosier Oncology Group conducted phase III trial
evaluating the use of consolidative docetaxel after concurrent
chemoradiation therapy and no survival difference was seen (20).
Therefore, while consolidative chemotherapy is often
given after concurrent chemoradiation therapy for stage
III patients, there is no randomized evidence to support
routine use. A recent meta-analysis, however, did show
maintenance chemotherapy for advanced non-small lung
cancer may increase progressive free survival and OS (21).

Surgical management for locally advanced NSCLC

While definitive CRT is standard for the majority of
LANSCLC, surgery remains an option for a limited subset
of Stage IITA disease. The INT-0139 trial compared
neoadjuvant concurrent CRT using 45 Gy in 1.8 Gy
fractions followed by surgical resection versus definitive
CRT therapy alone (22). The final results showed no
difference in OS between both groups. However, an
unplanned subset analysis suggested that those who were
eligible for a lobectomy (versus pneumonectomy) had an
improvement in median survival (33.6 vs. 21.7 months).
Additionally, a French study analyzed 702 patients with
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resected N2 disease and stratified based on clinical
staging, single nodal involvement, or multi-station nodal
involvement (23). The authors reported that single station,
microscopic N2 disease had the highest 5 year OS (34%)
while clinically positive, multistation N2 disease had limited
outcomes (3%). From these series, surgical management is
favored for stage IIIA patients with low volume, single nodal
station disease, that are eligible for a lobectomy prior to
the initiation of systemic therapy. In terms of neoadjuvant
treatment, the radiotherapy dose should be between 45 and
54 Gy (24).

Dose escalation

Efforts to improve OS in the setting of definitive
concurrent CRT have focused on dose escalation as a means
of improving local control and subsequent survival. In
2001, a phase I/1I trial for dose escalation with concurrent
chemotherapy in unresectable stage IIIA/B NSCLC
demonstrated the feasibility of dose escalation from
60 to 74 Gy with concurrent and induction carboplatin
and paclitaxel with only 8% grade 3-4 toxicity (25). In
2004, a second phase I dose escalation trial with concurrent
chemotherapy for unresectable stage III NSCLC evaluated
doses from 78 to 90 Gy (26). Here, dose escalation to
90 Gy was achieved without dose-limiting toxicity and grade
3 esophagitis occurred in only 16%. These data lead to a
recent dose escalation trial using concurrent CRT followed
by consolidative chemotherapy. Specifically, RTOG 0617
trial was a 2x2 study evaluating 60 Gy against 74 Gy and the
addition of consolidative cetuximab along with concurrent
and adjuvant carboplatin and paclitaxel (27). The study
was powered to detect a median survival benefit of
7 months. Surprisingly, the study was halted after an interim
analysis reported the 74 Gy provided no benefit in terms of
survival and potentially was detrimental.

Several explanations for the poor survival in the 74 Gy
arm have been postulated (28,29). Interestingly, the inferior
survival could not be accounted for by treatment-related
deaths, local control, or distant metastasis between the high
dose and low dose arms. There may have been uncaptured
grade 5 deaths at community sites. Discrepancies in causes
of mortality on death certificates and autopsy reports have
been reported in the literature, and can happen in up to
47% of cases (30). This theory is supported by the heart
V5 and V30 being linked to OS on multivariate analysis.
Moreover, heart and lung dose constraints were suggested
but not enforced and only half of the centers used intensity
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modulated radiation therapy (IMRT). For centers using
IMRT, poor dose calculations and variable heart contours
could have affected dosimetric outcomes. The high dose
arm had poorer heart contours than the low dose arm (28).
Perhaps requiring proper dose constraints for critical organs
at risk, necessitating use of IMRT, and providing standard
organ contours could have produced different results.

Movsas et al. reported on patient quality of life (QOL) in
RTOG 0617 (31). QOL was measured using a Physical Well
Being, Functional Well Being, and Lung Cancer Subscale
index. While the final results showed no difference in
treatment related morbidity, patients in the 74 Gy had a
significant lower QOL at 3 months than the 60 Gy arm.
The authors also reported baseline QOL was a predictor
for survival. However, IMRT was associated with a higher
QOL over 3D-CRT. These findings lead the authors to
conclude IMRT may improve the therapeutic window for
LANSCLC.

The choice of chemotherapy regimens could have
influenced the survival outcomes as well. The increase
in mortality in the high dose group commenced within
3 months of being randomized. During this period, patients
would be receiving consolidative paclitaxel and carboplatin.
It is known sequential taxanes after radiotherapy increases
toxicity including pneumonitis (32). This is supported by
the fact less patients completed consolidative chemotherapy
in the high dose arm. Perhaps different chemotherapy
regimens should be used in the adjuvant setting.

Finally, the longer treatment time using conventional
fractionation may have contributed to the survival
difference in the high dose arm. It is known longer
treatment times may lead to poor survival for advanced
NSCLC patients (33). The longer treatment time could
allow for tumor re-population. In CHART, 54 Gy given
in 1.5 Gy BID fractions (2.5 weeks) provided a survival
advantage over 60 Gy in 2 Gy fractions (6 weeks) (6). The
shorter treatment time accounted for tumor re-population.
Shorter treatment times with equal dose equivalence via use
of hypofractionation may overcome this concern.

While RTOG 0617 did not show a benefit for high
dose radiation, other factors could have contributed to
the final results. Therefore, the concept of dose escalation
should not be abandoned especially given the rapid
advances in RT including IMRT, 4D-CT simulation scans,
motion gating, image guided therapy, adaptive RT, and
use of hypofractionation. Utilizing these techniques in
addition to stricter protocol requirements in the setting
of dose escalation, and alternative adjuvant chemotherapy
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options, may provide more favorable results.

Concluding remarks and ASTRO guidelines

Therefore the ideal radiotherapy dose with concurrent
chemotherapy for LANSCLC is between 60 Gy to 66 Gy
with no randomized benefit seen above 60 Gy. Higher
doses close to 74 Gy are associated with inferior outcomes.
If concurrent CRT cannot be delivered consideration of
sequential therapy or RT alone can be advocated, of which
altered fractionation may be an option. If not, 60 Gy using
2 Gy fractions is the most appropriate regimen. If the
patient is lobectomy eligible, a dose of 45 to 54 Gy
with concurrent chemotherapy is acceptable in a select
subset. The ASTRO guideline statements conclude that
the standard RT given with concurrent chemoradiation
therapy is 60 Gy in 2 Gy daily fractions over 6 weeks (34).
If RT alone is utilized, a minimum dose of conventional
fractionated 60 Gy is recommended to optimize local
control. Altered fractionation has been explored with RT
alone and has a strong recommendation. A summary of the
landmark studies is provided in 7able 1.

Radiation therapy techniques
CT-based treatment planning

Prior to the advent of computerized tomography (CT),
2-D lung treatment planning was performed using planar
radiographs to define the field boundaries and dose
calculation was performed in a single plane using rough
measurements of the patient’s body contour. This dose
calculation also ignored tissue density changes in the lung.

Three-dimensional treatment planning based on
CT scans enabled more accurate definition of target
volumes and more accurate dose calculation accounting
for tissue heterogeneity. In CT-based treatment
planning, the gross tumor volume (GTV) is outlined,
and a margin is added to include suspected microscopic
spread of disease, creating the clinical target volume
(CTV). To obtain the planning target volume (PTV),
an additional margin is added to account for setup error
and intrafraction tumor movement. Three-dimensional
planning also allows detailed evaluation of doses
received by tumor targets and by adjacent organs using
Dose Volume Histograms (DVHs). Both institutional
as well as a SEER analysis suggest that 3D treatment
planning improves survival (35,36).
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Volume delineation with CT-based treatment planning

When treating nodal areas, we have progressed from
using Elective Nodal Radiotherapy (ENRT) to involved
field irradiation (IFI). ENRT was used given the risk of
microscopic disease harboring in the neighboring hilar
and mediastinal nodal eras. Previous surgical series have
shown occult mediastinal metastasis can be found in 20%
of clinically node negative patients (37). However, treating
elective nodal areas leads to larger treatment volumes which
increases the risk of normal tissue toxicity. Also, there was
published data in which 524 patients with NSCLC treated
with IFI using 3D conformal RT had a 2-year elective nodal
control of 92.4%. This control was likely due to incidental
radiation eradicating subclinical microscopic disease as
discussed below (38).

Yuan er al. addressed whether ENRT is equivalent to
IFT in a RCT in which 200 inoperable stage III NSCLC
patients treated with concurrent CRT were randomized
to receive ENRT or IFI (39). Patients receiving IFI had
higher local control, higher response rates, and decreased
pneumonitis, but were treated to higher doses. The out of
field recurrence rates were equivalent between both groups.
This led to the prevalent adoption of treating involved
nodal groups only.

In regards to adequately covering microscopic disease
from the primary tumor, the histology determines the
extent of CTV. Surgical series have shown local microscopic
extension is larger for adenocarcinoma than squamous
cell carcinoma (40,41). Given these differences a margin
of 8 mm is suggested for adenocarcinoma and 6 mm for
squamous cell carcinoma.

Targeting PET/CT

The advent of the 18F-fluorodeoxyglucose (FDG) positron
emission tomography—computed tomography (PET-CT)
has greatly assisted in target delineation. PET-CT scans are
superior to CT or PET alone for detection of mediastinal
nodal metastasis (42). When compared to conventional
CT scans, PET has increased sensitivity from 61% to 85%
and increased specificity from 79% to 90% in regards to
detection of lymph node metastasis (43). Registration of
PET-CT scans to the treatment simulation CT has also
led to greater consistency for defining the GTV (44). This
can allow for IFI to be more confidently delivered. The
PET-START trial was the first RCT to compare PET-CT
treatment planning to standard treatment CT planning (45).

© Translational Cancer Research. All rights reserved.
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Results included an increase in the amount of stage IV
patients identified and a trend in OS for those who received
combined CRT therapy in the PET-CT group.

While PET-CT has these advantages, it has limitations
seen in high false positive results for clinically node positive
patients and thus should not be used to replace surgical
mediastinal staging (46). There is currently an open phase
II trial utilizing PET-CT for adaptive RT which will be

discussed later.

Motion management

Respiratory movement has always been a major concern in
thoracic irradiation (47). Unfortunately, tumor movement
takes place throughout the respiratory cycle. This leads to
the possibility of the tumor missing significant amounts to
dose throughout the course of treatment. It also leads to
artifact formation in CT scanning resulting in difficulty
contouring the GTV. Due to these concerns, proper motion
management techniques are recommended for movement
greater than 5 mm in any dimension.

Historically, tumor motion was accounted for by adding a
margin around the CTV to create the internal target volume
(I'TV). This becomes challenging for tumors with significant
respiratory motion, such as those near the diaphragm, where
superior-inferior motion can be more than 3 cm (48). The
additional I'TV leads to a large treatment volume which
increases the risk of normal tissue toxicity and limits the
ability for dose escalation. However, motion management
accounts for tumor motion which allows for dose escalation
without the added risk of increased toxicity (49). Several
methods for motion management exist but can be broadly
categorized into respiratory gating or tumor tracking
techniques. We will discuss respiratory gating first and then
tumor tracking techniques.

Many respiratory gating techniques utilize four dimensional
CT (4D-CT) scans. This process involves a simulation
CT scan during which multiple images (typically 10-12)
are obtained throughout the respiratory cycle at each axial
slice (50). The abdominal motion, as a surrogate for the
respiratory cycle, is recorded concurrently during this
process for appropriate temporal correlation. This surrogate
motion may be recorded, for example, by a camera system
measuring the motion of a reflective marker on the patient’s
abdomen, or by measuring pressure changes in a belt
placed around the patient’s abdomen. The signal from the
abdominal surrogate is then used to bin the CT images,
resulting in series of separate CT scans for each phase in the
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Figure 1 This CT image shows the difference in tumor location
during the respiratory cycle and the importance of motion
management. The blue contour shows the original tumor
location at maximum expiration. If no motion management was
performed, then a significant amount of the tumor may be missed
during treatment and more radiation may go to normal lung. CT,

computerized tomography.

breathing cycle. These scans can then be viewed in a movie
loop to show how the tumor moves.

The appropriate phase window for treatment, one
in which the total tumor motion is limited to a defined
threshold (for example, total motion <5 mm) is identified.
The treatment window is typically near the end of
exhalation, since this tends to be the longest and most
reproducible part of the breathing cycle. During treatment,
an equivalent abdominal surrogate signal is used to control
the beam on time of the linear accelerator. Choosing a
narrower phase window will produce a tighter limit on
tumor motion, but it will also lengthen treatment.

Abdominal compression may also be used to decrease
the amount of diaphragmatic motion which in turn reduces
respiratory tumor motion. The compression technique
has the advantage that the treatment beam on time is
not limited to just part of the breathing cycle, so overall
treatment times may be shorter than those for gating.
However, compression may be uncomfortable for patients,
particularly those whose respiration is already compromised.

Another respiratory motion management technique is
active breath control (ABC). In this procedure, the patient
breathes through a digital spirometer which is connected to
a balloon valve (51). The system can suspend the patients
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breathing at a specified lung volume, typically at deep or
moderate inhalation (52,53). After taking a few preparatory
breaths, the patient is asked to breathe in to a fixed volume
indicated by a video display. The valve is then closed for a
patient-dependent period (typically 15-30 seconds), during
which irradiation of the tumor takes place.

Another means of accommodating respiratory motion is
to reposition the radiation beam dynamically so as to follow
the tumor’s changing position, referred to as real-time
tumor tracking (54,55). Real-time tumor tracking can be
achieved by using a dynamic MLC or a linear accelerator
attached to a robotic arm (55). This technique requires
continuous monitoring of the position of the tumor
(or surrogate), which may be accomplished by tracking
fiducial markers or direct fluoroscopic imaging of the
tumor.

Regardless of the method, motion management is a
promising technique which can allow for appropriate dose
delivery to the actual tumor site while sparing critical
organs at risk. Figure I shows an example of the importance
for motion management.

IMRT

IMRT is gaining popularity in the treatment for various
malignancies (56). This technique results in increased
conformity and greater sparing of normal tissue than three
dimensional conformal radiation therapy 3D-CRT) (57,58).
"This allows for decreased rates of treatment related toxicity.
Yom et al. published a retrospective review of advanced
NSCLC treated with CRT comparing those treated with
IMRT against 3D-CRT. IMRT resulted in reduced levels
of grade 3+ pneumonitis. Liao ez a/. previously published a
retrospective review comparing IMRT against 3D-CRT (59).
Lower rates of grade 3 or higher pneumonitis were
reported in the IMRT group which was thought to be
secondary to a lower lung V20 value. While the V20 was
higher in the 3D-CRT group, the V5 was higher in the
IMRT group. These data suggest that IMRT is associated
with reduced treatment related morbidity. This in return
can lead to higher rates of treatment compliance. This
coincides with an ASTRO Abstract published on QOL in
the dose escalation RTOG 0617 study (31). This secondary
analysis evaluated patient reported outcomes and its effect
on survival. Interestingly, while no significant difference in
toxicity between the high dose and low dose arm was found,
lower patient reported QOL was more prevalent in the high
dose arm at 3 months and was associated with a decrease
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in survival. IMRT use was also associated with less QOL
decline than 3D-CRT. This gives grounds for future phase
III trials evaluating IMRT wvs. 3D-CRT in the treatment for
LANSCLC.

However there are concerns for IMRT delivery. IMRT
has steep dose gradients potentially risking decreased
coverage for a moving target. This disadvantage can be
accounted for by gating technology as discussed above.
Second, IMRT leads to more low dose spillage. Lastly, the
more accurate target definition may provide a potential
disadvantage. While 3D-CRT fields are conformed to the
target, other mediastinal lymph nodes not contoured but
in the path of the beam will receive a significant dose (60).
This incidental irradiation is suggested to eradicate
subclinical microscopic metastasis regional nodal stations (38).
This suggested benefit in 3D-CRT may be lost with highly
conformal irradiation with steeper dose gradients. Figure 2
shows a dosimetric comparison of 3D-CRT and IMRT for
a LANSCLC patient.

Organs at risk

Maintaining proper dose constraints for the lung,
esophagus, and heart are critical to decrease treatment
related morbidity associated with CRT. Graham et al
showed the lung volume receiving 20 Gy (V20 Gy) was a
predictor for radiation pneumonitis and grade 2 or higher
can occur in 36% of patients if the V20 Gy exceeds 40% (61).
Other reports show a reduction in radiation pneumonitis
when V5 Gy <60%, V10 <50%, V30 <18 Gy and mean
lung dose (MLD) is less than 17 Gy using conventional
fractionation (62-65). We therefore recommend keeping the
MLD <17 Gy, V5 <60%, V10 <40%, V20 <30% to keep
the grade 2 or higher toxicity to less than 11%.

Additionally, excessive esophageal dose leads to increased
morbidity and mortality. Singh et 4l. evaluated predictors
for radiation induced esophageal toxicity in patients with
NSCLC. He reported 58 Gy was the threshold dose for
acute grade 3-5 esophageal toxicity for those who received
concurrent CRT (66). Takeda et 4/. also showed the volume
receiving greater than 35 Gy was a predictor for acute
toxicity for both NSCLC and small cell lung cancer patients
treated with thoracic radiation (67). The literature suggests
esophageal volumes receiving above 40 to 50 Gy correlates
with acute symptoms and the prescription dose should be
the maximum dose allowed to the esophagus (68).

Heart constraints are also important. In 2010, a SEER
analysis reported on over 34,000 patients treated with
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chemotherapy and/or radiation for NSCLC between 1991
to 2002 (69). The large retrospective review identified
an association with CRT treatment and the development
of ischemic heart disease, cardiomyopathy, and cardiac
dysfunction. Left sided tumors treated with radiation
therapy alone were associated with an increased risk of
heart failure. While there is a paucity of data regarding
heart dose constraints for patients treated specifically for
LANSCLC, the recent RTOG 0617 trial showed the V5
and V30 heart constraints influenced survival (27). In this
trial, the recommended constraints were V60 Gy <33%,
V45 Gy <66%, and V40 Gy <100%. However, adequate
heart dose constraints will need to be defined and confirmed
to assure the best therapeutic ratio for LANSCLC.
Acceptable heart dose constraints are V30 Gy <50% and
V45 Gy <35% to reduce the risk of pericarditis (70).

Future of definitive radiation therapy
Adaptive radiation therapy

Despite multidisciplinary advances for lung cancer
management, local control and survival remain low.
Escalating the radiotherapy dose may improve local control,
however, there are limitations given the need to respect
normal tissue toxicity. One method of combating this
dilemma is through the emerging technique of adaptive
radiation therapy. In this technique, a PET-CT is obtained
during the treatment course. The initial course of radiation
therapy uses the GTV identified on initial staging scans.
However, a repeat PET-CT is obtained after a defined dose
and the cone down dose is delivered to the residual FDG
avid volumes. University of Michigan conducted a pilot
study in 2007 to assess whether tumor and lung metabolic
response during treatment correlated with post-treatment
responses using PET-CT scans (71). After 45 Gy, 73% of
the patients had a partial response and 13% had a complete
response. The qualitative response after 45 Gy correlated
with the overall response after radiation. The same group
had a follow-up prospective study evaluating the use of
dose escalation in adaptive planning showing adaptive RT
allowed for a significant reduction in treatment volumes and
allowed for dose escalation with a range of 30-102 Gy (mean
58 Gy) to be safely administered (72).

RTOG 0116 is a going randomized phase II trial evaluating
Adaptive Radiation Therapy using a FDG PET-CT
scan during treatment. This trial consists of stage IIIA and
IIIB NSCLC patients. The control arm will receive 50 Gy
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Figure 2 3D vs. IMRT for locally advanced NSCLC. The patient was treated to 60 Gy with concurrent chemotherapy. The 3D plan is on

the left and the IMRT plan is on the right. Notice IMRT has greater sparing of the esophagus and heart from high dose radiation. However,

3D-CRT has less low dose spread out. IMRT, intensity modulated radiation therapy; NSCLC, locally advanced non-small cell lung cancer;

CRT, chemoradiotherapy.

in 2 Gy fractions, receive a FDG PET-CT scan, and then
continue therapy to 60 Gy. The experimental arm will receive
46.2 Gy using 2.2 Gy fractions, receive a FDG PET-CT
scan, and then receive adaptive radiotherapy based on the

new PET metabolic tumor volume up to a total dose of

80.4 Gy.
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Hypofractionation

NSCLC cells have a cell doubling time of approximately
3 days and accelerated repopulation during radiation
therapy is well described (73). Each additional daily

treatment after 6 weeks of treatment is associated with a
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1.6% decrease in survival (74). This concept is so important
that it’s postulated to be one of the reasons the high
dose arm had a poorer survival in the RTOG 0617 trial.
Hypofractionated radiation therapy may provide a valuable
option to overcome this hurdle. Using this technique an
equivalent or higher biological equivalent dose (BED)
may be given in an equal or shorter treatment time. While
there are concerns with organs at risk with this technique,
hypofractionation has been shown to safely and effectively
allow for dose escalation when given with or without
concurrent chemotherapy for advanced stage NSCLC
(73,75). The fraction dose given with chemotherapy has
ranged from 2.4 to 3.0 Gy (73).

The EORTC phase I/II hypofractionation trial used
2.75 Gy fractions to a dose range of 60.5 to 66 Gy with
concurrent cisplatin (76). The majority of these patients
were advanced stage. This feasibility study showed low rates
of both acute and late toxicity. The 2-year local disease-free
interval rate was 58%. The follow up EORTC Trial which
compared sequential versus concurrent chemotherapy with
hypofractionated radiotherapy also had promising results (77).
This trial used 2.75 Gy fractions. The authors reported low
rates of both acute grade 3 or 4 hematologic toxicity and
esophagitis and low rates of late grade 3 or 4 pneumonitis
and esophagitis. Both of studies consisted predominately of
advanced staged patients and used single agent chemotherapy.
However, the SOCCAR Trial used dual agent chemotherapy
and only consisted of stage III NSCLC (78). This phase 11
trial used 2.5 Gy per fraction up to 55 Gy and randomized
between sequential and concurrent chemotherapy. Early
results show treatment related mortality to be 2.9%, grade
3 or higher esophagitis to be 8.8%, and the 2-year OS to be
50% in the concurrent chemotherapy arm.

We know from previous trials, hyperfractionation using
BID or TID allows for successfully dose escalation with a
survival benefit. However, hypofractionation has the benefit
of providing these same advantages while being more
convenient for the patient. It is also important to note,
given the higher dose per fraction, conformal techniques
such as IMRT, motion management, and image guided
therapy should be employed to ensure our best efforts of
decreasing normal tissue toxicity.

Palliative

Patients with stage IV NSCLC are often treated with
palliative radiotherapy to alleviate symptomatic burden.
Indications for this form of therapy include dyspnea,
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bronchial obstruction, hemoptysis, superior vena cava
syndrome, and pain (34,79).

Different dose schedules have been evaluated in multiple
randomized controls; each showing hypofractionated
radiation therapy can provide adequate palliation (80-82).
Common dose schedules used are 30 Gy in 10 fractions,
20 Gy in 5 fractions, 17 Gy in 2 weekly fractions, and 10 Gy
in 1 fraction (34). Higher dose regimens are associated with
higher rates of symptomatic improvement, more prolonged
palliation, and a modest improvement in survival principally
with those with a good performance status (34,83,84).
However, this is at a cost of increased toxicity such as
esophagitis. More succinct fractionation schedules (e.g.,
20 Gy in 5 fractions, 17 Gy in 2 weekly fractions, and
10 Gy in 1 fraction) have also shown to provide adequate
relief with decreased rates of toxicity (34). These shorter
schedules also have an added benefit of shorter delays to
chemotherapy and thus can be more efficiently assimilated
between cycles.

Endobronchial brachytherapy has also been evaluated
and reviewed as palliative treatment for NSCLC. This
technique has the advantage of delivering high dose
irradiation to a localized luminal tumor through a
catheter. There is no standard dose/fractionation regimen
although a range from a single fraction of 10 to 15 Gy to
quadruple fractions of 3.8 Gy has been reported (85-87).
Endobronchial brachytherapy is able to deliver a higher
dose per fraction with a more rapid dose falloff. This aspect
of treatment has a theoretical advantage of allowing for
higher rates of symptomatic improvement with lower rates
of normal tissue toxicity. Interestingly however, a 2006
Cochrane meta-analysis showed external beam radiation
therapy (EBRT) is superior to brachytherapy for initial
palliation and there is no additional advantage to combined
modality (88). However endobronchial brachytherapy
remains a valuable treatment option for those who have
progressed through prior palliative EBRT, irradiation
needed for a previously irradiated area (whether definitive
or palliative), or lung obstruction in a non-metastatic
patient with attempts to expand the lung for definitive
treatment (34).

Concurrent chemotherapy for palliative external beam
radiation therapy

Palliative radiation therapy has the benefit of providing
relief in a shorter period of time than chemotherapy.
Given systemic chemotherapy combined with radiation
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therapy has improved outcomes for those with LANSCLC,
the question arises if the same is true for those needing
radiation therapy for palliative intent. There are several
studies evaluating the feasibility and outcomes of this
question, albeit, with variations in systemic agents,
radiation schedules/doses, and patient factors (89-91).
However, there is an Australian RCT designed to specifically
answer this question. After randomizing 200 patients
to palliative radiation therapy with or without chemotherapy,
the authors concluded the addition of chemotherapy resulted
in a higher radiographic response rate with no improvement
in palliation, OS, or disease free survival (92). There was
also a significant increase in toxicity for combined modality.
The study is limited, however, in that an uncommon
chemotherapy for LANSCLC was given (fluorouracil),
radiographic response was measured by plain radiographs,
and patients received a high dose per fraction (4 Gy x
5 fractions).

Therefore the question of concurrent chemotherapy
remains unanswered given trials evaluating the use of more
contemporary chemotherapy agents is sparse. Although, agents
such as bevacizumab and gemcitabine are discouraged (34).

In summary, there is no data which can definitely suggest
a benefit to the addition of systemic chemotherapy to
palliative radiation. The therapeutic ratio is narrow and the
treating Radiation Oncologist should attempt to sequence
chemotherapy and radiation therapy as best as possible to
provide optimal treatment outcomes with minimal side effects.

ASTRO guidelines for palliative thoracic radiation therapy

ASTRO states short fractionation schedules provide adequate
symptomatic alleviation and can be used for patients with
poor performance status or those requesting shorter treatment
times (34). Higher dose schedules (e.g., 30 Gy in 10 fractions
equivalent or greater) may provide a survival benefit for
those with a good performance status and is associated with
an increase in total symptom score. There is no proven
additional benefit to concurrent chemotherapy. There is no
concrete randomized evidence to recommend endobronchial
brachytherapy with or without other palliative therapies
for routine initial palliative management for symptomatic
NSCLC tumors. Although, it is a reasonable option as a
palliative therapy for previous irradiated areas.
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