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ABSTRACT

The focus of this paper was to review and summarise the current issues and recent trends within the framework of locally
advanced (LA) non-small cell lung cancer (NSCLC). The recently proposed 8" tumour-node-metastases (TNM) staging sys-
tem exhibited significant amendments in the distribution of the T and M descriptors. Every revision to the TNM classification
should contribute to clinical improvement. This is particularly necessary regarding LA NSCLC stratification, therapy and out-
comes. While several studies reported the superiority of the 8" TNM edition in comparison to the previous 7" TNM edition,
in terms of both the discrimination ability among the various T subgroups and clinical outcomes, others argued against
this interpretation. Synergistic cytotoxic chemotherapy with radiotherapy is most prevalent in treating LA NSCLC. Clinical
trial experience from multiple references has reported that the risk of locoregional relapse and distant metastasis was less
evident for patients treated with concomitant radiochemotherapy than radiotherapy alone. Nevertheless, concern persists
as to whether major incidences of toxicity may occur due to the addition of chemotherapy. Cutting-edge technologies such
as four-dimensional computed tomography (4D-CT) and volumetric modulated arc therapy (VMAT) should yield therapeu-
tic gains due to their capability to conform radiation doses to tumours. On the basis of the preceding notion, the optimum
radiotherapy technique for LA NSCLC has been a controversial and much-disputed subject within the field of radiation oncol-
ogy. Notably, no single-perspective research has been undertaken to determine the optimum radiotherapy modality for LA
NSCLC. The landscape of immunotherapy in lung cancer is rapidly expanding. Currently, the standard of care for patients with
inoperable LA NSCLC is concurrent chemoradiotherapy followed by maintenance durvalumab according to clinical outcomes
from the PACIFIC trial. An estimated 42.9% of patients randomly assigned to durvalumab remained alive at five years, and free
of disease progression, thereby establishing a new benchmark for the standard of care in this setting.
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Introduction implemented to enhance patient outcomes, includ-

ing the combination of two oncologic procedures

Considering that non-small cell lung cancer (NS- such as in the promising intraoperative radiothera-

CLC) is the leading cause of cancer-related mor- py alongside the ongoing effort to establish a novel
tality [1], numerous clinical approaches have been immunotherapeutic agent for NSCLC [2, 3].
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Additionally, clinical cancer staging has been
recognized as having a major impact on the de-
velopment and efficacy of radiotherapy. In accor-
dance with the tumour node metastases (TNM)
distribution pattern, it is estimated that one-third
of patients with NSCLC will be diagnosed with
locally advanced (LA) disease, and the majority
of these patients are not eligible for surgery in
light of the considerable challenge with disease
extension [4]. It is worth noting that the thera-
peutic management of inoperable LA NSCLC
requires controls of both local disease and dis-
tant micrometastasis.

LA NSCLC is defined as stage III disease with
sub-classification into stages IIIA, IIIB and IIIC
in accordance with the newly proposed 8" TNM.
Broadly, stage III NSCLC encompasses a hetero-
geneous combination of tumour presentations
characterised as involving locoregional spread
through primary tumour extension into extrapul-
monary structures (e.g., T3 or T4) or mediastinal
lymph node involvement (e.g., N1, N2 or N3), but
involving no evidence of distant metastases (MO).
Although employing radiotherapy as a sole treat-
ment for this group of patients is potentially with
curative intent, long-term survival and local tu-
mour control rates are for the most part discour-
aging. For instance, the standard fractionation
protocol of 60 Gy delivered in 30 sessions yields
an unsatisfactory five-year local tumour control
rate of just 8% [5].

Management with radiotherapy alone for LA
NSCLC has shown undesirable clinical outcomes.
Interpretations of the patterns of failure follow-
ing treatment with radiotherapy alone show that
the inferior clinical outcomes are correlated not
only with the inability to achieve control of the pri-
mary tumour extent, but also with the occurrence
of distant metastases. Therefore, it has become in-
creasingly important to establish and assess the po-
tential performance of other treatment modalities,
including strategies combining chemotherapy
and radiotherapy.

Within this context, a combination of systemic
chemotherapy and radiation has been correlated
with substantially enhanced local tumour curabil-
ity and long-term survival [6]. The application of
sequential radiochemotherapy has yielded an im-
provement in overall survival rates from nearly 6%
to 12% at five years. With the practical experience

of concomitant radiochemotherapy, this rate im-
proved to 15% with an overall survival gain of 4.5%
at five years — but at the cost of radiation pneumo-
nitis and oesophageal toxicity [7].

Furthermore, technical advancement in dose
optimisation and delivery of radiotherapy (e.g.,
VMAT and proton therapy) have contributed fun-
damentally to enhanced clinical outcomes while
also diminishing the toxicities confronted during
the administration of a concurrent radiochemo-
therapy approach. Nonetheless, several published
studies were unable to reproduce that advancement
in clinical outcomes and reduce toxicity for LA NS-
CLC [8, 9]. A possible explanation for these unex-
pected outcomes may be due to the uncertainty in
the delivered radiation dose.

Notably, the treatment paradigm for patients
with stage III NSCLC has substantially changed
with the progress of immunotherapy. The incor-
poration of immunotherapy into the current treat-
ment roadmap has led to improved clinical out-
comes for LA NSCLC, with comparable side effects
compared with classic chemotherapeutic agents.
Potential synergistic effects of combining immune
checkpoint inhibitors with radiation therapy have
encouraged studies aiming to explore how to op-
timize the addition of immunotherapy to multi-
modality treatment in an effort to further advance
the field of stage III NSCLC.

Therefore, the general theme of this review was
threefold; (1) to compare and analyze the clinical
outcomes of the 7" and the newly proposed 8" edi-
tion of the TNM staging and; (2) to discuss in depth
the current therapeutic management options for
LA NSCLC including but not limited to the com-
bination of systemic chemotherapy, immunothera-
py and radiotherapy; (3) to summarize the various
sources of radiotherapy dose uncertainty during
LA NSCLC irradiation.

Review search design

The selected items for the review were accumu-
lated from three electronic sources: Google Schol-
ar, PubMed and ScienceDirect. The search strat-
egy for the PubMed electronic database utilized
the following text words (TW) and Medical Sub-
ject Headings (MeSH): locally advanced non-small
cell lung (MeSH), radiotherapy (TW), concurrent
chemoradiotherapy (MeSH), concomitant chemo-
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radiotherapy (MeSH), sequential chemoradio-
therapy (MeSH) and immunotherapy (MeSH).
Accordingly, the same aforementioned terms were
diversely merged and utilised across the databas-
es of ScienceDirect and Google Scholar. To restrict
the identified relevant items within the scope of
the research question and confine the review to
the relevant articles, the design of the search was
profoundly dependent upon the Boolean logic cri-
teria. Additionally, the bibliographies of relevant
publications were also explored to locate additional
related studies.

Lung cancer staging

The primary edition of the tumour node metas-
tases (TNM) staging scheme for lung cancer was
first introduced in 1974 by the Union for Inter-
national Cancer Control (UICC) [10], and eight
editions of this TNM staging system for lung can-
cer have been published over the past four decades
[11]. These editions have emphasised that the T
stage category, defined according to tumour size, is
a key prognostic factor in determining disease spe-
cific survival.

The UICC was established to update the TNM
classification scheme as more data become avail-
able. Recently, major changes have occurred in

the staging, diagnosis and treatment of lung cancer.
The 8" edition of the TNM staging system was re-
leased in 2017 in an effort to improve the prognos-
tic accuracy of patients with NSCLC and diminish
or eliminate heterogeneity within each stage group
(see Tab. 1) [12].

The 8" TNM has analysed a total of 77,156 pa-
tients, including 70,967 (92%) NSCLC patients
[13]. This current advanced staging system has
instituted important modifications in the T cate-
gory, M category and stage grouping. In relation
to the T descriptor, the T1 and T2 categories now
consist of subcategories differentiated by 10 mm
intervals (see Tab. 2) , and the current edition re-
lies more heavily on tumour size for classification
compared with the 7" edition [16].

For instance, T1 is now sub-classified based
on tumour size into (a) Tla (< 10 mm), (b) T1b
(> 10 mm to 20 mm) and (c) Tlc (> 20 mm to
30 mm) which correspond to the three new stage
subgroups in patients without lymph node in-
volvement (stages IA1, IA2 and IA3). A detailed
and more in-depth analysis of the current edition
can be found in [13, 17, 18].

Of note, large tumour volumes adversely affect
the clinical outcomes of radiation therapy. This
phenomenon may well be explained by evidence
that the amount of cancer stem cells grows propor-

Table 1. Published definitions for primary tumour of non-small cell lung cancer (NSCLC) according to the T descriptors

of the 8" editions [13-15]

Label 8"

TO No indication of primary tumour extension

X

Primary tumour cannot be measured or tumour cells confirmed by bronchial washing procedure or through the presence
of malignant cell in the sputum, although not perceived by bronchoscopy or imaging

Tis

Carcinoma in situ, this is defined herein as a cluster of abnormal cells that reside in the region where they originally developed
(e.g., not spread yet). These irregular cells can evolve to become cancerous and spread into adjacent healthy tissues

T1

Tumour 3 cm in the greatest dimension in the immediate vicinity of the lung or visceral pleura without bronchoscopic
indication of invasion (i.e., no evidence of invasion to the main bronchus)

T2
invades visceral pleura

Tumour > 3 cm but < 5 cm that meets either of the following particular conditions:
encompasses main bronchus irrespective of distance from the carina but without including the carina

associated with atelectasis or obstructive pneumonitis that extends to the hilar region, including part or the entire lung

Tumour > 5 cm but < 7 cm in the greatest dimension that meets either of the following particular conditions:
T3 invades either of the following particular organs; chest wall, phrenic nerve, and parietal pericardium
associated with separate tumour nodule(s) in the same lobe as the primary tumour

T4 X
esophagus, carina or vertebral body

Tumour > 7 cm in the greatest dimension that meets either of the following particular conditions:
invades either of the following particular organs; diaphragm, mediastinum, great vessels, heart, recurrent laryngeal nerve,

associated with separate tumour nodule(s) in a different ipsilateral lobe than that of the primary tumour
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Table 2. Comparison of the T-descriptor and patient distribution as recommended by the 7th and 8th Tumor-node-

Metastases (TNM) classification systems (n = 354)

S Any size 91+27 27
>70 72427 80 IE
>50to<70 59+8.1 54 T2b
>30to <50 39+8.7 113 T2a
n/a n/a n/a Tlc
>20to<30 26+ 3.1 48
<20 16 +3.8 32
# of patients 6 26 48 69 52 81 72
Published tumour size [mm] [24] 9.1£07 | 17+£26 | 26+3.1 33£69 | 46+34 | 56+11 79+ 26
Recommended tumour size [mm] <10 to>s1 go t::go to>s320 to>s4(5)0 t;;go >70
8" TNM classifications

tionately with the expanding tumour size and that
the radiation dose required to attain local tumour
curability relies on the logarithm of surviving clo-
nogenic cells to be deactivated.

Zips [19] observed a linear diminution of clono-
genic density as radiotherapy doses increase, cor-
roborating the results of Alaswad et al. [20, 21]. It
is also evident that tumours become more radiore-
sistant under hypoxic states, and hypoxia is more
prevalent in large tumours than in small tumours
[22, 23]. Clinically, a large planning target volume
(PTV) frequently restricts the use of high curative
radiotherapy doses due to the tolerance limit of
the adjacent organs at risk [24]. Consequently, at-
taining the optimum local tumour control could be
adversely affected.

Within this framework, there is a large volume
of retrospective studies detailing the function of
tumour size as a prognostic determinant in NSCLC
patients. Bradley et al. [25] determined whether
gross tumour volume (GTV) is a prognostic fac-
tor in 207 cases of inoperable NSCLC treated with
definitive three-dimensional conformal radiation
therapy (3D-CRT).

Statistical analysis confirmed that tumour vol-
ume is highly prognostic for local tumour control
and overall survival. Additionally, they suggested
that tumour volume could be a fundamental ba-
sis for stratifying patients in clinical trials. Stinch-
combe et al. [26] analysed 102 cases with medically
inoperable stage III NSCLC treated with concur-

rent chemoradiotherapy versus radiotherapy alone,
and they concluded that GTV is a major critical
predictor of local tumour control.

In recent years, there has been an increasing
amount of literature emphasising the superiority of
the 8" TNM over the 7" TNM [27-29] in terms of
clinical outcomes, albeit others disagree with this
conclusion [30].

In an external validation study of the 8" TNM
classification for lung cancer, Chansky et al. [28]
found that the discrimination by the 8" edition of
stage combinations and classifications is adequately
valid for clinical, pathologic and, most reliably, in
stage separations for NSCLC. They further confirm
the geographic transportability of this newly pro-
posed stage grouping and its applicability to pri-
marily non-surgically treated cohorts.

This view was supported by Sui etal. [27] who an-
alysed a total of 3,599 NSCLC patients, concluding
that the 8" edition yielded marginally higher dis-
crimination compared with the 7" edition, as im-
plied by the R* values of the recurrence-free surviv-
al (RFS) and the overall survival (OS) (RFS = 0.183
vs. 0.178; OS = 0.172 vs. 0.162). Similarly, Yang
et al. [29] provided an in-depth analysis of 858,909
NSCLC patients whose data were obtained from
the National Cancer Database (NCDB). In this ma-
jor study, Yang and his colleagues [29] deduced that
the T distribution schema of the 8" edition is more
reliable than that of the 7" edition in discriminating
various T subgroups, particularly in the pT1 stage.
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In terms of the overall performance of the two edi-
tions, the concordance index of the 7" edition in
terms of pT subgrouping (0.608 + 0.001) was slight-
ly lower than that of the 8" edition (0.610 + 0.001).

Moreover, they compared the cT subgrouping of
the 7" edition (0.551 + 0.001) to the cT subgroup-
ing of the 8" edition (0.551 + 0.001), and their re-
sults further demonstrated the superiority of the 8"
edition over the 7" edition.

By contrast, in a retrospective study involving
1,316 NSCLC cases, Jung et al. [30] remarked that
the T descriptors of the 8" edition of the TNM
did not yield a higher explicit predictor of prog-
nosis than the 7" edition. This study revealed that
the survival curves and the five-year survival rates
based on the T descriptors of the 8" TNM classifi-
cation did not significantly differ between sequen-
tial stages, more specifically for the Tla and T1b
(p =0.752) and Tlc, T2a and T2b (p = 0.832) sub-
categories. Nevertheless, the study clarified that
the 8" edition might not be inferior to the 7" edi-
tion in terms of prognostic stratification based on
an analysis involving a single small cohort.

Numerous studies have shown that certain lim-
itations still exist in the N classification of the 8"
TNM staging system [31]. Currently, data are being
collected to release the 9" edition of the TNM cat-
egorization, which is expected to be published in
2024. A potential innovation of this new TNM edi-
tion would be the combination of TNM distribu-
tion pattern with tumor-related factors, including
biomarkers (e.g., protein alterations, copy number
alterations and genetic biomarkers). This is to pro-
vide an enhanced and individualized prognosis
[32].

Within this context, a recent investigation indi-
cated that the number of lymph nodes has a con-
siderable influence on the clinical outcomes of
NSCLC cases, signifying that the number of lymph
nodes will be perceived as a possible prognostic
indicator in the forthcoming 9" TNM edition. For
instance, Chen et al. [33] verified that the ratio of
lymph nodes might be employed as an independent
prognostic factor, which is essential for N1 NSCLC
cases [34]. Particular attention has also been placed
on exploring the prognostic relevance of patholog-
ic nodal status following induction therapy (ypN)
to clarify, for instance, whether pNO or pN2 have
the same prognosis as ypNO or ypN2. This is crucial
since patients who had received induction thera-

py were omitted from previous analyses of the N
component. A more accurate and reliable N cate-
gorisation is absolutely essential for a personalised
precision therapy.

Synergistic cytotoxic chemotherapy
with radiotherapy

LA NSCLC can be perceived hypothetically
as having two compartment regions: a loco-region-
al compartment in the chest and a distant com-
partment harbouring potential micrometastases.
Thus, the paramount objective in managing this
disease can be described in two aspects: eradicating
the visible intrathoracic disease and diminishing
the incidence of subsequent systemic intrathorac-
ic metastases.

Within this context, a combination of systemic
chemotherapy and radiation has been correlated
with substantially enhanced local tumour curability
and long-term survival. Chemotherapy is aimed at
eradicating cancer cells that may have metastasised
(spread) to other parts of the body from the orig-
inal primary tumour, shrinking primary tumours,
and slowing tumour growth [35]. Currently, more
than 100 cytostatic chemotherapy drugs are em-
ployed in daily clinical practice [36].

Furthermore, the two fundamental oncologic
treatment regimens for delivering the aforemen-
tioned combining modalities are: (a) sequential,
whereby chemotherapy modality is completed
prior to the initiation of the radiotherapy and (b)
concurrent, according to which radiation and che-
motherapy are administered simultaneously [37].
The former approach diminish the risk of dis-
tant metastases, may also reduce the volume of
the primary tumour making subsequent irradia-
tion more effective, and may even make the tumour
resectable. Nevertheless, prolonged total treatment
time, postponed irradiation, and the possibility of
accelerated repopulation of tumour cells can ad-
versely affect local tumour control.

A recent phase I study conducted by Higgins
et al. [47] of Winship Cancer Institute revealed
a significantly positive clinical outcome of radio-
therapy concurrent with chemotherapy. In that
study, 19 patients with stages IIIA and IIIB NS-
CLC received 44 Gy of conventionally fractionated
thoracic radiation with concurrent chemother-
apy, along with a dose-escalated stereotactic ab-
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Table 3. Published data that examine two treatment arms, comparing and analysing clinical outcomes of radiotherapy alone
with radiochemotherapy in patients with histologically verified, locally advanced, nonresectable non-small cell lung cancer

(NSCLC)

Radiation therapy alone (n = 441)

Local tumour control rates (%)

Combined chemoradiotherapy (n = 400)

Local tumour control rates (%)

D d/f o
i Gyl [Gy] 1-year 2-year 3-year CCRT regimen 1-year 2-year 3-year
LC (%) LC (%) LC (%) LC (%) LC (%) LC (%)
CIS 100 mg/m’* and ETOP
[38] 33 56 2.0 15 NA NA 33 120 mg/m” in addition to 17 n/a n/a
56 Gy/28 fractions.
DOC 120 mg/m’ in addition
[39] 46 60 2.0 20 Ih NA 43 t0 60 Gy/30 fractions 32 19 n/a
CARB 600 mg/m’ in
[40-42] 23 60 20 18 10 8.0 23 addition to 60 GY/30 40 20 18
fractions
CIS 120 mg/m’ in addition
[43] 114 | 60 3.0 35 21 9 110 t0 60 Gy / 20 fractions 60 33 29
PAX 360 mg/m’ in addition
[44] 20 63 20 24 15 15 21 to 63 Gy/ 32 fractions 63 38 38
Platinum-taxol regimen
[45] 82 65 2.0 30 17 10 43 in addition to 65 Gy/ 33 40 35 13
fractions
PAX/CARB (prescription not
[6] 23 70 2.0 45 30 25 45 specified) in addition to 70 83 50 38
Gy/35 fractions
Wide range of drugs in
[46] 70 80 2.0 50 354 30 82 addition to 80 Gy/40 56 43.1 38
fractions

No — number of patients enrolled in each arms; TD — total dose, d/f — dose per fraction; LC — local tumour control; CIS — cisplatin; ETOP — etoposide;

DCO — docetaxel; CARB — carboplatin; PAX — paclitaxel

lative radiotherapy (SABR) boost to the primary
tumour as well as the involved mediastinal lymph
nodes. The overall survival rates for the one-, two-
and three-year follow-ups were 62%, 56% and 39%,
respectively.

Similarly, a phase III clinical trial performed by
Sause et al. [48] investigated whether chemother-
apy followed by radiotherapy could yield excep-
tional clinical outcomes in surgically unresectable
NSCLC cases wherein patients underwent ei-
ther hyperfractionated radiation or standard frac-
tionation radiotherapy. The clinical outcomes of
that study implied a trend toward an improvement
in overall survival, wherein the one-year survival
rate of the patients treated with radiotherapy alone
was 45% and the survival rate of those treated with
concurrent chemo-radiation was 60%.

Several studies have shown that concurrent ra-
diochemotherapy yielded improved local control
and median survival rates contrary to the sequen-
tial radiochemotherapy; one example is the note-
worthy and continual effort by the NSCLC Collab-

https://journals.viamedica.pl/rpor

orative Group., who conducted a meta-analysis of
six randomised trials that evaluated the superiority
of concurrent radiochemotherapy versus sequen-
tial radiochemotherapy. They have analysed 1,205
LA-NSCLC cases and indicated a substantial en-
hancement in the five-year rate of overall survival
(11.3% to 16.2%) and a diminution in local recur-
rence (35% to 29%) with concomitant radiochem-
otherapy. Nonetheless, a significant increase in oe-
sophageal toxicity was observed, yet no persuasive
evidence of radiation pneumonitis was given in
this study [49].

A phase III randomized clinical trial conducted
in Japan indicated superior response rates (84% vs.
66%; p = 0.0002), five- year survival rates (15.8%
vs. 8.9%) and median overall survival (16.5 vs.
13.3 months; p = 0.04), with concomitant radioche-
motherapy versus sequential radiochemotherapy
[50]. Additionally, chemotherapy for both arms in-
cluded mitomycin (8 mg/m’on days 1 and 29), vin-
desine (3 mg/m’ on days 1, 8, 29, and 36) and cis-
platin (80 mg/m’ on days 1 and 29).
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Within this framework, analysis by Maguire
et al. [51] has indicated that the one- and two-year
PES rates were 55% and 34%, respectively, for
the concurrent therapy arm, and 52% and 24%
for the sequential therapy arm. Confirmatory tri-
als conducted by various countries demonstrated
a similar enhanced clinical outcome for the con-
comitant scheme [52, 53].

Nevertheless, concern persists as to whether ma-
jor incidences of toxicity may occur due to the ad-
dition of chemotherapy [54]. Additionally, clinical
experience of such patients with concurrent ra-
diochemotherapy is constrained by the sensitivity
of healthy lung tissues to radiation dose which, clin-
ically, may cause radiation pneumonitis and other
oesophageal toxicity. Within this framework, large
volumes of retrospective studies detail the clinical
experience of the related toxicity following con-
current radiochemotherapy for LA NSCLC. For
instance, Tsujino et al. [55] determined whether
the percentage of pulmonary volume exposed to
radiotherapy doses greater than 20 Gy (V20) was
associated with the incidence and grade of radia-
tion pneumonitis in 71 patients with inoperable LA
NSCLC treated by concurrent radiochemotherapy.

Statistical analysis confirmed that the cumulative
rates of grade > 2 radiation pneumonitis at 6 months
were 50.0% and 23.7% in patients with V20 of > 25%
and < 25%, respectively. Palma et al. [56] indicated
that the rates of symptomatic radiation pneumoni-
tis were 30.3% and 8.6% in patients with V20 of
20-30% and < 20%, respectively, and the rates of
fatal pneumonitis were 3.5% and 2.9% in patients
with V20 of > 40% and 30-40%, respectively. In
this major meta-analysis, Palma and his colleagues
demonstrated that mean lung doses were a predic-
tor of radiation pneumonitis in patients < 65 years
treated with carboplatin/paclitaxel chemotherapy;

the rates of radiation pneumonitis were 41-48%
and 0%-9% among patients with mean lung
dose > 10 Gy and < 10 Gy, respectively [56]. Oth-
er investigators revealed that the rates of grade > 2
radiation pneumonitis were 19% and 2.2% in pa-
tients with mean lung doses > 18 Gy and < 18 Gy,
respectively [56].

In a similar vein, Graham et al. [57] examined
99 patients with LA NSCLC and determined that
the percentage of total lung volume irradiated to
20 Gy corresponds significantly with the incidence
of symptomatic radiation pneumonitis. Within this
context, the potential advantages of concurrent ra-
diochemotherapy include but not limited to sensi-
tisation of tumour cells to radiation by the admin-
istration of chemotherapy drugs and shortening of
overall treatment time compared with sequential
therapy.

Thus, patient selection is an essential consider-
ation, and sequential radiochemotherapy might
be suitable for patients whose performance status
and comorbidities limit the tolerability of concur-
rent radiochemotherapy. It is worth pointing out
that concomitant radiochemotherapy is broadly
employed in the UK, Ireland and other European
countries as the standard treatment procedure for
unresectable stage III NSCLC [58-63].

Radiation therapy

External beam radiotherapy

Three dominant factors make LA NSCLC chal-
lenging to manage with radiotherapy: (1) dosim-
etric complications induced by the presence of
tissue inhomogeneities (i.e., lung has notably low
density in comparison with surrounding at-risk
organs such as heart, kidneys, liver and oesopha-
gus), (2) respiratory motion, and (3) proximity of

Table 4. Summary of radiation dose tolerances of the common organs at risk (OARs) within the thorax; note that V20
represents the volume receiving = 20 Gy and V30 represents the volume receiving = 30 Gy

Dose limits for OARs QUANTEC [64]

SABR (RTOG 0618, 18 Gy

S e ) R delivered in 3 fractions) [66]

Mean lung dose < 20 Gy
Lung Vy < 30% Vo < 10%
V30<37%
Mean dose < 26 <60, <45, <40 Gy for 1/3, 2/3, A
Heart Vi, < 46% 3/3 of heart < 30 Gy (10 Gy/fraction)
Spinal cord (point dose) <50.0 Gy <50.0 Gy <18 Gy (6 Gy/fraction)
Oesophagus Mean dose < 34 Gy Mean dose <34 Gy < 27 Gy (9 Gy/fraction)
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various adjacent healthy organs with low radiation
tolerances. Notably, the radiation dose tolerances
of these organs at risk (OAR) regulate the daily ra-
diotherapy practice and are adopted in multicentre
trials in cooperative groups such as the Radiation
Therapy Oncology Group (RTOG). Fundamental-
ly, cutting-edge technologies, such as four-dimen-
sional computed tomography (4D-CT) and vol-
umetric modulated arc therapy (VMAT), should
yield therapeutic gains due to their capability to
conform radiation doses to tumours.

Nevertheless, some questions may be raised
concerning the application of VMAT for thoracic
cancers due to the respiratory motion involved.
Additionally, in contrast to conventional 3D-CRT,
VMAT irradiates only a portion of the target vol-
ume at a certain time. This creates the possibility of
significant dosimetric missing of the target volume,
which may, in turn, have an undesirable influence
on local tumour control. This phenomenon has
been recognised as “interplay effect” [67, 68].

On the basis of the preceding evidence, the op-
timum radiotherapy technique for LA NSCLC has
been a controversial and much-disputed subject
within the field of radiation oncology. Notably, no
single-perspective research has been undertaken
to determine the optimum radiotherapy modality
for LA NSCLC, and the published retrospective
reports are contradictory. Liao et al. [69] provid-
ed an in-depth retrospective analysis of 496 LA
NSCLC patients who were treated at the MD An-
derson Cancer Center between 1999 and 2006.
In this major study, Liao and his colleagues com-
pared toxicity and disease outcomes in patients
treated with either 4D-CT/VMAT or 3D-CRT fol-
lowing concurrent radiochemotherapy regimens.
The findings of this study concluded that modern
technologies such as VMAT and 4D-CT are asso-
ciated with substantially improved local tumour
control and survival rates, as well as a remarkable
reduction in toxicity compared to 3D-CRT.

In agreement with the previous findings,
a single-institution retrospective investigation
suggested that intensity-modulated radiotherapy
(IMRT) can improve overall survival and reduce
treatment-related pneumonitis [70]. Within this
context, Liu et al. [58] compared 3D-CRT plans
with VMAT plans for which mean lung dose
and V20 were diminished for all patients, with me-
dian reductions of 2 Gy and 8%, respectively. Yom

etal. [71] revealed that the rate of grade 3 radiation
pneumonitis was 32% for 3D-CRT patients, com-
pared with 8% for VMAT patients (p = 0.002). Liao
etal. [69] detailed that VMAT considerably dimin-
ished the incidence of grade 3 radiation pneumo-
nitis (HR = 0.33, p = 0.017). Thus, dosimetrically,
VMAT appears to be more encouraging compared
to 3D-CRT in advanced-stage disease with compli-
cated and large gross tumour volumes, as well as in
adherence to critical structures.

Nevertheless, a number of published studies
were unable to reproduce that improvement in clin-
ical outcomes and reduction in toxicity [8, 9]. For
instance, in a major retrospective study involving
3,986 LA NSCLC cases accumulated from the Sur-
veillance, Epidemiology, and End Results (SEER)
Medicare database, Shirvani et al. [72] highlight
the fact that clinical experience strongly encourag-
es the adoption of VMAT in managing LA NSCLC.
Nonetheless, the study findings identified no sig-
nificant differences between 3D-CRT and VMAT
in the context of oesophageal, pulmonary or cardi-
ac toxicity rates.

Some questions may be posed in relation to
the inconsistency and contradictory conclusions
exhibited in the literature. Is the interplay effect
the major contributing factor behind such discrep-
ancies among scholars’ findings, or do other factors
influence those findings, such as the dosimetric
challenge in accurately delivering the VMAT plan?

Additionally, in a recent analysis involv-
ing multi-radiotherapy UK centres, Bolt et al. [73]
showed that uncertainty in machine beam out-
put measurements may result in variation of up to
10% in tumour control probability (TCP) model
outcomes, which coincides with the findings pub-
lished by Alaswad et al. [21]

It is important to note that VMAT delivers
the radiotherapy prescription doses by modulating
photon beam intensities through the continuous
variation of dose rates, gantry speeds and multileaf
collimator (MLC) positions at each control point.
Such a sophisticated delivery of radiation dose may
introduce additional uncertainty in the mechani-
cal operation of the Linac due to profound depen-
dence on the application of high numbers of small
irregular field shapes, leading to discrepancies in
dose distributions between computed and deliv-
ered plans. Within this framework, various quality
assurance (QA) practices have been recommended
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to assess the dosimetric accuracy of the VMAT de-
livery technique.

One of the most popular tools for performing
patient-specific VMAT QA techniques is the 2D
dosimetric comparison between the treatment
plan and the measurement. During this proce-
dure, a measurement is obtained before the patient
begins treatment. This measurement (i.e., the pa-
tient-specific QA) is evaluated using the gamma
analysis concept. The accepted gamma analysis cri-
teria of a 3% dose difference and a 3-mm distance
to agreement (DTA) are the most commonly used
[74]. This step is fundamental in radiotherapy to
ensure that VMAT treatment is delivered with high
accuracy.

Notwithstanding the foregoing, several investi-
gators have argued that the traditional patient-spe-
cific VMAT QA is not sensitive enough to detect
dosimetric discrepancy between the treatment plan
and the delivered plan. Furthermore, one draw-
back to the patient-specific VMAT QA technique is
a weak-to-moderate correlation between clinically
relevant dosimetric errors and 2D gamma analysis
passing rates [75]. For instance, Mu et al. [76] delib-
erately introduced random (+ 1 mm and + 2 mm)
and systematic (+ 0.5 mm or + 1 mm) errors in
the MLC positions to evaluate the dosimetric ef-
fect. They found no significant dosimetric variation
for either PTV or OARs that were introduced by
random leaf position errors, whereas clinically sig-
nificant differences (8% variation in D95% and ap-
proximately 12% in DO.1 cc to critical organs) were
noted by systematic leaf position errors in complex
IMRT plans. Alaswad and Coleman [77, 78] con-
cluded that when 2D gamma analysis is performed
using a 3% dose difference and a 3-mm DTA, both
QA results and the error detectability are heavily
dependent on the plane chosen for measurement
acquisition, and no relationship was found between
the error levels in several verification planes.

Recently, log files have been established on nu-
merous treatment machines to address concerns
about traditional QA approaches in identifying
both minor random and systematic errors. One of
the benefits of utilising this technique is that the log
files are acquired and verified whenever the treat-
ment plan is delivered. Hence, it can be verified
during patient treatment. Furthermore, log files
yield an immediate performance of VMAT plan
checks and reduce the ampere-hours utilised in

traditional QA techniques to a matter of minutes
[79-81]. However, there are still concerns about
whether the log file-based QA technique offers
confidence equal to that of measurements used by
one of the traditional approaches.

Proton therapy

In recent years, proton therapy has gained mo-
mentum amongst the procedures of interest due
to the absence of any exit radiation dose. This dis-
tinctive feature of proton therapy may potentially
enable radiotherapy dose escalation without added
toxicity to healthy tissues in the vicinity of the target
volume. Thus, potentially improving local control
and survival while at the same time reducing toxic-
ity and improving quality of life. For instance, pro-
ton beam dose deposition initially exhibits a slow
increase in dose with depth, followed by a sharp in-
crease near the end of the range. This peak or sharp
rise in dose deposition is termed the Bragg peak.

Unfortunately, the instalment of proton thera-
pymachineryisassociated with prohibitively expen-
sive generating equipment. For instance, the cost of
a proton machine can be three to four times greater
than that of a typical linac, thus limiting its wide-
spread use [82]. Note that a state-of-the-art linac
such as Varian TrueBeam or Elekta Versa HD costs
between 750,000-1,500,000 EUR [83].

Despite the high potential of proton therapy,
the clinical evidence encouraging the wide applica-
tion of protons is varied. It is widely recognised that
proton therapy is effective, safe, and proposed for
various classes of pediatric cancers, chondrosarco-
mas, ocular melanomas and chordomas.

In consideration of the high cost of establishing
and running proton therapy centres, questions have
been posed in relation to their cost effectiveness.
General consensus is that there is a necessity to
conduct randomized trials and/or collect clinical
outcomes data in multi-institutional registries to
clearly validate the value of protons.

Within this context, numerous single-arm stud-
ies have been published with promising clinical
outcomes that employ concurrent chemotherapy
and proton beam therapy in LA NSCLC [84, 85].
In a retrospective analysis using the National Can-
cer Database, Higgins et al. [86] concluded that
proton therapy yields a substantial improvement
in the survival rates compared to photon thera-
py. However, a notable limitation of this study is
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the absence of toxicity data. The interest in proton
therapy led to the phase II randomised trial com-
paring conformal passive scattering proton therapy
against VMAT for LA NSCLC. Nonetheless, this
ongoing NCT00915005 phase II trial comparing
passive scattering proton therapy (PSPT) against
IMRT for LA NSCLC revealed no significant dif-
ference between the two arms in terms of radiation
pneumonitis or oesophageal toxicity [87].

The authors have stated that proton therapy was
correlated with larger high-dose lung volumes due
to the application of relatively large safety margins
during the PSPT treatment plans. Notably, the au-
thors have also observed that the rate of pneumoni-
tis for the proton arm diminished with time during
the trial evaluation, and hypothesise that this may
be attributable to a learning curve in proton thera-
py planning, as re-plans of previous patients result-
ed in improved dosimetry.

It is worth mentioning that the management of
LA NSCLC by employing proton therapy is still in
the early developmental stages with some specific
barriers, such as proton range uncertainty inside
the boundaries of moving targets, which may re-
strict its practical applicability in the foreseeable
tuture.

Immunotherapy for locally advanced
NSCLC

The landscape of immunotherapy in lung cancer
is rapidly evolving. Currently, the use of immune
checkpoint inhibitors has become the standard of
care management for patients with resectable, lo-
cally advanced, and metastatic NSCLC with nota-
ble enhancement in the reported clinical outcomes.
The fundamental motive in utilizing immuno-
therapy is to boost the immune system’s response
to cancerous cells. The adaptive immune system,
particularly T cells, has a curial role in anticancer
immune responses [88].

Clinical investigations to date have centered on
the following two-immunotherapeutic strategies
in the framework of NSCLC treatment: immune
checkpoint inhibitors (ICIs) and cancer vaccines.
ICIs are antigen non-specific treatments that over-
come tumor immunosuppression, whereas cancer
vaccines are antigen-specific immunotherapies
that augment tumor recognition by the immune
system.

Within this context, ICIs are the most encour-
aging clinical form of NSCLC immunotherapy.
ICIs have mostly been examined in clinical trial
settings with patients with NSCLC by employing
antibodies against programmed cell death protein 1
(PD-1), programmed cell death 1 ligand 1 (PD-L1),
and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4). A principal benefit of these ICIs is their
capability to elicit antitumor immune responses ir-
respective of the specified tumor antigens [89].

It is important to note that the interaction of ICIs
with ionizing radiation produces synergistic influ-
ence, which has been comprehensively explored
by several scholars [90-92]. In the clinical setting,
the therapeutic value of combining ICIs with ra-
diotherapy has been shown primarily in metastatic
NSCLC patients [93]. Nonetheless, this therapeutic
notion has evolved since the publication of the PA-
CIFIC trial, serving to restructure the clinical prac-
tice for unresectable stage III NSCLC to a notable
degree by demonstrating a substantial advantage
obtained from the administration of sequential
durvalumab in addition to standard definitive
chemoradiotherapy [94].

Fundamentally, ionization radiation has the po-
tential to enhance the activation of the immune
system. This is because the damage of cancer-
ous cells by radiotherapy causes the release of tu-
mor-specific antigens, which boosts both T-cell
activation and dendritic-cell presentation, and as
a consequence, promotes greater immune-depen-
dent cell death.

The use of durvalumab for LA NSCLC arose
from the PACIFIC trial and is the most widely
recognized combination radio-immunothera-
py procedure for NSCLC. In that study, patients
with unresectable stage III NSCLC who had not
progressed following concomitant radiotherapy
and platinum-based chemotherapy were random-
ized, double-blinded, to be given 12 months of pla-
cebo (n = 236) or PD-L1 inhibitor durvalumab at
a dose of 10 mg/kg every two weeks (n = 473) [94].

This trial revealed the advantage of progres-
sion-free survival in patients treated with the PD-L1
inhibitor durvalumab in comparison with a pla-
cebo (16.8 months vs. 5.6 months; HR: 0.52; 95%
CIL: 4.6-7.8). The recently updated clinical out-
comes analysis showed the persistent advantage
with two-year and five-year overall survival (OS)
rates of 66.3% and 42.9% in the cohort treated with
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durvalumab in comparison with 55.6% and 33.4%
in the placebo group, respectively. Hence, the ap-
plication of the PD-L1 inhibitor (durvalumab) fol-
lowing chemoradiation has been shown to have
a continuous benefit in the durvalumab-based
treatment of unresectable LA NSCLC, thereby be-
coming the standard of care in this setting. These
updated clinical outcomes indicate durable PFS
and sustained OS benefit with durvalumab follow-
ing chemoradiotherapy [95]. Additionally, sub-co-
hort analysis has revealed that OS was superior in
patients who commenced durvalumab within 14
days of radiotherapy.

Consequently, the United States FDA approved
durvalumab (IMFINZI®) in February 2018 as
a therapeutic regimen for patients with unre-
sectable stage III NSCLC whose disease has not
progressed following the therapeutic schedule
of radiotherapy alongside platinum-containing
chemotherapy. The advisable treatment course
for durvalumab is 10 mg/kg administered intra-
venously every two weeks [96]. Additionally, this
form of therapy opens up the use of various immu-
notherapy combinations to evaluate its efficacy as
displayed in Table 5.

On the basis of the preceding trail, the KEY-
NOTE-799 study is a phase II trial that examined
the use of pembrolizumab (a PD-1 inhibitor) with
concurrent chemoradiation. The outcomes indi-
cated an encouraging response rate of nearly 70%,

although the overall survival analysis remained
immature. A remarkable challenge in combin-
ing radiotherapy with ICIs is the development of
toxicity, particularly pneumonitis. Regarding this
concept, in the PACIFIC trial, the rate of grade > 3
pneumonitis was 3.4% compared to 8% reported by
the KEYNOTE-799 study [102].

The PACIFIC-2 trial shifted the administration
of durvalumab earlier in the course of the treat-
ment in an effort to examine whether concurrent
immunotherapy and chemoradiation is superior
to consolidative immunotherapy with chemoradi-
ation [106]. Notably, several patients are ineligible
for a concurrent chemoradiation regimen; hence,
the phase II PACIFIC-6 trial evaluating the safety
of durvalumab following sequential chemoradia-
tion. In 2022, these researchers reported evidence
that showed safety comparable to that perceived in
the PACIFIC-2 trial, proposing that this might also
signify a realistic therapeutic approach in patients
unable to undergo concomitant chemoradiation
[107].

Additionally, in the phase II COAST study,
durvalumab was combined with monalizumab (an-
ti-NKG2A mAb) or oleclumab (anti-CD73 mAD)
as a consolidative treatment of unresectable stage
III NSCLC following concomitant chemoradiation.
This study revealed that the durvalumab plus mon-
alizumab and the durvalumab plus oleclumab
arms showed enhanced overall response rates of

Table 5. Clinical trials of immune checkpoint inhibitor and radiotherapy combination in LA non-small cell lung cancer

(NSCLC)
Ref n RT ICIs Design
Conventional RT (60 Gy/30 fx); . . -,
[97] 24 By Ronactonatad RIE0IGY /5 5] Durvalumab Concomitant with definitive RT
Hypofractionated RT 60 Gy/20 fx; . . "
[98] 27 Hypofractionated RT 63 Gy/23 fx Durvalumab Concomitant with definitive RT
[99] 20 Conventional RT (60 Gy/30 fx) Ipilimumab + nivolumab Concomltapt W.Ith deﬁnmve il
and consolidation (nivolumab)
. - . Concomitant definitive
[100] 50 Conventional RT (60 Gy/30 fx) Ipilimumab * nivolumab treatment + consolidative ICI
[101] 63 Conventional RT (60 Gy/30 fx) Pembrolizumab Concomitant with definitive RT
[102] 216 Conventional RT (60 Gy/30 fx) Pembrolizumab Concomitant and consolidative
[103] 660 Conventional RT (60 Gy/30 x) Durvalumab SEE T ST RS TR
adjuvant ICI
[104] 328 Conventional RT (60 Gy/30 fx) Durvalumab Concomitant + consolidative
. Nivolumab, ipilimumab, Concomitant + 2 consolidation regimens versus
[105] 1400 GonreaE A (U durvalumab consolidation after CRT

RT — radiotherapy; ICI — immune checkpoint inhibitors; CRT — conformal radiation therapy
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37.1% and 38.3% respectively, in comparison with
durvalumab alone (25.5%). Toxicity was compa-
rable across all arms of treatment, signifying that
combinatorial strategies to consolidation treatment
can enhance clinical outcomes [108].

Nonetheless, few researchers have exam-
ined the PACIFIC scheme in real world settings.
The few published reports on durvalumab treat-
ment in patients with LA NSCLC outside clinical
trials contain quite modest numbers of patients,
and the clinical outcomes (up to 12 months) are,
to a certain degree, insufficient contributions [109,
110]. Therefore, real-world data are required to
turther evaluate the PACIFIC regimen’s tolerability
and eflicacy. Accordingly, PACIFIC-R enrolled pa-
tients who received durvalumab through the early
access programme to provide the first real-world
data on the use of the PACIFIC therapeutic ap-
proach. PACIFIC-R enrolled a population of over
1,000 LA NSCLC patients from 11 countries [111].

An initial safety statistical analysis using data
from several retrospective chart extractions con-
firmed the PACIFIC regimen’s real-world tolera-
bility [111]. Within this framework, PACIFIC-R
analysis indicated that the median progres-
sion-free survival was 21.7 months, and approx-
imately half of all patients were free of disease
progression two years after durvalumab adminis-
tration. These clinical outcomes verify durvalum-
ab’s efficacy following definitive radiochemothera-
py in a large, predominantly European population
with LA NSCLC [111].

Notably, PACIFIC-R’s 2-year overall surviv-
al rate was superior to that of PACIFIC (71.2%
vs. 66.3%). The overall survival rate overestima-
tion might be due to the fact that some study
sites — such as Germany and the United King-
dom — could not accumulate data on patients
who died prior to the PACIFIC-R enrolment.
Furthermore, the clinical outcomes from PACIF-
IC- R agree with other real-world PACIFIC reg-
imen settings [111]. For instance, Taugner et al.
[112] provided an in-depth prospective analysis
of twenty-six patients to evaluate the real-world
efficacy and clinical application of durvalum-
ab maintenance treatment following radioche-
motherapy in unresectable LA NSCLC. Taugner
and colleagues reported PFS rates of 82% and 62%
at months 6 and 12, respectively [112]. This agrees
with the corresponding rate of PACIFIC-R.

Furthermore, the parameters for durvalumab
use in the early access programme (from which pa-
tients were enrolled in PACIFIC-R) were wider in
scope than those proposed in the guidelines. Con-
sequently, the PACIFIC-R dosage regimen might
not correspond directly with durvalumab’s re-
al-world applications. For instance, the early ac-
cess programme permitted patients to maintain
durvalumab treatment in a curative-intent setting
until they encountered disease progression [111],
yet current recommendations propose a 12-month
treatment cap. Additionally, 19.8% and 4.2% of
patients received durvalumab for a total duration
of more than 12 and 14 months, respectively.

Remarkably, within clinical trial settings,
the patient selection criteria are rigorous due to
their complexity, ambiguity, lack of patient-cen-
tredness, and overly restrictive nature. This could
lead to discrepancies between ideal clinical trial
settings and clinical practice outcomes. Sakagu-
chi et al. [113] analysed 81 patients with medically
unresectable stage III NSCLC of whom 32.8% of
patients did not meet the criteria of the PACIFIC
study for the following reasons: poor performance
(9.6%), disease progression after CCRT (4.1%),
grade 2 or higher radiation pneumonia within 42
days after chemoradiotherapy (16.4%) and other
pneumonia (2.7%).

Additionally, the optimum duration of consol-
idation immunotherapy in an inoperable LA NS-
CLC setting remains a disputed topic, and many
ongoing clinical trials permit therapeutic durations
of more than 12 months. Future attempts might be
directed towards amending the schedule and dos-
ing of radiotherapy when employed in close prox-
imity with ICIs, which may enhance the feasibility
and minimize the toxicity of this approach.

Conclusions

Accurate prognosis and relevant therapy deci-
sions rely on establishing the accurate staging of
NSCLC. The recently proposed 8" edition TNM
staging system exhibited significant amendments
in the distribution of the T and M descriptors. Sev-
eral studies have demonstrated the superiority of
the 8" edition over the 7" edition. Nonetheless, nu-
merous studies have shown that certain limitations
still exist in the N classification of the 8" TNM stag-
ing system, which might be overcome in the forth-
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coming 9" TNM edition. Although employing
radiotherapy as a sole treatment for LA NSCLC is
potentially with curative intent, long-term surviv-
al and local tumour control rates are for the most
part discouraging. Thus, synergistic cytotoxic che-
motherapy with radiotherapy is most prevalent in
treating LA NSCLC. Evidently, concomitant radio-
chemotherapy is largely utilized in the UK, Ireland
and other European countries as a typical ther-
apeutic procedure for unresectable stage IIT NS-
CLC. Nonetheless, sequential radiochemotherapy
is associated with lower toxicity (e.g., oesophageal
toxicity and less radiation pneumonitis). Further-
more, technical advancement in dose optimisation
and delivery of radiotherapy (e.g., VMAT and pro-
ton therapy) have contributed fundamentally to
enhanced clinical outcomes while also diminishing
the toxicities confronted during the administration
of a concurrent radiochemotherapy approach. Cur-
rently, the standard of care for patients with inoper-
able LA NSCLC is concurrent chemoradiotherapy
followed by maintenance durvalumab according to
clinical outcomes from the PACIFIC trial. Com-
bining ICIs with radiotherapy, either sequentially
or concomitantly, has been an area of great interest.
In the foreseeable future, the outcomes of ongoing
clinical trials will continue to evolve clinical prac-
tice in LA NSCLC. Future attempts might be also
directed towards amending the schedule and dos-
ing of radiotherapy when employed in close prox-
imity with ICIs, which may enhance the feasibility
and minimize the toxicity of this approach.
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