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Simple Summary: The combination of chemotherapy and radiotherapy, compared with radiotherapy
alone, reduces the risk of local disease recurrence and the risk of distant metastases in patients with
locally advanced unresectable non-small-cell lung cancer. Concurrent chemoradiotherapy is the
most effective but also has the highest risk of toxicity. Older patients often have comorbidities
and a reduced cardio-pulmonary capacity; therefore, they are less often qualified for concurrent
chemoradiotherapy due to the predicted too high toxicity. The study documents the sense of
considering sequential chemoradiotherapy in the elderly, regardless of whether they are in a good
performance status and how many concomitant diseases were recognized earlier in their history.
Compared to younger patients, the elderly benefit more from sequential chemoradiotherapy, because
with the same toxicity, complete response is achieved more often and distant metastases are less
frequently observed, which translates into a significantly longer survival.

Abstract: Concurrent chemoradiotherapy is recommended for locally advanced and unresectable
non-small-cell lung cancer (NSCLC), but radiotherapy alone may be used in patients that are ineli-
gible for combined-modality therapy due to poor performance status or comorbidities, which may
concern elderly patients in particular. The best candidates for sequential chemoradiotherapy remain
undefined. The purpose of the study was to determine the importance of a patients’ age during
qualification for sequential chemoradiotherapy. The study enrolled 196 patients. Older patients
(age > 65years) more often had above the median Charlson Comorbidity Index CCI > 4 (p < 0.01)
and Simplified Charlson Comorbidity Index SCCI > 8 (p = 0.03), and less frequently the optimal
Karnofsky Performance Score KPS = 100 (p < 0.01). There were no significant differences in histologi-
cal diagnoses, frequency of stage IIIA/IIIB, weight loss, or severity of smoking between older and
younger patients. Older patients experienced complete response more often (p = 0.01) and distant
metastases less frequently (p = 0.03). Univariable analysis revealed as significant for overall survival:
age > 65years (HR = 0.66; p = 0.02), stage IIIA (HR = 0.68; p = 0.01), weight loss > 10% (HR = 1.61;
p = 0.04). Multivariable analysis confirmed age > 65years as a uniquely favorable prognostic factor
(HR = 0.54; p < 0.01) independent of lung cancer disease characteristics, KPS = 100, CCI > 4, SCCI > 8.
Sequential chemoradiotherapy may be considered as favorable in elderly populations.

Keywords: lung cancer; locally advanced; unresectable; sequential chemoradiotherapy; concurrent
chemoradiotherapy; performance status; comorbidities; elderly; survival; prognosis
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1. Introduction

In patients diagnosed with stage IIIA or IIIB non-small cell lung cancer (NSCLC) who
are beyond surgical treatment, radical treatment with chemoradiotherapy or radiotherapy
alone is the treatment of choice. The results of meta-analyses indicate that the combination
of chemotherapy and radiotherapy is more effective than radiotherapy alone [1]. Concur-
rent chemoradiotherapy is superior to sequential treatment but is associated with a higher
risk of severe complications (esophageal, hematological, pulmonary toxicity) [2].

As part of the sequential or concurrent chemoradiotherapy, conventional fractionation
is used to a total dose of 60–66 Gy in 30–33 fractions for the area of primary lesion in the
lung and the metastatic hilum and mediastinal lymph nodes. The chemotherapy regimen
should include the administration of 2–4 cycles with a platinum derivative. In patients who
responded to the concurrent chemoradiotherapy, administration of 12-month consolidation
immunotherapy with durvalumab is associated with a further significant reduction of the
relative risk of disease progression and a significant extension of overall survival with good
tolerance of the treatment [3,4].

The above-mentioned results of the PACIFIC study indicate that currently the best
management in inoperable and locally advanced NSCLC is concurrent chemoradiotherapy
and consolidation immunotherapy [5]. Daily practice shows that not all patients can receive
such treatment. Many factors determine the choice of sequential treatment in some patients.
Importantly, the predicted toxicity is lower for sequential chemoradiotherapy compared to
concurrent therapy. The role of consolidation immunotherapy after sequential chemora-
diotherapy remains unknown, providing the rationale for the planning of further studies
PACIFIC-5 (among inclusion criteria: receipt of concurrent or sequential chemoradiation
therapy), PACIFIC 6 (a Phase II, Open-Label, Multi-Centre, International Safety Study of
Durvalumab Following Sequential Chemotherapy and Radiation Therapy in Patients with
Stage III, Unresectable Non-Small Cell Lung Cancer).

Pan-Asian adapted ESMO Clinical Practice Guidelines [6] indicate that concurrent
chemoradiotherapy is the method of choice for treatment of patients with NSCLC in stage
IIIA and IIIB in the absence of surgical treatment [the highest level of recommendations
I, A]. If concurrent therapy is not applicable for any reason, sequential chemotherapy
followed by radical radiotherapy is an alternative [the same level of recommendations I, A].
Elderly patients with impaired performance status, significant weight loss or comorbidities
are excluded from prospective clinical trials assessing concurrent chemoradiotherapy [7].
Additionally, more than half of patients with stage III NSCLC theoretically have no chance
of qualifying for a concurrent chemotherapy due to older age or concomitant diseases [8].
One of the first randomized controlled trials in elderly patients diagnosed with unresectable
locally advanced NSCLC was planned to compare radiotherapy alone with a concurrent
chemoradiotherapy. Although the chemotherapy was based on carboplatin, the study
was terminated prematurely due to severe toxicity, some treatment-related deaths were
observed [9]. According to the National Cancer Institute data, older patients with stage
III NSCLC receiving chemoradiotherapy are more likely to experience treatment toxicity,
including treatment-related deaths, which translated into worse overall survival (OS)
compared to younger patients [10].

The largest analysis of data from the National Cancer Database from 2003 to 2014 on
older patients showed that the combination of radiotherapy and chemotherapy gives a
better prognosis than radiotherapy alone. In addition, it has been shown that in the elderly,
sequential chemoradiotherapy compared with concurrent chemoradiotherapy results in a
significantly more favorable OS with a reduction in mortality by 9% [11].

When identifying positive prognostic factors for sequential treatment with chemother-
apy and radiotherapy, it is worth considering how to maintain this treatment algorithm in
selected patients with satisfactory treatment results, especially if they could not receive
concurrent chemoradiotherapy due to advanced age, low performance status or comorbidi-
ties. The lack of uniform guidelines developed by scientific societies confirms the necessity
of such analysis.



Cancers 2021, 13, 4534 3 of 20

The main aim of the study was to determine the prognostic significance of age in
patients with locally advanced NSCLC who underwent sequential chemotherapy in the
absence of the possibility of using surgical treatment and concurrent chemoradiotherapy.

2. Results

In accordance with the adopted algorithm, 196 patients who underwent sequential
chemoradiotherapy were qualified for analysis (Figure 1).

Figure 1. Flowchart presenting how data of patients undergoing radiotherapy were included in the study.

The mean age of the patients was 60.52 ± 7.1 years. Among the histological diagnoses,
squamous-cell carcinoma dominated in 91 (46.4%) of the patients, adenocarcinoma in 47
(24.0%), and other diagnoses in the remaining 58 (29.6%) patients. The clinical stage of stage
IIIA and IIIB was established in 94 (48%) and 102 (52%) patients, respectively. Detailed
patient characteristics are presented in Table 1.

Table 1. Characteristics of patients qualified for sequential chemoradiotherapy.

Parameters Number (%)

Sex
Female—69 (35.2)
Male—127 (64.8)

Age
≤65 144 (73.5)
>65 52 (26.5)

BMI (kg/m2) <25 kg/m2 77 (39.3)
Overweight (BMI: ≥ 25 and <30 kg/m2) 68 (34.7)

Obesity (BMI ≥ 30kg/m2) 51 (26)
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Table 1. Cont.

Parameters Number (%)

Lack of weight loss 107 (54.6)
Weight loss <10% 65 (33. 2)
Weight loss ≥10% 24 (12. 2)

Pathology
Squamous-cell carcinoma 91 (46.4)

Adenocarcinoma 47 (24.0)
Other types 58 (29.6)

Clinical Stage III A–94 (48)
III B–102 (52)

TNM
TX 2 (1)
T0 2 (1)
T1 14 (7.1)
T2 70 (35.7)
T3 44 (22.4)
T4 64 (32.7)
N0 13 (6.6)
N1 9 (4.6)
N2 154 (78.6)
N3 20 (10. 2)

Declared smoking status
never smokers 16 (8.16)
<20 pack years 41 (20.92)

20–50 pack years 94 (47.96)
≥50 pack years 45 (22.96)

Karnofsky performance status (KPS)
100 67 (34.2)
90 101 (51.5)
80 28 (14.3)

Charlson Comorbidity Index (CCI)
≤3 56 (28.6)
4 55 (28.1)
5 44 (22.4)
≥6 41 (20.9)

Simplified Charlson Comorbidity Index (SCCI)
≥7 72 (36.7)
8 65 (33.2)
≥9 59 (30.1)

Among 196 patients qualified for the analyzes determining the prognosis of patients
undergoing sequential chemoradiotherapy, only one-third of patients (34.2%, 67 patients)
had a very good performance status (100 according to the KPS scale) before treatment. The
remaining patients had a lower KPS: 90 in 101 (51.5%) patients, 80 in 28 (14.3%) patients.

The following chemotherapy regimens were used: the PN regimen (cisplatin + vi-
norelbine) in 158 (80.1%) patients, the KN regimen (carboplatin + vinorelbine) in 18 (9. 2%)
patients, the PG (cisplatin + gemcitabine) in nine (4.6%) patients, the PE regimen (cisplatin
+ etoposide) in five (2.6%) patients, PN/KN in two patients, PG/KG in one patient, KE in
one patient, KG in one patient, and one patient received carboplatin + paclitaxel.

Finally, the chemotherapy regimen without cisplatin was administered in only 21
(10.7%) patients. More than half patients received two full cycles of chemotherapy: 106
(54.1%) patients. A large group received three cycles: 65 (33.2%) patients. Another two (1%)
patients received three incomplete cycles. Unfortunately, eight (4.1%) patients received only
one cycle due to poor tolerance, and 15 (7.7%) patients received four cycles of chemotherapy.



Cancers 2021, 13, 4534 5 of 20

The median time between the end of chemotherapy and the start of radiotherapy was
28 days (4 weeks), the lower quartile was 19 days, and the upper quartile was 42 days (6
weeks).

The type and doses of radiation therapy were as follows:

â 5880 cGy—administered in 94 (48%) patients
â 6600 cGy—administered in 87 (44.4%) patients
â 6000 cGy—administered in 9 (4.6%) patients
â 6400 cGy—administered in 2 (1%) patients
â 6200 cGy—administered in 1 patient
â 5040 cGy—administered in 1 patient
â 5040 cGy + BOOST brachytherapy 7.5 Gy—administered in 1 patient
â 6200 cGy (4200 + BOOST to 6200)—administered in 1 patient

After radiotherapy, deterioration of KPS was observed in 53 (27%) patients, including
a deterioration by 10 in 41 (20.9%) patients, by 20 in 10 (5.1%) patients and by 30 in two
(1%) patients.

After a 6-week period from the end of radiotherapy, computed tomography imaging
examinations were performed to assess radiological response to the chemoradiotherapy,
and the following results were confirmed:

• complete response (CR) in 15 (7.7%) patients;
• partial response (PR) in 123 (62.8%) patients;
• stable disease (SD) in 44 (22.4%) patients;
• progressive disease (PD) in 14 (7.1%) patients.

After 10.6 years of follow-up, 168 (85.7%) patients died, and 28 (14.3%) patents were
still alive. The median overall survival was 745 days (2years and 15 days) and the interquar-
tile range was from 433 days (14.4 months) to 1475 days (4y ears and 15 days). The 5-year
and 10-year survival rate was 19.9% and 12. 2%, respectively. During clinical follow-up,
most of the patients experienced lung cancer disease progression, the characteristics of
which are presented in Table 2. At the end of follow-up, 20 (10.2%) patients had no sign of
cancer disease progression and no need to re-treat cancer. The median PFS was 390 days
(13 months), the range between quartiles was 269 days (9months) to 889 days (29.6 months).
The 5-year and 10-year progression-free survival rate was 13.3% and 7. 25%, respectively.

Table 2. Characteristics of lung cancer disease progression after sequential chemoradiotherapy.

Type of Cancer Disease Progression Number (%)

Local recurrence 87 (44.4%)

Distant metastases 81 (41.3%)

nodal metastases (N feature) 23 (11.7%)

pleural effusion 12 (6.1%)

metastases to the second lung 21 (10.7%)

metastases to the central nervous system 32 (16.3%)

bone metastases 11 (5.6%)

liver metastases 10 (5.1%)

adrenal metastases 6 (3.1%)

During the observation of the study population, new cases of other independent
neoplasms were also found in nine (4.6%) patients. The diagnoses included two cases
of pancreatic cancer, and one case each of breast cancer, gastric cancer, laryngeal cancer,
esophageal cancer, renal pelvis cancer, melanoma, and the second primary lung cancer.



Cancers 2021, 13, 4534 6 of 20

The analysis of the survival time showed that distant metastases (HR = 1.66; 95% CI:
1. 22–2. 26, p < 0.01), especially CNS metastases (HR = 1.8; 95% CI: 1. 21–2.68; p < 0.01) and
hepatic metastases (HR = 1.93; 95% CI: 1.01–3.67; p < 0.05) had a negative impact on OS.
Local recurrence, lymph node metastases, metastases in the second lung, pleural effusion,
bone metastases did not have a significant prognostic significance for OS.

According to the adopted methods, when the quartile values were used to assess the
relationship between age and OS, it turned out that the age of patients in the upper quartile
(over 65 years) differed significantly in OS compared to the younger groups (Figure 2).
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Figure 2. Overall survival in relation to quartiles of patients’ age (log-rank test p = 0.04).

In the group of 52 older patients (over 65 years of age) there were 36 aged >65 and
≤70, and 16 patients over 70 years of age (including two patients over 75 years). The direct
comparison of the survival curves of patients aged 65–70 and >70 years did not show a
significant difference for OS (Figure 3).
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Figure 3. The comparison of overall survival between patients aged 65–70 and >70 years (log-rank test p = 0.91).

In univariable analysis of Cox proportional hazards model among the baseline de-
mographic patients’ characteristics or when defining the lung cancer disease itself, the
following were significant: age over 65 years versus younger (HR = 0.66; 95% CI: 0.46–0.94;
p = 0.02), disease stage IIIA versus IIIB (HR = 0.68; 95% CI: 0.50–0.92; p = 0.01), weight
loss of more than 10% versus less (HR = 1.61; 95% CI: 1.03–2.53, p = 0.04). In multivariable
analysis, an age over 65 was revealed to be the only significant favorable prognostic factor
(HR = 0.54; 95%CI: 0.36–0.83; p < 0.01) independent of characteristics of lung cancer disease,
good performance status or number of comorbidities evaluated by CCI or SCCI (Table 3).

Table 3. Baseline preexisting predictors of OS.

Patients with a Possible Predictor
Compared to Patients without

Such Feature

Univariable Multivariable

HR 95% CI p-Value HR 95% CI p-Value

Women 0.78 0.56–1.08 0.13 0.79 0.56–1.11 0.18

Age > 65 years 0.66 0.46–0.94 0.02 0.54 0.36–0.83 <0.01

Obesity (BMI ≥ 30kg/m2) 0.92 0.65–1.31 0.64 0.95 0.65–1.4 0.8

Squamous–cell carcinoma 0.99 0.73–1.34 0.94 0.95 0.64–1.40 0.78
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Table 3. Cont.

Patients with a Possible Predictor
Compared to Patients without

Such Feature

Univariable Multivariable

HR 95% CI p-Value HR 95% CI p-Value

Adenocarcinoma 0.81 0.56–1.16 0. 24 0.84 0.54–1.32 0.45

Stage IIIA vs. IIIB 0.68 0.50–0.92 0.01 0.7 0.47–1.06 0.09

T4 1.12 0.81–1.54 0.5 0.96 0.63–1.46 0.85

N3 1.10 0.68–1.80 0.69 1.02 0.57–1.85 0.94

Smoking ≥50 pack years 0.90 0.62–1.30 0.56 0.85 0.58–1. 25 0.41

Weight loss ≥10% 1.61 1.03–2.53 0.04 1.50 0.91–2.48 0.11

Performance status KPS = 100 0.96 0.69–1.32 0.79 0.89 0.62–1. 26 0.5

Charlson Comorbidity Index (CCI) >4 1.12 0.83–1.52 0.46 1.45 0.97–2.15 0.07

Simplified Charlson Comorbidity
Index (SCCI) >8 1.0 0.72–1.39 0.99 0.9 0.62–1.32 0.59

The comparison of the baseline characteristics of older and younger patients showed
that the elderly were significantly more likely to be obese and had more significant comor-
bidities as expressed by higher CCI or SCCI (Table 4). On the other hand, older patients
were less likely to have a good performance status defined as KPS 100. There were no
differences in terms of histological diagnoses, stage IIIA/IIIB, weight loss, level of smoking
addiction.

Table 4. The comparison of baseline characteristics between older and younger patients.

≤65 Years
(144 Patients)

>65 Years
(52 Patients) p-Value

Demographic

Female 52
(36.1%)

17
(32.7%) 0.7

Obesity
(BMI ≥30 kg/m2)

32
(22.2%)

19
(36.5%) 0.04

Pathology

Squamous–cell
carcinoma

64
(44.4%)

27
(51.9%) 0.35

Adenocarcinoma 35
(24.3%)

12
(23.1%) 0.86

Other types 45
(31.3%)

13
(25%) 0.4

Primary tumor
and mediastinal

nodes stage

Clinical stage
IIIA

67
(46.5%)

27
(51.9%) 0.5

T4 43
(29.9%)

21
(40.4%) 0.17

N3 14
(9.7%)

6
(11.5%) 0.7

Smoking

≥20 pack years 104
(72.2%)

35
(67.3%) 0.5

≥50 pack years 33
(22.9%)

12
(23.1%) 0.98
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Table 4. Cont.

≤65 Years
(144 Patients)

>65 Years
(52 Patients) p-Value

Weight loss

Not observed 79
(54.9%)

28
(53.9%) 0.9

≥10% 20
(13.9%)

4
(7.7%) 0.36

Performance status KPS = 100 59
(40.1%)

8
(15.4%) <0.01

Comorbidities

Charlson Comorbidity
Index (CCI) >4

42
(29.2%)

43
(82.7%) <0.01

Simplified Charlson
Comorbidity Index

(SCCI) >8

37
(25.7%)

22
(42.3%) 0.03

The comparison of the sequential chemoradiotherapy characteristics and effectiveness
between older (>65 years) and younger patients, revealed that elderly patients received
chemotherapy without cisplatin more often (Table 5). Older patients more often had
complete response recognized 6 weeks after radiotherapy, and less frequently experienced
a deterioration of their performance status. Serious treatment complications occurred with
similar frequency in both age groups. Elderly patients experienced distant metastases less
frequently and had significantly longer PFS (Figure 4).

Table 5. The comparison of parameters related to chemoradiotherapy between older and younger
patients.

≤65 Years
(144 Patients)

>65 Years
(52 Patients) p-Value

Chemotherapy

Cisplatin +
vinorelbine

121
(84%)

37
(71. 2%) 0.04

Regimen without
cisplatin

9
(6.3%)

12
(23.1%) <0.01

Longer time between the end of chemotherapy
and start of radiotherapy (defined as >

42 days/6 weeks)

31
(21.5%)

14
(26.9%) 0.4

Deterioration of performance status at least by
10 points (KPS)

45
(31.3%)

8
(15.4%) 0.03

Occurrence of complications
grade 3/4 according to CTCAE

45
(31.3%)

22
(42.3%) 0.15

Response according to
RECIST evaluated

6 weeks after the end of
radiotherapy

CR 7
(4.9%)

8
(15.4%) 0.01

PR 95
(66%)

28
(53.9%) 0.12

SD 30
(20.8%)

14
(26.9%) 0.37

PD 12
(8.3%)

2
(3.9%) 0.45
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Table 5. Cont.

≤65 Years
(144 Patients)

>65 Years
(52 Patients) p-Value

Type of cancer disease
progression

Local progression 59
(40.1%)

28
(53.9%) 0.11

Distant metastases 66
(45.8%)

15
(28.9%) 0.03

Secondary cancer disease 7
(4.9%)

2
(3.9%) 0.93
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Significantly longer PFS had to determine longer OS in elderly patients because there
were no differences in the frequency of systemic therapy after cancer progression, either in
the frequency of chemotherapy, or immunotherapy or targeted therapy. Additionally, there
was also no difference in the number of lines of chemotherapy (Table 6).
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Table 6. The comparison of systemic subsequent therapies between older and younger patients with
progression after sequential chemoradiotherapy.

Subsequent Systemic Therapies ≤65 Years
(144 Patients)

>65 Years
(52 Patients) p-Value

Chemotherapy 69 (47.9%) 24 (46. 2%) 0.83

Number of lines of chemotherapy
1. 43 (29.9%) 20 (38.5%)

0.31
2. 17 (11.8%) 4 (7.7%)
3. 7 (4.9%) 0
4. 2 (1.4%) 0

Immunotherapy 4 (2.8%) 2 (3.8%) 0.93

Targeted therapy 2 (1.4%) 1 (1.9%)
Anti–EGFR 1 1
Anti–ALK 1 0 0.7

3. Discussion

The results of the study indicate that patients over 65 years had significantly bet-
ter OS after sequential chemoradiotherapy compared to younger patients, despite the
more frequent coexistence of comorbidities (higher CCI or SCCI) and less frequently they
maintained a good performance status (as KPS 100). It seems that sequential chemoradio-
therapy may be a valuable treatment in elderly patients with locally advanced NSCLC. We
demonstrated that, despite the less intensive treatment, older patients achieved complete
responses more often, experienced distant metastases less frequently, and PFS was signifi-
cantly longer compared to younger patients. It is very important that the risk of significant
complications was comparable in older and younger patients. The risk of deterioration
of performance status, and thus the risk of deteriorating quality of life, was lower in the
elderly compared to the younger ones. The results of the treatment were independent of
the initial clinical stage of the lung cancer disease (stage IIIA vs. IIIB).

NSCLC is a neoplasm with moderate radiosensitivity. Radiotherapy alone does not
bring a satisfactory benefit in the treatment of patients with a stage III diagnosis because
the median OS in prospective studies did not exceed 26 months [12,13]. After radiotherapy,
a high risk of distant metastases and limited locoregional effectiveness is observed. The
main goal of combining chemotherapy and radiotherapy is to increase the chance of local
control of unresectable disease as well as to reduce the risk of distant metastases. The
combination therapy includes the use of additive local effects of both methods and the
destruction of subclinical metastases outside the irradiation field.

Concurrent chemoradiotherapy is currently considered the standard of care for pa-
tients with locally advanced and inoperable NSCLC. Sequential chemoradiotherapy is
recommended for patients in whom the risk of toxicity during concurrent treatment is
too high and in cases with too large a tumor volume. Since these criteria can be very
subjective, an observational study was conducted to determine the percentage of patients
with locally advanced NSCLC who are actually eligible for both treatment methods and to
identify factors which determined the choice of treatment [14]. The study included data
from three independent registries: Belgian Cancer Registry (BCR), Netherlands Cancer
Registry (NCR), Dutch Lung Cancer Audit–Radiotherapy (DLCA–R), including 350, 780,
and 428 patients, respectively. Among NSCLC patients with stage III, more than half of
the patients in the Netherlands (55%) and more than one-third in Belgium (35%) received
concurrent treatment. In both populations, older age and more advanced N trait were
significantly associated with the preference for sequential therapy. Interestingly, the overall
cardio–pulmonary fitness, comorbidities or tumor volume were not significant. Despite
the strong limitations of our study, such as its retrospective nature, disproportions in the
number of patients below and above 65 years of age, and the random distribution of other
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factors, the demonstration that older age and the presence of the N3 feature were not
associated with worsening of OS seems to be a clinically valuable observation.

It is assumed that the better tolerance of sequential chemoradiotherapy as compared to
concurrent chemoradiotherapy results from the occurrence of side effects of chemotherapy
and radiotherapy at different times, which translates into the possibility of carrying out the
entire treatment in optimal doses and an acceptable total time of therapy (no significant
interruptions due to toxicity). The disadvantage of sequential chemoradiotherapy is a
prolongation of the total treatment time. Along with the number of chemotherapy cycles
and the time between the end of chemotherapy and start of radiotherapy, cancer cell
repopulation may be observed and the probability of radiation resistance may increase. In
our study, this effect could have affected younger patients in whom efficacy of sequential
chemoradiotherapy was significantly worse than in older patients.

The factors determining disqualification from concurrent chemoradiotherapy include
advanced age (usually age > 75 years), significant comorbidities, high local advancement,
weight loss >10% of the predicted value, and abnormal cardiopulmonary capacity. Unfortu-
nately, the unfavorable regularity is that older patients usually have several comorbidities
and a reduced performance status. Apart from the assessment of the performance status,
the assessment of comorbidities turns out to be very useful in the assessment of progno-
sis [15]. ASCO recommends that in elderly patients a comprehensive geriatric evaluation
should be used [16]. In this way, it is possible to identify fit elderly patients who may even
benefit from concurrent chemoradiotherapy [17,18].

Various groups of experts recommend that patients without significant comorbidities
are eligible for concurrent chemoradiotherapy [19]. For the purpose of objectivization, it is
recommended to use the Charlson Comorbidity Index (CCI) or the simplified version—the
Simplified Charlson Comorbidity Index (SCCI)—to assess the significance of comorbidi-
ties. The CCI is the most widely used scale for assessing comorbidities that determine
prognosis [20]. The simplified comorbidity score (SCCI) for lung cancer prognosis was
proposed by Colinet et al. [21]. It is a weighted sum of seven components: smoking,
diabetes, kidney failure (7,5,4, points, respectively) and respiratory disease, cardiovascular
disease, other previous cancer disease, alcoholism (one point each, respectively). The
clinical value of SCCI has been tested in a study where the effectiveness of radiotherapy
alone or combined with chemotherapy was compared in the elderly [22]. PFS and OS after
chemoradiotherapy were significantly better in elderly patients with good performance
status and SCCI < 10. Severe pulmonary toxicity was significantly more frequent in the
elderly and fragile (p = 0.03). Pulmonary complications in grade three or higher were
associated with worsening of OS (p = 0.04). In our observation, multi–morbidity defined
as CCI> 4 (above the median) or SCCI > 8 (above the median) was not associated with a
significant deterioration of OS, as demonstrated by both the univariable and multivariable
analysis. Our results confirm that older patients (>65 years of age) regardless of their
comorbidities may benefit significantly from sequential chemoradiotherapy.

However, there are no prospective studies that would unambiguously indicate at
which value obtained in the CCI or SCCI or any other scale should patients be disqualified
from concurrent chemoradiotherapy, and at which value they may be disqualified from
sequential chemoradiotherapy. Although SCCI is more specific for lung cancer patients,
our observation showed that the CCI differentiated the older from the younger in a more
significant way than the SCCI. However, neither of the scales in the univariable or mul-
tivariable analysis turned out to be significant for the prognosis, even assuming values
above the median in both of these scales (CCI > 4 and SCCI > 8).
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The qualification of elderly NSCLC patients for optimal therapy is problematic regard-
less of the stage of the cancer disease [23]. In older patients, delay in subsequent stages
of treatment is more often observed, the toxicity of therapy is greater, and the prognosis
is unfortunately less favorable [24]. Most recommendations of scientific societies indicate
the age of 75 to be the age limit for qualification for simultaneous treatment [25]. Such
patients should be assessed according to the geriatric scales and the comorbidity index
(CCI or SCCI), as well as cardiopulmonary and other organ capacity should be considered
during qualification for sequential chemoradiotherapy, radiotherapy alone, or palliative
therapy. In our study older patients more often had many comorbidities (CCI > 4 in 29.2%
of the young versus 82.7% in the elderly, SCCI > 8 in 25.7% of the younger versus 42.3%
in the elderly), and a lower performance status (KPS equal to 100 in 40.1% younger and
in 15.4% older (Table 3). However, older age in the highest quartile of our population
occurred as positive for OS after sequential chemoradiotherapy. That is a sufficient reason
for sequential chemoradiotherapy to be considered in older patients.

Radical independent radiotherapy seems to be an accepted therapeutic choice in
patients with locally advanced and inoperable NSCLC aged ≥75 years [26]. Randomized
trials have shown that sequential chemoradiotherapy is superior to radiotherapy alone [27].
Although there are no clear data on the safety of sequential chemoradiotherapy in elderly
patients, this therapeutic option is certainly better tolerated than concurrent chemoradio-
therapy [28]. In retrospective analyses, older and younger patients achieved comparable OS
after sequential chemoradiotherapy, but the risk of haematological and non-hematological
complications was greater in the elderly under short-term follow-up [29,30]. This may be a
clinical problem, if not for the prognosis, then for the quality of life. The demonstration
in our study that elderly patients had a better OS without increasing toxicity in CTCAE
grade 3/4 compared to younger patients, justifies considering sequential treatment in older
patients.

The efficacy of concurrent chemoradiotherapy was analyzed in 66 patients aged
71–78 years with an increased risk of complications: performance status according to
WHO 2–3, concomitant heart, lung or kidney diseases, and weight loss [31]. As part
of chemotherapy, vinorelbine was used in combination with carboplatin (59 patients) or
cisplatin but at a dose of 20 mg/m2 (only seven patients). Conventional radiotherapy up to
a total dose of 63 Gy was used at the same time. A very high rate of significant toxicity was
observed: anemia requiring transfusions in 26%, grade 3 neutropenia in 38% and grade 4
in another 4%, grade 3 thrombocytopenia in 12% and grade 4 in another 15% of patients.
Among other complications oesophagitis was observed: grade 3 in 3% and grade 4 in 2%,
pneumonia in grade 3 in 3%. Overall survival was 53%, 24%, and 8% at 12 months, 24
months, and 5 years of follow-up, respectively. Thus, the results were significantly worse
than those observed in our study for sequential chemoradiotherapy.

In a randomized trial conducted by the Japan Clinical Oncology Group (JCOG0301),
patients over 70 years of age with inoperable stage III NSCLC were recruited, and con-
current chemoradiotherapy was administered: irradiation (60 Gy) and a low dose of
carboplatin (30 mg/m2 daily for 5 days a week, all for 20 days) [32]. The comparative
arm had radioterapy alone. A total of 200 patients were enrolled (100 patients in each
group). Median OS was 22.4 months and 16.9 months in favor of concomitant treatment
(HR = 0.68, p = 0.02). More complications occurred with chemoradiotherapy—grade 3/4
hematological complications: leukopenia 63.5%, neutropenia 57.3%, thrombocytopenia
29. 2%. Such complications were not noted in the group receiving radiotherapy alone.
Grade three infections were more frequently observed with chemoradiotherapy (12.5% vs.
4.1%). In contrast, grade 3/4 of pneumonia and other pulmonary toxicities occurred with
comparable frequency in both arms. There were seven treatment-related deaths: three (3%)
in patients receiving chemoradiotherapy and four (4%) in the group with radiotherapy
alone. Thus, the benefit in OS was over 5months, but the risk of toxicity in older patients
was clearly greater. In our study, we did not observe treatment-related deaths. The median
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OS was 24.5 months and was also more favorable than in the cited study, even though we
used sequential treatment (not concurrent like in the cited study).

Experts agree that the elderly may even be eligible for concurrent chemoradiotherapy,
if they remain fit and have no significant comorbidities. Our own data allow us to conclude
that elderly patients (especially those over 65 years of age) may be good candidates for
sequential treatment even in the presence of significant cardiovascular or other diseases.
Our results seem to be promising in relation to data discussed above (Table 7).

Table 7. The key studies cited in the discussion.

First Author of the Study Design of the Study Main Result or Conclusion

Atagi S. [9]

Patients: 71 years of age or
older.

Randomization: radiotherapy
alone vs. chemoradiotherapy

(concurrent use of
carboplatin)

Terminated due to
treatment-related deaths.

Stinchcombe T.E. [10]
16 phase II or III trials of

concurrent
chemoradiotherapy

Elderly patients under
concurrent chemoradiotherapy

had unbeneficial OS, higher rate
of toxicity (including death).

Miller E.D. [11]

Patients: elderly (≥70 years
old).

Comparative effectiveness
study of radiation therapy

versus chemoradiation

Sequential chemotherapy and
radiation resulted in a 9%

mortality reduction in
comparison to concurrent

treatment.

Lee J.H. [22]

Patients: aged 70 years or
more.

Treatment: radical
radiotherapy with or without

chemotherapy

Simplified comorbidity score
(SCS) was the independent

prognostic factor for OS.
Chemoradiotherapy was

superior to radiotherapy in the
fit elderly with SCS < 10.

Atagi S. [32]

Patients older than 70 years.
Randomized, controlled,

phase 3 trial:
chemoradiotherapy

(concurrent low–dose
carboplatin) or radiotherapy

alone,

Some elderly should be
considered for

chemoradiotherapy due to
benefit of decreased mortality

(HR = 0.68, p = 0.0179).
Chemoradiotherapy was

associated with more rate of
grade 3–4 hematological toxicity.

Oncologists focus on prognostic factors directly related to cancer disease. There
is an ongoing discussion regarding the differences in prognosis in stage III of NSCLC
depending on the histological type (mainly between squamous-cell carcinoma and other
types). In the case of squamous-cell carcinoma, it seems that local recurrences are more
frequently observed, with distant metastases and a worse prognosis in other histological
types [33,34]. In our study, the better prognosis for older patients, however, was not
due to the higher incidence of squamous-cell carcinoma, because the elderly had similar
histological characteristics to younger patients. Moreover, we know that the presence of
the N3 trait is associated with a higher risk of distant metastases [35,36]. In our observation,
older age turned out to be a favorable prognostic factor, regardless of stage IIIA, feature N3
or T4 in multivariable analysis. There were also no differences in the incidence of stage
IIIA, T4 and N3 traits in the older population compared to the younger.
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The addiction to smoking is directly related to the risk of lung cancer but is also a
strong risk factor for atherosclerosis and obstructive pulmonary disease and, therefore, can
cause cardiopulmonary failure. [37]. In our own observation, a heavy addiction to smoking
(over 50 packyears) affected the elderly and younger patients to the same extent, and it did
not show a significant effect on OS in the multivariable analysis.

A prognostic factor indicating a worse prognosis in patients with NSCLC is the loss of
body weight above 10% of the predicted value within the three months preceding the start
of anticancer treatment [38]. Our study by a multivariable analysis showed that weight
loss of ≥10% in elderly patients lost its significant prognostic value.

Experts recommend the use of cisplatin-based regimens as part of chemoradiotherapy.
On the other hand, an Asian study dedicated to elderly patients undergoing chemoradio-
therapy found a benefit was obtained with carboplatin-based chemotherapy [32]. There is
agreement that carboplatin-based CT regimens should be used in patients with contraindi-
cations for the use of cisplatin due to coexisting diseases. The concern about significant
cardiovascular complications related to cisplatin seems to be justified [39]. Our study
showed that such careful handling may be prognostic because our elderly population lived
significantly longer regardless of the more frequent use of cisplatin-free chemotherapy
regimens.

In the local advancement stage (CS III), qualifying NSCLC patients for an appropriate
treatment method should consider the analysis of prognostic and predictive factors, where
their effectsin patients with locally advanced NSCLC havenot been sufficiently documented
so far.

The effectiveness of chemoradiotherapy is constantly improving. This is possible
thanks to the increasingly precise diagnosis of the cancer stage and precise qualification
for radical treatment. Moreover, radiotherapy is becoming more technologically advanced
and more effective [40].

The median age for newly diagnosed lung cancer patients is just over 70 years, while
studies comparing sequential with concurrent chemoradiotherapy include a very small
percentage of the elderly. Another problem is related to comorbidities that occur more
frequently among the elderly, which also have an impact on OS because of a high risk for
comorbidity-related events. Personalized management of elderly patients should be based
on the knowledge of prognostic factors, which is essential in modern thoracic oncology.

ASCO reminds us that the ideal concurrent chemotherapy regimen has not been de-
termined [41]. For patients who cannot tolerate concurrent chemoradiotherapy, sequential
chemotherapy followed by radical radiation may be an option. However, to date the
predictive factorsfor the intolerance of concurrent chemoradiotherapy have been undefined
and the best candidates for sequential chemoradiotherapy remain unknown. ASCO be-
lieves radiotherapy alone may be used as definitive radical treatment for patients who are
ineligible for combined-modality therapy due to poor performance status, comorbidities,
or extensive weight loss.

The 2010 meta-analysis is consistently cited as the background of the evidence showing
the advantage of concurrent chemoradiotherapy over sequential therapy [2]. Meanwhile,
our own data regarding OS clearly show that the results of sequential treatment may be
better than the historical ones. This is due to the aforementioned improvement in the
assessment of NSCLC advancement and an increase in the effectiveness of radiotherapy.
However, there is one more important comparative aspect. Updated results of the PACIFIC
study confirmed a 29% reduction in the risk of death thanks to treatment with durval-
umab [42]. The median OS was 47.5 months for the durvalumab arm versus 29.1 months
for the comparator arm with concurrent chemoradiotherapy. Comparing the OS in the
current study with sequential chemoradiotherapy, it turns out that OS was better in the
first year, comparable after two years, and less favorable from the third year of follow-up.
This result is certainly influenced by coexisting cardiological and internal diseases, which
the patients in the PACIFIC study did not have. This requires further research, with a
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particular focus on not only the age of patients, but also comorbidities, their control, and
treatment effectiveness.

4. Limitations of the Study

The presented results come from a retrospective exploratory analysis and may be the
basis for hypotheses to be verified in future prospective trials. We collected information
retrospectively after the occurrence of events, the analysis of which was not planned a
priori, there was a possibility of omitting important information. Multiple a posteriori
comparisons with the adopted level of statistical significance p = 0.05 could cause some
significant results to be obtained by chance. Nevertheless, the prognostic significance of
the key outcome for the age of patients was verified by multivariable analysis.

The results presented are also subject to selection errors. A significant problem is the
representativeness of the studied group. The average age of the patients included in the
analyzes was only 60.5 years, compared to significantly higher age in people diagnosed
with lung cancer in the world. The number of patients in our analysis was relatively small,
which is related to the single-center nature of the study and including only patients with
full clinical data available in the documentation. On the other hand, the study comes
from the largest cancer center in Poland, where therapeutic decisions are made based on
multidisciplinary teams.

Our study showed that the population of patients with inoperable locally advanced
lung cancer is very heterogeneous. The mere comparison of older with younger patients
reveals significant differences in morbidity, BMI, and fitness status etc. Univariable analyzes
can only produce random results. Our multivariable analysis shows how important the
interactions between the different features are and how important is to understand the issue
of age in oncology. It is true that the multivariable analysis confirmed that the elderly had
the lowest mortality risk, but regardless of this, there were interactions between other traits,
which can be seen in the HR values, e.g., for T4 feature. However, apart from older age, no
other parameter gave a statistically significant impact on OS. Thus, it can be concluded
that elders may benefit from sequential chemoradiotherapy.

5. Materials and Methods

The inclusion criteria focused on patients with locally advanced and inoperable
NSCLC who were qualified for radical radiotherapy in the National Institute of Oncology
—National Research Institute in Warsaw (Poland). The clinical advancement of NSCLC was
assessed according to the 7th edition of TNM, in which the clinical stage III (CS III) was
divided into two groups: CS IIIA and CS IIIB.

As part of staging, a CT of chest and epigastrium and an MRI/CT of the CNS were
performed. All patients had a PET–CT examination performed prior to chemoradiotherapy
initiation. Invasive diagnosis of the N feature was performed in patients with suspected
N2/3 feature based on the results of PET–CT or CT.

In accordance with the adopted internal standards, the sequential use of chemotherapy
and radiotherapy was dedicated to elderly patients, with a lower degree of fitness, with
concomitant diseases but without contraindications to the administration of chemotherapy,
with an estimated relative high tumor mass (i.e., with borderline indications for radical
treatment) and in patients who did not consent to concurrent chemoradiotherapy due to
fear of toxicity.

The ARIA Oncology Information System used in the Department of Radiotherapy
was used to identify patients. The following factors were used as search criteria:

(1) diagnosis of C34 according to ICD 10;
(2) number of fractions of radiotherapy—21, 30 or 33;
(3) the period of using radiotherapy: 2010–2014.

Data on chemotherapy were obtained from the CLININET hospital system, chemother-
apy always preceded radiotherapy, and a first patient was enrolled in July 2009 and a last
one in October 2014. The principles of selecting patients for analysis are presented in
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Figure 1. No patient was lost from follow-up, that was a prerequisite for inclusion in
this retrospective analysis: the patient either reported to scheduled follow-up visits or
was reported dead. No one died while on active treatment or within the 6 weeks to first
follow-up when CT assessment was performed on the chest with epigastrium. Then, the
patients reported for follow-up visits every 3 months for the first 3 years of follow-up,
every 6 months for the next 2years, and then every year. A CT scan was performed every 6
months for the first 5 years, and then every year. If the patient did not come to the control
visit, we checked the date of death. Data on deaths were obtained from the National Cancer
Registry.

In the analysis of predictors for OS, apart from age, the following factors were taken
into account:

A—assessed before anticancer treatment:

• patient-related: gender, BMI/obesity, smoking, fitness status, weight loss within the 3
months prior to starting chemotherapy;

• cancer-related: stage IIIA vs. IIIB, feature N 3, feature T 4;
• comorbidities-related expressed by the Charlson Comorbidity Index (CCI) and the

Simplified Charlson Comorbidity Index (SCCI).

B—assessed during or after treatment:

• occurrence of adverse events grade 3 or higher according to CTCAE;
• deterioration of performance status confirmed by the Karnofsky Performance Score

(KPS);
• response to treatment according to RECIST 1.1, assessed 6 weeks after the end of

radiotherapy;
• type of the cancer disease progression (recurrence or distant metastases);
• progression-free survival (PFS)

6. Statistical Analysis

When characterizing patients in terms of features expressed on a nominal scale, the
number and percentage of the total were used. Particular features related to the baseline
characteristics of patients and lung cancer disease, as well as chemoradiotherapy (including
the effectiveness and safety) and subsequent systemic anticancer therapies were compared
between older and younger patients using the chi2 test with a possible Yates’ correction.

The primary goal was to define OS, which was the time from the start of chemotherapy
to the moment of death from any cause. Age quartiles of the study population were used
to evaluate OS differences according to Kaplan–Meier survival curves. Cox proportional
hazards analysis was used to assess the significance of all available potential prognostic
factors—univariable and multivariable models were used.

7. Conclusions

Our study proved that elderly patients may be considered for sequential chemora-
dioterapy. The unique value of the study is a long-term follow-up (10 years) with as-
sessment of predictors of the outcome of stage III unresectable NSCLC patients in the
pre-immunotherapy era. Authors believe such data may be useful to plan individualized
optimal model of treatment this heterogenous group of lung cancer patients in current time
of immuno-oncology.
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