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INTRODUCTION

Abstract

Background: The clinical characteristics and risk factors for cancer recurrence have
not been well evaluated regarding early recurrence in patients with unresectable locally
advanced non-small cell lung cancer (LA-NSCLC) who receive concurrent chemora-
diotherapy (CRT).

The aim of this study was to determine the clinical characteristics and risk factors of
patients with stage III unresectable LA-NSCLC treated with CRT who developed early
recurrence.

Methods: We retrospectively reviewed the clinical records of 46 patients diagnosed
with stage III unresectable LA-NSCLC treated with CRT at our center between July
2012 and July 2021. A tumor proportion score (TPS) < 50% was defined as “low
expression” and a TPS > 50% was defined as “high expression.”

Results: A total of 17 (37.0%) patients had a confirmed recurrence within 1 year of
treatment. More patients had a lower body mass index in the early recurrence group
than in the later recurrence group (p = 0.038). A higher number of patients in the late
recurrence group underwent surgery after CRT (p = 0.036). Patients with a higher
TPS were more likely to experience late recurrence than early recurrence (p = 0.001),
whereas more patients with stage N3 disease were in the early recurrence group
(p = 0.011). Multivariate analysis identified lower TPS expression as an independent
risk factor for early recurrence after CRT. Overall survival was prolonged in the late
recurrence group (p < 0.001).

Conclusions: A lower TPS may be a predictor of early recurrence after CRT in
patients with LA-NSCLC. These patients should be closely monitored for post-
treatment recurrence.
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antibody, produced long-term responses in some patients
with stage III NSCLC that did not progress after CRT in
recent reports.3 * However, approximately 40% of patients

The five-year survival rate for stage III non-small cell lung
cancer (NSCLC) patients treated with concurrent chemora-
diotherapy (CRT) is approximately 20%. A certain percent-
age of this patient group can be cured, although recurrence
commonly occurs.”> Maintenance therapy with durvalu-
mab, an antiprogrammed death-ligand 1 (anti-PDLI)

taking durvalumab experienced disease progression within
1 year in one study.’

Various risk factors for early recurrence in patients with
NSCLC after surgical treatment have been reported such as
nonsquamous carcinoma,’ pathological N2 lung cancer,’
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tumor size,” preoperative nutritional status,® and serum carci-
noembryonic antigen (CEA) level.” However, to our knowl-
edge, no study has focused on unresectable LA-NSCLC treated
with CRT, or examined the clinical characteristics of patients
who developed early recurrence, or examined the factors con-
tributing to early recurrence. In this study, we aimed to identify
the clinical characteristics and risk factors for early recurrence
in patients with unresectable LA-NSCLC who experienced dis-
ease progression within 1 year after CRT.

METHODS

We retrospectively reviewed patients diagnosed with unre-
sectable LA-NSCLC who underwent chemoradiotherapy.
Patients were enrolled at least 1 year after treatment. Data
were collected on age, sex, smoking history, performance
status (PS), body mass index (BMI), histological lung cancer
type, tumor stage, tumor proportion score (TPS), the
neutrophil-to-lymphocyte ratio (NLR), and treatment
details. Responses were evaluated based on the Response
Evaluation Criteria in Solid Tumors (RECIST), version 1.1.
Patients were excluded from the study If they had a history
of tumors in other organs, or if they could not be followed
up within 1 year after treatment or if CRT was interrupted
(e.g., because of the development of pneumonia). This study
was approved by the Review Committee of Kanazawa Medi-
cal University Hospital (Kahoku, Japan; approval number:
1757) and was conducted in accordance with the principles
of the Declaration of Helsinki. The need for patient consent
was waived owing to the retrospective nature of the study.

CRT

All patients had a histopathological diagnosis of NSCLC and
were determined to have inoperable and locally advanced dis-
ease after a joint conference with a respiratory surgeon. The
indications for CRT were carefully evaluated at a joint confer-
ence, which included radiologists employed at our institution.
All patients received at least one cycle of platinum-based che-
motherapy and concurrent chest radiotherapy.

Treatment after CRT

After confirming treatment response, using post-CRT com-
puted tomography, surgery was performed if medically
appropriate and if tumor resection was feasible. For patients
with tumors that were not surgically resectable, maintenance
therapy with durvalumab (10 mg/kg) was administered.

Immunohistochemical staining

Immunohistochemistry (IHC) was conducted using a PDL1
kit (PDL1 IHC 22C3 pharmDX; Dako), based on the

manufacturer’s instructions.'” The TPS was used to classify the
expression status as “low” (i.e., <50%) or “high” (ie., >50%).

Group classification

Early recurrence was defined as confirmed disease progres-
sion within 1 year after the initiation of cancer treatment.
Patients who showed disease progression within the first
year of treatment were classified into the early recurrence
group, and patients who did not relapse during the observa-
tion period or who relapsed after the first year of treatment
were classified into the late recurrence group. Clinical infor-
mation in the two groups was compared, using standard sta-
tistical tests, as described later.

Statistical analysis

All analyses were performed using SPSS statistical software
(version 26.0; SPSS Inc.). Statistical significance was set at a
two-sided p-value of <0.05. All categorical variables were
analyzed using chi-square tests, except for variables with
predictive frequencies of <5. Variables with predictive fre-
quencies of <5 were analyzed using Fisher’s exact test.
Unpaired t-tests were used to compare the means of the
continuous variables between the two groups.

Univariate and multivariate analyses were performed
using logistic regression. Survival curves were generated
using the Kaplan-Meier method. The analysis covered the
period from the start of lung cancer treatment until death or
until discontinuation from follow-up. Survival analysis was
conducted in early August 2022. Log-rank tests were used to
evaluate differences in survival, based on early or late recur-
rence. A risk rate of <5% was statistically significant.

RESULTS
Patient background

We retrospectively reviewed patients with unresectable LA-
NSCLC who were diagnosed between July 2012 and July 2022
and underwent chemoradiotherapy. Among the 57 patients
initially considered for enrollment, 46 patients were included
in the final analysis, after applying the aforementioned exclu-
sion criteria (Figure 1). A total of 17 (37.0%) patients were cat-
egorized into the early recurrence group and 29 (63.0%)
patients were categorized into the late recurrence group.
Patient characteristics are shown in Table 1.

Patients with a higher TPS expression were statistically
significantly more likely to experience late recurrence
(p = 0.001). Patients in the early recurrence group had a sta-
tistically significantly greater occurrence of distant metasta-
sis at the time of recurrence (p = 0.001). More patients in
the early recurrence group than in the late recurrence group
had stage N3 disease (p = 0.011).
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FIGURE 1 Study flowchart.
Fifty-seven patients with locally
advanced non-small cell lung
carcinoma (LA-NSCLC) were
initially included in this study.
Among them, seven patients with a
history of cancer in other organs and
one patient who was transferred to
another hospital within 1 year after
concurrent chemoradiotherapy
(CRT), which made follow-up
impossible, were excluded. In
addition, three patients whose CRT
was interrupted by the onset of
pneumonia or other problems were
excluded. 46 patients were ultimately
included in this study. COPD,
chronic obstructive pulmonary
disease

57 LA-NSCLC patients underwent CRT

Y

50 patients included

7 patients excluded (history of cancer of other organs)

* 1 Gastric cancer

+ 2 Prostate cancer

+ 1 Laryngeal cancer
+ 1 Colon cancer

* 1 Esophageal cancer
+ 1 Pancreatic cancer

v

46 patients included

4 patients excluded

+ 1 patient was transferred within 1 year after CRT and could
not be followed up

+ 1 patient interrupted irradiation at 37.5 Gy due to hypoxemia
associated with COPD exacerbation during treatment

+ 2 patients developed pneumonia during treatment and both had
uradiation mterrupted at 40 Gy

l

I

Early recurrence group
17 patients relapsed within 1 year after CRT

Late recurrence group
29 patients had no recurrence within 1 year after CRT

TABLE 1 Patient characteristics

Variables Early recurrence Late recurrence p-value
Total no. 17 (37.0%) 29 (63.0%)
Age, y, mean (range) 70.0 (57-83) 66.4 (44-83) 0.132
Sex (male/female) 16/1 25/4 0.637
Smoking history (never/prior - current) 0/17 4/25 0.281
ECOG PS (0-1/2-4) 16/1 29/0 0.370
Duration to recurrence (month) 6.2 (2.1-12.0) 28.48 (12.7-64.3)
BMI, no. (range) 21.4 (16.9-26.9) 23.4 (18.3-30.2) 0.038°
CRT chemotherapy regimen (platinum-doublet/low- 16/1 28/1 1.000
dose CBDCA)
Radiation dose (Gy) 60.6 (56-64) 56.8 (30-64) 0.038"
Response to chemoradiotherapy (PR/SD) 14/3 25/4 1.000
Durvalumab maintenance therapy (yes/no) 5/12 12/17 0.417
Surgical resection (yes/no) 0/17 7122 0.036
Tumor type (adenocarcinoma/nonadenocarcinoma) 9/8 15/14 0.936
Tumor size (mm) 45.1 (19.0-82.0) 46.2 (12.0-75.0) 0.402
Direct invasion (yes/no) 10/7 12/17 0.253
N stage (N3/N0-N2) 9/8 5/24 0.011*
Driver mutation (wild-type/positive/unknown) 9/2/6 13/4/12 0.747
PDLI expression (22C3) (low/high/untested) 2/1/14 7/14/8 0.001*
Recurrence status (local recurrence/distant metastasis) 6/11 21/8 0.001*
Albumin 3.5 (2.7-4.5) 3.6 (2.9-4.3) 0.389
NLR 3.93 (1.21-15.98) 3.38 (1.20-9.50) 0.561
CEA (ng/ml) 9.5 (1.9-32.2) 37.3(1.1-874.4) 0.362
CYFRA 21-1 (ng/ml) 6.9 (1.9-23.5) 5.3 (1.0-26.1) 0.416
SCC-Ag (ng/ml) 2.4 (0.5-17.5) 1.5 (0.5-3.8) 0.352

Abbreviations: Adeno, adenocarcinoma; BMI, body mass index; CBDCA, carboplatin; CEA, carcinoembryonic antigen; CYFRA 21-1, cytokeratin subunit 19; ECOG, Eastern
Cooperative Oncology Group; ICI, immune checkpoint inhibitor; NLR, neutrophil-to-lymphocyte ratio; PD, progressive disease; PDL1, programmed death ligand 1; PR, partial
response; PS, performance status; SCC-Ag, serum squamous cell carcinoma antigen; withdrawal period, time from discontinuation of initial ICI therapy to a rechallenge with ICIs.

*p < 0.05.
“Based on Fisher’s exact test.
"Based on the unpaired ¢-test.
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TABLE 2 Univariable and multivariable analysis of risk factors for early recurrence in LA-NSCLC after CRT

Univariable analysis

Multivariable analysis

Characteristics OR (95% CI) p-value OR (95% CI) p-value
Age (275 vs. <75 years) 1.080 (0.292-3.989) 0.908

Sex (female vs. male) 2.560 (0.262-25.013) 0.419

Tumor type (adenocarcinoma vs. nonadenocarcinoma) 0.952 (0.287-3.159) 0.936

BMI (<20 vs. 220 kg/mz) 0.293 (0.069-1.251) 0.097 0.296 (0.032-2.702) 0.280
CRT chemotherapy regimen (platinum-doublet vs. low-dose 1.750 (0.102-29.924) 0.699

CBDCA)

Response to chemoradiotherapy (PR vs. SD) 1.339 (0.261-6.861) 0.726

Driver mutations (wild-type vs. positive) 1.625 (0.444-5.946) 0.463

TPS (<50% vs. 250%) 0.163 (0.027-0.983) 0.048 0.059 (0.005-0.699) 0.025
Albumin (<4 vs. >4) 1.485 (0.328-6.717) 0.608

NLR (<5 vs. >5) 0.375 (0.073-1.930) 0.241

CEA (25 vs. <5) 4.000 (1.049-15.253) 0.042 4.775 (0.779-29.286) 0.058
CYFRA 21-1 (3.5 vs. 32.5) 1.231 (0.095-15.872) 0.874

SCC-Ag (20.5 vs. <2.5) 0.9727 (0.201-4.700) 0.972

N stage (N3 or N0O-N2) 5.400 (1.393-20.929) 0.015 6.837 (0.936-49.913) 0.091
Direct invasion (yes or no) 0.494 (0.472-6.084) 0.419

Durvalumab therapy (yes or no) 1.867 (0.532-6.551) 0.256

Abbreviations: BMI, body mass index; CBDCA, carboplatin; CEA, carcinoembryonic antigen; CI, confidence interval; CRT, concurrent chemotherapy; CYFRA 21-1, cytokeratin
subunit 19; NLR, neutrophil-to-lymphocyte ratio NSCLC, non-small cell lung cancer; OR, odds ratio; SCC-Ag, serum squamous cell carcinoma antigen; SD, standard deviation;

TPS, tumor proportion score.

No statistically significant differences existed in age, sex,
smoking history, PS, primary tumor size, direct tumor inva-
sion of major organs, durvalumab maintenance treatment,
albumin levels, the NLR, CEA levels, serum squamous cell
carcinoma antigen level, and fragments of cytokeratin subu-
nit 19 between the two groups.

Histological type

Among the early recurrence group, the histological types of
cancer were adenocarcinoma (n = 9), squamous cell carci-
noma (n = 7), and large cell neuroendocrine carcinoma
(n = 1). However, in the late recurrence group, the histolog-
ical types of cancer were adenocarcinoma (n = 15), squa-
mous cell carcinoma (n = 12), large cell neuroendocrine
carcinoma (n = 1), and not otherwise specified (NOS;
n = 1). No statistically significant difference in lung cancer
histology existed between the two groups.

Genetic abnormalities

Genetic abnormalities in the early recurrence group
included one case of epidermal growth factor receptor
(EGFR) mutation (exon 18, G719X) and one case of ana-
plastic lymphoma kinase (ALK) rearrangement. In the late
recurrence group, three cases of EGFR mutation
(a compound mutation of exon 18 G719X and exon
20 S7681; exon 21, L858R; and a compound mutation of

EGEFR exon 20 T790M and exon 21 L858R) and one case of
ALK rearrangement were detected. No statistically signifi-
cant differences existed in genetic abnormalities between the
two groups.

Systemic chemotherapy

In the early recurrence group, 16 patients were treated with
carboplatin (CBDCA) + paclitaxel (PTX; nab-PTX) and
one patient was treated with low-dose CBDCA for systemic
chemotherapy. In the late recurrence group, 27 patients
were treated with CBDCA + PTX (i.e., nab-PTX), one
patient was treated with cisplatin + tegafur/gimeracil/otera-
cil (TS-1), and one patient was treated with low-dose
CBDCA. No statistically significant differences existed in
systemic chemotherapy between the two groups.

Radiotherapy

Most patients received 60 Gy of radiation therapy. We noted
that patients who underwent surgery after CRT had under-
gone surgery after 50 Gy of irradiation. In the late recur-
rence group, one patient underwent tumor resection after
30 Gy of irradiation. The radiation dose was higher in the
early recurrence group than in the late recurrence group
(p = 0.038).

No patient experienced disease progression after CRT.
No statistically difference existed in treatment response
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FIGURE 2 Overall survival for
patients in the early recurrence and
late recurrence groups. The median
survival for patients in the late
recurrence group was 58.9 months,
as compared to 21.2 months for
patients in the early recurrence 08
group. There was a statistically
significant difference between the

two groups (p < 0.001, log-rank test) 06

Survival rate

00

0 200 400

Median
(months)
Early 212
recurrence
—— Late recurrence 58.9
P < 0.001
+~ -+ 4
60.0 80.0 1000 1200

Overall survival (months)

between the two groups. We note that no patient in the early
recurrence group underwent surgery after CRT, which
represented a statistically significant difference between the
two groups (p = 0.036).

Univariate and multivariate analysis

The dependent variable on regression analysis was the pres-
ence (vs. absence) of early recurrence. The independent vari-
ables were BMI levels, TPS expression, CEA levels, and N3
stage. Binomial logistic regression analysis was conducted.

In the univariate model, N3 stage cancer (p = 0.015;
odds ratio [OR], 5.400; 95% confidence interval [CI]: 1.393-
20.929), lower TPS (p = 0.048; OR, 0.163; 95% CI: 0.027-
0.983), and high CEA level (p = 0.042, OR, 4.000; 95% CI:
1.049-15.253) were statistically significant risk factors for
early recurrence. However, multivariate analysis showed a
high incidence of only lower TPS expression (p = 0.025;
OR, 0.059; 95% CI: 0.005-0.699). Lower TPS expression was
identified as an independent risk factor for early recurrence
in LA-NSCLC after CRT (Table 2).

The survival curves for the early and late recurrence
groups are shown in Figure 2. Statistically significantly pro-
longed survival occurred in the late recurrence group
(p < 0.001).

DISCUSSION

To our knowledge, no previous report has evaluated patients
with unresectable LA-NSCLC treated with CRT who devel-
oped early recurrence within 1 year to examine their clinical
characteristics as well as factors predicting early recurrence.
Identification of risk factors for early recurrence will lead to
appropriate plans for follow-up examinations after CRT,

and prompt retreatment of patients with lung cancer
through the early detection of recurrence, thereby improving
prognoses in these patients.

In this study, lower TPS expression was an independent
risk factor for early recurrence after CRT in patients with
LA-NSCLC. In addition, patients with higher TPS expres-
sion were statistically significantly more likely to experience
a late recurrence.

The relationship between PDLI1 expression and progno-
sis in patients with NSCLC has been studied and reviewed
in many previous reports."’ Most reports suggest that PDL1
expression is associated with a poor prognosis, although
other reports have suggested that PDL1 expression is associ-
ated with a good prognosis. No clear answers have been
obtained to date. In addition, in five studies'>"'® that evalu-
ated the association between TPS expression and prognosis
in a group of LA-NSCLC patients who did not receive dur-
valumab after CRT, noted that a higher TPS expression was
associated with poor prognosis.

Contrary to the results of these studies, the results of the
present study suggested that high TPS expression is a favor-
able prognostic factor in patients with LA-NSCLC who are
treated with CRT. However, recent reports have shown that
high TPS expression was associated with a favorable progno-
sis in patients with LA-NSCLC who were treated with dur-
valumab after CRT.'®'® The present study also included
patients who received durvalumab as maintenance therapy,
which suggested that durvalumab maintenance therapy after
CRT may have had a favorable prognostic impact in patients
with high TPS expression.'**’

The results of this study suggested that high TPS expres-
sion may be associated with a lower risk of early recurrence
and therefore suggests a better prognosis for patients with
LA-NSCLC who are treated with durvalumab after CRT.
However, in this study, PDL1 was not measured in a large
proportion of patients in the early recurrence group (14/17,
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82.4%). The role of PDL1 as a predictive biomarker before
undergoing CRT remains unclear. Further analyses based on
case studies are therefore necessary.

In this study, a statistically significantly higher number
of patients had a high BMI in the late recurrence group. In
previous studies, high BMI has been reported as a factor
influencing a favorable prognosis in patients with NSCLC
who have undergone surgical resection.”' ** The reason for
the better prognosis evidenced in the late recurrence group
may be related to the fact that more patients in the late
recurrence group than in the early recurrence group had a
higher BMI and had undergone surgery.

In addition, a strong association between a low BMI at
the time of lung cancer diagnosis and death has been
reported in previous work.”> No previous studies have
examined the association between early recurrence after
CRT and BMI in patients with LA-NSCLC. However, a pos-
sibility is that low BMI may have exerted a negative effect
on cancer control.”*%"*

Cancer patients with a high BMI who receive immune
checkpoint inhibitors have improved overall survival out-
comes, compared to patients with a normal BMIL*® There-
fore, durvalumab may have had a reduced effect in the early
recurrence group because of low BMIs. However, BMI was
not identified as a significant risk factor, based on multivari-
ate analysis in this study. Further study of most patients is
needed to determine the impact of BMI among patients with
CRT-treated LA-NSCLC.

In this study, the number of patients who underwent
surgery after CRT was statistically significantly greater in
the late recurrence group than in the early recurrence group.
This factor may have resulted in a significantly higher radia-
tion dose in the early recurrence group. Patients with stage
IIIA NSCLC can be divided into various populations with
regard to prognosis, and a multidisciplinary treatment team,
which includes respiratory surgeons, is recommended to
determine a treatment strategy.”> Whether surgery after
CRT improves prognoses in patients with LA-NSCLC
remains unclear. However, the benefit of preoperative che-
moradiotherapy has been demonstrated in patients with
stage IITA NSCLC with ipsilateral mediastinal lymph node
metastases (N2) who are eligible for lobectomy.*

The results of this study also suggest that radical re-
section should be considered in patients with LA-NSCLC
(N2) after undergoing CRT, with the aim of improving
long-term prognosis. In addition, examining the association
between early recurrence and surgery after CRT was consid-
ered necessary in the current study. However, surgery could
not be included as a covariate in the multivariate analyses
because patients who underwent surgery after CRT were not
included in the early recurrence group. Therefore, whether
surgery after CRT may have reduced the risk of early recur-
rence in the present study is unclear. This question should
be examined in future research.

In the univariate model of this study, a high CEA level
was a statistically significant risk factor for early recurrence.
However, no significant results were found in the

multivariate analysis. High CEA levels have been associated
with poor prognosis in patients with NSCLC.>"** Elevated
CEA levels may be associated with early recurrence, and
poor prognosis may be associated with early recurrence in
LA-NSCLC patients undergoing CRT. However, the patients
with NSCLC included in this study were a heterogeneous
group of patients with different histologic types such as ade-
nocarcinoma and squamous cell carcinoma. The association
between CEA values and early recurrence should ideally be
evaluated in a larger group of patients with subgroup analy-
sis based on histological type.

This study had some limitations. First, it was a retro-
spective study conducted at a single institution. The poten-
tial for bias with regard to patient selection and information
collection is therefore significant. Furthermore, more
patients with distant metastatic recurrence were in the early
recurrence group, which suggested that the presence of sub-
clinical distant metastasis before treatment may be a factor
in early recurrence.

Second, the study included four patients who completed
treatment in 2021. These patients were observed for more
than 1 year; however, this period may be insufficient to
assess survival. Studies with a longer term are needed to fur-
ther evaluate the association between early recurrence after
CRT and survival.

Third, a very small sample size of 46 patients was
reviewed in our study. Patients with unresectable stage IIT
NSCLC constitute a heterogeneous group of patients with
varying disease status and prognosis.”> > Additional studies
involving a larger number of cases are needed to determine
whether the results of this study can be generalized.

In this study, bias was detected between the two groups.
All patients who underwent surgery after CRT were
included in the late recurrence group, and the number of
patients presenting with stage N3 disease was statistically
significantly higher in the early recurrence group.

However, the late recurrence group also included five
patients with stage N3 disease. Survival was statistically sig-
nificantly prolonged in the late recurrence group than in the
early recurrence group. Therefore, although our results are
preliminary and require additional studies, the findings of
this study are critically important to report because the find-
ings suggest that CRT should be considered, even for
patients with N3 stage LA-NSCLC, because of the potential
of this treatment for long-term disease control.

In conclusion, based on the results of our study, lower
TPS expression may be a predictor of early relapse after
CRT in patients with LA-NSCLC. These patients should be
carefully monitored for relapse after treatment. In addition,
even patients with LA-NSCLC who are expected to progress
such as patients with N3 stage disease should be considered
for CRT because of the potential efficacy of this treatment in
regard to long-term disease control.
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