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Abstract

Background The recurrence site that influences post-recurrence survival (PRS) in patients with non-small cell lung
cancer (NSCLC) undergoing surgery and the preoperative predictors of recurrence remain unclear.

Methods Cohorts 1 and 2 had 4520 (who underwent complete resection for p-stage O-IlIA NSCLC) and 727 (who
experienced recurrence after surgery) patients, respectively. The initial sites of recurrence were the lungs (309 cases),
thoracic lymph nodes (225 cases), pleura (112 cases), bone (110 cases), central nervous system (86 cases), adrenal
gland (25 cases), abdomen (60 cases), cervical and axillary lymph nodes (38 cases), chest wall (13 cases), skin (5 cases),
and eye and tongue (3 cases). For cohort 2 analysis, the initial recurrence site that resulted in poor PRS was analyzed
by multivariable analysis using a Cox proportional hazard model. For cohort 1 analysis, the preoperative predictors

of recurrence patterns with poor PRS were analyzed by multivariable analysis using a logistic regression model.

Results In cohort 2 analysis, recurrence in the central nervous system (hazard ratio [HR], 1.70; p <0.001), bone (HR,
1.75; p<0.001), abdomen (HR, 2.39; p <0.001), and pleura (HR, 1.69; p <0.001) were independent poor prognostic
recurrent sites for PRS and they were high-risk sites (HRS). Intrathoracic lymph nodes, cervical and axillary lymph
nodes, lungs, chest wall, adrenal gland, eye and tongue, and skin were low-risk sites (LRS) that did not affect PRS.
Patients with multiple LRS without HRS recurrence had a worse prognosis than those with a single LRS without HRS
recurrence (5-year PRS 20.2% vs. 37.7%, p <0.001) and were comparable to those with HRS recurrence (p=1.000). In
cohort 1 analysis, preoperative predictors for HRS and multiple LRS recurrences were positron emission tomography
(PET) maximum standardized uptake value (maxSUV) >3.2 (HR, 5.09; p<0.001), clinical nodal metastasis (HR, 2.00;
p<0.001), tumor size>24 cm (HR, 1.96; p <0.001) and carcinoembryonic antigen (CEA) >5 ng/ml (HR, 1.41; p=0.004).
The cumulative incidence rates of HRS and multiple LRS recurrences within 5 years were 55.9%, 40.9%, 26.3%, 11.1%,
and 3.5% (p<0.001) in patients with 4, 3, 2, 1 and 0 of the above risks, respectively.

Conclusions HRS and multiple LRS were vital recurrences associated with poor PRS. Preoperative PET maxSUV, clini-
cal nodal metastasis, tumor size, and CEA level predicted the incidence of vital recurrence.
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Background

Lung cancer is the leading cause of death worldwide
[1]. Among patients with non-small cell lung cancer
(NSCLC) who undergo surgery, 30-55% show recur-
rence [2, 3]. The standard treatment for patients with
NSCLC recurrence is similar to that for advanced-
stage lung cancer, with a poor post-recurrence sur-
vival (PRS); median PRS of 17.6—30 months [3-6], and
a 5-year PRS of 18.8-31.9% [3-7]. The local and dis-
tant recurrences have been reported in approximately
24-38% and 40-78% of cases, respectively [3, 4, 6].

Male sex, older age, smoking history, low-perfor-
mance status, short-term recurrence, histological pres-
ence of symptoms, and poor differentiation have been
reported to be poor prognostic factors for PRS [3-6, 8].
However, there is still no consensus regarding the rela-
tionship between PRS and the site of recurrence. There
is also no consensus on the risk of recurrence at specific
sites. Previous studies have reported that extrathoracic
or distant recurrence is associated with poor prognosis
[9, 10]. Other studies have reported that patients with
local recurrence had a survival advantage over those
with distant recurrence [7, 8, 11]; however, in some
studies, distant recurrence did not affect PRS [6, 12,
13].

Analyzing recurrence sites that result in poor progno-
sis is necessary for personalized postoperative surveil-
lance. Moreover, predicting these vital recurrences is
important in selecting patients for neoadjuvant/adjuvant
therapy. In recent years, several clinical trials for preoper-
ative treatment of clinical stage IB-III NSCLC have been
conducted, including CheckMate-816, AEGEAN, Check-
Mate-77T, KEYNOTE-671, IMpower030, and NeoAD-
AURA, and evidence is gradually being established [14].
Preoperative prediction of vital recurrence is important
in selecting patients who should receive neoadjuvant or
adjuvant therapy.

This study aimed to identify vital recurrence resulting
in poor PRS in patients with postoperative recurrence of
NSCLC using a multicenter database and to analyze the
preoperative predictors of vital recurrence.

Methods

Ethics statement

The study adhered to the tenets of the Declaration of
Helsinki. The institutional review boards of the partici-
pating institutions approved this retrospective review
of a prospective database and waived the requirement
for informed consent for each patient (Kanagawa Can-
cer Center, approval 24EKI54; Tokyo Medical University
Hospital, approval SH2969; Hiroshima University Hospi-
tal, approval E-1216).
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Patients and study design

In this study, 4520 patients who underwent com-
plete resection for pathological stage 0-IIIA NSCLC at
Kanagawa Cancer Center, Hiroshima University Hospi-
tal, and Tokyo Medical University between January 2010
and December 2020 were included in cohort 1 (Fig. 1).
This study excluded patients who received neoadjuvant
therapy and who have unavailable information on posi-
tron emission tomography (PET) maximum standardized
uptake value (maxSUV) or carcinoembryonic antigen
(CEA) level (Fig. 1). Among the 4520 patients, 727 expe-
rienced recurrences after surgery and were included in
cohort 2 (Fig. 1). The present study had the following two
parts: First, the recurrence patterns that resulted in poor
PRS, namely vital recurrence, were examined in cohort 2.
Second, the preoperative predictors of vital recurrence
were analyzed in cohort 1.

Categorization of the initial recurrence sites and word
definitions

The initial recurrence site was defined as recurrent
organs that could be identified by diagnostic imaging
performed before treatment for recurrence. The ini-
tial metastatic organs were classified into the following
ten recurrence site categories: (1) thoracic lymph node
recurrence, including mediastinal and hilar lymph node
recurrence; (2) cervical and axillary lymph node recur-
rence, including sub/supraclavicular lymph node; (3)
lung recurrence, including ipsilateral or contralateral
lung recurrence; (4) pleural recurrence, including pleural
dissemination; (5) chest wall recurrence; (6) bone recur-
rence; (7) central nervous system (CNS) recurrence,
including brain metastasis and meningeal dissemination;
(8) adrenal recurrence; (9) abdominal organ recurrence,
including liver, pancreas, intestine, and intraperitoneal
lymph node recurrence; (10) skin recurrence; and (11)
eye and tongue recurrence.

PRS was defined as the duration from the first evi-
dence of relapse to the time of all-cause death, censor-
ing patients without an event during the last observation
period. Overall survival (OS) was defined as the period
from the date of surgery to the date of all-cause death,
wherein patients were censored without any events in the
last observation period.

Statistical analysis

Continuous variables were compared using the Mann—
Whitney U test and categorical variables were com-
pared using Fisher’s exact test. OS and PRS were
analyzed using the Kaplan—Meier method and com-
pared between the groups using log-rank tests. Cut-off
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Patients who underwent a complete resection of pathological stage 0-IlIA
NSCLC from January 2010 to December 2020 (n = 4520)
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Fig. 1 Consort diagram of this study. HRS High-risk site, LRS Low-risk site, NSCLC Non-small cell lung cancer

values for the computed tomography (CT) tumor size,
Brinkmann index, and PET maxSUV were determined
using receiver operating characteristic curve analysis in
cohort 1.

In cohort 2, univariable and multivariable analyses of
PRS were performed using the Cox proportional haz-
ard model to analyze the following variables: age (> 65
years), sex, histology, smoking history, CT tumor size,
surgical procedure, pathological stage, lymphatic inva-
sion, vessel invasion, pleural invasion, nodal metastasis,
and each recurrence site. All variables with a p-value
0f<0.10 in the univariable analysis were analyzed in the
multivariable analysis.

In cohort 1, multivariable analysis was performed to
examine the predictors of vital recurrence using logis-
tic regression analysis of the preoperative variables:
age (> 65 years), sex, Brinkmann index, CEA, laterality,
tumor location, CT tumor size, PET maxSUYV, clinical
nodal metastasis, and surgical procedure. The cumula-
tive incidence of vital recurrence according to risk was
analyzed using Gray’s test.

Statistical significance was set at p-value of<0.05.
Statistical analyses were performed using EZR on R
commander version 1.30 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphi-
cal user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

The median observation period, median PRS, and 5-year
PRS rate of cohort 2 were 32 (19-54) months, 26 months,
and 24.5%, respectively. The median age of the patients
was 72 years (range, 65-77 years), and 512 (70.4%)
patients were males (Supplementary Table). There were
309 (42.5%) patients with lung recurrence, 225 (30.9%)
patients with intrathoracic lymph node recurrence, 112
(15.4%) patients with pleural recurrence, 110 (15.1%)
patients with bone recurrence, 86 (11.8%) patients with
CNS recurrence, 25 (3.4%) patients with adrenal recur-
rence, 60 (8.3%) patients with abdominal organ recur-
rence, 38 (5.2%) patients with cervical and axillary lymph
nodes metastasis, 13 (1.8%) patients with chest wall
recurrence, 5 (0.7%) patients with skin recurrence, and 3
(0.4%) patients with eye and tongue recurrence (Supple-
mentary Table).

In univariable and multivariable analyses of cohort
2, CNS recurrence (hazard ratio [HR], 1.70; 95% con-
fidence interval [CI], 1.25-2.33; p<0.001), bone recur-
rence (HR, 1.75; 95% CI, 1.31-2.35; p <0.001), abdominal
organ recurrence (HR, 2.39; 95% CI, 1.68-3.41; p <0.001),
and pleural recurrence (HR, 1.69; 95% CI, 1.25-2.27;
p<0.001) were poor prognostic factors for PRS, along
with older age (> 65 years), smoking history, and non-
adenocarcinoma histology (Table 1). These four recur-
rence sites were defined as high-risk sites (HRS), and the
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Table 1 Univariable and multivariable analyses of post-recurrence survival of patients with non-small cell lung cancer

Post-recurrence survival Univariable analysis Multivariable analysis
Variable

HR 95% Cl p values HR 95% Cl p values
Age (265y) 2.24 1.69-2.97 <0.001 217 1.62-2.92 <0.001
Male 1.64 1.28-2.11 <0.001 112 0.80-1.56 0512
Smoking history 1.88 1.44-2.46 <0.001 1.52 1.06-2.18 0.023
CT tumor size 1.06 1.01-1.12 0.022 1.03 0.97-1.08 0.368
Surgical procedure (sublobar) 1.32 1.00-1.75 0.054 1.25 091-1.72 0.161
Non-adenocarcinoma 191 1.54-2.38 <0.001 1.50 1.18-1.90 <0.001
Pathological stage Il £ 1.02 0.82-1.28 0.832
Lymphatic invasion (+) 0.85 0.68-1.05 0.122
Blood vessel invasion (+) 1.19 0.93-1.51 0.159
Pleural invasion (+) 1.01 0.82-1.25 0.903
Nodal metastasis (+) 0.88 0.71-1.09 0.229
Central nerve system 1.34 1.01-1.80 0.046 1.70 1.25-233 <0.001
Bone 1.46 1.11-1.94 0.007 1.75 1.31-235 <0.001
Abdominal organ 249 1.77-3.50 <0.001 2.39 1.68-3.41 <0.001
Adrenal gland 1.31 0.75-2.28 0.338
Pleural 127 0.96-1.67 0.091 1.69 1.25-2.27 <0.001
Eye and tongue 333 0.83-134 0.090 312 0.75-13.0 0.119
Skin 1.56 0.39-6.30 0.531
Chest wall 240 1.13-5.07 0.022 1.69 0.78-3.69 0.184
Lung 0.80 0.64-0.99 0.044 0.99 0.78-1.26 0929
Intrathoracic lymph node 1.04 0.83-1.30 0.713
Cervical and axillary lymph node 141 0.89-2.24 0.147

CEA Carcinoembryonic antigen, C/ Confidence interval, CT Computed tomography, HR Hazard ratio

a. PRS of patients with single and b. PRS of patients with and without LRS c. PRS of patients with single and multiple
multiple HRS recurrence recurrence among patients with HRS recurrence LRS recurrence among patients without
HRS recurrence
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Fig. 2 The post-recurrence survival (PRS) of patients with a single high-risk site (HRS) and multiple HRS recurrences were comparable (p=0.434,
Fig. 2a). The PRS of patients with both HRS and low-risk site (LRS) recurrence tended to show worse prognosis than that of patient with HRS
recurrence without LRS recurrence, but not statistically significant (p=0.085, Fig. 2b). The PRS of multiple LRS recurrent patients were significantly
worse than that of single LRS recurrent patients among the patients without HRS recurrence (p <0.001, Fig. 2c)
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other sites (lung, intrathoracic lymph node, cervical and
axillary lymph nodes, adrenal gland, chest wall, skin, and
eye and tongue) were defined as low-risk sites (LRS).

The PRS of patients with single and multiple HRS
recurrences was comparable (p=0.434, Fig. 2a). The PRS
of patients with both HRS and LRS recurrence tended
to show worse prognosis than that of patient with HRS
recurrence without LRS recurrence, but not statistically
significant (p=0.085, Fig. 2b). The PRS of multiple LRS
recurrent patients was significantly worse than that of
single LRS recurrent patients among patients without

a. Comparison of PRS
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* Bonferroni adjustment
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HRS recurrence (p<0.001, Fig. 2¢). The PRS of patients
with HRS recurrence was significantly worse than that of
patients with single LRS recurrence (p<0.001, Fig. 3a);
however, they were comparable to those of patients with
multiple LRS (p=1.000, Fig. 3a).

The characteristics of patients with HRS and multiple
LRS recurrences were compared with those of patients
with single LRS recurrences (Table 2). Larger tumor size,
lymphatic invasion, blood vessel invasion, pleural inva-
sion, and nodal metastasis were more common in the
HRS and multiple LRS recurrence groups. Postoperative

b. Comparison of OS

LRS HRS 5yr-08
(%)

—  single &) 565

multiple )
—_— 0 ® 322
08 o '
p<0.001

0.6

0.4 7

Overall survival rate

0.2 7

0.0 7

0 20 40 60 80 100 120 140
Month

Number at risk

LRS (Single) 337 276 164 92 43 23 7 1
LRS(multiple) or HRS 390 257 126 59 28 1 1 0

Fig. 3 The post-recurrence survival (PRS) of a high-risk site (HRS) recurrent patients was significantly worse than that of a single low-risk site (LRS)
recurrent patients (p <0.001, Fig. 3a) and were comparable to that of multiple LRS recurrent patients (p=1.000, Fig. 3a). The overall survival (OS)
of patients with HRS and multiple LRS recurrences was significantly worse than that of patients with a single LRS recurrence (p <0.001, Fig. 3b)

Table 2 Comparison of patients’ clinicopathological characteristics between single low-risk site (LRS) and multiple LRS / high-risk site

(HRS)

Total n=727 Single LRS (n=337) Multiple LRS / HRS (n=390) p values®
Age 265y, No. (%) 258 (76.6) 294 (75.4) 0.729
Male, No. (%) 237(70.3) 275 (70.5) 1.000
Smoking history, No. (%) 247 (73.3) 289 (74.1) 0.866
CT tumor size, median (IQR), cm 3.0(2.1-4.0) 32(24-44) 0.038
Non-adenocarcinoma, No. (%) 112 (33.2) 36 (34.9) 0.695
Pathological stage Il <, No. (%) 203 (60.2) 256 (65.6) 0.143
Lymphatic invasion +, No. (%) 57 (46.6) 219 (56.2) 0.011
Blood vessel invasion+, No. (%) 204 (60.5) 310 (79.5) <0.001
Pleural invasion+, No. (%) 56 (46.3) 217 (55.6) 0014
Nodal metastasis +, No. (%) 145 (43.0) 97 (50.5) 0.045
Postoperative interval until relapse, median (IQR), 7(9-31) 2 (7-23) <0.001°

month

2 Fisher’s exact test
b Mann-Whitney U test

CT Computed tomography, HRS High-risk site, IQR Interquartile range, LRS Low-risk site
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interval until a relapse was significantly shorter in the
HRS and multiple LRS recurrence groups than in the
single LRS recurrence group (12-month vs. 17-month,
p<0.001). The OS of patients with HRS and multiple LRS
recurrences was significantly worse than that of patients
with a single LRS recurrence (p < 0.001, Fig. 3b).

The median observation period for cohort 1 was 50
(25-67) months. The median patient age was 70 years
(range, 64-76 years), and 2550 (56.4%) patients were
males (Supplementary Table). In the multivariable analy-
sis in cohort 1, preoperative predictors of HRS or multi-
ple LRS recurrence were CEA >5 ng/ml (odds ratio [OR],
1.41; 95% CI:1.12-1.77; p=0.004), PET maxSUV >3.2
(OR, 5.09; 95% CI:3.66-7.08; p<0.001), CT tumor
size >2.4 cm (OR, 1.96; 95% CI:1.50-2.56; p <0.001),and
clinical nodal metastasis (OR, 2.00; 95% CI:1.53-2.60;
»<0.001) (Table 3). The cumulative incidences of HRS
and multiple LRS recurrences at 5 postoperative years
were 55.9%, 40.9%, 26.3%, 11.1%, and 3.5% in patients
with 4, 3, 2, 1, and 0 of the above risks, respectively
(p<0.001; Fig. 4).

Discussion

This study demonstrated that HRS (CNS, bone, abdomi-
nal organ, and pleural) recurrence or multiple LRS (lung,
intrathoracic lymph node, cervical and axillary lymph
node, adrenal gland, chest wall, eye and tongue, and
skin) recurrences were vital recurrences that were asso-
ciated with poor PRS. Preoperative predictors for vital
recurrence were CEA>5 ng/ml, PET maxSUV>3.2,
CT tumor size>2.4 cm, and clinical nodal metastasis.
Patients with all four predictors had vital recurrence at
55.9% within 5 years after surgery.

Table 3 Preoperative predictor of metastasis to high-risk site or
multiple low-risk sites

Variable Multivariable analysis

Odd'sratio  95%Cl p values
Age (265y) 1.00 0.78-1.30 0.975
Male 1.24 0.94-1.63 0.127
Brinkmann index 600 1.03 0.79-1.34 0.822
CEA elevation (5 ng/mL=) 141 1.12-1.77 0.004
Right side 0.89 0.71-1.11 0.308
Tumor location (lower lobe) 1.03 0.82-1.29 0.791
CT tumor size 24 cm = 1.96 1.50-2.56 <0.001
PET maxSUV 3.25, 5.09 3.66-7.08 <0.001
Clinical nodal metastasis 2.00 1.53-2.60 <0.001
Surgical procedure (sublobar) 1.04 0.75-1.44 0.819

CEA Carcinoembryonic antigen, C/ Confidence interval, CT Computed
tomography, HR Hazard ratio, maxSUV Maximum standardized uptake value, PET
Positron emission tomography
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Cumulative incidence of vital recurrence
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Fig. 4 The cumulative incidences of HRS and multiple LRS
recurrences at 5 postoperative years were 55.9%, 40.9%, 26.3%, 11.1%,
and 3.5% in patients with 4, 3, 2, 1, and 0 of the vital recurrence risks,
respectively (p <0.001; Fig. 4)

The median PRS and 5-year PRS rates were 26 months
and 24.5%, respectively, which were similar to those in
previous reports [3—6]. In the previous study, the fre-
quency of recurrence to intrathoracic lymph nodes, lung,
bone, pleura, brain, adrenal gland, abdominal organ,
cervical lymph node, and chest wall was 22-42% [4, 6],
37-42% [4—6], 12-18% [4—6], 7-16% [4, 6], 11-18% [4—
6], 3-6% [4—6], 7-9% [4-6], 9% [4], and 2% [4], respec-
tively, and those frequencies were comparable to present
study. There are a limited number of reports analyzing
prognosis according to initial recurrence sites. A previ-
ous study reported that poor PRS has been observed in
patients with lung [15], brain [16], bone [5, 6, 16, 17],
and liver recurrence [6, 18]. However, since these studies
were based on small sample size, there is no consensus
on the association between PRS and recurrence site. In
the present study of 727 recurrent patients, the largest
study using a multicenter database revealed that HRS or
multiple LRS recurrences were associated with a signifi-
cantly poor PRS. In contrast, PRS was significantly better
in patients with single LRS recurrence.

The specific reason why PRS differs in recurrence site
is as follows: first, HRS including bone, brain, and pleu-
ral recurrence may decrease the patient’s quality of life
or lower performance status, making treatment after
recurrence more difficult [19-23]. Second, recurrences in
the liver and CNS have been reported to be less respon-
sive to chemotherapy [22]. As shown in Table 2, a more
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aggressive tumor was observed in the HRS or multiple
LRS recurrence groups than in the single LRS recurrence
group, which may result in poor PRS.

Recently, it has been reported that local therapy pro-
longs PRS in patients with 3-5 or fewer oligo-recurrent
foci [3, 24-26]. The present study suggests that local
therapy may improve the prognosis of patients with a
single LRS recurrence because cancer cells with a less
aggressive nature are localized. Previously, Hishida et al.
reported that oligo-distant recurrence (single site) has no
difference in prognosis compared with oligo-locoregional
recurrences (1-3 sites) [24]. Torok et al. reported oligo-
distant recurrence (1-3 sites) had a significantly better
PRS than diffuse distant recurrence (>3 sites or pleural
dissemination). Moreover, adrenalectomy for patients
with isolated adrenal metastasis from NSCLC showed
a favorable prognosis [27]. Further investigation is nec-
essary to determine the efficacy of local therapy for the
oligo-distant recurrence of a single LRS.

Patients with HRS or multiple LRS recurrences had
poor PRS and OS, suggesting that these patients had sys-
temic cancer at the time of surgery. These patients had
difficulty in controlling cancer through local therapy
such as surgery and radiation therapy alone, and com-
bination therapy with systemic therapy, such as immune
checkpoint inhibitors, tyrosine kinase inhibitors, and
chemotherapy was necessary during the perioperative
period. In recent years, nivolumab plus platinum-based
chemotherapy has demonstrated longer event-free sur-
vival for clinical stage IB-IIIA NSCLC without epider-
mal growth factor receptor gene mutation (EGFR) and
anaplastic lymphoma kinase (ALK) translocation in
CheckMate-816. The HR for death or distant metastases
was 0.53 (95% CI, 0.36—0.77) and the subgroup analysis
showed that greater benefit was observed in a population
with a poor prognosis [14].

There are few studies on predictors of recurrence in
specific organs and even fewer studies on preoperative
predictors. A previous study reported that tumor grade,
metastatic lymph node ratio >30% (LNR), non-squamous
cell carcinoma histology, bronchial invasion, perineural
invasion, and adjuvant chemotherapy were associated
with brain recurrence [7, 28, 29]. Motono et al. analyzed
seven postoperative patients with pleural dissemination
and reported that young age and poor differentiation
are risk factors for pleural dissemination [30]. Previous
studies have reported that older age [8], adenocarcinoma
histology [8, 31], and higher stage [8, 32] are associated
with distant recurrence. Wu et al. scored the risk of dis-
tal recurrence as smoking history, additional primary
malignancy, non-anatomic resections, adenocarcinoma
histology, pleural invasion, and angiolymphatic invasion
and reported that intermediate- or high-risk groups had
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a higher frequency of distal recurrence [33]. The strength
of this study is the analysis of preoperative CEA values
and the PET maxSUV in all patients. Furthermore, the
present study is the first to show that CEA values and
PET maxSUYV, along with CT tumor size and clinical
nodal metastasis, are preoperative predictors of HRS and
multiple LRS recurrences leading to poor PRS.

Patients with CEA>5 ng/ml, PET maxSUV>3.2, CT
tumor size >2.4 cm, and clinical nodal metastasis recur
in HRS or multiple LRS at 55.9% within 5 years after sur-
gery; therefore, these patients should receive aggressive
neoadjuvant/adjuvant therapy. On the other hand, neo-
adjuvant therapy may not be necessary in patients with
any of these predictors, as vital metastasis occurs in as
low as 3.5% of cases. These preoperative predictors are
important for personalized neoadjuvant/adjuvant ther-
apy in resectable clinical stage IB-III NSCLC. Further
studies are necessary to compare the effectiveness of neo-
adjuvant therapy and adjuvant therapy for patients who
are likely to experience recurrence at HRS or multiple
LRS in a large-scale clinical trial.

This study demonstrated the importance of compre-
hensive surveillance of all recurrence sites at the time of
recurrence to predict survival after recurrence. Moreo-
ver, recognition of HRS/LRS and the risk of recurrence
are useful for postoperative surveillance. Patients with
symptomatic recurrence have been reported to have a
poorer prognosis than those with asymptomatic recur-
rence detected during surveillance [34]. Detection of a
single LRS before developing into multiple LRSs may
result in a better PRS. Although the ASCO guidelines
do not recommend routine follow-up with PET-CT or
head magnetic resonance imaging (MRI) (evidence qual-
ity: low; strength of recommendation: moderate) [35],
intentional follow-up, including head MRI and PET-CT,
is considered necessary for patients with one or more
predictors of vital recurrence. Future clinical trials of per-
sonalized surveillance based on CEA level, PET maxSUV,
tumor size and clinical nodal status are warranted.

This study has several limitations. First, this was a
retrospective study and selection bias may have been
possible. No common surveillance protocol has been
established at the three institutions in this study, both
postoperatively and at recurrence. Second, we did not
investigate the effects of postoperative adjuvant therapy
and post-recurrence therapy. Third, this study did not
examine the number of recurrent foci. Further stud-
ies on the association between the number of recur-
rent foci and PRS are necessary. Fourth, information on
EGFR mutations, ALK translocation, and programmed
cell death 1- ligand 1 status was not available in this
study. The relationship between these statuses and
recurrence sites needs to be further verified. Fifth, this
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study included a small number of patients with skin
(n=5) and eye and tongue (n=3) recurrences, and fur-
ther studies based on a large number are necessary to
analyze the prognosis of patients with these recurrence
sites.

Conclusion

The PRS of patients with HRS and multiple LRS metas-
tases was significantly poorer than that of patients with
a single LRS. The preoperative predictors for these vital
recurrences were CEA elevation (>5 ng/mL), high PET
maxSUV (>3.2), CT tumor size (>2.4 cm), and clinical
nodal metastasis, and 55.9% of patients with these four
factors experienced recurrence within 5 years after sur-
gery. Aggressive neoadjuvant/adjuvant therapy should
be administered to these patients. Intentional follow-up
is necessary for patients with one or more predictors of
vital recurrence.
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