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Abstract

The occurrence of a second lung tumor after surgical removal of lung
cancer usually indicates a lung cancer metastasis, but sometimes a new
lesion proves to be a new primary lung cancer, i.e., metachronous lung
cancer. The goal of the present study was to conduct a clinical evaluation
of patients with metachronous lung cancer and lung cancer metastasis, and
to compare the early and distant outcomes of surgical treatment in both
cancer types. There were 26 age-matched patients with lung cancer
metastases and 23 patients with metachronous lung cancers, who
underwent a second lung cancer resection. We evaluated the histological
type of a resected cancer, the extent of thoracosurgery, the frequency of
early postoperative complications, and the probability of 5-year survival
after the second operation. The findings were that metachronous lung
cancer was adenocarcinoma in 52% of patients, with a different
histopathological pattern from that of the primary lung cancer in 74% of
patients. In both cancer groups, mechanical resections were the most
common surgery type (76% of all cases), with anatomical resections
such as segmentectomy, lobectomy, or pneumectomy being much rarer
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conducted. The incidence of early postoperative complications in
metachronous lung cancer and lung cancer metastasis (30% vs. 31%,
respectively) and the probability of 5-year survival after resection of
either cancer tumor (60.7% vs. 50.9%, respectively) were comparable.
In conclusion, patients undergoing primary lung cancer surgery require a
long-term follow-up due to the risk of metastatic or metachronous lung
cancer. The likelihood of metachronous lung cancer and pulmonary lung
cancer metastases, the incidence of postoperative complications, and the
probability of 5-year survival after resection of metachronous lung cancer

or lung cancer metastasis are similar.
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1 Introduction

The appearance of another neoplastic focus after
resection of non-small cell lung cancer (NSCLC)
is an important clinical problem and requires a
differentiation between lung cancer metastases
and a second primary lung cancer, i.e.,
metachronous lung cancer. The classic diagnos-
tic criteria, based on clinical and histological
data, enabling the distinguishing between the
lung cancer metastasis and metachronous lung
cancer have been established by Martini and
Melamed (1975) and are so far used in practice.
Metachronous lung cancer most often has a dif-
ferent histological structure than primary lung
cancer or, in case of a similar structure,
metachronous lung cancer diagnostic criteria
include the occurrence at least 2 years following
primary lung cancer, in situ development, locali-
zation in another lobe, lack of the same path of
spreading, i.e., no tumor lesions in lymph nodes,
and no other extrapulmonary metastases.
Surgical treatment differs in scope in lung
cancer metastasis and metachronous lung cancer.
In case of primary or metachronous lung cancer,
anatomic resection with removal of three layers
of lymph nodes of the pulmonary hilum and
mediastinum is necessary (Gamliel 2016;
Maniwa and Kodama 2016; Riquet et al. 2016;
Hytych et al. 2013; Asamura et al. 1999; Riquet
et al. 1994; Naruke et al. 1988). On the other
hand, wedge resection is most often employed in

case of lung cancer metastasis, followed only by
sampling of potentially affected lymph nodes
(Sihag and Muniappan 2016). In general, resec-
tion of a second pulmonary neoplasm,
irrespective of its histopathological origin,
presents an enhanced risk of postoperative
complications and may worsen the long-term
outcome.

The goal of the present study was to conduct
a clinical evaluation of patients with
metachronous lung cancer and with lung cancer
metastasis, and to compare the early and distant
outcomes of surgical treatment in both lung
cancer entities.

2 Methods

The study was approved by the Ethics Commit-
tee of Wroclaw Medical University in Poland
and it was conducted in accord with the
principles of the Declaration of Helsinki for
Human Research of the World Medical Associa-
tion. The research material for the study
consisted of 49 thoracosurgical patients, a ran-
dom sample chosen from 6162 patients suffering
from primary lung cancer metastasis or a second
metachronous lung cancer, operated on in the
years 2001-2015 in the Lower Silesian Center
of Lung Diseases in the city of Wroclaw, Poland.
There were 26 patients (53%) with lung cancer
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metastases and 23 patients (47%) with
metachronous lung cancers. Gender and age of
patients, and the stage of lung cancer were simi-
lar in both groups. Adenocarcinoma was the most
common cancer type in both groups. A few more
patients with lung cancer metastasis had more
than one metastasis. The detailed figures are
given in Table 1.

Diagnostic tests performed in all patients prior
to surgery included the following: bronchofi-
beroscopy, chest X-ray, thoracic computed
tomography, and abdominal ultrasonography.
Since 2007, also positron emission tomography
(PET) was performed. Mediastinoscopy was
performed in case of the possible involvement
of mediastinal lymph nodes, i.e., their enlarge-
ment of more than 10 mm or grouping into
packages seen in the imaging scans. Since
2008, mediastinoscopy was replaced with the
needle biopsy of mediastinal nodes under the

endobronchial ultrasonography (EBUS) control.
Surgical treatment was abandoned in case of
mediastinal lymph node or remote metastases.

The surgical procedures employed are listed
in Table 2. In both groups, mechanical wedge,
tangent, and laser resections were the most com-
mon — in 76% of all cases. Anatomical resections
consisting of segmentectomy or lobectomy were
rarer — in 16% of all cases, and pneumectomy
was conducted only in individual cases. The
examples are illustrated in Figs. 1 and 2. The
resection failed to be radical in two patients
treated  for lung  cancer  metastasis.
Lymphadenectomy was performed with similar
frequency in both groups of patients; in 43%
cases in total (Table 2).

Continuous data were presented as means
+SD or medians, as indicated, and discrete data
as counts and percentages. The Mann-Whitney U
was used to assess differences between the two

Table 1 Demographics, histological diagnosis, stage, and the number of primary tumors in patients operated on due to
primary lung cancer metastasis (LCM) and metachronous lung cancer (MLC)

Age (year)

Range (year)

Men

Women
Adenocarcinoma
Squamous cell carcinoma
Other histological types
Stage 1

Stage 11

Stage III

Missing data on staging
T1

T2

T3

T4

Tx

NO

N1

N2

Missing data on N

1 tumor

> 2 tumors

Missing data on number of tumors

LCM (n = 26) MLC (n = 23)*
66.4 + 4.9 66.5 % 5.1
50-77 54-79

16 (62%) 15 (65%)
10 (38%) 8 (35%)
15 (58%) 12 (52%)
9 (35%) 6 (26%)
2 (8%) 5 (22%)
16 (62%) 17 (74%)
4 (15%) 3 (13%)
3 (11.5%) 2 (9%)
3(11.5%) 1 (4%)
12 14

10 8

1 0

1 1

2 0

19 18

2 2

2 2

3 3

20 (77%) 20 (87%)
6 (23%) 2 (9%)

0 1

Cancer staging was performed according to Edge and Compton (2010)
*All differences between MLC and LCM patients failed the test of significance at p < 0.05
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Table 2 Surgical treatment in patients with primary lung cancer metastases (LCM) and metachronous lung cancer

(MLC)
| LCM (n = 26) | MLC (n = 23) p
Surgery type
Mechanical resection 18 (69%)* 19 (83%) ns
Segmentectomy 3(11%) 1 (4%) ns
Lobectomy 2 (8%) 2 (9%) ns
Pneumectomy 1 (4%) 1 (4%) ns
Non-radical resection 2 (8%) 0 (0 %) ns
Surgery side
Right-sided surgery 10 (38%) 16 (70%)° 0.03
Left-sided surgery 16 (62%) 7 (30%)° 0.03
Lymph node N1 or N2 surgery
Resected 10 (38%) 11 (48%) ns
Non-resected 16 (62%) 12 (52%) ns

“including one mechanical resection combined with radical segmental resection of a rib
"signiﬁcant difference between LCM and MCL groups, ns, non-significant difference

o= by

Fig. 1 (a) Wedge resection of tumor (green arrow) with
a margin of lung parenchyma (yellow arrow). In the
resection area there usually are the lymph nodes of groups

14, 13, and sometimes 12; (b) resected tumor tissue
(green arrow), with a margin of lung parenchyma (yellow

arrow)

B

Fig. 2 (a) Anatomical resection: postoperative loge with  groups 11, 10, and the mediastinal nodes of group 7 (b)
Satynski clamp (yellow star) closing the bronchus stump  Resected lung lobe with cancer foci (green arrow);
is seen in the left-hand part of the photograph. Anatomical  atelectatic neighboring lung parenchyma (yellow arrow)
resection usually involves removal of the lymph nodes of
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independent groups of patients and the
Chi-squared test to compare features between
the groups such as histopathological changes,
cancer stages, and surgical treatments. The
Kaplan-Meier estimator was used to assess the
probability of patient survival, and the difference
between the two survival curves was assessed
with the Mantel-Cox test. A Cox regression anal-
ysis also was performed to determine the differ-
ence in patient survival with respect to clinical
and pathological data. A p-value < 0.05 defined
the statistically significant differences. Commer-
cial StatSoft v1.3 (Statsoft, Cracow, Poland) and
GraphPad Prism v5.0 (La Jola, CA) statistical
packages were used for all data analysis.

3 Results

Among 49 patients who underwent the second
resection of a lung cancer, metachronous cancer
was diagnosed in 23 (47%) of patients. A
histopathological ~examination revealed a

different cellular organization of cancer tissue,
compared with primary lung cancer, in
17 patients (77%). In the remaining six patients
metachronous cancer was histologically the same
as the primary tumor. However, since the
metachronous cancer appeared after more than
2 years from the detection and surgery of the
primary tumor, it was considered metachronous.
The detailed data are presented in Table 3.

The median time elapsing from the resection
of a primary tumor to lung cancer metastasis
resection was 24.5 months and it was signifi-
cantly shorter than that elapsing from the resec-
tion of a primary tumor to metachronous lung
cancer resection, which was 49 months
(p < 0.05). The early results of surgical treat-
ment in patients treated for both lung cancer
metastasis and metachronous lung cancer were
similar (Table 4). The incidence of postoperative
complications was noted in 31% patients with
lung cancer metastasis and 30% patients with
metachronous lung cancer.

Table 3 Histological type of metachronous lung cancer and primary lung cancer in the same patient (n = 23)

Metachronous cancer
Squamous cell carcinoma®
Mixed adenocarcinoma and squamous cell carcinoma
Adenocarcinoma
Unspecified

Large cell carcinoma
Squamous cell carcinoma
Large cell carcinoma
Adenocarcinoma®
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Squamous cell carcinoma

Primary cancer
Squamous cell carcinoma
Squamous cell carcinoma
Squamous cell carcinoma
Squamous cell carcinoma
Squamous cell carcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Neuroendocrine carcinoid
Large cell carcinoma
Unspecified

[ INCY) U NG [ N S Y G R N P T Y =)

Unspecified

“New tumor unraveled after more than 2 years from the previous cancerous episode; although histologically same, was
considered metachronous cancer; figures in bold depict these six histologically same cases

Table 4 Early postoperative complications in patients with primary lung cancer metastases (LCM) and metachronous

lung cancer (MLC)

Complication

Atelectasis caused by bronchial secretion
Unexpandable lung

Cardiac arrhythmias and circulatory insufficiency
Bleeding into the post-treatment chamber

LCM (n = 26) MLC (n = 23)
0 |1(4%)

16 (23%) 13 (13%)

|1 (4%) 12 (9%)

|1 (4%) |1(4%)
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Table 5 Prognostic factors in patients with metachronous lung cancer (MLC) — univariate Cox regression analysis.

Risk factor

Size of metachronous lung cancer
Localization: Intrapulmonary or subpleural
Co-morbidities

Age of patient

RR (95%CT) P
0.99 (0.93-1.06) 0.81
0.80 (0.19-3.35) 0.76
1.00 (0.98-1.01) 0.67

0.93 (0.82-1.05) 10.26

RR (95%CI) relative risk with the lower and upper limits of 95% confidence interval

The analysis of long-term surgery results
showed that the probability of the 5-year survival
rate in patients with lung cancer metastasis
(50.9%) and those with metachronous lung can-
cer (60.7%) was similar. The survival results are
displayed in Fig. 3. Concerning the prognostic
factors in patients with metachronous lung can-
cer after surgical treatment we failed to demon-
strate any effect of such factors as tumor size or
its localization in the lung, age of patient, or
co-morbidities on the survival rate (Table 5).

4 Discussion

The major finding of this study was that a second
operation of lung cancer concerned
metachronous lung cancer in 47% of cases, i.e.,
in about one half of operations occurring after
surgical resection of the primary lung cancer; the
other half being due to lung metastases of the
primary cancer. Metachronous lung cancer was
observed mostly in men and appeared, on

average, 49 months after the first surgery. The
majority of metachronous cancers were
adenocarcinomas, and their histological pattern
usually was different from that present in the
primary lung cancer. Metachronous lung cancer
was subject to mechanical resection in most
cases. The outcome of surgical treatment of
metachronous lung cancers was akin to that of
lung cancer metastases, with a similar rate of
complication (30% and 31%, respectively) and
the similar probability of the 5-year survival rate
(60.7% and 50.9%, respectively).

Martini and Melamed (1975) criteria were
adopted in the present study for distinguishing
between metachronous lung cancer and lung can-
cer metastasis, including the time lapse of at least
2 years between the resection of a primary lung
cancer and the appearance of metachronous lung
cancer. These criteria are commonly used,
although they are sometimes subject to critical
evaluation and modification. For example, some
studies have adopted the criterion of at least a
4-year disease-free time after primary lung
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cancer resection, which enables the diagnosis of
metachronous lung cancer (Ha et al. 2015). In the
present study, the mean time from resection of
primary lung cancer to resection of
metachronous lung cancer amounted to 4.6
+2.1 years. Currently, the classical criteria for
the diagnosis of metachronous lung cancer
provided by Martini and Melamed (1975) are
more often replaced by an extended imaging,
histological, genetic, and molecular diagnostics
(Stiles 2017; Liu et al. 2016). The differentiation
of metachronous lung cancer from lung cancer
metastasis, when both have the same
histopathological cancer tissue structure, can be
assisted with comparative genomic hybridization
and somatic mutation testing (Arai et al. 2012;
Girard et al. 2010; Moffat-Bruce et al. 2010;
Wang et al. 2009). Genetic studies, however,
have a limited value due to the possibility of
different mutations in multiple tumors in the
same patient. Such tests also are seldom
employed since they are not commonly available
and pricey.

The risk of metachronous lung cancer devel-
opment in patients after NSCLC resection is
1-2% per patient per year (Johnson 1998; John-
son et al. 1997). The literature demonstrates that
the incidence of metachronous lung cancer
among patients operated on due to primary lung
cancer is about 5% (Ishigaki et al. 2013;
Vansteenkiste et al. 2013). In Poland, the inci-
dence of multiple cancers, most commonly a
second lung cancer, has also been reported at
5% in patients with lung cancer (Romaszko
et al. 2016). In the present study, however, this
risk appeared at just 0.4%, which may have been
due to erratic and insufficient patient attendance
to follow-up examinations after the surgery.

In our opinion, greater attention should be
paid to the results of a histopathological exami-
nation of metachronous lung cancer. In the pres-
ent study, adenocarcinoma was the most
common histological metachronous cancer type,
found in 57% of patients. Similar data on the
adenocarcinoma prevalence among
metachronous lung cancers are provided by
other authors (Yang et al. 2014; Hamaji et al.
2013; Zuin et al. 2013).

The recommended method of surgical treat-
ment of metachronous lung cancer is an
anatomical resection with removal of regional
lymph nodes (Wen et al. 2016; Zuin et al.
2013). In the present study, lymph nodes were
removed in 48% of metachronous lung cancer
cases. A low percentage of lymphadenectomy
was often caused by a misleading treatment of
metachronous lung cancer as lung cancer
metastases. The decision on the extent of resec-
tion was made on the basis of an ad-hoc intra-
operative inspection of a resected tumor; the
inspection that usually is capable of providing
only the information on the tumor’s neoplastic
character. The anatomical resection was
performed in just 17% of cases metachronous
lung cancer. In the present study, no patient
passed away in the perioperative period. In liter-
ature, perioperative mortality associated with
metachronous lung cancer resection ranges
from 1.4% (Yang et al. 2014) to 2.5% (Zuin
et al. 2013). We found other postoperative
complications following metachronous lung can-
cer surgery in about one third of patients, as
described also by other authors who noted the
perioperative occurrence of complications rang-
ing from 19% (Zuin et al. 2013) to 34.3% (Yang
et al. 2014).

The probability of 5-year survival in the
patients of the present study treated for
metachronous lung cancer was evaluated as
60.7%. Almost the identical 5-year survival rate
of 60.8% has been shown in a study of Hamaji
et al. (2013). A higher survival rate of 69.5% has
been shown in a most recent study of Zhao et al.
(2017). In that study, however, only were the
patients examined in whom metachronous lung
cancer was of adenocarcinoma type. In other
studies, the 5-year survival rate after surgical
treatment of metachronous lung cancer has been
calculated at a somehow lower level. Yang et al.
(2014) have demonstrated a 54.5% survival rate,
whereas Koezuka et al. (2015) have found it at
56.5%. Zuin et al. (2013) have demonstrated a
42% survival rate in 121 patients with
metachronous lung cancer diagnosed according
to Martini and Melamed’s (1975) criteria. The
2014 meta-analysis of nine studies demonstrates
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that the 5-year survival rate after surgery of a
second primary NSCLC is 46% (Hamaji et al.
2015). There is a clear relationship between the
S-year survival rate and the stage of
metachronous lung cancer (Koezuka et al.
2015), or the extent of surgery: from 57% in
patients with lobectomy to 36% in patients who
undergo segmentectomy or wedge resection
(Zuin et al 2013). One of the prognostically
adverse factors seems the size of metachronous
lung cancer being resected (Hamaji et al. 2013).
In the present study, however, tumor size was not
a predicting factor for the 5-year survival rate.
In the present study, the 5-year survival rate
after surgery for metachronous lung cancer was
inappreciably greater than that for lung cancer
metastases. In contrast, the 2015 meta-analysis
that included 1,796 patients in 22 studies has
demonstrated that the overall survival of patients
with multiple primary lung cancers, both
metachronous and synchronous tumors were
taken into consideration, is longer than that in
patients operated on due to intra-pulmonary lung
cancer metastases; relative risk of 2.66 with 95%
CI of 1.30-5.44, p < 0.01 (Jiang et al. 2015).

5 Conclusions

Among lung tumors arising after resection of the
primary lung cancer, the likelihood of
metachronous lung cancer is akin to that of pul-
monary lung cancer metastasis. Surgically
resected metachronous lung cancer is in most
cases of adenocarcinoma type, and the
histopathological pattern usually differs from
that of the primary lung cancer. Patients who
undergo primary lung cancer surgery require a
long-term follow-up due to the risk of lung can-
cer metastasis or metachronous lung cancer. The
incidence of early postoperative complications
and the probability of 5-year survival after
metachronous lung cancer and lung cancer
metastasis resection are similar.
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