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ORIGINAL ARTICLE – THORACIC ONCOLOGY

Lung Cancer as a Second Primary Malignancy: Increasing
Prevalence and Its Influence on Survival

Silvia Quadrelli1,2, Gustavo Lyons1, Henri Colt3, Domingo Chimondeguy1, and Carlos Silva1

1Thoracic Oncology Center, British Hospital, 1280 Buenos Aires, Argentina; 21425 Buenos Aires, Argentina; 3Pulmonary

and Critical Care Unit, University of California Irvine Medical Center, Irvine, CA 92967

ABSTRACT

Background. The purpose of this study was to review the

experience with lung cancer as a second primary malig-

nancy (LCSPM) and to determine whether a history of

previous malignancy was an independent prognostic factor

in resected non small cell lung cancer (NSCLC).

Methods. We included 414 patients undergoing pulmon-

ary resection with a curative intention between January

1986 and January 2007. The criteria for classifying a lesion

as a lung cancer as a second primary malignancy (LCSPM)

were a different histological type or a tumor of identical

histological type occurring more than 3 years after treat-

ment of the primary tumor, or separated from the initial

primary tumor by more than 2 cm of clinically normal

epithelium.

Results. Thirty-four patients (8.2%) had a history of a

previous malignancy. LCSPM were more frequent during

the last decade (11.4% vs. 3.91%, P = .0009). Breast,

uroepithelial, and lung cancer were the most prevalent

initial primary tumors. In 64.7% of patients the time

interval between the last malignancy and the current lung

cancer was 2 years or shorter. Patients with NSCLC and a

previous malignancy did not have a significantly different

survival rate than patients with the current NSCLC as the

first malignancy (5-year survival 65.3% vs. 58.6%, log-

rank P = .416).

Conclusion. The effectiveness of the surgical resection

and the subsequent survival of these patients appear to be

well demonstrated, and operative mortality and complica-

tions are no higher than for other lung cancer patients.

There is a paucity of studies pertaining to non-small cell

lung cancer (NSCLC) as a secondary or tertiary primary

tumor, including those with primary tumors from a non-

pulmonary origin. Nor is there much published information

about the influence of a history of a previous malignancy

on survival in these patient groups.1–3 The purpose of this

study, therefore, was to review our experience with lung

cancer as a second primary malignancy (LCSPM) during

the last 20 years and to determine whether a history of

previous malignancy was an independent prognostic factor

in resected NSCLC.

METHODS

All patients undergoing pulmonary resection with a

curative intention for NSCLC in the British Hospital in

Buenos Aires between January 1986 and January 2007

were eligible for inclusion in this retrospective study based

on chart review. Patients with small cell lung cancer, rare

histology, and those who had undergone neoadjuvant

chemotherapy were excluded. The patients included in IIIB

or IV Stage were patients with T4 and/or with solitary brain

metastasis that were considered potentially resectable. The

study was approved by the hospital’s institutional review

board. Survival status was obtained from telephone inter-

views and from the medical records.

No systematic screening for primary lung cancers was

performed.

According to hospital protocol, preoperative staging was

performed using TNM classification system of the Inter-

national Union Against Cancer using chest computed

tomography (CT) and abdominal CT or ultrasonography in

all patients. Computed tomography or magnetic resonance

imaging of the brain were done only in cases of clinical

suspicion of brain metastases. In cases of uncertain clinical

or radiologic findings, further examinations were per-

formed to exclude extrapulmonary metastases. Mediastinal
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and hilar lymph node status was assessed as positive if the

chest CT showed that the shorter axis of any node was

larger than 1.0 cm. A positron emission tomographic (PET)

scan was not routinely performed. Mediastinoscopy has not

been performed routinely in this series unless the CT scan

demonstrated mediastinal lymph node enlargement. The

clinicopathological records of each patient were examined

for prognostic factors such as age, sex, right or left side

cancer, histology, tumor location (upper or lower), tumor

size, cN number, and distribution of metastatic nodes.

A history of previous malignancy was recorded only

when the definite histological diagnosis of that primary

tumor was available from the medical record. The criteria

for classifying a lesion as second primary malignancy

(LCSPM) followed Warren and Gates criteria.4 According

to these criteria, a new cancer of different histological type,

one of identical histological type occurring more than

3 years after treatment of the primary tumor, or one sep-

arated from the initial primary tumor by more than 2 cm of

clinically normal epithelium were considered LCSPM.

Local recurrences of lung metastasis and synchronous lung

tumors were excluded from the analysis.4 Recurrences

were considered to be local if they were found in the

previous operative field (in the surgical incision), adjacent

pulmonary parenchyma if a wedge or segmental resection

was performed, bronchial stump if a lobectomy or pneu-

monectomy was performed, or hilar or mediastinal nodes

on the same side as the primary tumor.

During surgery, bronchopulmonary, hilar, and medias-

tinal lymph nodes were systematically sampled. After

surgery, a final pathologic stage was determined based on

operative findings. Histologic typing was determined

according to the World Health Organization classification.5

Lymph nodes were numbered and classified following

Mountain’s classification.6

Surgical resection was considered complete if all of the

following criteria were present: free resection margins

proved microscopically, systematic nodal dissection, no

extracapsular nodal extension of the tumor, and the highest

mediastinal node removed were negative.7

Postoperative follow-up included office visits, quarterly

chest x-rays, and a yearly chest CT. Operative or in-hos-

pital mortality was defined as death occurring within

30 days after the operation or during hospitalization,

respectively. All patients with postoperative or in-hospital

mortality were included in this study. Time interval was

defined as the number of days between the day of surgery

for the first tumor and the date of the diagnosis of the

second or third lung cancer.

Statistical analysis was performed using SPSS 13.0

statistical software. The analysis of differences in cate-

gorical outcomes was determined using the chi-square test

or Fisher exact test. Logistic regression models were used

to ascertain the association between individual factors and

survival. Probabilities of survival rates were estimated

using the Kaplan-Meier method. Cox proportional hazards

regression models were used to ascertain the association

between individual factors and survival. Their joint effect

was assessed in a multivariable Cox analysis. Statistical

significance was assumed at P \ .05.8,9

RESULTS

We included 414 patients with NSCLC in this study. Of

these, 34 (8.2%) had a history of a previous malignancy.

There were 39 tumors in 34 patients (one patient had three

previous tumors, and three other patients had two previous

tumors). If the 2 decades of this series are analyzed inde-

pendently (1986–1996 vs. 1997–2006), LCSPM were more

frequent during the last decade (11.4% vs. 3.91%,

P = .0009). Breast, uroepithelial, and lung cancer were the

most prevalent initial primary tumors (Table 1). In 23

patients (71.9%), at least one of the previous malignancies

was related to tobacco exposure, including primary tumors

from the lung, uroepithelium, renal cell, gastric, and ENT

(Table 2). The median time interval between the diagnosis

of the first and second primary tumor was 32 months,

(median, rank 1–296 months). The time interval was not

different in patients with a previous malignancy related to

tobacco exposure (46.67 ± 48.64 vs. 67.73 ± 85.09

months, P = .380). In 22 patients (64.7%), the time

interval between the last malignancy and the current lung

cancer was 2 years or shorter (Table 2). Clinical charac-

teristics of patients with a previous malignancy are shown

in Table 2. Most patients had very limited disease (79.4%

of patients were Stage I) (Table 3).

Patients with a previous malignancy tended to be older

(64.7 ± 10.1 vs. 60.8 ± 9.6 years, P = .036), but sex dis-

tribution (male 61.7% vs. 75.5%, P = .110) and the

TABLE 1 Location of the previous malignancy

Location of the first malignancy n (n = 39) %

Uroepitheliuma 8 20.5

Breast cancer 8 20.5

Lung cancera 6 15.4

Head and neck cancera 4 10.3

Colorectal cancera 4 10.3

Melanoma 3 7.7

Endometrium 2 5.0

Prostate cancer 1 2.5

Gastric cancera 1 2.5

Lymphoma/leukemia/myeloma 1 2.5

Thyroid cancer 1 2.5

a Tobacco exposure related tumors

1034 S. Quadrelli et al.



proportion of smokers or ex-smokers (64.7% vs. 73.6%,

P = .356) were not significantly different. Patients with a

previous malignancy had a more frequent incidence of

solitary pulmonary nodule (50% vs. 29.2%, P = .020) as

the initial presentation of the current lung tumor and were

symptomatic less frequently (25.5% vs. 43.9%, P = 0.033).

No significant differences were noted among other clinical

and radiological variables (Table 4).

The proportion of patients in whom resection was con-

sidered complete was not different (91.1% vs. 85.2%,

P = .490), nor was prevalence of metastatic mediastinal

node involvement (pN2: 11.7% vs. 22.3%, P = .220).

However, the proportion of patients in Stage I (A or B) was

larger in the group with a previous malignancy (67.6% vs.

48.4%, P = .048). The proportion of patients with recur-

rence during follow-up was not different between the two

groups (29.4% vs. 35.5%, P = .597). Among those

patients who had a recurrence, the frequency of distant

metastasis (rather than local-regional recurrence) was not

higher in the previous malignancy group (20.5% vs. 24.4%,

P = .765).

Operative morbidity was not different in patients with a

previous malignancy (9.6 vs. 4.0%, Fisher exact test

P = .094). Nonlethal morbidity included two cases of

pneumonia, one air leak longer than 8 days, one wound

infection, and one case of bleeding from duodenal ulcer.

There was only one operative death in the previous

malignancy group resulting in a similar operative mortality

rate in both groups (5.8 vs. 4.3%, P = .709).

Kaplan-Meier survival curves after the diagnosis of

NSCLC in the two different groups are shown in Fig. 1.

Patients with NSCLC and a previous malignancy did not

have a significantly different survival rate than patients

with the current NSCLC as the first malignancy (5-year

survival 65.3% vs. 58.6%, log-rank P = .416). If analysis

is restricted to Stage I patients, survival is still the same

(5-year survival 71.1% vs. 73.3%, log-rank test P = .803)

for the two groups (Fig. 2).

In the group of patients with a previous malignancy,

neither the disease-free interval between the last tumor and

the current lung cancer shorter than 2 years (odds ratio

[OR] 2.252, confidence index [CI] 0.3246–15.6226,

P = .411), nor a previous malignancy related to tobacco

exposure (OR 0.9603, CI 0.1421–6.4882, P = .966)

increased the risk of mortality at 5 years.

DISCUSSION

The prevalence of two or more malignancies in one

patient has increased over the past decades. The proportion

of second- or higher-order invasive cancers reported to the

US International Cancer Institute’s Surveillance, Epide-

miology, and End Results (SEER) Program has increased

from approximately 6% in 1973 to 15.1% in 1998, while in

Germany, an incidence of 1.2 per 100,000 inhabitants for

lung cancer as a second primary malignancy after extra-

pulmonary primary tumors has been demonstrated.10 Our

single-institution study adds to the body of evidence

TABLE 2 Clinical characteristics of patients with a previous

malignancy (n = 34)

Variables n (%)

Smokers

Never 9 (28.1)

Current/former 23 (71.9)

Tumor size [3 cm 12 (35.3)

Lower lobe location 11 (32.4)

Central location 6 (17.6)

Surgical procedures

Pneumonectomy 5 (14.7)

Lobectomy 29 (85.3)

Side of lesion

Right 23 (67.6)

Left 11 (32.4)

Histology

Adenocarcinoma 23 (67.6)

Adenosquamous carcinoma 2 (5.9)

Bronchoalveolar carcinoma 1 (2.9)

Squamous cell carcinoma 6 (7.6)

Large cell carcinoma 2 (5.9)

Interval between tumors

\2 years 22 (64.7)

[2 years 12 (35.3)

TABLE 3 Extension of the current disease in patients with a

LCSPM

Extension variables n (%)

Clinical staging

Stage IA 21 (61.8)

Stage IB 6 (17.6)

Stage IIB 3 (8.8)

Stage IIIA 2 (5.9)

Stage IIIB 1 (2.9)

Stage IV 1 (2.9)

Pathological staging

Stage IA 17 (50)

Stage IB 6 (17.6)

Stage IIA 2 (5.9)

Stage IIB 2 (5.9)

Stage IIIA 4 (11.8)

Stage IIIB 2 (5.9)

Stage IV 1 (2.9)

Survival of Lung Cancer as a Second Primary Malignancy 1035



demonstrating a greater prevalence of LCSPM in Argen-

tina during the last decade (11.4% vs. 3.91%, P = .0009).

Several hypotheses have been proposed to explain this

increased frequency. These include the overall increase of

life expectancy, which affects the prevalence of malig-

nancies in general, and the increased use of radiation and/

or chemotherapy of first tumors, which might actually

increase risk for secondary cancer. Van Leeuwen et al. for

example noted an increased risk of lung cancer after mantle

field irradiation for Hodgkin’s disease, with the relative

risk slowly increasing during the first 15 years after

radiotherapy.11,12 An increased risk of lung cancer in the

ipsilateral lung after breast cancer radiotherapy with a

superadditive effect in smokers, relative risk (32.7) has also

been reported.13–15

Smoking alone is also a potential risk factor for a sec-

ondary tumor. Johnson et al.16 noted that the risk of a new

primary tumor in smokers with a history of previous lung

cancer is tenfold greater than for smokers without such a

history, and finding asymptomatic potentially resectable

second primaries is arguably a major reason for close fol-

low-up in patients with successfully resected NSCLC.17

In regard to clinical follow-up, a prospective study of

346 patients with pathologically documented Stage I non-

small cell lung cancer found that by using clinical follow-

up two to three times per year with history and physical

examination, blood studies, sputum cytology, and chest

radiographs, 27 LCSPM were detected, 86% of which were

asymptomatic.18 Of these, 77% were identified at the time

of a bi- or tri-yearly scheduled examination.

This was also the case in our patients with LCSPM, who

were more frequently found to have a solitary pulmonary

nodule (50% vs. 29.2%, P = .020) as the initial presenta-

tion of their current lung tumor, were symptomatic much

TABLE 4 Comparison of

patients with and without a

previous malignancy

Variable Patients with a

previous malignancy

(n = 34) (%)

Patients without

a previous malignancy

(n = 380)

P

Location right side 67.6 58.1 .370

Central (CT scan) 17.6 27.6 .290

Adenocarcinoma 73.5 62.3 .267

Clinical N2 11.7 22.3 .220

Proportion of recurrence 29.4 35.5 .597

Proportion of distant metastasis 20.5 24.4 .765

Incidence of solitary pulmonary node 50 29.2 .020

Resections was considered complete 91.1 85.2 .490

Symptomatic 25.5 43.9 .033

Proportion Stage I 67.6 48.4 .048

Operative mortality 5.8 4.3 .709

1.0

Cumulative
Survival

0.8

0.6

0.4

0.2

0 12010080
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40 6020

Previous malignancy
No previous malignancy

FIG. 1 Patients with NSCLC and a previous malignancy did not

have a significantly different survival rate than patients with the

current NSCLC as the first malignancy (5-year survival 65.3% vs.

58.6%, log-rank P = .416)

1.0

Cumulative
Survival

0.8

0.6

0.4

0.2

0 10080
Survival (Months)

40 6020

Previous malignancy
No previous malignancy

FIG. 2 Patients with NSCLC and a previous malignancy did not

have a significantly different survival rate than patients with the

current NSCLC as the first malignancy if is restricted only to sage I

(5-year survival 71.1% vs. 73.3%, log-rank test P = .803)
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less frequently (25.5% vs. 43.9%, P = .033) and were

more frequently diagnosed in Stage I (A or B). We believe

this is explained by the fact that in our institution, cancer

patients are subjected to thorough examination and follow-

up in order to locate possible metastases or locoregional

recurrences and that such close follow-up increases the

possibility of finding a new lung cancer earlier.

Almost two-thirds of the patients with LCSPM in our

study were prior or current smokers, but the proportion of

smokers was not significantly different in patients with a

first primary lung cancer (64.7% vs. 73.6%, P = .356).

Although 71.9% of the patients with LCSPM had a least

one previous malignancy considered related to tobacco

exposure, adenocarcinoma was the most prevalent histo-

logical type for the current lung cancer (67.6%).This result

is different from those of other studies that found squamous

cell lung cancer to be the most prevalent histological type

in LCSPM.3,19,20 It is noteworthy that other investigators

have also found adenocarcinoma to be the most commonly

discovered histology for second cancers.21,22

Of course, a LCSPM-proven adenocarcinoma opens the

debate about the tumor’s primary or secondary nature.

There is evidence to support surgical resection in case of a

solitary metastasis. According to data drawn from the

International Registry, survival rates of 36% at 5 years

following complete resection may be expected,23 and

consequently, the unconfirmed suspicion of a metastatic

lesion should not change surgical alternatives.

Results from epidemiological studies show a large pro-

portion of patients with synchronous LCSPM, a fact that

seems to prove that the occurrence of two primary malig-

nancies in the same individual represents not only the

consequence of adverse effects of previous tumor therapies

(radiotherapy/chemotherapy), but it may also be of multi-

factorial origin. Potential determinants include not only

smoking status but also lifestyle, (alcohol and diet, envi-

ronmental causes) genetic susceptibility, immune function,

and host hormonal status.24

This finding seems to have been reflected in our group of

patients in whom, in spite of the high prevalence of a

previous malignancy related to tobacco exposure, there

were several types of primary cancers. One of the few

differences between LCSPM and patients with a first can-

cer in our group was that patients with a previous

malignancy were older. Although age is probably a simple

surrogate for the duration of cigarette smoking, older

patients might also have acquired greater genetic damage

and be more susceptible to mutagenic effects.

Having the history of a previous malignancy in a

resectable NSCLC does not increase the risk of incomplete

resections and confers a 5-year survival rate that is similar

to that of patients with a first lung primary tumor. Most

authors have reported a similar25,26 or even better survival

in resected LCSPM. Duchateau et al. reported that patients

with more than two primary tumors were found to have a

significantly better survival rate. The 5-year survival rate is

significantly better for patients with more than two primary

malignancies compared with patients without two primary

malignancies and patients with one other tumor in their

history (P = .004 and .012, respectively).3 Similarly, Liu

et al. showed that the median survival of patients with a

lung cancer as a second primary malignancy was better

than the general lung cancer population.21 In a large epi-

demiological study, Hofman et al. reported survival rates of

patients with LCSPM that were slightly better than the

survival of patients with primary bronchial cancer and that

patients with LCSPM, having undergone curative treat-

ment, turned out to have the best prognosis overall, with a

5-year survival rate of 35%.10

Evidence about survival in resected LCSPM, however,

is controversial. One explanation for the comparatively

good survival figures in LCSPM, for example, is the

greater proportion of patients in Stage I, but when only

Stage I individuals were considered for the comparisons in

our study, the 5-year survival showed no difference from

those patients without a previous malignancy. It is note-

worthy, therefore, that a large prospective study in Europe

showed that the presence of a previous tumor represented

an 1.5 increased risk of mortality at 5 years, particularly in

patients with resected Stage I lung cancer (95% CI 1.17–

1.79).20

It has been suggested that patients with two or more

cancers have a predisposition to have tumors with a rather

slow progression,3 but this evidence is inconclusive. It

seems that the prognosis for patients suffering from

LCSPM and an initial extrapulmonary tumor is mostly

determined by the LCSPM and not by the initial extra-

pulmonary tumor. This hypothesis is mainly based on the

fact that patients who died showed classic findings of

metastatic spread of their bronchial carcinoma (lung,

adrenal, liver, bone and brain).27

In summary, the results from our study add to the body

of evidence suggesting that patients with a LCSPM and

adequate pulmonary reserve should undergo appropriate

pulmonary resections for their current lung cancers. The

effectiveness of the surgical resection and the subsequent

survival of these patients appears to be well demonstrated,

and operative mortality and complications are no higher

than for other lung cancer patients.

OPEN ACCESS This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.
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