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Second Lung Cancers in Patients After Treatment for an
Initial Lung Cancer

Bruce E. Johnson

a review of the literature following previously published guide-
Background: Prospectively and retrospectively identified pa- lines and extend the information contained in the recent review.
tient cohorts that were successfully treated for primary lung This review provides additional information about each cohort
cancer have been followed to document the rate of develop-described in the previous revie(t), and identifies additional §
ment of and the effectiveness of treatment of second lung patient cohorts. It provides information about the different his- 2
cancers. This review was performed to assess rates of secondologies of the lung cancers. Furthermore, it gives an esﬂmaﬂorﬁi
lung cancer development, factors associated with the devel-in terms of percentage of lung cancers that can be safely resectéﬂ
opment of these cancers, and the success of their treatment.and states the reasons why some lung cancers cannot be @
Methods: The MEDLINE® database was searched to iden- sected. The review also provides the median and 5-year survivat
tify articles published in English concerning lung cancers, of cohorts of patients at risk for developing second lung cancer§
second primary cancers, treatment of these cancers, and pa-and assesses the impact of surveillance.

tient survival. Results:The risk of developing a second lung  In arecent reviewl), we also have examined the outcome of & =
cancer in patients who survived resection of a non-small-cell patients surviving small-cell lung cancer for more than 2 yearS§
lung cancer is approximately 1%—2% per patient per year. In that review, we reported that the risk of developing a second:
Approximately one half of the patients who develop second lung cancer was 2%-14% per patient per year, and that the ”S?
non-small-cell lung cancers can have these tumors resectedincreased twofold to sevenfold at 10 years after initial dlagn05|53
The median survival from diagnosis of a second lung cancer The majority of the second lung cancers diagnosed are squa
in these patients is between 1 and 2 years, with a 5-yearmous cell carcinomas, and less than 20% can be resected. Four
survival of approximately 20% (range, 4%-32%). The av- articles about patients with small-cell lung cancer surwvmgm
erage risk of developing a second lung cancer in patients who longer than 2 years have been published since our last revie®
survived small-cell lung cancer is approximately 6% per pa- (2-5). The articles include the data reported in 1997 by Tuckers
tient per year. For patients who survived small-cell cancer, €t al. (4) from the combined retrospective analyses from 103
the risk increases from approximately 2% to greater than different institutions of 611 patients with small-cell lung cancer &
10% per patient per year 10 years after initial treatment. Who had survived for 2 or more years after starting initial treat—
Only 7% (range, 6%—12%) of patients treated for small-cell ment. These analyses more than double the number of patleng
lung cancer survive 2 years or more. Survivors who continue Surviving small-cell lung cancer who go on to develop a second®

to smoke cigarettes have an increased risk of developing alung cancer. This review provides additional information aboutLQ
second lung cancer.Conclusions: In patients surviving an €ach cohort, identifies additional patient cohorts, evaluates th@

initial lung cancer, the cumulative risk for the development €effects of chest irradiation and cigarette smoking, and assesse’s

of a second primary lung cancer makes this cancer a com- the impact of surveillance. The rates of developing second Iun@
mon cause of death. The high risk of developing a secondcancers in patients treated with surgical resection can be con&
lung cancer makes patients with these cancers an important pared with the rates in patients treated with chemotherapy W'“”c‘%
population for study of surveillance strategies and chemo- Or without chest irradiation to provide information about the ®
prevention agents. [J Natl Cancer Inst 1998;90:1335-45]  potential contribution of these modalities to the development of
second primary cancers.

The hypotheses generated in the retrospective studies may

Patients successfully treated for both small-cell and nopyjjiate the interpretation of ongoing studies of chemopreven-
small-cell lung cancers remain at risk for developing Seconf, agents for patients treated for early stage aerodigestive can-

smoking-related and other cancgty. Patients with early stage .o ¢ (6,7). These data also may be useful for the planning of
non-small-cell lung cancer (stages I-llla) typically have beeq

stematic collection of information in future prospective stud-
treated with surgical resection alone. We recently reviewed dfgs to confirm or refute the hypotheses generated in the retro-
ferent cohorts of these patier(ts). In that review, we described
that the rate of developing a second lung cancer is about 1%-—

2%, that half the patlents qUIt smoklng ugarettes that most havgorrespondence toBruce E. Johnson, M.D., Medicine Branch, Division of
Clinical Sciences, National Cancer Institute, Bldg. 8, Rm. 5101, National Naval

resectable early stage disease (I ”) and that their SurVIVall\/{gdlcal Center, 8901 Wisconsin Ave., Bethesda, MD 20889-5105 (e-mail:
similar to those patients treated for the same stage of an inifiglsh@nin.gov).

non-small-cell lung cancer. We believe it is important to perform See“Notes” following “References.”
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spective analyses. The purpose of the review is to further define Table 1. Definitions of second primary lung cancers
the rates of developing second lung cancers in patients trea}e_c
nitial non-small-cell lung cancer (14)

for non-smgll-cell Iung cancer and. small—cel! lung cancer, 10 petachronous tumors
assess the impact of cigarette smoking cessation and initial treat- A. Histology different
ment variables, to report the success rates when treating theseB- Histology the same, if:

. . 1) Free interval between cancers at least 2 years or
second lung cancers, to comment on surveillance strategies for 5 origin from carcinoman situ

following patients treated for lung cancer, and to make recom-  3) Second cancer in different lobe or lung, but:

mendations for future studies (a) No carcinoma in lymphatics common to both
' (b) No extrapulmonary metastases at time of diagnosis
METHODS Initial small-cell lung cancer (60)

Non-small-cell lung cancer
We have attempted to follow the published guidelines for a review of the ~A. Histology is non-small-cell lung cancer without small-cell lung
medical literaturg8—10). The medical literature was searched in Medline from cancer elements )
1990 through 1997 using the MESH terms lung neoplasm, carcinoma, small cell, B- NO evidence of local or distant recurrence of small-cell lung cancer

carcinoma non-small-cell, second malignancy, and survivors. The studies in C. The second lung cancer is identified more than 2 years after the
luded in thi . ’ both 9 y(’j R desi d diagnosis of the original small-cell lung cancer
cluded in this review were both prospective and retrospective in design, and aresmgj|cell lung cancer

published in peer-reviewed journals. The tables of contents and abstracts in A Histology shows small-cell lung cancer in a lobe or previously
journals that provided studies fitting our criteria were hand searched from Janu- described extrapulmonary site different from the lobe in which the
ary 1997 through July 1997 to ensure that no recent articles were missed. The first small-cell lung cancer first presented =1
references from the selected articles were reviewed to identify other pertinent B. No evidence by chest roentgenogram, computerized tomography ofg
articles. The titles and abstracts of the articles were searched for information on ~ chest, and fiberoptic bronchoscopy that the small-cell lung cancer &
the development and secondary treatment of second primary (metachronous) _ Nas recurred in the lobe of origin ) =
lung cancers in patients treated for an initial lung cancer. Sixty-six articles were ' ;)rfhtiesii?gr}gatlzi?r‘iglrl—fellclj?unr:gliir?gg;e than 2 years after the diagnosi
identified. Eight experts in the field who had performed these studies were

contacted to help identify additional articles and to provide missing informatior.

All eight experts returned comments and/or suggestions and are acknowledged

at the end of the manuscript. The published studies were examined for inf it Q
p p @ange, 127-1980) treated for their initial non-small-cell lung 2

mation on the rates of developing second tumors. The rate of secondary Ilé cer in retrospective and prospective studies in single institu®
cancer development was calculated as the ratio of second primary cases over 3

patient-years of follow-ugg11,12). The cumulative risk of developing a secondt!ONS, cooperativg groups, and patient registries (TabI? 2). OI.’1|}8
cancer was determined using the Kaplan-Meier me(4d8). The numbers and three of the studies have followed fewer than 300 patients witks

characteristics of patients, the dates of the studies, the institutional settings,ridgected non-small-cell lung cancer. Therefore, these studi <
impact of chest irradiation, the impact of chemotherapy, and cigarette smok'\x@present relatively Iarge numbers of patients. Most studies in=

h f lopi h I . Inf i . . o e
on the rates of developing these second cancers were collected. Informalighye q jn Taple 2 have been performed at single institutions (1G:
collected at the time of developing a second cancer included patient character-

istics, diagnostic tests, histology and anatomic localization of the first and secdMd14), while a minority is from cooperative groups (three), ands
cancers, secondary treatment, and the success of secondary treatment of paflé@f8 a patient registry (one). The patients have had their initial®
developing metachronous cancers. The information on success of patients tregi@dtment for non-small-cell lung cancer over a median of 102
for cancer needed to define the number of patients followed, the number de%-éﬂs (range, 3—-28 years). Although these patients have bee"'ﬁ

w

oping a second primary lung cancer, the number of patients treated, the me
of secondary treatment, and the duration of follow-up after the treatment of the owed from the 1940s throth the 1990s, 11 of the 14 reports;j

second lung cancer. All of the studies did not include all of this information, J&ave been p'UbliSh?d in 'the last 5' years. This time_ span inC|Ude§
the data were collected from articles containing heterogeneous information.the introduction of imaging techniques (computerized tomogra-3

phy of the chest and fiberoptic bronchoscopy) that are more&f
sensitive for identifying newly developing metachronous lunge
cancers. 2
The patient cohorts listed in Table 2 vary in their size and ing
The risk of a second lung cancer after an initial non- the number of patients with second lung cancers. There is &
small-cell lung cancer.For more than 20 years, investigatorsnedian of 29 second lung cancers (range, five to 51) identifieds
have reported the rates of developing second primary cancerfithese patient cohorts. The numbers listed in Table 2 are thé;’
patient cohorts followed after their initial resection for earlyjumber of second primary lung cancers developing after thef’g
stage lung cancer. The criteria for a second primary lung cangdtial lung cancer rather than the number of patients. Seventy
provided by Martini and Melamed in 19784) have been used percent of these metachronous cancers have the same histology
in nearly all the studies shown here (Table 1). Five studies the initial lung cancer, and 55% are in the opposite lung from
provided information on the development of second primathe initial lung cance(11,17-26).The great differences in du-
cancers other than lung cancer, but they did not provide adequatigon of follow-up (4—28 years) have prompted us to list the
follow-up information to determine relative risk or percent rislpercentage of patients per year developing second primary lung
per patient per yeaf12,13,15-17)Therefore, the useful infor- cancers rather than the percentage of patients developing non-
mation on cancers other than second primary lung cancerssigall-cell lung cancer in the total cohort of patients. This con-
very limited, and this review will only cover the development ofrols for the duration of follow-up between the series. Nine of the
second primary lung cancers. 10 studies of patients with resected non-small-cell lung cancer
We have focused on studies that have identified all of thieported a rate of developing second primary lung cancers at 1%
second lung cancers in the patients followed at their institar 2% per patient per yegt2,15,26—30)The rates of develop-
tion(s) rather than simply those who have undergone resectiorg a second primary lung cancer shown in Table 2 have been
Authors have identified and followed a median of 595 patientsunded off to the nearest percent. A single prospective study
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Table 2. Rate of developing second primary lung cancers after developing an initial non-small-cell lung cancer

No. of

Authors No. of Years of second primary Rate of developing second
(reference No.) patients Source of cohort study lung cancers cancer per patient per year*
Tockman et al(27) 595 Cooperative group 1992-1995 13 2%
Walsh et al.(16) 358 Single institution 1987-1991 7 —
Van Meerbeeck et a(11) 534 Hospital registry 1990-1995 23 4%
Martini et al. (15) 598 Single institution 1973-1985 45 1%t
Ribet and Dambror19) 1980 Single institution 1971-1990 51 1%-2%T
Ginsberg and Rubenste{@8) 247 Cooperative group 1982-1988 5 1%
Antakli et al. (29) 1572 Single institution 1966-1994 39 1%
Saito et al(17) 127 Single institution 1982-1990 13 2%
Verhagen et al(18) 1287 Single institution 1970-1990 45 —
Pastorino et al(13) 157 Single institution 1985-1989 21 1.5%—-2%t
Thomas et al(12) 973 Cooperative group 1977-1988 45 1%-2%
Pairolero et al(30) 346 Single institution 1972-1978 35 2%
Smith et al.(32) 1400 Single institution 1953-1973 45 —
Razzuk et al(26) 904 Single institution 1945-1972 29 1%

Total 11078 416 1%—4%

*The dashes in the column represent data that were not present in the publication and were not obtained by correspondence with the author.
TNot specifically stated in the publication but obtained from written correspondence with the author, evaluating the actuarial curves, or estimated from
follow-up, patients at risk, and numbers of cases.

diar

(hospital registry study) of a cohort of 534 patients showsfa
higher rate of 4% per patient per ygdn). This study does not 80
present information on the stage of the subsequent tumors.
Four studieg11,12,26,30)eport on the changes in the rate of
development of second primary lung cancers in patients treafed
for non-small-cell lung cancer with the passage of time. Thrge
such studies show an increase in the rate of developing secpnd
primary lung cancers. Two studi€$2,26) show that patients
have a rate that increases from 1% for the first 5 years affer
surgical resection of a lung cancer to 2% after the fifth year. The
third study(11) reports that the rate of developing second pr|
mary lung tumors was higher after the start of the fourth yepr 10
than during the first 3 years, but it did not quantify this increas| o ‘ | | | ‘ ‘
The fourth study(30) reports that the rate was 2.6% during th 3 4 5 6
first 5 years after the initial resection but was only 1% after 6 ¢r Years
more years. However, the estimate of 1% per patient per yéar
after 6 years was based on only three second primary cancersig@f1. Cumulative actuarial percentage of 157 patients with resected stage
the 35. Therefore, | believe the data on the increasing risk dyam-small-cell lung cancer treated on the placebo arm who developed a smokings
more accurate than those for the decreasing risk. related cancer (lung, head and neck, or bladdedippted from Pastorino et al.

L . . 13) with permissionThe cumulative risk is determined by the Kaplan—Meier
. This risk of sec_ond_ primary Iu_ng cancers tran_SIates 'nto hnique with events (deaths and other malignancies) other than these canc
important cumulative risk. Two different prospective studies @Ensored.
284 patients reported the cumulative risk of a second primary
lung cancer in the 1990€13,17). The cumulative risk deter-
mined by the Kaplan—Meier method censors events other tharerall rate of developing new second primary cancers is curs
the development of second cancers, so the cumulative riskrésitly estimated at 2%—3% per patient per year. The treatment
biased upward. Nonetheless, the cumulative actuarial risk aims are still blinded, so the potential efficacy @$-retinoic
developing a second primary lung or smoking-related cancerdnid is thus far unknown. Therefore, the underlying rate of de-
these studies is similar and reaches 13%-20% at 6—8 years aftdoping second primary cancers is undefined in the placebo
resection of the initial non-small-cell lung cancer [Fig. 1group.
adapted fron{13)]. These two studies followed the fewest num- The impact of continued cigarette smoking and type of initial
ber of patients, which may be responsible for some variatibreatment administered on the rate of developing second lung
between the two different studies. The available informatiarancers with the passage of time has rarely been reported in the
suggests the risk of developing second lung cancers in patiestisdies of patients surviving early stage non-small-cell lung can-
treated with surgical resection of an early stage lung cancercexr. We identified seven studies that collected information on the
1%—2% per patient per year and appears to increase with #imoking status of either the patient coh{tB8) or those who
passage of time. An ongoing intergroup study (91025) for pdeveloped second cance(kl,18,19,22,31,32)Approximately
tients with resected stage | non-small-cell lung cancer randondge-half of the patients discontinued smoking after resection of
assigned patients either to placebocretinoic acid(7). The their first or second lung cancer. The percentage of patients who
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discontinued smoking after initial treatment of their first lun@ segmentectomy or wedge resection in 232 (43%),18—
cancer varied widely in these studies, from 10P8,31)to 80% 26,29,31,39-42)The operative mortality in 12 studies is 29
(13). None of the studies reported any data on the relative ra{@8%) of 386 surgical procedured8-20,23-26,31,32,40-42).
of developing metachronous tumors in patients who did or digight authors have collected survival information on all of their
not quit smoking. A case—control study showed patients wipatients who develop second primary lung cancers rather than
developed multiple primary lung cancers had a greater exposardy on those undergoing surgery. The median survival from the
to cigarette smoke than patients who developed a single luimge of diagnosis of second primary lung cancer is 1-2 years and
cancer(33). Confirmation that continued smoking and increaseid quite similar in all seven studies. The 5-year survival, how-
duration of follow-up are associated with increased rates of dever, is quite variable (range, 4%—-32%). The two studies report-
veloping second lung cancers awaits further studies. ing the lowest 5-year survival (4% and 8%, respectively) started
Few patients with stage Ill non-small-cell lung cancer can libeir patient accrual the earliest (1940s and 1950s, respectively),
surgically resected and achieve long-term surv{@dl,35).The potentially explaining their shortened survival. Most of the stud-
introduction of combined modality therapy (chest radiotherapgs show a 5-year survival between 18% and 32%, a figure that
and chemotherapy) in the late 1980s and 1990s for patients with believe is more consistent with modern follow-up and sec-
stage Il non-small-cell lung cancer has resulted in a few patiertsdary treatment.
achieving long-term survival (>3 year&6—38).However, there Surveillance of patients with resected non-small-cell lung 9
is inadequate follow-up information to assess the impact of cheancer. The survival of patients who develop second primary 5
motherapy and chest radiation on the development of secdadg cancers is only 20% at 5 years after the diagnosis of thei§L
lung cancers in this patient group. second cancer. One half of the patients followed after a succes$:
Secondary treatment of patients developing lung cancer ful resection of their non-small-cell lung cancer present with ag’
after initial treatment for non-small-cell lung cancer. Eleven second lung cancer that cannot be resected, split nearly equalfy
studies have reported the rate of successful resection of patidm@sveen patients with tumor dissemination and those with inadg
who develop second primary lung cancers (Table 3). Two huequate pulmonary reserve to tolerate additional pulmonary res
dred sixty-seven (54%) of 494 second primary lung cancers haeztion. Therefore, more effective surveillance programs of pa§
been resected. The reasons for patients not undergoing resedt@nts may potentially be useful for detecting cancers when they;
or limited resection were provided for 130 patients in six studiesan be treated with resection or ablation. We could not identifyg
Fifty-two (40%) patients had pulmonary insufficiency, 49 (38%ny studies that prospectively compared different types of surs
had dissemination of lung cancer beyond the limits of resectiargillance strategies, but several studies have reported on differ;s
15 (12%) had metastatic disease, 7 (5%) refused surgical ressa-aspects of surveillance testing. =
tion, five (4%) had small-cell lung cancer, and two (1.6%) were The information provided on surveillance includes a prospec—%
of advanced agé11,18,21,22,26,39)There is extensive infor- tive study following patients with resected stage | non-small-cell5
mation about the operations performed on patients undergolngg cancer, the current reported practice of thoracic surgeonss
surgical resection. The surgical procedures have been reportethaability to detect lung cancer while the patient is asymptom-%
16 different studies for 521 patients developing a second patic, and comparative studies on the rate of developing tumors:
mary lung cancer. These include a tracheal resection in 2 (<1%id the resectability of these tumors. A prospective study fol-;
pneumonectomy in seven (1%), completion pneumonectomylawed 346 patients with pathologically documented stage | non{§
85 (16%), bilobectomy in 21 (4%), lobectomy in 174 (33%), ansmall-cell lung cancer two to three times per year with history %
and physical examination, blood studies, sputum cytology, and;
Table 3. Secondary treatment of second primary lung cancers after chest radiograpi30). The stage | definition for patients in- E

developing an initial non-small-cell lung cancer cluded in this study also had 18 patients with TIN1 disease}
No. of (currently stage Il), because this study predated the more currenst
patients staging system introduced in 19883). Twenty-seven (77%) of 3
Auth with second \ Vedi . the 35 patients who developed second primary lung cancerg
uthors primary 0. edian -year . s : H i i =
(reference No.) lung cancer resected survival,y* survival, %+ were .|der.1t|f|ed z_at the time of their bi .or tri-yearly scheduleq X
examination. Thirty (86%) of the 35 patients were asymptomaticp
Van Meerbeck et al11) 23 12 11 — i ; i .
Ribet and Dambrofid) > 17 1ot 30+ yvheq t_helr second primary lung cancer was diagnosed: _four were
Antakli et al. (29) 34 21 1.3+ 8 identified by sputum cytology and 26 by chest radiograph.
Verhagen et al(18) 40 33 1-2t 18 Therefore, regularly scheduled follow-up visits for patients with
gﬁ';grft fr'{(ﬂ(z " %g 5‘; . P resected stage | non-small-cell lung cancer can identify new lung
F|eishegr et al(39) 19 9 2 32 cancers before symptoms _develop. _
Deschamps et a(20) 73 44 — — Two other studies of patients surgically treated for early stage
‘éﬁr‘;‘itﬁge{fﬁg‘;t al22) 32 ﬁ — - lung cancer retrospectively compared the survidd) or detec-
Razzuk et al(26) 29 12 1.0 4 tion of second. primary _Iung cancers in patients fpllowed more
Total 494 267 (54%) 1-2years  4%-32% often and/or with more investigations to those patients followed

less intensivel\(45). The prospective study of 350 patients with
*The dashes in the columns represent data that were not present in the F?%l%‘ected stage | non-small-cell |ung cancer described above were

lication and were not obtained by correspondence with the author. d with 124 tient ith st | I 0
tNot specifically stated in the publication but obtained from written corregompare wi palients with stage 1 non-smali-cell lung

spondence with the author, evaluating the actuarial curves, or estimated fle1C€r Who retrospectively were identified as being resected
median follow-up, patients at risk, and numbers of cases. during the same time period but were not enrolled on the pro-
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spective study. This study reported on four patients not includeds been recognized for more than 10 y€48s-50).The second
in the study published 3 years la{@0) who were subsequently lung cancers typically are non-small-cell lung cancers arising in
found to have primary nonpulmonary cancers that had metagiiéferent anatomic sites from the patients’ initial small-cell lung
sized to the lungs. The patient characteristics and the survivatancer. A slightly different definition of second primary lung
the two groups were similar; the patients followed more intewancer for non-small-cell and small-cell lung cancer has been
sively tended to live longer, although it was not statisticallproposed by us (Table 1). We have provided information on the
significant with aP value of .21(44). Another retrospective relative risk of different cancers other than lung cancer in both
study determined the outcome of 120 patients with resectedr own cohort of patients as well as in a combined cohort
stage I-IlIA non-small-cell lung cancer who were followed a4,51). Ten other studie§2,3,5,49,52-57provided information
least four times per year with clinic visits, chest radiographs, on the development of second primary cancers other than lung
multichannel blood tests, or who had at least one computerizegthcer, but they did not provide adequate follow-up information
tomography of the chest, bronchoscopy, or sputum cytology durittg determine relative risk or percent risk per year. Therefore,
the follow-up period. Their outcome was compared with that of GRere is little new information on risk of cancers other than
patients followed less often without these tddfs). More second second primary lung cancers, so this portion of the review will
primary lung cancers were identified in the intensive follow-upnly cover the development of second primary lung cancers.
group than in the less intensive follow-up group (four versus none); One hundred seventy-four to 3681 patients have been foly
however, the survival was similar in both groups. Therefore, lnwed either in a single institution or in multiple institutions. The 5
these retrospective studies, closer follow-up could detect more geatients have been followed from the 1970s when combinatiorg
ond primary cancers, and neither of these studies suggested @mmotherapy was introduced for small-cell lung cancer. None
impact on survival of patients with early stage lung cancer.  of the reports goes back to patients treated in the 1940s, 1950§,
The current stated practice of thoracic surgeons followiray 1960s as some of the surgical series have. Nearly all of the.
patients with lung cancer has been assessed by a survey ofpgents have been studied during the time period that ﬁberopti@nt
Society of Thoracic Surgeons for the current practice of followsronchoscopy and computerized tomography of the chest havg
up for patients with lung cancer in the first 5 years after complebeen available. Those that have evaluated patients for the d%
surgical resectioi46). The stated follow-up showed an averaggelopment of second primary lung cancers have studied patients
of four clinic visits with chest radiographs per year in the firsivho have already survived for 2—3 years after the start of initialg'
year, gradually decreasing to yearly clinic visits with chest rareatment. Nearly all of the patients who died less than 2—3 year%
diographs over 5 years. Complete blood cell counts and livadter the start of initial treatment for small-cell lung cancer d|edo
function tests are done once per year at the time of the climi€their original lung cancer. —;
visits. Computerized tomography of the chest and sputum cy-Only 7% (range, 6%—12%) of the patients treated for small—<
tology are performed once during the 4 years. The benefit of thisll lung cancer survived for 2 years or longer (Table 4). Thisz
surveillance was not addressed. The other information about kti#@s prompted half of the investigators to combine patients fron‘%
potential utility of screening tests comes from information aboutultiple institutions to report on patients surviving for 2 or more = =
detecting second cancers with chest radiographs, sputum cytolggars after the start of initial treatment for small-cell lung cancer.> =
and fiberoptic bronchoscopy while the patients are asymptomdiiespite combining patients from different institutions, the num-
and the stages at which they present. Nine studies reported onltbie of patients followed for longer than 2 years is quite smaII@
symptoms in 317 patients diagnosed with second primary lufr@nge, 14—217) compared with the number of patients followectg
cancersg(18-20,24,26,30,31,40,47)wo hundred twenty patients after initial surgical treatment for early stage non-small-cell IungU
(69%) were reported to be asymptomatic and were identified bgincer (Table 2). The small numbers of patients available evecn
interval chest radiograph or sputum cytologic examination. Theaéter combining institutions prompted us to amalgamate patlentg
was no dramatic difference in the number of cancers identifiedfiom 10 institutions for further analyses of 2-year cancer-freeS
cohorts of patients that had a stated policy of follow-up chest rsurvivors of small-cell lung cance4). >
diographs and sputum and those that did not have a stated policyThe number of second primary lung cancers is much smalleg
A stronger statement about these two groups cannot be made atttas in the surgical series reporting the outcome of patients witrﬁ
time because the duration at risk was not matched, the cumulatiesected non-small-cell lung cancer. The median number of secs
risk was not defined, and the groups were not randomly assignedd primary lung cancers in each series is four (range, one to
Although many studies noted whether patients could or could ridt), sevenfold less than the median number observed in the
be resected, we could identify only two studies that noted the stages-small-cell lung cancer seri¢29). The predominant histol-
of all second primary lung cancers arising in 97 patients treated @@y developing in these patients is squamous cell carcinomas,
an initial lung cance(21,39).Sixty-four (66%) patients had stageaccounting for 37 (69%) of 54 second primary lung cancers re-
I non-small-cell lung cancer, nine (9%) had stage Il, 15 (15%) hadrted in the 14 studig4—3,58).The large multi-institutional study
stage llla, four (4%) had stage llIb, and five (5%) had stage IV. Agith some overlap among the series reported that 26 (51%) of 51
would be expected, the majority of patients diagnosed in thesen-small-cell lung cancers were squamous cell carcingf)as
cohorts had relatively early stage cancer. Thirteen studies of more than 100 patients (range, 14-611, 2-
to 3-year survivors) have reported on the development of second
primary lung and/or aerodigestive cancers (Table 4). Despite the
The risk of developing a second lung cancer after an ini- smaller numbers of patients surviving small-cell lung cancer
tial small-cell lung cancer. The problem of developing secondfollowed for an extended period of time compared with patients
primary lung cancers in patients surviving small-cell lung canceeated for non-small-cell lung cancer, the information on the
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Table 4. Rate of developing second primary lung cancers after developing an initial small-cell lung cancer*

No. of No. of
Authors No. of Years of 2-yeart second primary Rate of developing second
(reference No.) patients Source of cohort study survivors lung cancers cancer per patient per yeart
Jacoulet et al(5) — Multiple institutions 1986-1997 155 (2.5 years) 9 —
Tucker et al.(4) — Multiple institutions 1973-1995 611 51 3% (RR 11; 95% Cl= 8.4-15)
Sekine et al(3) 278 Single institution 1977-1991 34 4 —
Lassen et al(2) 1714 Multiple institutions 1973-1991 60 (5 years) 4 —
Johnson et al(60) 578 Single institution 1973-1991 62 16 2%—-13%
Szczepek et a(58) 314 Single institution 1976-1985 30 4 4%—-6%
van der Gaast et a{55) — Multiple institutions 1980-1989 81 5 —
Sagman et al(56) 800 Multiple institutions 1971-1985 — 4 RR 7;95% Cl= 1.4-20
Heyne et al(59) 446 Single institution 1978-1984 51 8 6%
Souhami et al(54) 3681 Multiple institutions 1978-1986 217 1 —
Fukuoka et al(53) 174 Single institution 1978-1984 14 (3 years) 2 RFS; 95% Cl= 1-14.5
Osterlind et al(49) 874 Multiple institutions 1973-1981 54 5 —
Vogelsang et al(52) 225 Single institution 1973-1982 25 1 —
*The dashes in the columns represent data that were not present in the publication and were not obtained by correspondence with the author. g
TIf different from the 2-year survival, the interval is given in parentheses. §
fRR = relative risk. Cl= confidence interval. g
g
risk of second cancers with the passage of time is quite congis 3
tent and more striking. The risk has been estimated by bothfan , g0 - i
increase in relative risk (observed number of cases divided [by 70 S
the expected number of cases in the general population) as well 3 5
as the percentage of patients developing a second lung cafcer § 60 §
per year of follow-up. The relative risk of developing a secord 2 g
. . . . Q ="
lung cancer is sevenfold to 16-fold higher in the patients syr- 8 e
viving small-cell lung cancer for more than 2 years comparé¢d 5 407 S
with a similar population in the United States and Canada % 30 ] %
(4,51,56).The risk of developing a second primary lung cancer 3 20 =5
. . . . = - (@]
estimated as a percentage per patient per year in this same| pa- g 5
tient population is at 2%—13% per patient per ygab0,58-60). < 104 &
Both the relative risk and percent per patient per year of follow- o >
up for developing an aerodigestive or non-small-cell lung cander 2 4 & 8 10 12 14 16 18 %
in patients surviving for 2 or more years increased with the Years =
passage of 10 years from twofold to sixfd#,51,59,60)These B 60 &
. . . 1 o)
high rates of developing a second lung cancer result in a cunu- §
lative risk of approximately 30% at 10-12 years from starting g 70 8
initial treatment (Fig. 2, A and B). In our series, the predominaht § 60 ;5
aerodigestive cancer is lung cancer, so the curves for cumulative = 50 Q
. . . . . Q
risk of lung cancers and aerodigestive cancers are similar. 3 2
Two reports of the same patient cohort and a large retrosppc- s 407 S
tive multi-institutional study evaluated the effects of cigaretfe % 30 o
smoking cessation on the rates of developing second lung cpn- 3§ 20 &
cers in patients surviving small-cell lung cancer. Approximately f ~
60%—75% of the patients discontinued smoking either beforelor ~ © 107 E
at the time of diagnosis of their small-cell lung can¢gb1,60). 0 : | | | , |
These studies show a threefold to fourfold reduction in the rela- 2 4 6 v 8 10 12 14
. . . . ears
tive r|§ks and rate per person per year in pa_ltlents who stopped (592)  (323)  (197)  (111)  (61) (29) (12)
smoking before or at the time of starting initial treatment conj-

pared Wlt_h patlen'_[s \_Nho Cor_]tmu_Ed to smoke cigarg#esi, 60). Fig. 2. A) Cumulative actuarial percentage of patients treated for small-cell lung
A portion of this increasing risk of a second lung cancer fQfancer who developed cancer with the passage of time. The upper line represents
10 years after starting initial treatment for small-cell lung cancé actuarial risk for developing a second aerodigestive cancer while the lower

may be caused by the administration of chest radiotherapy_ TiRe represents the actuarial risk for developing a non-small-cell lung cancer.
relative risks for second lung cancers of patients treated witfi2Pted from Johnson et al. (60) with permissi@). Cumulative actuarial

h irradiati . d . I fold éarcentage of patients treated for small-cell lung cancer who developed lung
chest Irradiation increased approximately twofold compar ncer with the passage of time. The numbers in parentheses at the bottom of the

with patients not treated with chest radiother@yp1). This was  figure represent the number of patients at risk for a non-small-cell lung cancer
particularly evident in patients who continued to smoke cigat that time periodAdpated from Tucker et al. (4) with permissidtne cumu-
rettes where the relative risk increased nearly fourfdid De- lative risk is determined by the Kaplan—Meier technique with events (deaths and

spite the increase in relative risk of second lung cancers Jiie" malignancies) other than these cancers censored.
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patients with small-cell lung cancer treated with chest radiatidang cancers. The initial and subsequent lung cancers from 24
chest radiotherapy added to combination chemotherapy clegritients have been genotyped for one or more of these genes
provides a survival benefit for patients with limited stage smal{67—70). Fifteen (68%) of the 22 patients with two or more
cell lung cance(61,62). Therefore, this small increased risk ofnon-small-cell lung cancers had discordant mutations in one or
a second primary lung cancer is currently a price one must papre of the genetic loci. Two patients with an initial small-cell
for the therapeutic success of combined modality therapy. lung cancer followed by a non-small-cell lung cancer had both
Secondary treatment of patients developing lung cancer of their cancers genotyped for all three genetic I(&7). One
after small-cell lung cancer.There are relatively little data on patient had a mutation in the TP53 tumor suppressor gene in the
the secondary treatment of patients with second lung cancimigial small-cell lung cancer and had a KRAS2 mutation in the
after initial treatment of their original small-cell lung cancersubsequent non-small-cell lung cancer. The other patient had no
Twelve different studies of patients surviving small-cell lungnutations in any of the three loci in the initial small-cell lung
cancer have reported on the outcome of attempted secondzagcer but had mutations in the TP53 and CDKN2 tumor sup-
surgical treatment of the second primary lung cancers. Six (13@sessor gene in the subsequent non-small-cell lung cancer. There
of 46 patients who developed second primary lung cancers werere no examples of any of the 24 metachronous lung cancers
able to undergo successful surgical resection of their non-smalith the same mutation. Therefore, the different patterns of the
cell lung cancerg1,3,58).We have defined successful as beinNA histograms and the mutation patterns of KRAS2, TP53,9
able to resect the cancer and have the patients reported as caaegiCDKNZ2 in the different lung cancers from the same patient
free at their last follow-up. Patients treated for small-cell lungtrongly support the clinical data that these are indeed metachrc?,-L
cancer at our institution and at other institutions were followeatbus lung cancers.
every 3—12 months. Despite identifying the non-small-cell lun
cancer when it had not spread outside the thorax in 14 of our #45CUSSION
patients, only one patient was able to undergo two successfil, ot second Primary Lung Cancers in Patients
resect!0n5(60). Since th_e information on sgrvwa! from the d"Surviving Their Initial Lung Cancer
agnosis of a second primary lung cancer in patients treated for
small-cell lung cancer is meager, we have not included it in this The information reported about second lung cancers in pa3
review. tients treated for non-small-cell lung cancer is quite diﬁerentg
Surveillance of patients surviving small-cell lung cancer from that reported about patients treated for small-cell lung cans
for more than 2 years. Only 13% of patients developing acer. Many authors have reported on large cohorts of patientg
second primary lung cancer (both small-cell and non-small-cellith non-small-cell lung cancer typically treated with surgical =
types) after initial treatment for small-cell lung cancer can umesection at single institutions and followed for extended peri0d§
dergo successful surgical resection. The survival of patients wbitime. There is extensive information about the patients’ symp-5
develop a second primary lung cancer after initial treatment ftoms, anatomic localization of the lung cancers, histology, sec
small-cell lung cancer is undefined. There is no systematic iondary surgical treatment, complications of that surgical treat-%
formation about why patients have been unable to undergo neent, reasons for not resecting, and the outcome. In contrast
section. The information on surveillance for patients surviviniiiere have been relatively little data on the risk of developings;
small-cell lung cancer is scarce. Investigat(s49,56)evalu- second primary cancers because of continued cigarette smoking,
ated patients every 3 months for 2 years and then every 6-ér2the evaluation of the risk of second primary cancers by relag
months, but none of these investigators has given the inforntiae risk, on the effect of chest irradiation on tumorigenesis, and
tion about the frequency with which the patients actually wemn the impact of surveillance strategies on the outcome. E
seen. The majority of patients followed present with intratho- Authors have reported on small cohorts of patients treated fof}
racic cancer(60), and two thirds of the patients treated withsmall-cell lung cancer and have analyzed the contributions o8
chest radiotherapy in addition to combination chemotherapy dggarette smoking and various treatment modalities on the risk of
velop their cancer within or at the edge of the radiotherapy porwgveloping second primary cancers. The studies have focused gn
(4). There is very little information about the symptoms of pgpatients surviving longer than 2-5 years after the start of treat%
tients at the time they present with their second cancer. The msent because the events in the first 2-3 years are dominated tﬁ'
of surveillance in patients with small-cell lung cancer is not wetleaths from relapsed small-cell lung cancer. A few studies of the
documented, and there have been no comparative studiesl@felopment of second primary cancers in patients surviving
different schedules of follow-up. small-cell lung cancer have shown continued cigarette smoking,
Laboratory techniques to document second primary lung chest irradiation, and duration of follow-up contribute to the
cancers.The definition of second primary lung cancers remairiacreasing risk of second primary lung candé;51,59,60).
a clinical definition (Table 1). The recent advances in flow cyFhere is a paucity of information about the patients’ symptoms,
tometry and genotyping of tumors has allowed some insighitage of the second lung cancer, subsequent surgical treatment,
into the clonality of metachronous cancers. Flow cytometry haemplications of surgical treatment, reasons for not resecting,
been used on six pairs of metachronous tumors to measure dbtcome after the development of a second primary lung cancer,
amount of DNA (63). Five of the six patients who met theand impact of surveillance strategies.
authors’ clinical criteria for metachronous tumors had different Patients with non-small-cell lung cancer develop second pri-
DNA histogram patterns, suggesting separate origins of the camary cancers at a rate of approximately 1%—-2% per year. The
cers. Mutations of KRAS2 oncogen@4), TP53 (65), and ongoing prospective collection of information on the rates of
CDKN2 tumor suppressor gen€66) have been described indeveloping second primary cancers in large cohorts of patients

peoe//:sdny wouj pe

Journal of the National Cancer Institute, Vol. 90, No. 18, September 16, 1998 REVIEW 1341



with non-small-cell lung cancer and head and neck cancer pRecommendation for Future Studies
spectively followed in the large chemoprevention trials should . . .

) . Future reports on developing second primary cancers in pa-
clarify further the rates of development of second primary Ca{}é

cers(6,7). Patients successfully treated for small-cell lung can- nts surviving lung cancer could provide additional informa-

: th?. The published studies of patients surviving non-small-cell
cer develop second primary lung cancers at an average rat

roximately 6% per ¢ which incr from 2% to m (?ru%g cancer are missing different pieces of information than the
approximately 67 per-year, ch Increases 1o 0 10 MO, dies of patients with small-cell lung cancer. Studies of pa-

0 . .
tggnGSO_I{:] p_erf patletr_n pbe ' ye?jr 1V(\)/'th the_pissa%e of 1I0t'y “Akhts surviving non-small-cell lung cancer will benefit from
(59,60).The information beyon years IS based on relaliveiye, . ation on the contribution of smoking, chest radiation, and

few patients surviving 10 years or more after initial treatm_ent f(?:rhemotherapy to the development of second primary cancers.
small-cell lung cancer. Further data are needed to confirm ®fis \vill be particularly important for patients with stage Il and
cgrrent observations on rates of_ s_econd lung cancers in patigts,on-small-cell lung cancer treated with chemotherapy plus
with small-cell lung cancer surviving for a decade or more. cpagt radiotherapy. The analyses of the rates of second primary
The second primary lung cancers appearing in patients Withncer development also will benefit from relative risk calcula-
surgically resected non-small-cell lung cancer are four imes @isqs to provide information about the increased risk of cancers
likely to be able to undergo a surgical resection as patieigs common than lung cancer. The assessment of the patient at
treated for small-cell lung cancer (52% versus 13%). The re@z time of development of the cancer can help provide usefug
sons have not been elucidated but could include at least tyeyrmation for the efficacy of the follow-up procedures and =
different factors. Patients with surgically resected non—small—cg[hbsequent treatment of the secondary cancer. Further informa_
lung cancer may have better pulmonary reserve because thgi on the symptoms, signs, and methods of detection of second
have not been treated with chest irradiation. The majority gfimary cancers in patients surviving lung cancer would be helpS
patients treated for small-cell lung cancer have their non-smallj in analyzing potential surveillance strategies. =
cell lung cancer appear within or near their radiation portal. Studies of patients surviving small-cell lung cancer will ben-i
Since the second primary lung cancers are difficult to recognigit from information on the symptoms, signs, radiographic, and§
within the radiation portal on chest radiographs, patients pres@nbnchoscopic abnormalities of patients developing second prig
with more advanced disease and thus are less likely to be mgary lung cancers. The limited information available thus farg-
sected. suggests that fewer patients surviving small-cell lung cancer ca@
Two other cohorts of patients studied for the development bé resected compared to patients with non-small-cell lung cang
second primary lung cancers are patients successfully treatedder. Information is needed on the stage of second primary lung.
Hodgkin's disease and breast cancer. A number of similaritiegncers arising in patients surviving small-cell lung cancer anoE
exist among the risks for developing second primary lung catiie reasons patients cannot be resected. Data on survival &f
cers in patients treated for small-cell lung cancer, Hodgkinfstients after their second primary cancer need to be providea%
disease, and breast cancer. Patients treated for Hodgkin’s diseaséhe opportunity to review these many studies has prompte@
have a twofold to eightfold increased risk of lung cancer cons to provide what we believe is a comprehensive list of poten<
pared with the general populati¢fl—76).Similar to the data in tially collectable information to provide investigators with an &
patients successfully treated for small-cell lung cancer, the riektensive list of data that may be useful (Table 5). This materiaf;
of a lung cancer in patients treated for Hodgkin's disease and
breast cancer increases approximately twofold to 20-fold withraple 5. Recommended data collection and analysis on cohorts of patients
the passage of 10 or more years from the start of the(ﬁpy followed after initial treatment for lung cancer: information at diagnosis
78). Despite the increased relative risks, the chance of develo[pé{tient ormation
ing lung cancer in patients surviving Hodgkin’s disease is only age, sex, performance status, smoking history, anatomic location, S
0.1% per person per ye&r2,74—76),10-130 times lower than histology, stage, and surgical procedure, chemotherapy, and/or radiotherapy -
that observed in patients surviving lung cancer. Cohort information >
The factors most often associated with the development oflnstitutional setting, years of patient accrual, years of patient follow-up, =
. . . . . smoking information, frequency of intended clinic visits, actual frequency of 3
lung cancer in patients surviving Hodgkin's disease and breaghic visits, complete blood cell counts, serum chemistries, sputum '
cancer appear to be chest radiotherapy and cigarette smokiegology, chest radiographs, computerized tomography of the chest, and
Chest radiotherapy increases the risk of lung cancer twofold fgeroptic bronchoscopy

sixfold in patients successfully treated for Hodgkin’s disease arf@tient information at time of second primary cancer .
Age, sex, symptoms, signs, smoking history, method of detection (sputum

breast cancer in most studies, particularly in patients survivingology, chest radiograph, computerized tomography of chest, fiberoptic

more than 10 years after their initial radiation treatm(@278).  bronchoscopy), histology, anatomic location, stage, surgical procedure,

The relative risk of developing lung cancer is increased on tHgason(s) surgical procedure not performed

ipsilateral side as the breast irradiation and the risk increaggaient information after second primary cancer _
ith increasing doses of irradiatiof77,78). Smoking also in- Patient frequency of follow-up, functional status assessment, survival,

with | g 4 : g ‘ !~ third primary cancer gee “Patient information at time of second primary

creases the risk of lung cancer sixfold to 15-fold in patientsancer” above), cause of death.

treated for Hodgkin's disease and breast ca(itgf77,79)simi-  aAnalysis of data

lar in magnitude to patients who have not had a previous cancefctuarial survival, actuarial risk of developing second primary cancer,

PN TP A - ercentage risk per patient per year, relative risk calculations, impact of
_(80)'The data ShQW a multl_pl|cat!ve interaction between Smo'ﬁhest radiation, impact of chemotherapy drugs, and impact of continued
ing and chest radiotherapy in patients treated for small-cell lungjarette smoking

cancer, Hodgkin’s disease, and breast caf¢at7,79).
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will allow analyses for currently missing data, and investigatoREFERENCES
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