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The National Cancer Institute has sponsored three random-
ized controlled trials of screening for early lung cancer in
large, high-risk populations to determine whether (1) lung
cancer detection can be improved by adding sputum cytological
screening every 4  months to chest roentgenography done
either yearly or every 4 months; and (2) lung cancer mortality
can be significantly reduced by this type of screening program,
followed by appropriate treatment. Results of the three trials
suggest that (1) sputum cytology alone detects 15% to 20%
of lung cancers, almost all of which are squamous cancers with
a favorable prognosis; and (2) chest roentgenography may be
a more effective test for early-stage lung cancer than previous
reports have suggested. Neverthless, results of the randomized
trial conducted at the Mayo Clinic showed that offering both
procedures to high-risk outpatients every 4 months conferred
no mortality advantage over standard medical practice that
included recommended annual testing.

L u n g  cancer continues to be a major medical problem.
I t  has been estimated that in the United States there

wi l l  be 149,000 new cases and 130,100 deaths f rom the
disease dur ing  1986. L u n g  cancer i s  now the  leading
cancer cause of death among both men and women.'

Dur ing t he  pas t  3 0  years t h e  incidence ra tes  and
mortal i ty rates associated w i th  lung cancer have risen
steadily and proport ionally.2 Resectabil i ty and 5 -year
survival rates have not changed appreciably, remaining
about 25% and 10%, respectively.
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Although i ts  effectiveness has been questioned, sur -
gical resection continues to be the t reatment  of  choice
for a l l  bu t  the small-cell type o f  lung cancer.3 Combi-
nation chemotherapy has benefitted some patients w i th
small-cell cancer, b u t  t he  propor t ion who experience
prolonged, complete remission is woefully sma11.4

The most t ragic aspect of the lung cancer problem is
the fact that i t  is largely preventable, 80% being at t r ib-
utable to cigarette smoking.5 Smoking history, age, and
sex comprise an excellent "prescreen." The population
at high r isk consists of middle-aged and older men who
have been chronic, excessive smokers of cigarettes.

The symptoms of early lung cancer tend to be nonspe-
cific and are often a t t r ibuted to  smoking. By the  t ime
symptoms have  become severe enough t h a t  medica l
attention is sought, the tumor  is l ikely to be advanced
and incurable.°

Today the chest x - ray  f i lm and the sputum cytology
test are st i l l  the only rel iable procedures for  detecting
presymptomatic, early-stage lung cancer.7 The two pro-
cedures a r e  complementary: t h e  chest  x - r a y  f i l m  i s
better for detecting peripheral tumors of the non-small
cell type (especially adenocarcinomas), whereas sputum
cytology is the best detector of centrally located, ear ly-
stage, intrabronchial  squamous cancers (so-called "oc-
cul t "  c a n c e r ) . "  Posteroanterior ( PA )  stereoscopic o r
PA and lateral chest x-ray fi lms taken at  125 to 140 kV
are preferred because of their  sensit ivity, as are mul t i -
ple-day "pooled"  o r  induced specimens o f  sputum.°3°
Neither procedure is l ikely to be helpful i f  the cancer is
of the small-cell type.

The Saccomano technique for processing sputum and
the f lexible f iberopt ic bronchoscope, both developed in
the 1960s, have vastly improved detection and localiza-
tion o f  occult cancers.11.12 Because o f  these ma jor  ad-
vances, and i n  response t o  concerns expressed by  pa-
tients, the  Divis ion o f  Thoracic Diseases o f  the Mayo
Clinic recommended i n  1970 t h a t  " a n y  man  aged 4 5
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years or older who smokes one package of cigarettes or
more each day should have a  sputum cytology exami-
nation as well  as a chest X- ray  at  least once a year."13
This recommendation remains in effect today.

The fo l lowing y e a r  t h e  Nat iona l  Cancer  I ns t i t u t e
(NCI) began sponsorship of three large-scale, long-term,
randomized controlled t r ia ls  o f  screening for  lung can-
cer, using chest x-ray fi lms and sputum cytology.14 The
trials, which were completed in  1984, were conducted
at Mayo Clinic, the Johns Hopkins Medical Insti tut ions,
and the Memorial  Sloan-Kettering Cancer Center. The
part ic ipat ing ins t i tu t ions  h a v e  been designated t h e
"NCI Cooperative Ear ly Lung Cancer G roup . " "

The a ims  o f  t he  Cooperative Group  have  been t o
determine whether (1 )  detection o f  lung cancer can be
improved by adding modern cytologic screening tech-
niques t o  e i t he r  yea r l y  chest  x - r a y  f i lms  (Hopk ins ;
Memorial)  o r  chest x - ray  f i lms done every  4  months
(Mayo); (2)  mor ta l i ty  from lung cancer can be reduced
signif icantly by this type of screening program, followed
by newer localizing methods and appropriate t reatment
of bronchogenic carcinoma."

At  the t ime these clinical t r ia ls were designed, i t  was
assumed tha t  year ly chest x - ray  f i lms would not  affect
lung cancer mor ta l i t y,  a l though th i s  assumption has
never been tested. There has never been a  randomized
controlled t r i a l  o f  screening fo r  lung  cancer alone by
means of  full-size, h igh kV chest x- ray f i lm o r  modern,
mult iple-day o r  induced sputum cytology tests, sepa-
rately or combined, compared wi th  no testing at  all.

The goal o f  the Mayo screening program, o r  Mayo
Lung Project ( M L P ) ,  was to  determine whether chest
x-ray f i lm  and  sputum cytology tests, offered periodi-
cally to a group of Mayo Clinic outpatients at  high r isk
of lung cancer and without a history of respiratory t ract
cancer, would resu l t  i n  a  s igni f icant reduct ion o f  the
lung cancer death rate compared w i th  a  control  popu-
lation not  offered regular  testing, bu t  advised to  have
annual chest x - r a y  f i l m  a n d  sputum cytology t es t s . "
Persons a t  h igh r isk  were defined as men aged 45 and
older who were smoking at  least one pack of  cigarettes
daily, e i ther  a t  the t ime they entered the program o r
dur ing the previous year. The tests were offered to the
screened population every 4  months for  6 years. Mayo
Clinic pat ients were  chosen as  subjects f o r  t h e  M L P
pr imar i ly  because i t  was believed that detection of early-
stage l ung  cancer could be most  easi ly accomplished
through exist ing medical faci l i t ies and p r imary  physi-
cians."

Method of Detection No. of Cases Complete Resections

Chest x-ray film 59 30 (51%)
Sputum cytology 17 16(94%)
X-ray film and cytology 15 3 (20%)
Total 91 49 (54%)

Prevalence Screen

From November 1971 t h r o u g h  J u l y  1976,  10,933
Mayo Clinic outpatients were interviewed who met the
M L P age, sex, and smoking requirements. A l l  o f  these
patients received 3 6  c m  X  4 3  c m  stereoscopic chest
roentgenograms, whereas 10,117 (92.5%) submitted 3-
day "pooled" specimens of sputum that were considered
satisfactory for  cytologic examinat ion."  None o f  these
MLP candidates were suspected of having cancer of the

respiratory t ract .  A l l  were offered the tests because of
the 1970 Mayo recommendation regarding annual test-
ing of  high-r isk patients. I f  either test proved positive
for l ung  cancer on  th i s  i n i t i a l  screening, the  pat ient
became a "prevalence" case. There were 91 such cases,
a prevalence r a t e  o f  8.3/1,000 o f  those offered t h e
screening. The  prevalence r a t e  was  s t rong ly  age-de-
pendent, ranging f rom 1/1,000 among men aged 45 to
49 to 17/1,000 among those aged 65 and o lder. "

Roentgenography was the  most f requent method o f
detecting the prevalence cancers (Table 1). There were
59 cases detected by chest x-ray f i lm alone, of which 30
(51%) were resectable " f o r  cure. "  Cytology alone de-
tected 17 cases, and 16 (94%) of  these were considered
completely resectable. F i f teen cases were detected by
both screening modalities, bu t  i n  only three (20%)  o f
these were "cu ra t i ve "  resections possible. Overal l  re -
sectability was 54%. "

Among those prevalence cases detected by cytology
alone, the 5-year survivorship (considering deaths from
lung cancer only)  was about 80%25'16 There were 36
asymptomatic prevalence cancers detected roentgeno-
graphically, and in  these cases, the 5-year lung cancer
survival approached 50%. The  remain ing 38  patients
wi th abnormal chest x - ray  f i lms had vague symptoms,
such as il l-defined chest pain, t ha t  were not  suspected
of being due to  lung cancer when the pat ient  entered
the Mayo Clinic, but  that  later were proved to be af ter
review of the findings o f  the medical examination. The
5-year lung cancer survival among these cases was less
than 10%. A l l  bu t  one o f  the cases i n  which both the
chest x - r a y  f i l m  a n d  t he  sputum cytology t es t  were
abnormal were in this "symptomatic"  ca tegory. "

The survival at 5 years from all causes of death among
the 91 prevalence cases were approximately 30%. This
is more than twice t h a t  observed i n  a  large group o f
contemporary Mayo Clinic lung  cancer cases matched
for age and sex.I7 Considering only deaths f rom l ung
cancer, the 5-year survival  ra te  among the prevalence
cases was nearly 40%. "

Randomized Clinical Trial (Incidence Rescreening)

Only 9,211 o f  the 10,933 men who took pa r t  i n  the
prevalence screening also qual i f ied f o r  the  M L P  ran -
domized controlled clinical t r ia l ,  or  "incidence study."17
Additional requirements f o r  t he  randomized t r i a l  i n -
cluded a life expectancy of at least 5 years, a respiratory
reserve considered suff icient t o  enable the  pat ient  t o
undergo lobectomy, i f  necessary, and completion of  the
prevalence screening with test results that were consid-

TABLE 1
Prevalence Lung Cancers: Method of Detection and Resectability
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ered sat isfactory and  negat ive f o r  l u n g  cancer.  T h e
9,211 men who ful f i l led the  c r i te r ia  for  the t r i a l  were
studied in two randomized groups.")

The screened group consisted o f  4,618 patients who
were asked, and  reminded, t o  have chest roentgeno-
grams and 3-day, "pooled" sputum cytology tests every
4 months fo r  6  years. Intensive efforts were made t o
secure compliance. Noncompl iant  pat ients  a n d  those
who had completed 6 years of screening were contacted
yearly by letter.") On July 1, 1983, al l  men in this group
had completed the 6-year screening period. Postscreen-
ing follow-up ranged f rom 1 t o  5.5 years. The median
follow-up was 3 years.

The control group of 4,593 patients received only the
standard 1970 Mayo recommendation concerning yearly
chest x - r a y  f i l m  a n d  spu tum cyto logy tests.  N o  r e -
minders about tests were sent. Contact was maintained
by annual  fol low-up l e t t e r  t h a t  d i d  n o t  ment ion t h e
tests.18

Compliance wi th the screening was excellent. For the
4-monthly screened group, compliance was 85% dur ing
the f i rs t  year,  af ter  which i t  gradual ly fell, leveling off
sl ightly below 75%. The response of  the control  group
to the yearly letter remained constant at 98%.18 Dur ing
the entire randomized t r ia l ,  only 26 patients were lost
to follow-up.

A successful randomized t r i a l  o f  screening f o r  l ung
cancer should in i t i a l l y  detect  more l u n g  cancers and
more early-stage cancers in the screened group than in
the control group, due to the screening. Later, as screen-
ing concluded, a n d  d u r i n g  t h e  fo l low-up per iod,  t h e
number of lung cancers in the two groups would equal-
ize, as previously undetected, asymptomatic, early-stage
lung cancers in the control group progressed and finally
emerged as symptomatic, advanced cancers. Eventually,
i f  t reatment were more effective f o r  ear ly -stage than
for advanced cancers, there would be fewer lung cancer
deaths in the screened group than in the control group.

From the beginning o f  the M L P t r ia l ,  the  incidence
cases o f  l ung  cancer i n  t h e  g roup  screened every  4
months outnumbered the cases in the control group. On
July 1, 1983, there were 206 confirmed lung cancers in
the group screened every 4  months, an  incidence ra te
of 5.5/1,000 person-years of surveillance. In  the control
group were 160 cases, o r  4.3/1,000 person-years.

About one four th o f  the lung cancers in  both groups
were smal l -cell cancers, w h i c h  a r e  n o t  amenable t o
screening.") Moreover,  on ly  a  t h i r d  o f  the cancers i n
each group were squamous cancers, the type tha t  t r a -
dit ionally has seemed to respond best to surgical t reat -
ment. This distr ibut ion is quite different and much less
favorable than what  had been expected when the M L P
began.")

In the group screened every 4  months, 90 (44%)  o f
the 206 confirmed cases o f  lung cancer were detected
by the screening tests (Table 2). In 66 of these 90 cases,
only the chest x-ray f i lm was abnormal. Eighteen of the
90 cancers were detected by cytology alone, whereas six
were detected by both screening modalities.

Among the 116 cases in  the group screened every 4
months t h a t  were  no t  detected b y  screening, 7 3  had

No. Complete
of ResectionsCases

No.
of

Cases
Complete

Resections

Chest x-ray film every 4
months

66 41(62%)

Cytology every 4 months 18 15(83%)
Chest X-ray film and cytol-

ogy every 4 months
6 4 (67%)

Nonstudy chest x-ray film 43 27 (63%) 48 36 (75%)
Symptoms 73 7(10%) 112 15 (13%)
Total 206 94 (46%) 160 51(32%)

TABLE 2
Incidence Lung Cancers: Method of Detection and Resectability

Method of Detection

Group
Screened Every 4 C o n t r o l  Group

Months

symptoms o f  lung cancer, and  43  were discovered by
nonstudy chest x - ray  f i lms obtained fo r  o ther  c l in ical
reasons (emphysema, respi ratory  infections, hear t  dis-
ease, etc) ,  o r  dur ing  general medical examinations o f
these heavy smokers.

Fifteen of  the 18 incidence cancers detected cytolog-
ically were resected (Table 2). Perhaps more signif icant
was the observation tha t  almost two th i rds  o f  the 115
cancers in the group screened every 4 months that  were
detected roentgenographically ( by  e i ther  screening o r
nonstudy x-ray f i lm) were resectable.

Nearly a  t h i r d  o f  the  l u n g  cancers i n  t h e  con t ro l
group were detected by nonstudy x - ray  f i lm, and three
fourths of  these were resectable. This "contaminat ion"
of the control group was for cl inical indications s imi lar
to those encountered i n  t h e  g roup  screened every  4
months. Approx imate ly  h a l f  o f  the cont ro l  populat ion
received chest roentgenograms each year.

In addition to the 73 symptomatic cases of lung cancer
in the group screened every 4  months, there were 112
in control  group. Only 22 ( 12%)  o f  these 185 sympto-
matic lung cancers were resectable (Table 2).

A tota l  of 94 (46%) o f  the lung cancers in the group
screened every four months were resectable, compared
with 51(32%) of the 160 in the control group. In clinical
practice a t  the Mayo Clinic, the  resectabi l i ty r a te  fo r
lung cancer is  27%.17 However,  i t  should be recal led
that one o f  the requirements f o r  par t ic ipat ion i n  the
MLP randomized t r i a l  was a respiratory reserve suffi-
cient t o  permi t  lobectomy (should th is  be necessary).
Obviously, not  a l l  o f  the lung  cancer patients encoun-
tered in  cl inical pract ice a t  Mayo would have fu l f i l led
this requirement.

Considering on ly  deaths f r o m  l u n g  cancer,  5 -year
survival among all cytologically detected incidence cases
was more than 80%, and 5-year survival  for  a l l  roent-
genographically detected cases averaged 40%. The sur-
vival of the symptomatic cases at  5 years was less than
10%. Because o f  the  d is t r ibu t ion  o f  the  l u n g  cancer
cases in the two study groups by method o f  detection,
the 5 -year surv iva l  ( l u n g  cancer deaths on ly )  i n  t he
group screened every 4 months was approximately 35%.
I t  was less tha 15% in  the control group.

There were 43 more resectable lung  cancers i n  the
group screened every 4 months than in the control group
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(Table 2). However, there were also three more unre-
sectable cancers in  the group screened every 4 months
(112 compared with 109 in the control group). Al though
approximately hal f  of the patients were resectable can-
cers survived their  disease 5 years, i t  was rare for those
wi th  unresectable cancers to do so.

The hoped-for " t rade  o f f "  o f  successful l ung  cancer
screening d id not  occur. More  lung cancers and more
early-stage, resectable l ung  cancers were detected i n
the group screened every 4 months than were observed
in the control group. However, these were not offset by
an equal ly  l a r g e r  number  o f  advanced, unresectable
cancers among t h e  con t ro l  subjects. T h e  cumulat ive
numbers of unresectable lung cancers in the two groups
were almost identical, both dur ing the 6 years of active
screening and afterwards.

In the M L P  randomized t r ia l ,  the  death rates f rom
all causes (per 1,000 person-years) were high: 24.8% in
the screened every 4  months and 24.6% i n  the control
group. The  ma jor  competing death r i s k  was ischemic
cardiovascular disease.'

There were  1 2 2  l u n g  cancer  deaths i n  t h e  g r o u p
screened every 4 months and 115 in  the control group.
Seven deaths in the group screened every 4 months and
six deaths i n  t h e  con t ro l  g r o u p  w e r e  a t t r i bu ted  t o
surgery f o r  l ung  cancer. These were t reated as l ung
cancer deaths.

The death rate f rom lung cancer was 3.2/1,000 per-
son-years in the group screened every 4 months and 3.0
among the control  subjects. L ike  the cumulat ive num-
bers o f  unresectable cancers, the  cumulat ive numbers
of lung cancer deaths in the two groups were compara-
ble, both during and after the period of active screening.

Comments

The results o f  the M L P  randomized control led t r i a l
do no t  jus t i f y  recommending large-scale programs o f
radiological o r  cytological screening f o r  l ung  cancer.
Such programs are usually in i t iated by those who con-
duct them and should benefit the part icipants by reduc-
ing l u n g  cancer  m o r t a l i t y . '  T h e  M L P  t r i a l  d i d  n o t
demonstrate this sort of benefit.

Neither do the results of  the M L P mean that  test ing
high-r isk patients fo r  lung  cancer by chest x - ray  f i lm
or sputum cytology is not useful, as some have c la imed. '
Al l  who participated in the MLP t r ia l  received an in i t ia l
(prevalence) radiological and cytological screening. The
randomized t r i a l  s imply  shows t h a t  o ffer ing t he  t w o
procedures every 4  months t o  h igh -r isk Mayo  outpa-
tients who have had one negative screening confers no
moral i ty advantage over rout ine Mayo Clinic pract ice
wi th  a recommendation of annual testing.

The randomized, control led t r i a l s  conducted a t  t he
Johns Hopkins Medical Insti tut ions and at the Memorial
Sloan-Kettering Cancer Center offered a l l  part ic ipants
annual chest roentgenograms. I n  addit ion, h a l f  o f  the
men in  each of  these t r ia ls  were randomly allocated to
a group offered sputum cytology every 4 months. Results
from b o t h  t r i a l s  i nd i ca te  t h a t  i n  t h e  populat ions

screened by x-ray fi lm only, as well as in the populations
screened by x - ray  f i lm and cytology, the proport ion o f
early-stage, resectable lung cancers and the lung cancer
survivorship have been substantial ly bet ter  than those
observed in  previously reported lung cancer screening
programs. However, l ike the MLP,  no signif icant differ-
ence in lung cancer mortal i ty has been observed between
the two populations i n  e i ther  the  Hopkins o r  the  Me-
morial t r i a l . '

I t  should be emphasized tha t  when the NCI random-
ized controlled t r ia ls  commenced, i t  was general ly ac-
cepted t h a t  year l y  chest  roentgenograms wou ld  n o t
reduce lung cancer morta l i ty.  I t  was also believed tha t
a large proport ion o f  lung cancers would be detected
cytologically, and the t r ia ls  were designed w i th  this in
mind. Ye t  i n  a l l  three screening programs, the  g rea t
major i ty o f  lung cancers have been detected radiologi-
cally. Fur thermore,  sizable numbers were detected by
nonstudy chest x - ray  f i lms i n  the control  group o f  the
MLP and b y  annual  chest x - r a y  f i lms i n  t he  contro l
populations of the other two trials. I t  would be of interest
to know wha t  m igh t  have happened i n  these cases i f
chest roentgenograms had  n o t  been avai lable t o  t h e
control subjects.

The randomized controlled t r ia l  is ideal for  assessing
new procedures such as mammography, o r  new appl i -
cation o f  procedures such as screening populations a t
high r isk  o f  lung cancer by sputum cytology. Unfor tu-
nately, once a procedure has become an established part
of medical pract ice, as  the  chest roentgenogram has
(more than  8 0  mi l l ion a r e  taken yea r  i n  t he  Un i ted
States), i t  may become necessary to resort to other, less
precise methods of evaluation, such as case-control stud-
i e s . 2 2 , 2 3

Summary

Three large, long-term randomized controlled t r ia ls
of screening f o r  ea r l y -stage l u n g  cancer b y  per iodic
chest x - ray  f i lm  and  sputum cytology have been con-
ducted under the auspices of the National Cancer Inst i -
tute. Cytological screening alone has detected on ly  a
small proportion of the lung cancers in these programs,
although cytological ly detected l u n g  cancers tend  t o
have a very favorble prognosis. Modern chest roentgen-
ography appears t o  be a  be t te r  method o f  detect ing
early-stage, resectable lung cancer than previous stud-
ies have indicated.

Everyone who part ic ipated i n  the  Mayo Cl inic ran -
domized t r i a l  had a  satisfactory and  negat ive i n i t i a l
(prevalence) radiological and cytological screening. The
study g r o u p  w a s  t h e n  o ffered rescreening e v e r y  4
months, whi le the control  group was offered standard
medical care and advised to  have annual chest radiog-
raphy and sputum cytology.

The Mayo t r ia l  has shown significantly increased lung
cancer detection, resectabil i ty, and survivorship in  the
study group compared w i th  tha t  of  the control groups.
Yet the death rates from lung cancer and from all causes
have been almost identical in the two groups.
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