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Abstract
We found that a cohort of patients with lung
cancer first treated in 1977 had higher six-month survival
rates for the total group and for subgroups in each of the
three main TNM stages (tumor, nodes, and metastases)
than a cohort treated between 1953 and 1964 at the same
institutions. The more recent cohort, however, had undergone many new diagnostic imagil1g procedures, According to the "old" diagnostic data for both cohorts, the recent
cohort had a prognostically favorable "zero-timeshltt.r'ln
addition, by demonstrating metastases that had formerly
been silent and unidentified, the new technological data

ALTHOUGH

cancers are usually "staged" accord-

r-\. ing to morphologic evidence of the tumor's anatomical dissemination and histologic type, the prognosis can also be affected by non morphologic features of
the patients' clinical condition. Among these Clinical
features are the pattern of symptoms, the severity of
illness, the tumor's rate of growth; and comorbidity
with other diseases. These clinical features have been
shown to result in major prognostic distinctions
among patients who otherwise seem similar' when
classified only according to morphologic categories for
cancers of the lung,'-3 rectum,I,2,4,51aiynx,6 breast/,8
and endometrium? and for Hodgkin's diseasel'' and'
acute leukemia. II
'
The prognostic impact of clinical distinctions in
lung cancer was demonstrated in a cohort of patients"
first treated during the period from 1953 to 1964, and
the research reported here was undertaken to determine whether the 'same distinctions .still pertained
with more recent diagnostic and therapeutic methods.
The main results of the research indicate that the distinctions still exist, but the study also revealed an interesting byproduct, which is the subject of this report.
BACKGROUND

Original Study !?esign

The original purpose of this study was to analyze
the clinical presentation, paraclinical data (roentgenograms, bronchoscopic findings, microscopical evidence, laboratory tests, and so forth), therapy, and
subsequent course of all patients who received a microscopically confirmed diagnosis of primary lung
cancer and initial therapy for that disease 'at YaleNew Haven' Hospital or the West Haven Veter~ns
Administration Medical Center between January 1
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resulted in a stage migration. Many patients who previously would have been classified in a "good" stage were assigned to a "bad" stage. Because the prognosis of those
who migrated, although worse than that for other members of. the good-stage group, was better than that for
other members of the bad-stage group, survival ratesrose
in each group without any change in individual outcomes.
When classified according to symptom stages that would
be unaltered by changes in diagnostic techniques, the two
cohorts had similar survival rates. (N Engl J Med 1985;
312:1 ~04-8.)
,

and December 31, 1977. The year 1977 was chosen to
allow a five-year follow-up period for survival when
the research began in 1982.
Our original plan was to compare the results in the
1977 cohort of patients with the results in a cohort of
similar patients who had undergone initial treatment
at the same two hospitals during the period from 1953
to 1964~For information contained in the medical records of the recent cohort, we planned to employ the
same data-processing mechanisms, which have been
extensively described elsewhere,12-15 that had been
used to acquire and analyze data for the previous cohort, Although all the previous data-processing techniques were readily. applicable, we quickly found
that the formats did not provide for several new
kinds of technological information contained in the
records of the recent group. In particular, the 1~531964 cohort had not undergone the new forms of diagnos tic imaging (radionuclide scanning, computerIzed
tomography, and ultrasonography) that have been developed and extensively used since 1964. Our old
data-management formats were therefore expanded to
include the new diagnostic information for the 1977
cohort.
Inthe first analyses of the results assembled for the
1977 cohort, all the available morphologic eVldencefrom physical, imaging, microscopical, or other. ~xaminations -.-:..was used to classify patients accordlllg
to the standard categories of the TNM (tumor, nodes,
.. ,
16The rean d metastases) stagmg system for cancer..
977
sults showed that survival rates for the enure I .
cohort' and for subgroups at each of the three m~n
:TNM stages were higher than corresponding rates or
the 1953-1964 cohort:
When we classified the 1977 group of patients according to clinical featu~es of their symptoms and co·
morbidity, we found the same types ofprognostic-?radilent phenomena that had been note d iIII ted'
h prevIOUS
.
e IScohort: within the same TNM morphologIc stag,
tinctions in the severity of clinical manifestations w~re
associated with major prognostic differences sU~h~:
aI. Although these results confirmed our ongma
pothesis that improvements in diagnosis and therapY
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Statistical Problems

Epidemiologists have described a phenomenon
called "zero-time shift," or "lead-time bias," which
canextend the statistical length of a patient's survival
withoutnecessarily prolonging the duration oflife.17,18
Thisphenomenon occurs when a screening test or otherappropriate diagnostic procedure leads to the detection of a disease before symptoms have developed.
Even if therapy is ineffectual, the period of survival
willbe increased by the increment provided by presymptomatic detection of the disease.
The lead-time problem was pertinent in our research, but we were also concerned about another
problem. The additional issue arose not from presymptomatic detection of a tumor but from "early"
detection of the cancer's metastases, before they becameevident either as symptoms or with physical or
conventional. roentgenographic examination. If the
new methods of diagnostic imaging were routinely
finding metastases that were "silent" or "early," the
TNM stages for the more recent patients would not be
assignedaccording to the same data as in the preimagingera. The new data would allow patients with silent
metastases to "migrate" from lower TNM stages
(such as I and II) into higher ones (such as II and
III). The migration would improve survival in the
lowerstages, because fewer patients with metastases
wouldbe assigned to them. Migration would also improvesurvival in the higher stages, since the metastasesin the newly added patients were silent rather than
overt.Although the total survival rate in the cohort
wouldbe unaffected, the stage-migration phenomenon
couldimprove the survival rates in each of the constituent stages.
As we contemplated this migration and its unusual
~tatisticaleffects in improving the parts without alterIngthe whole, 'Dr. Michael McFarlane called our attention to a remark made by the humorist-philosopher, Will Rogers, about a geographic migration
during the American economic depression of the
1930s.Rogers said, "When the Okies left Oklahoma
~ndmoved to California, they raised the average intellIgencelevel in both states." We have not been able to
findthe exact citation for this remark, and we have
heard about similar comments that have been ascribed to other sources. Nevertheless, since Rogers'
humor had many salubrious effects that were never
h?nored medically and since we doubt that any conflIctwill arise about scientific priority for the eponym,
Wepropose that the taxonomic and statistical consequencesof stage migration be called the "Will Rogers
phenomenon."
This report contains empirical evidence of the phenomenon, a discussion of the distortions it produces,
andSuggestions about how to manage the problems.

For the particular research reported here, each member of the two
cohorts was classified according
to the patient's
status at "zero
time," which was the date of the first antineoplastic
treatment
for
lung cancer. In patients who had not undergone
thoracotomy,
radiotherapy,
chemotherapy,
or surgical excision of a metastatic
lesion, zero time was the date of the decision not to provide treatment.
Although
the prerequisite
microscopical
evidence of cancer could
have been obtained before or after zero time (e.g., at the time of
thoracotomy),
the zero-time classification of the anatomical or other
stage depended exclusively on data that had been acquired before
zero time.
In the 1953-1964 cohort, the zero-time
classification
of TNM
stages depended
on evidence obtained
by physical examination,
bronchoscopy
or other endoscopy,
biopsy and cytology, and conventional roentgenographic
procedures
(e.g., plain films, ordinary
tomography,
and films made with ingested or injected contrast medium). All this information,
which was also available for the recent
cohort, was designated as "old-stage data" when used to classify the
members of either cohort. The additional information obtained with
modern imaging procedures
was available only for the recent cohort. Since the newer information
had been obtained
and coded
separately, the recent cohort could be classified either with old-stage
data alone or with "new-stage data," which included both the traditional and the newer information.
Using the customary,
standard
criteria for TNM staging in lung cancer, 16 we classified each patient
as being in Stage I, II, or III. The classification
could have been
made with either new-stage
data or old-stage data for the 1977
cohort but depended
solely on old-stage data for the 1953-1964
cohort. The clinical manifestations
~fdisease at zero time were also classified as asymptomatic,
primary, systemic, or metastatic, according
to a previously described taxonomy for the symptomatic
presentation of patients with cancer of the lung." Tile characteristics
of this
classification
are outlined in Table I. Because it depends on overt
clinical manifestations
rather than on technological
evidence, the
symptom
stage could be assigned in a similar manner for both
cohorts.
Although
information
on therapy and the subsequent
clinical
course was excerpted from the medical record and coded for each
patient, the information
is not pertinent to the analysis here. Each
patient was classified according to zero-time status before therapy,
and the classification
was correlated with the patient's subsequent
survival, irrespective
of therapy. The outcome results are cited as
rates (or proportions)
of survivors at a point six months after zero

Table 1. Taxonomy for Classification of Symptoms
of Lung Cancer. *
Metastatic: Symptomatic evidence of a metastatic lesion. This category excludes
patients with morphologic evidence of a metastasis but no symptoms or other
appropriate clinical manifestations. The category includes patients with quasimetastatic disease in which clinical manifestations are strongly suggestive of
metastasis but without morphologic confirmation.
.
Systemic: Symptoms of anorexia, weight loss, or fatigue, or existence of a
paraneoplastic syndrome (such as hypertrophic periosteopathy). This category
includes patients with appropriate symptoms that may be due to the cancer or to
a comorbid ailment (or both).
Primary: Symptoms that are (or can be) attributed to the lung cancer at its
primary locus. Among such symptoms are hemoptysis, a recent change in the
pattern of a cough, recent d~velopment of a su.bjectively noted whe~ze, a recent
change in the pattern of dyspnea, an appropnate form of chest pam (e.g., not
angina pectoris), or clinical manifestations (such as fever) of roentgenographic
evidence of acute pulmonary inflammation. If coexisting pulmonary ailments,
such as chronic obstructive lung disease, preclude determination of an exact
source for the symptoms, the primary-symptom category is used whenever
such symptoms appear, regardless of whether pulmonary comorbidity is
present.
,
Asymptomatic: None of the foregoing symptoms. Patients in this category are
usually identified during a screening examination or on the basis of a chest film
obtained for other reasons.
'Padents were classified, in the manner of TNM (tumor, nodes, and metastases) staging
systems, according to the most severe symptoms on presentation. Symptom stages are listed in
order of decreasing severity.
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time for each patient. The six-month point was chosen because it
approximates the median su~ival of pat.ients with lung cancer.i'
thus allowing the overall survival rate at SIX ~onths ~o.be about 50
per cent - a relatively high proportion for which st~tlstlcal changes
and distinctions can readily be shown. We used survival rates rather
than median survival in each group because the numerators and
denominators clearly indicate the number of patients in each stage,
as well as identifying both the patients who migrated.fro~ one:stage
to another and the statistical consequences of the rrugration In certain results for the cohort.
To determine statistical significance, we used the chi-square procedure or Fisher's exact test (when appropriate); all results cited as
significant had a P value under 0.05.
RESULTS

Table 2. Frequency and Results of New Diagnostic Imaging
Techniques in the 1977 Cohort.*
PROCEDURE

TESTED

PATIENTS

June 20, 1985

TNM
STAGE

PROPORTION
SIx-MONTH

1953-1964

COHORT

"OLD DATA"

SURVIVAL

1977
"NEW

IN EACH

*

RESULTS
POSITIVE

Of TEST

.

EQUIVOCAL

no. of patients (%)

Liver-spleen scan

98 (75)

10 (10)

6 (6)

Brain scan

79 (60)

8 (10)

4 (5)

Bone scan

73 (56)

12 (16)

17 (23)

CT scan of head

12 (9)

7 (58)

0(0)

Abdominal ultrasound

14 (II)

2 (14)

5 (36)

Gallium scan t
Other ;j:

32 (24)

10 (31)

10 (31)

9 (7)

5 (56)

I (II)

*Patients were counted only once in each category. even if tests were repeated.
tStage assignments were affected by positive or equivocal results at any locations beyond the
primary site.
*CT scan of a part of the body other than the head or ultrasound outside the abdomen.

1953-1964

COHORT
DATA"

COHORT

no. of patients (%)

%

OF PA TIEN1S

SI AGE
1977
COHORT

of patients

I

211/281 (75)

22/24 (92)

22

II

98/172 (57)

13/18 (72)

14

14

III

2421813 (30)

37/89 (42)

64

68

Total

551/1266 (44)

72/131 (55)

100

100

*TNM denotes tumor, nodes, and metastases.

As compared with the 1266 patients in the 19531964 cohort, the 131 patients in the 1977 cohort were
more likely to have been treated at Yale-New Haven
Hospital than at West Haven Veterans Administration Hospital (76 vs. 68 per cent), and the 1977 cohort
had more women (27 vs. 12 per cent), a similar median age (63 years), and a higher proportion of blacks (9
vs. 4 per cent). None of these differences was quantitatively important in the analysis of morphologic and
clinical distinctions.
Table 2 shows the frequency and results of the new
diagnostic imaging procedures in the 1977 cohort.
Proportions of tested patients were particularly high
(75, 60, and 56 per cent, respectively) for radionuclide
scans of liver-spleen, brain, and bone. (The proportions of patients undergoing these tests are probably slightly higher today, in 1985, and the proportions undergoing other tests are substantially higher,
since their popularity has increased in the past seven
years.)
Table 2 also indicates a source of substantial ambiguity in the TNM classification. Since a patient's
TNM classification differs according to whether equivocal results are regarded as positive or negative, an
arbitrary decision must be made about what to call
them. The various published descriptions of TNM
staging provide no guidance for this decision. We
chose to classify the equivocal results as positive, because various oncologic colleagues have stated that
patients with equivocal results are usually regarded as
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having metastatic lesions when treatment is selected
and evaluated. (The staging results show the same
trend with either a positive or negative classificati~n,
but the distinctions are more striking when the equrvocal results are regarded as positive.)
Table 3 shows the six-month survival rates that we
first examined in the two cohorts, with each cohort
classified according to all the available data - i.e.,
old-stage data for the 1953-1964 cohort an~ new-stage
data for the 1977 cohort. As compared with the previous group, the recent cohort had survi~al rates that
were significantly higher both for the entire group ~nd
for patients at each TNM stage. Furtherr,nore, the Improved survival did not seem to be attnbutable to a
lead-time bias since the recent cohort had a somewhat
,
. t h"e good"
smaller proportion
of patients included m
Stage I (18 vs. 22 per cent) and a somewhat larger
proportion included in the "poor" Stage III (68 vs. 64
per cent). Results of this type in reports ofpos~-tre:~~
ment survival have served as a basis for the behef~
modern therapy has substantially improved surVival
rates among patients with cancer.
.'
beThe accomplishments suggested by this belief
iustif y, however
come somewhat more diiffi cu 1t to jusn
.'
when the TNM classification of the recent cohort IS
. classi ifvin
made only according to the data used m
yl g the
previous cohort. With the old staging data, as show~
in the left-hand column of Table 4, the total six-mo~t
survival rate for the recent cohort was the same,N~
the proportions of patients assigned to the T f
stages changed as did the six-month survival rates or
patients at each stage: 3? of 42 (76 per cent) fO!6~t(~~
I, 17 of 25 (68 per cent) for Stage II, and 23 0
. per cent) for Stage III. These
.
rates were still some. rates at each stage
what better than the correspondmg
.
h
for the previous cohort, but tel diff erenc es were no
longer statistically significant.
,
'ficaThe most striking result ofthe old-data classl
.
fa zerotion ofTNM stages is a clear demonstratI~n 0
old
time shift in the recent cohort. On the baSIS.oft~e ted
data, the patients in the recent cohort were dlstrI I~ 19
as follows: Stage I, 32 per cent (42 ofl31); Stage (64 of
per cent (25 of 131); and Stage III, 49pe~ cen~fdata
131). Thus, when staged with the same kinds h d a
used for the previous cohort, the recent coho.rt a(32
significantly higher proportion of Stage I patients
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Table4. Effects of Stage Migration on Six-Month Survival Rates
in the 1977 Cohort. *
OLD-DATA
TNM

STAGE

STAGE'

TNM

STAGE'

six-month survival
I: 32/42 (76)

~
~

'.:l.

1

NEW-DATA

MIGRATION

II: 17/25 (68)
III: 23/64 (36)

~
~
~

I: 22124 (92)
II: 111 (100)
III: 9/17 (53)
II: 12/17 (71)
III: 5/8 (63)

III: 23/64 (36)

I: 22124 (92)

II: 13/18 (72)
III: 37/89 (42)

Total 721131 (55)
*TNMdenotes tumor, nodes, and metastases.
centages in parentheses.

16

Values are numbers of patients, with per-

.d

ie

ys.22 per cent) and a significantly lower proportion of
Stage III patients (49 vs. 64 per cent).
The migration that led to the statistical improvementsin the survival of the 1977 cohort is shown in the
ve
remainder of Table 4. The patients who migrated
irt
fromone stage to another on the basis of the new data
,
,.,
are shown in the middle column. The combined rege
sults
of the new-data classification are shown on the
'eright.
at
As indicated in Table 4, the new data resulted in a
ld
migration
of 18 patients out of the old Stage I, all but
noneof
whom
migrated to Stage III. These 17 Stage III
a
newcomershad
a six-month survival rate (53 per cent)
at
that
was
lower
than
the original survival rate in Stage
:I"
I
(76
per
cent)
but
higher than the original rate in
er
Stage
III
(36
per
cent).
The eight patients who mi64
grated from Stage II to Stage III also had a survival
Itrate that was lower than the rate for the rest of the
.at
StageII
group but higher than the rate for the rest of
'al
theStage III group. Consequently, the survival rate
washigher for patients at each of the new-data TNM
Ie~ stages,whereas the overall 55 per cent survival rate for
er,
thecohort was unaffected.
is
Although the results of this morphologic analysis
he
clearlyshow
the zero-time shift and stage migrations
vn
caused by improved diagnostic imaging, the same
.th
phenomena can also be examined according to the
.ut
~lassificationof symptoms. Because this classification
M
ISnot affected by morphologic information, the symp:Or
~omstages are unaltered by differences in diagnosti.c
ge
Imagingfrom
one era to the next. The symptom classi36
fications
used
from 1953 to 1964 would involve the
iesametype
of
evidence
and would be just as pertinent
ge
nO

n,
y-
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as those used in 1977. Symptom classifications can
thus help clarify both issues under consideration.
First, the proportion of patients in each cohort with
the favorable symptom stages would help indicate the
zero-time shift arising from an increased use of screening procedures (Table 5). Second, the survival rates in
the two cohorts would be particularly suitable for
comparison of patients stratified according to symptom stages that have not changed during the past 30
years (Table 6).
Table 5, which shows the proportions of patients
assigned to each symptom stage, strongly demonstrates the zero-time shift in the composition of the two
cohorts. The asymptomatic group accounted for 7 per
cent of the previous cohort and 14 per cent of the
recent cohort, and the primary-symptom group accounted for 24 per cent of the previous cohort and 47
per cent of the recent cohort. Thus, the proportion of
patients assigned to the two most favorable symptom
stages was twice as high in the recent cohort (60 per
cent) as in the previous cohort (30 per cent). At the
other end of the spectrum, the proportion of patients
Table 6. Six-Month Survival Rates According to
Symptom Stages.
SYMPTOM

SIx-MONTH

STAGE
1953·1964

COHORT

SURVIVAL
1977

COHORT

no. of patients (%)
65/84 (77)

14118 (78)

Primary

186/298 (62)

41161 (67)

Systemic

1521305 (50)

10/20 (50)

Metastatic

148/579 (26)

7/32 (22)

Asymptomatic

Total

55111266 (44)

721131 (55)

I

II

1
t

1

-a:0-

M

,

Table 5. Composition ofthe Two Cohorts According to
Symptom Stage.

I :::::::::",.=======~~==~==========
1953-1964

SYMPTOM

STAGE

ed

19

of
Ita
Ia

32

COHORT

1977

(N = 1266)

(N

COHORT

= 131)

no, of patients (%)
84 (7)

18 (14)

Primary

298 (24)

61 (47)

Systemic

305 (24)

20 (15)

Metastatic

579 (46)

32 (24)

Asymptomatic

----------------------

in the 1977 cohort who had metastatic symptoms was
almost half that in the earlier cohort (24 vs. 46 per
cent, respectively).
Table 6 shows the six-month survival rates when
the patients of the two cohorts were stratified according to symptom stages. The data clearly demonstrate
that.the higher overall survival of the 1977 cohort was
due to the effect of the zero-time shift in producing a
better prognostic composition of the cohort. Within
each of the four stages, the six-month survival rates for
the two cohorts were similar. The previous cohort had
slightly better results in the metastatic group, and t~e
recent cohort fared slightly better in the asymptomatic
and primary-symptom groups, ?ut n~ne of t~e differences was clinically or stochastically ImpreSSive.
DISCUSSION

These results are distressing because they suggest
that the contemporary improvement of survival rates,
at least among patients with lung cancer, is a statistical artifact. We would have guessed initially that
improvements in ancillary support - with such therapeutic agents as steroids, antibiotics, and blood products - would have led to better survival rates in the
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recent cohort even ifno majorbenefits
could be attributed to advances in surgery, radiotherapy,
and chemotherapy. A possible explanation for the observed
standoff is that the advances in both antineoplastic
and supportive therapy have indeed been beneficial in
some patients but have produced detrimental complications in others, so that the opposing effects in different patients have counterbalanced
one another statistically. Because of the relatively small size of our 1977
cohort, we did not attempt any further exploration of
this possibility, which awaits future research.
The artifact that produces the false sense of contemporary therapeutic
accomplishment
arises because
of inadequate
attention to two important problems:
the quantitative
effects of improved diagnostic techniques, and the taxonomic need to classify the symptomatic status of patients as well as the morphology of
cancers. In a simple analogy, the quantitative
problem occurs if we measure maturation
time without
recognizing different initial mixtures of ripe and unripe fruit; the .taxonornic problem occurs because the
label of "fruit" does not distinguish among different
mixtures of apples, oranges, and grapes. These two
problems produce the statistical confusion that is
ordinarily disguised as lead-time bias and as stage
migration.
The quantitative problem has been recognized, although not emphasized, in discussions of the prognosis for cancer of the lungl9 and for osteosarcoma.i?
The extent of the problem is unclear, because it has
not yet been investigated for other cancers, and no
documentary data are available for suitable comparisons of the differences in old and new morphologic
staging.
It might be argued that our comparisons of oldstage and new-stage data in the 1977 cohort were biased by the impact of new diagnostic imaging. For
example, to avoid making invidious retrospective decisions about the reasons why certain tests were ordered, we accepted the results of the recent test as oldstage data if that same test was readily available and
could have been performed in the 1953-1964 period.
Consequently,
the results of a positive liver biopsy in
the recent cohort were regarded as old-stage data, but
the biopsy might not have been performed without the
suggestion of metastases provided by a liver-spleen
scan. The argument about a biased comparison is
therefore quite plausible; but the bias, if present,
would have acted to reduce rather than increase the
magnitude of the observed migration in stages. If the
liver biopsy had provided the only evidence of distant
metastasis, the patient would have been assigned to
Stage III on the basis of both the old and the new
data. If the results of the scan-provoked liver biopsy
had not been accepted as old data, however, the patient would have been assigned to Stage I (or II) with
the old data, thus increasing the numbers of people for
whom new data resulted in a migration to Stage III.
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The taxonomic problem that quantitatively
produces the Will Rogers phenomenon
can be resolved
with better attention to a hallmark of good scientific
research: reproducible
specification of the "material"
under investigation.
This specification
cannot be
achieved with a system of classification that characterizes the morphology of a tumor while ignoring the rest
of the patient. The persistent neglect of a suitable
clinical taxonomy for patients with cancer has had
many deleterious effects, discussed elsewhere,21,22 on
both the humanistic and scientific quality of oncologic
therapy. Although "Will Rogers" can be an eponym
fqr an important scientific problem in medical statistics, the solution of the problem will require intensive
scientific and clinirnetric-" attention to the types of
distinctively
human phenomena
whose observation
and analysis made Will Rogers famous.
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