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Preface

When asked why he robbed banks, an astute and succets-
- ful criminal is said to have replied “Because that’s where
the money is kept.”
Why study patients with multiple primary cancers? The
answer follows the same practical approach. Because the
intensive investigation of such patients is very likely to
yield data useful to both the clinical arid research on-
cologist.
Studies of this problem provide an immediate return for
the clinician responsible for the care of cancer patients.
With improved forms of therapy, these individuals are
enjoying longer periods of survival. One important factor
in maintaining increased survival is the early detection
ang treatment of new primary tumors which may develop.
Analyses of multiple primary malignancies serve as a
guide to the probable anatomic location of a subsequent
primary and help define characteristics of the individual
at high risk for multiple primary cancer. But just as
treatment may improve the life of the cancer patient, it
may also increase the risk of a subsequent malignancy.
Studies of multiple primaries provide an efficient means
for quantifying potentially harmful effects of current
therapeutic modalities.
The present study allows one to compare the observed
and expected number of subsequent primary cancers. Tu-
mors which occur together more often than expected may
reflect a common etiology. Patients with more than one
malignant neoplasm deserve careful study, as this occur-
rence may derive from an unusually high exposure to
carcinogenic factors or unusually high susceptibility to
such factors. The results of this study should mirror the
findings of genetic, clinical, and laboratory endeavors in
research oncology.
The tabulatior s presented in this monograph represent
the first and oniy currently available systematic review
of the multiple primary cancer experience of a large-
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scale, population-based tumor registry. Both the incidence
rates used to calculate the expected numbers of subsequent
cancers and the cohort of individuals under observation
with a first primary cancer are derived from the same
population. The'Cennecticut Registry has served as a
high-quality data resource for over thirty years and is
regarded as a model for cancer registration systems
throughout the United States and abroad.

To carry out this investigation, the routine data collec-
tion and editing methods of the registry were supple-
mented by special efforts. This required a considerable
investment of time and money and necessitared limiting
the study to the period 1935—1964. Wherever possible,
in order to reduce the chance of error, computer-gener-
ated tables were prepared in a format suitable for offset
printing. Each chapter was written as a discrete unit,

and although this procedure resulted in some duplication,
the reader interested in particular forms of cancer can
focus his attention on specific sections of the text without
the need to scan the entire book. The interpretations in
each chapter represent one opinion. In all casés, the
results underlying these interpretations are provided.
The reader is encouraged to form his own conclusions,
based on these tabulations. Chapter 5 which discusses
sources of bias in these analyses should be reviewed by
anyone using these data. Finally, results of this investiga-
tion should not be interpreted as providing definitive
answers, but rather should bé regarded as stimuli to
more intensive clinical, pathologic, and laboratory
investigations. Only if these stimuli evoke appropriate
investigative responses will this effort be considered

a success.

Rochester, Minnesota »
BrUCE S. SCHOENBERG
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Chapter 1

Historical Background

In 1802, as members of the Society for Investigating the Nature and Cure
of Cancer, a group of eight physicians and surgeons formulated a list

of 13 guestions to serve as a basis of further inquiry into the nature
of malignant neoplasms (SCHOENBERG, 1975). One of these 13 queries
addressed the issue of whether "... the existence of cancer in one part
afford(s) a presumption that there is a tendency to a similar morbid
alteration in other parts of the animal system." Their question was
followed by reference to several anecdotal accounts of cancer involving
both the breast and uterus (MEDICAL COMMITTEE OF THE SOCIETY FOR IN-
VESTIGATING THE NATURE AND CURE OF CANCER, 1806).

John PEARSON, a surgical member of the Society had, some 9 years earlier,
published a case report of cancer involving one breast, then the second
breast, and finally the uterus (PEARSON, 1973). Such descriptions, al-
though unusual, began to appear in the medical literature of the nine-
teenth century. There was still considerable confusion as to whether
such cases represented examples of widespread metastases or rather in-
stances of primary independent neoplasms.

BILLROTH, the first individual to establish a set of rigid criteria
useful in defining the phenomenon of multiple primary neovlasms, pro-
vided a firm scientific basis for further descriptive studies. He wrote:
"1) Each tumor must have an independent histologic appearance; 2) the
tumor must arise in different situations; (and) 3) each tumor must pro-
duce its own metastases" (HANLON, 1931). These criteria were extremely
restrictive and consequently were largely ignored by most medical writ-
ers. GOETZE in 1913 proposed a minor modification of these rules:

"1) The macroscopic and microscopic appearance of the tumor must be that
of the usual carcinomas of the organs involved; 2) the exclusion of
metastases must be certain; (and) 3) diagnosis may pe confirmed by the
character of the metastases in each case" (HANLON, 1931).

In 1932, WARREN and GATES offered a set of definitions of multiple
primary malignancies that have been widely adopted by other authors with
little or no change. They wrote: "Each of the tumors must present a
definite picture of malignancy, each must be distinct, and the probabil-
ity of one being a metastasis of the other must be excluded." Four .
years later, BURKE (1936) adopted these same criteria. As an addendum
to these rules, several authors have remarked on the necessity to ex-
clude tumors with a known tendency to multicentric origin (AUSTIN,

1938; TULLIS, 1942). Despite the considerable effort that has been
devoted to establishing such rigid criteria, some authors never specifi-
cally state the rules, if any, by which they decide whether a given
cancerous lesion is indeed a second primary malignancy.

The early case reports were followed by series of cases based on the
experience of individual surgeons, pathologists, or medical institutions.

1



While providing valuable clinical or pathologic descriptions, these
data did not necessarily reflect an. accurate picture of the occurrence
of multiple primary cancer in a well-defined population. In order to
generalize from the results of any such study, one must know the
characteristics of the population yielding the specific statistics. It
should also be emphasized that several case reports of two or more
neoplasms occurring within the same individual do not constitute proof
of a significant biologic association. The two tumors must be shown to
occur together more frequently than might be expected on the basis of
chance. Despite these problems, early investigations of multiple primary
malignancies were useful in defining and documenting the phenomenon.

Finally, a number of case-control comparisons were carried out. Such
investigations were based on the assumption that the cases under con-
sideration were representative of all such cases, and that the controls
were representative of the general population. Unfortunately, the valid-
ity of this assumption was unknown. In many instances, authors attempted
to use rough estimates of cancer incidence in the general population as
the comparison against which to judge data concerning multiple primary
malignancies. The problem of developing suitable statistical methods
became critical, for it was necessary to predict whether the occurrence
of multiple primary neoplasms together in the same individual was simply
the result of chance. At first, many authors merely gave their opinion
on the matter, not relying on any accepted tests of statistical signif-
icance. In 1938, after being challenged on the validity of his statis-
tical methods, AUSTIN replied: "Perhaps I overstated the case; a number
of articles have attempted statistical analysis, comparing the population
and cancer incidence, and multiple cancers seem to occur more often than
chance would indicate. It is probable that this is significant, although
I do not think it has been mathematically proved" (AUSTIN, 1938).

In 1934, BUGHER derived an equation for the probability of death from
cancer during’ a given age span with a coincidental second malignancy.
In the development of his analytic method he adsumed "... that the
mortality function may be used as a morbidity function without great
error ... (and that) the error introduced by such an assumption is bro-
bably no greater than the intrinsic inaccuracy of the mortality data."

PELLER (19417) reasoned that since fewer than 20% of people over age 40
develop cancer, for about four-fifths of the population over age 40,

the cancer risk is practically zero. He therefore believed that cancer
susceptibility for the remaining one-fifth of the population in this age
group is at least five times that indicated by data derived from the
average population. Using this inflated rate for "cancer susceptibles,"
he concluded that a first skin cancer protected against the development
of a possible new internal malignancy. Unfortunately, PELLER was unable
to identify the "susceptible" fraction of the population. As noted by
EPSTEIN (1954), PELLER could not "... state with certainty that a larger
percentage would not develop cancer if they did not die of other causes."

In order to determine the number of observed and expected second pri-
mary cancers, LOMBARD et al. (1946) obtained expected values "... by
multiplying person-years (of observation) by the age-sex-site specific
incidence rate and reduced (these figures) when necessary by (appro-
priate) correction factors...." WATSON in 1953 used similar tech-
niques.

Despite these elaborate methods and the large volume of data collected,
studies were still inadequate in many respects. In 1961, MOERTEL et al.
criticized the state of analyses of this subject up to that time. They
wrote: "On the whole, the literature concerning this subject leaves the
impression that the incidence of a second cancer of a different organ



or tissue in patients whose first lesion has been treated successfully
is probably equal to, and perhaps exceeds, that in the general popu-
lation. However, convincing statistical evidence is still lacking, and
because the establishment of an entirely adequate control group seems
impossible at this time, nc attempt at this type of analysis will be
made in the present study."

IMPORTANCE OF TUMOR REGISTRIES

The formation of tumor registries and the resulting implementation of
efficient follow-up procedures greatly aided in identifying a suffi-
cient number of individuals with multiple primary malignancies and
greatly facilitated case-control studies of this phepomenon. A number
of reports have been published based on the multiple primary cancer
experience of the Memorial Hospital for Cancer and Allied Diseases in
New York (ROBBINS and BERG, 1964; BERG, 1967, BERG et al., 1968;
SCHOTTENFELD et al., 1969; BERG et al., 1970; SCHOTTENFELD and BERG,
1971; SCHOTTENFELD et al., 1974), and Charity Hospital in New Orleans
(NEWELL et al., 1974a; NEWELL et al., 1974b; NEWELL et al., 1974c;
NEWELL et al., 1975). Unfortunately, the underlying population from
which these hospitals draw patients is not well-defined. This leads to
difficulties in choosing an adequate control population with which to
compare the results of the tumor registry tabulations.

The most sophisticated studies of multiple primaries have been based on
data from well-defined population groups. A population-based tumor
registry is ideal for such an analysis, particularly if it has a large,
well-defined group under observation for a period of 10 or more years.
The optimal methodology for this type of investigation is one which
makes it possible to compare the observed and the expected number of
subsequent primary malignancies. This is most conveniently done through
a person-years approach. Such a procedure adjusts for the age and sex
distribution as well as for the survival experience of patients with a
first primary cancer. Details of this method and the rationale for its
use are described in Chapter 2. It is best if the incidence rates used
in this procedure are derived from the same population yielding the
first primary malignancies. A population-based tumor registry fulfills
this condition. Otherwise, differences between the observed and ex-
pected number of subsequent primaries might be attributable to dif-
ferences in the characteristics between the population yielding the
incidence rates and the population to which the rates are applied.

Such a person-years approach makes it possible to determine whether an
individual with a malignancy in a particular organ or tissue has an
increased, decreased, or unchanged risk of develoving a later primary
malignancy in the same or another organ or tissue. If the patient with
one cancer had a decreased chance of developing a new malignancy, it
may be that the presence of the first tumor in some way protected the
individual; studies of the mechanism of such protection might be useful.
If, on the other hand, one cancer placed the patient at higher risk for
a subsequent primary malignancy, it may be that the same oncogenic
factors are operating in the pathogenesis of both neoplasms. Such ana-
lyses are useful in identifying the high-risk cancer patient. It is

these individuals who deserve further study with respect to possible
etiologic factors.



CONNECTICUT EXPERIENCE

Using the @ata resources of one such pooulation-based tumor registry,
GREENBERG (1959b) and BAILAR (1963) accumulated experience in terms of
person-years of observation and used incidence rates from the same
population. yielding the first primary cancers. They now had an adequate
control - made possible by the unique capabilities of the Connecticut
Tumor Registry.

The Connecticut Tumor Registry, begun in 1941, maintains records on all
Connecticut patients with a diagnosis of malignant neoplasm admitted to
a hospital in the state or who have such a diagnosis on their death
certificate. In addition, the registry routinely receives reports on
Connecticut residents’ with a diagnosis of cancer seen at major referral
centers in neighboring states. Data were also obtained retrospectively
through 1935. An attempt is made to follow all patients from diagnosis
to death, and it is estimated that fewer than 5% of the cases are lost
to follow-up (GREENBERG, 1959b). In certain instances (e.g., intra-
cranial tumors), benign neoplasms are also reportable to the registry.
Information received from hospitals, physicians, and death certificates
are ‘coded according to a uniform format (END RESULTS SECTION, NATIONAL
CANCER INSTITUTE, 1967), and the coded tabulations are placed on mag-
netic tape. The Connecticut Tumor Registry offers many advantages because
the incidence rates used to calculate expected multiple primary cancers
are obtained from the same population yielding the first primary cancers.
The registry also has nearly complete reporting and a-sufficiently large
experience to allow comparisons to be made on an individual primary-site
basis. Detailed descriptions concerning the operation of the registry
have been reported (GREENBERG, 1959a; CONNELLY et al., 1968).

GREENBERG analyzed the multiple primary experience of the Connecticut
Tumor Registry from 1935 through 1954. To minimize the possibility of
mistaking metastatic disease for a new independent malignancy, his
criteria were quite restrictive: 1) the cancer must have been specified
as a second primary cancer by the reporting hospital; 2) the cancer must
have been in a different anatomic site group from that in which the
first primary cancer was located; and 3) an interval of 5 years must
have elapsed between the diagnosis of the first primary cancer and the
subsequent diagnosis of the second primary cancer. The data were ana-
lyzed in broad site groupings by using a person-years approach. He

found an increased risk of cancers of the digestive system and genital
organs in female breast cancer patients, and an excess of second primary
cancers of the digestive system in patients with gynecologic malignan-
cies (GREENBERG, 1959b).

BAILAR also used Connecticut Tumor Registry data to study the incidence
of non-uterine tumors among uterine cancer patients. His statistical
methods were similar to GREENBERG's. He restricted his definition of
second primary cancers to those: 1) occurring outside the uterus, and
2) confirmed as "new and independent neoplasms" by microscopic con- -
firmation (BAILAR, 1963).

Using GREENBERG's criteria, the findings of his previous study were re-
confirmed, updated, and better defined by site within the digestive

and genital systems by SCHOENBERG et al. (1969). For the first time

the analysis was carried out using a digital computer. The Connecticut
Tumor Registry was also used as a data resource for other investigations
of the multiple primary cancer experience of patients with index tumors
of the colon and rectum (SCHOENBERG and CHRISTINE, 1974), nervous system
(SCHOENBERG et al., 1975), and female genital organs (SCHOENBERG and
CHRISTINE, submitted for publication).
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In each of these studies the excess risk of subsequent primary cancers
was characterized by site, sex, and time interval following the first
primary cancer. In these last three investigations, the only criterion
for later primary cancer was that it be reported as such by the phy-
sician or hospital supplying the information. In all reports using
Connecticut Tumor Registry material, skin cancers (other than malignant
melanoma) are excluded from the tabulations. Skin cancers are often
treated on an outpatient basis and consequently the tumor may not be
reported to the registry.

A summary of the major papers concerning multiple primary cancers is
given in Table 1. Although individual case reports and case series
appear in the early portion of the table, they have generally been ex-
cluded in the review of more recent publications based on case-control
comparisons. The table shows the frequency or number of multiole pri-
mary malignant tumors found by each author, together with his conclu-
sions as to whether this occurrence is more or less frenuent than
expected, or whether it represents a chance phenomenon. ‘'nese studies
shpuld be compared with caution. One must consider not only how many
individuals were included, but also how long these individuals sur-
vived, i.e., how long they were exposed to the risk of getting a later
primary cancer. The frequencies of subsequent primary cancer quoted from
the various papers are not standardized for the survival of each popu-
lation examined. Many of the reports listed in the table involved au-
topsy series in which nonsymptomatic cancers were more likely to be dis-
covered than in clinical series. Some of these studies dealt with cancer
of a particular organ or tissue, some involved both synchronous (with
the multiple primary cancers apvearing or being diagnosed simultane-
ously) and metachronous (with the multiple primary cancers appearing

or being diagnosed at different times) tumors, and others restricted
themselves to one type or the other. Finally, the various authors used
different criteria in defining multiple primary cancer and different
statistical methods in analyzing their results.
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