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According to a generally accepted theory [1,2] development
of a tumor is the results of an arrest or blockage in the differential
pathway of a given cell. Most neoplasms have a reasonably constant,
exponential growth rate throughout the majority of their life span. This
is an important biological feature in neoplasia because it predicts the
length of time required for a single neoplastic cell to reach a mass of
1 cm in diameter. This is approximately 30 population doublings and
is three times longer than the length of time required to grow from
1 cm to a near lethal 1 kg mass (which requires only an additional 10
population doublings). Thus, about 75% of the life span of (untreated)
neoplasms occurs prior to development of symptoms, since small
tumors are generally clinically silent. It is especially sobering to note
that, on average, carcinomas require a metastatic phenotype (or
characteristics) between the 8th and 12th population doubling. The
actual amount of time between the inception of a neoplasm and its
detection depends upon a number of factors including the doubling
time of the tumor (which is a function of the tumor type, location,
and grade) and the presence (or absence) of a promoting agent. For
most common neoplasms, the interval between inception and clinical
presentation may vary between 2 and 10 years, although this latency
period is shortened (and the tumor yield increased) in the presence of
promoting agents which are not, in of themselves, carcinogenic (or very
weakly so) but greatly increase cellular growth in initiator-stimulated
neoplastic tissue.

There is striking correlation between the physiologic turnover rates
of normal cells and the doubling times (DTs) (the amount of time it takes
for one cell or a group of cells to double in size) of neoplasms derived
from cell population of that type. This supports the blocked ontogeny
model of neoplasia since, to great extent, cell turnover rate is tissue
determined. An additional bit of evidence favouring the maturation
arrest theory is that cell types which do not cycle in postembryonic
tissue, such as cerebral neurons or cardiac monocytes, never give rise
to neoplasms in adults. These cell types lack a postembryonic stem
cell population. Epithelial malignancies have a defined pre-invasive
growth phase, an invasive (pre-metastatic) growth period and, often,
a metastatic phase of growth. Thus, neoplasms evolve phenotypically, a
phenomenon called tumor progression. As the blocked ontogeny model
makes no explicit provision for phenotypic evolution, this theory may
be difficult to reconcile with tumor progression. However, Pierce et al.
have shown that the phenotype of the neoplastic population may evolve
in response to environmental changes [1,2]. Indeed, these authors
have been able to abrogate malignant phenotype of neoplastic cells by
injecting them into developing blastocytes or primordial tissues. In
other words, neoplasia represents an epigenetic process, at least in part
and, under the proper environmental influences, may be reversible.
Accordingly, the same tumor exposed to different environmental
conditions grows differently, meaning that in some milieu it expands
quickly while, in others, it may expand slowly or even stop growing and
even, eventually, regress.

The pancreas, inherently, has a very low cell replication rate.
Therefore, in the pancreas, tumors generally grow slowly though the
growth rate can be accelerated by certain factors, e.g. dietary fat, obesity

and exposure to promoting agents. In such an environment, the
pancreatic islet cells become larger and produce even more growth
factors such as insulin, IGF-1 and TGF-a This is the fundamental
reason why the growth and metastatic behavior of the same
tumor in different individual varies. For example, an increase in
the number of cancers in a geographic area, typically referred to
as a ‘cluster, suggests a probable genetic background influenced
by environmental influences. Two excellent examples of this
phenomenon are mammary and prostatic cancers. African men, as
a population, have a low incidence of prostatic cancer. However, if
they move to a geographic area with a high incidence of that tumor,
their incidence of prostatic cancer increases indicating increased
susceptibility to developing that cancer. The same is true for the
breast cancer; the natural resistance of Chinese women against
breast cancer is abolished when they adapt to the Western lifestyle.

The World Health Organization (WHO) has noted that, while the
incidence of symptomatic prostate cancer is far greater in Western
countries that in African countries, the actual rate of occult prostatic
cancer, confirmed by autopsy analyses, is similar in both populations,
indicating that any difference in the incidence rates is, in fact, relative.

In both populations cancer develops at the same rate but in African
man the cancer remains occult while in American men it flourishes.
This observation was confirmed by Franks [3], who performed a
systematic analysis of prostate cancer in men undergoing autopsies and
noted that 38% of men older than 50 years had microscopic prostate
cancer. Sakr et al. [4] found that as many as 34% of men in their 40s had
early evidence of prostate cancer.

The same phenomenon has been observed in the pancreas, although
the anatomic location and large size of the organ have hindered its
thorough examination. Is there any evidence that, like in the prostate,
cancers in the pancreas remain silent? There is indeed. Here is, thus far,
11 published cases.

1) In a study to examine the effects of cigarette smoking on the
pancreas, we analyzed histopathologically 73 pancreases obtained at
autopsy from 42 heavy cigarette smokers (20 or more cigarettes) and 31
non-smoker patients from veterans Hospital in Omaha, NE and from
the University of Lund, Sweden [5]. The age of patients ranged from 35
to 93 years with median age of 69.4 + 11.2 years in smokers and 66.5
+ 13.0 years in non-smokers. There were 69 men and 4 women. The
pancreases were examined thoroughly by taking tissues from different
pancreatic areas and cutting them serially.
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Among the 42 smokers, 9.5% were noted to have subclinical, or
silent, pancreatic cancers. One of the tumors was 2 cm in diameter
while three were microcarcinomas between 2 and 5 mm in diameters.
Of the three microcarcinomas one was located in the body of the
pancreas in a 62-year-old man with lung cancer and two were located
within the head of the pancreases of an 81-year-old man with colon
cancer and a 61-year- old man with no other existing cancer. Each of
these cancers was located in the periphery of the pancreas, remote from
the main pancreatic duct. We also found in the 31 non-smokers an
occult adenocarcinoma in the head of the pancreas from a 55-year-old
man who died of ethmoid cancer.

In addition to cancers, there were ductal changes, including
mucinous hyperplasia (13 cases), squamous cell metaplasia (8 cases)
and papillary hyperplasia (34 cases), alone or in combination in 50 out
of 73 cases (68.5%) including both smokers and non-smokers.

2) In yet another study, we conducted a thorough histological
examination of pancreatic tissue procured from 83 military veterans,
aged between 35 and 88 years of age, who had expired from conditions
other than pancreatic cancer. We recorded hyperplastic, pre-neoplastic
and neoplastic alterations by their severity, multiplicity, anatomic
location and age of each patient [5,6]. Of the 83 cases studied, 3 (3.6%)
were found to have a primary pancreatic cancer. Two of these three
pancreatic cancers were found in an 82-year-old and 55-year-old man
while the third occult cancer was of the adenosquamous cell type and
found in a 61-year-old man. The latter case led to the erroneous clinical
diagnosis of lung cancer with metastases to the pancreas. Similar cases
have also been reported [7].

3) In 78 cases without clinical evidence of pancreatic tumors, 4 men
(55, 59, 81 and 82 years old) exhibited atypical ductal lesion and one
man (48 years old) had a carcinoma in situ (today called a ‘panIN 4)
lesion. In all 4 cases, the carcinomas in situ were multifocal and all 4
patients had cancer of other sites [ear, prostate (2 cases) and colon].

4) In a more recent study, I found a microcystic adenoma in a
donor’s pancreas, which was used as a control pancreas, through serial
sectioning. Our observations of occult hyperplastic, pre-neoplastic
and actual neoplastic tissue in patients who expired from medical
conditions other than pancreatic cancer, have been confirmed and
reported by others.

5) Sommers et al. [7] found ductal epithelial hyperplasia in 41% of
141 pancreatic cancer specimens. In 4 of them, papillary hyperplasia,
carcinoma in situ, and invasive carcinoma were found together in the
same gland. This data compares to 150 autopsy pancreatic specimens in
which only 9% were found to have ductal hyperplasia.

6) At the Peter Bent Brigham Hospital, histological examination
of the whole pancreas removed for a cancer of the head of the gland
revealed multifocal cancers in 37% of the patients [8]. Wilson and Imrie
using ERCP detected an occult pancreatic carcinoma associated with
recurrent pancreatitis [9].

7) Tomita et al, discovered a 0.9 x 0.7 x 0.7 cm tumor in a 27-year-
old white male with Lindaus disease, a rare, autosomal dominant
genetic condition that predisposes individuals to benign and malignant
tumors [10].

8) Compagno and Oertel [11] reported serous cystadenoma in 34
patients, including 10 incidental findings at autopsy.

9) In a study by Warshaw et al. [12], fully 33% of serous tumors
referred to Massachussetts General Hospital had been misdiagnosed as
pseudocysts.

Incidental pancreatic cysts are also commonly observed especially
in older patients. They are commonly smaller than those cysts which
result in symptoms and are unlikely to be pseudocysts. More than
half of the are either malignant or pre-malignant lesions and therefore
cannot be dismissed. [13] I agree with these authors when they state
that, “The physician is more in need of a study that determines if
IPMT (intraductal papillary mucinous tumors) or a mucinous cystic
neoplasm is present rather than if it has become malignant, because
based on current thinking, we know that all of these lesions are likely to
progress to invasive cancer with time and therefore should be removed
if the patient is an acceptable surgical candidate” [13]. Of course, such
progression is hastened within all neoplasms by the presence of a
promoting agent.

10). According to Liittges et al. [14], of the 140 specimens disease-
free pancreas examined, 114 (81%) showed ductal lesions, including
mucinous cell hypertrophy (in 68%), ductal papillary hyperplasia (in
36%), adenomatoid ductal hyperplasia (in 40%) and squamous cell
metaplasia (in 36%). 18% of these lesions showed c-Ki-ras mutation,
definitely pointing to their inherent malignancy. These “sleeping
cancers’, especially in diabetics who are poor on insulin, can awake fast
when exposed to promoting growth factors produced by the {-cells.
This is also the reason that pancreatic cancer in Type-1 diabetes, who
lack insulin production, is nearly non-existent.

11) Tada et al. [15] confirmed the presence of the c-Ki-ras mutation
in 12 out of 38 patients with multiple ductal hyperplastic lesion.

12) In another study, not only c-Ki-ras mutation but also deletion
of p16 and DPC4 [16], which are markers for advanced stages of the
lesion (PAN-Ins 3-4).

13) More recently, we found an incidental cancer in a woman
73-years of age who died of gastric cancer. This cancer, a glassy 11 x
9 x 9 mm multi-cystic lesion was found in the body of the patients
pancreas, again, on its periphery. And, in yet another woman (93 years-
of-age) who expired from renal cancer, we found a 2 mm glassy cyst
in the body of her atrophic pancreas [17]. These two occult, silent
pancreatic cancers were initially detected by a Japanese colleague
of mine, a pathologist who dissects each pancreas quite thoroughly.
Without such careful dissection, each of these cancers would have gone
unnoticed. “Chance favours the prepared mind” and occult cancers of
the pancreas will go unnoticed if the pancreatic tissue is not thoroughly
examined during necropsy.

Case 1: Sections from the multi-cystic lesion in the body of the
pancreas from the 73-year-old woman contained four cysts of various
sizes. The largest cyst was 6 X 3 mm in greatest dimension and the other
smaller cysts with pancreatic tissue between the two cysts. We noted
both normal-appearing epithelial tissue and tissue showing different
degrees of cellular dysplasia, atypia and carcinoma in situ, even within
the same cyst, consistent with there being a progression of pathology
from normal tissue to panIN 1 through panIN 4 and frank neoplasm”
Remarkably, a few pancreatic ducts within the intact parenchyma
close to the cysts and up to 3 mm away from them also showed a focal
or multifocal epithelial abnormality and carcinoma-in situ changes
(17-20). A 2 mm to 3 mm thin fibrous tissue mantle surrounded the
largest cyst. Approximately 0.5 mm away from the mantle, a 6 x 2 mm
T-shaped area of the pancreas was occupied by a well-differentiated
adenocarcinoma. The cancer was limited within this area and had not
extended beyond the pancreas, but had invaded a nerve (17-20). In two
areas, the malignant glands were found within the islets, some of which
were partially or almost totally replaced by cancer cells. Strikingly, as
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in our previous observation, endocrine cells were found within the
malignant glands and altered epithelia of the cysts and ducts.

Case 2: In the body of the pancreas, two small cysts with greatest
dimensions of 3.0 mm and 2.6 mm, with a 5.0 mm area of normal
pancreatic tissue between them, were found. The larger cyst, surrounded
by a thick, fibrous mantle, showed a monolayer, regular epithelium with
small, focal papillary excrescences but no cellular atypia. The smaller
cysthad predominantly multilayered epithelium in which gland-within-
gland formation consistent with carcinoma in situ was noticeable.
In one of the serial sections, the atypical epithelium extended in a
tongue- like pattern into two-thirds of the thick, sclerotic mantle that
surrounded the cyst, and showed cell atypia and a few mitotic figures
at the end of the protrusion. At the two opposite sides of the cyst and
beyond the sclerotic mantle, malignant glandular structures, occupying
areas of 2.8 mm x 0.7 mm and 1.2 mm x 0.5 mm, respectively, were
detectable. In both areas, malignant glands were predominantly within
islets, many of which were almost totally destroyed and contained only
a few immunoreactive endocrine cells. Invasion of the perineurium and
of the peri-pancreatic fatty tissue was evident at the site of the small
cancer.

To our knowledge, our two cases were the smallest pancreatic
carcinomas ever reported [17-20]. They had several noteworthy
features, which, in many aspects, resembled findings in the hamster
pancreatic carcinoma model [21-23]. The destruction of islets by cancer
cells in both cases was striking and correlated with some experimental
observations. In the hamster, pancreatic carcinoma model, ductal
adenocarcinomas arise from ductal and ductular cells but develop
predominantly within islets [19-21]. As in humans, the intraductal
tumors grow slowly, extend and remain within the ductal boundary
for some time. By contrast, the tumors of the experimental model that
develop within islets are highly malignant from their inception [19-21].
The occurrence of malignant glandular structures within human islets
has also been observed [19,20], but the derivation of malignant cells
from within islets is unknown. The presented cases strongly suggest the
involvement of islet cells in human pancreatic carcinoma.

Perineural invasion (invasion of nerves within the pancreas), one
of the most common patterns of pancreatic carcinoma, has not been
previously reported in the early stages of cancer development, most
likely due to the limited material available for examination. However, as
in experimental pancreatic carcinogenesis, perineural invasion appears
to be an early event. This important feature of pancreatic carcinoma has
been largely neglected as a factor in the clinical staging of the disease,
both in the Japanese and the International Union Against Cancer.
We believe that this specificity of pancreatic cancer to invade nerves
accounts for its high recurrence rate after surgery, as the Japanese
surgeons have found that cancer cells reach the large ganglia (coeliac
ganglia) en route of nerve fibers and remain there to explode [22,23].

It must again be emphasized that all of these occult, or silent,
cancers were found only through thorough sectioning of the pancreases,
suggesting that the incidence of hyperplasia, pre-neoplastic (including
panIN 1-4) and neoplastic lesions exist in many, if not all pancreases,
as humans age. It is of the utmost importance to understand that
pancreatic cancer, despite its grave prognosis, may remain ‘silent’ for an
unknown period of time including the remaining entirety of a patient’s
remaining lifespan. However, in the presence of promoting agents these
silent lesions and cancers, more likely than not, respond and flourish
much as smouldering members erupt into a raging fire in the presence
of gasoline.”
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