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Carcinoid tumors have long been anatomical
and biochemical curiosities to investigators.
There is disagreement as to the character of the
tumors, and continued speculation on the exact
mechanism by which symptoms are produced.
However, it is known now that carcinoid tumors
are potentially malignant—capable of local in-
vasion and distant spread.

Grossly, carcinoid tumors appear as small,
round to plaquelike, submucosal elevations
which are deceptively mobile. The overlying
mucosa is usually intact. When sectioned the tis-
sue is yellow. Microscopically, there is no varia-
tion in the size and shape of individual cells, with
polygonal to cuboidal cells looking much alike.
Rarely carcinoid tumors may ulcerate, bleed, or
obstruct. Mitosis and anaplasia are rare. For this
reason, the usual criteria for judging the malig-
nant potential of a carcinoid tumor are different
from those in carcinoma. Gross and microscopic
invasion determine the malignancy of a carcinoid
tumor. MacDonald! has stated that a carcinoid
tumor that has infiltrated the muscularis of the
bowel wall is already in the first stage of malig-
nancy. He has shown that carcinoids metastasize
via the blood vessels to lymph nodes, liver, and
other distant organs. Although he considered ap-
pendiceal carcinoids nonmetastasizing and, there-
fore, different from carcinoid tumors in other
sites, there is evidence to the contrary.?

In 1906 Ciaccio® suggested that carcinoid tu-
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mors had a biochemical activity, i.e.,
production of epinephrine; but it was
not until 1948 that Rapport et alt
crystallized a vasoconstrictor substance
from serum extracts and called it
serotonin. The following year, the
same group? identified the structure of
serotonin as 5-hydroxytryptamine. In
studies of the gastrointestinal mucosa
of mammals and invertebrates, con-
ducted over a period of several years,
Erspamer and Asero® identified ex-
tracts that stimulated smooth muscle
and seemed related to argentaffine
cells; in 1952 they observed that the
substance they called “enteramine”
was identical to serotonin.

The relation of serotonin to carci-
noid tumors was not appreciated until
1953 when Lembeck? reported the
extraction of serotonin from a carci-
noid tumor of the gastrointestinal
tract. The same year, Isler and Hedin-
ger® described a carcinoid syndrome.
Their three patients with carcinoid of
the ileum, which had metastasized to
the liver, also had chronic endocarditis
of the right side of the heart, pul-
monic stenosis, and /or tricuspid valvu-
lar insufficiency. In 1954, Thorson et
al® called attention to the release of
serotonin from the carcinoid tumor
in a patient with carcinoid syndrome.

The characteristics of the carcinoid
syndrome are intermittent violaceous
flush of the face, neck, and chest,
watery diarrhea, abdominal distension
and borborygmi, and symptoms of
rightsided heart failure due to in-
volvement of the tricuspid and pul-
monary valves.

Approximately 95% of total body
serotonin is in the gastrointestinal
mucosa.'® Lesser amounts are in the
platelets, brain, and spleen. The car-
cinoid syndrome is most often asso-
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ciated with hepatic metastases. Sero-
tonin is released directly into the gen-
eral circulation; this avoids inactiva-
tion of the serotonin by the large
amounts of monamine oxidase in the
liver.

Fibrosis of the pulmonic and tri-
cuspid valves usually occurs late in the
disease. Although it is logical to as-
cribe fibrosis to the chemical irritation
caused by the high levels of serotonin
in the blood, administration of 5-hy-
droxytryptamine and 5-hydroxyin-
doleacetic acid to animals has not re-
sulted in endocardial fibrosis.!® More
often lesions are on the right side of
the heart than on the left side. This is
because serotonin in blood leaving the
right side of the heart is inactivated by
monamine oxidase in the lungs. The
carcinoid flush is attributable to vaso-
dilatation and the diarrhea is attribu-
table to hypermotility of the intestine.
Hypermotility may be pronounced to
the extent that malabsorption exists.
Symptoms of the carcinoid syndrome
can be initiated by emotional disturb-
ances, physical exertion, manipulation
of the tumor, eating, drinking alcohol,
or injection of histamine.

A diagram of the synthesis and me-
tabolism of serotonin is shown in Fig-
ure 1. Figure 2 shows the activation of
tryptophane metabolism by the de-
mands of a carcinoid tumor. Pellagra-
like lesions may be caused by the in-
duced deficiency of nicotinic acid.

Page et al,’! in 1955, reported find-
ing 5-hydroxyindoleacetic acid in the
urine, and provided a convenient
method for the diagnosis of the carci-
noid syndrome. A normal value for
urinary excretion of the acid is less
than 16 mg/24 hours. The values are
increased in patients with nontropical
sprue,!? and also after eating bananas
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which contain significant amounts of
serotonin.’® Transient elevations of
excreted acid may occur after adminis-
tration of reserpine or ingestion of
mephenesin carbamate,’* or pheno-
thiazine.1?

The role of serotonin as the sole
mediator of the carcinoid flush was
questioned in 1964 when Oates et al¢
reported that the blood serotonin level
was normal in one of their patients
despite 4 days of continuous severe
flushing. They duplicated the carci-
noid flush by rapid infusion of syn-
thetic bradykinin. Two years later,
Dollinger and Gardner!? suggested a
theoretical mechanism for the cause of
the carcinoid flush. Figure 3 represents
a simplified scheme of action, modified
from their hypothesis.

Cleveland Clinic series

This report presents an analysis of
the cases of carcinoid tumor diaghosed
at the Cleveland Clinic and a review
of the pertinent published studies.

From 1946 to 1970, 61 cases of car-
cinoid tumor were recorded at the
Cleveland Clinic. Five of the nine
cases reported by House and Her-
mann!® in 1965 are included; also a
case of small bowel carcinoid has been
reported by Barber and Michener.2?

Of the 61 patients, 37 were males
and 24 were females (1.5:1.0). Their
ages at the time of diagnosis ranged
from 11 to 76 years.

Although the components of the
carcinoid syndrome are well known,
criteria for its diagnosis are not as cer-
tain, For purposes of this study, a pa-
tient was judged to have carcinoid
syndrome when one of the components
was present and, in addition the pa-
tient had a positive urinary 5-hydrox-
yindoleacetic acid (5-HIAA) deter-
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Fig. 1. Diagram showing synthesis and me-
tabolism of serotonin from Resnick and
Gray.*

mination as well as a positive tissue
diagnosis. On this basis, there were 11
patients who had carcinoid syndrome.

All patients in the series, including
those with carcinoid syndrome, had a
history of diarrhea, but none was diag-
nosed as having malabsorption. Three
had right-sided valvular murmurs and
symptoms of right-sided heart failure.
Flushing was present in 9 of the 11
patients with carcinoid syndrome.
Twenty-four-hour urine determina-
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Fig. 2. Diagram showing differential metabolism of tryptophan.
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Fig. 3. Diagram modified from Dollinger and Gardner.””

tions of 5-HIAA were obtained in 10
patients, and values were consistently
more than 16 mg output in 24 hours.
One patient had only a spot urine de-
termination for 5-HIAA. He was a
b6-year-old man in whom the carci-
noid tumor, in an unspecified portion
of the intestine, had been detected at
operation at another institution. On
examination at the Cleveland Clinic,

he stated that for 5 years he had had
flushing of the face and watery diar-
rhea. He also had the murmurs of in-
sufficiency of the tricuspid valve and
pulmonic stenosis.

Definite diagnosis in all cases was
made from microscopic evaluation of
material obtained at biopsy, surgical
excision, or autopsy (5 cases). In 16
cases initial pathologic diagnosis had
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been made elsewhere, but additional
diagnostic procedures were done at the
Cleveland Clinic,

In regard to the site of the primary
tumor, three lesions could be localized
to the small bowel, but more specific
location was not possible. Two lesions
could be localized only as far as “the
intestine.” Of the 11 patients with
carcinoid syndrome, 10 had primary
tumors in the intestinal tract: 8 in the
ileum, and 2 in unspecified sites of the
intestine. The primary tumor in the
11th patient was in the bronchus.

Table 1 shows the primary sites of
the carcinoids. The 21 patients with
rectal carcinoids (34.4%) are the larg-
est single group in the series. The
average age of these 21 patients was
49 years.

Chemotherapy was given to three
patients postoperatively. One died 3
months after receiving cyclophospha-
mide (Cytoxan). Autopsy disclosed a
carcinoid in an unspecified part of the
small bowel. The second patient, who
had carcinoid syndrome and to whom
melphalan (Alkeran) was adminis-
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tered, died 14 months postoperatively.
She was a 64-year-old woman with car-
cinoid of the ileum which had metas-
tasized to the liver and celiac plexus.
The third patient, who has been
treated with cyclophosphamide for 2
years, is alive. She is a 62-year-old
woman who for 12 years has had liver
metastasis from a carcinoid in an un-
specified site in the intestine and also
has symptoms of right-sided heart fail-
ure. For 4 years she has had flushing
and for 12 years she has had a maxi-
mum of eight watery bowel move-
ments per day.

Carcinoids of the ileum had the
highest incidence of metastasis. The
liver was the most common metastatic
site. All 11 patients with carcinoid syn-
drome had liver metastases. Liver me-
tastases were also noted in two pa-
tients who did not have the carcinoid
syndrome. One of the two was known
to have a primary retroperitoneal tu-
mor. The primary tumor site of the
other patient was not known.

Seven patients had coexisting le-
sions, of which five were malignant

Table 1.—Site of carcinoid tumors in reported studies
Cleveland Clinic Wilson et al?! Postlethwait?
Primary site Number  Percent Number Percent Number Percent

Stomach 0 0 1 1.0 83 2.8
Duodenum 4 6.5 0 0 43 1.5
Jejunum 0 0 6 6.7 49 1.7
Ileum 15 24.5 18 23.2 813 27.9
Meckel’s diverticu- 0 0 0 0 33 1.1

lum
Appendix 12 19.6 36 46.0 1,340 45.9
Colon 0 0 4 5.2 61 2.1
Rectum 21 34.4 11 13.9 486 16.7
Gallbladder 0 0 0 0 8 0.3
Intestine (not local- 5 8.1 0 0 0 0

ized)
Other 4* 6.4 2 3.0 0 0
Total 61 99.5 78 99.0 2,916 100.0

* One each, retroperitoneum, bronchus, ovary, unknown primary site.
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and two benign. One of these patients
was operated on for carcinoma of the
cecum when the metastatic carcinoid
of the ileum was noted. Carcinoid of
the ileum was an incidental finding at
autopsy on a 57-year-old man who died
of carcinoma of the right upper lobe
of the lungs. Neither of these patients
had had symptoms of the carcinoid
syndrome. Carcinoma of the prostate
in one patient, and villous adenoma of
the splenic flexure of the colon in
another were incidental findings in
two patients who demonstrated the
carcinoid syndrome. Appendiceal car-
cinoid was an incidental finding in a
patient operated on for grade II ade-
nocarcinoma of the colon and in
another patient operated on for villous
adenoma of the cecum. Hyperneph-
roma was the primary tumor in a 58-
year-old man in whom a rectal carci-
noid was discovered on routine rectal
examination.

Sixteen patients could not be
traced at the time of follow-up in
Jjune 1970, but follow-ups had been
made at intervals of 8 to 7 years after
diagnosis.

Five of the 13 patients with carci-
noids of the ileumm who had been
operated on were accessible for follow-
up. All five are known to have residual
tumor. Three patients died at 4 days,
7 days, and 14 days, respectively, after
operation. The last is the 64-year-old
woman whose carcinoid had metas-
tasized to the liver and celiac plexus
and who had been given melphalan.

The longest survival is 13 years. The
patient is a physician who, at opera-
tion in 1956 when he was 53 years old,
had an ulcerative carcinoid in the
distal ileum as well as metastasis to the
right lobe of the liver and mesenteric
nodes. A 5-HIAA screening test per-

Vol. 39, No. 2

formed in 1968 was positive. Appen-
dectomy had been performed on all 12
patients with appendiceal carcinoids.
There are no known deaths among
them, although recent follow-up was
available in only five. Too few pa-
tients with rectal carcinoids were avail-
able for continued follow-up. The tu-
mor had been completely excised in 8
of the 10 patients lost to follow-up.

Discussion

The most comprehensive study of
longevity of patients with carcinoid tu-
mors was published by Moertel et al20
in 1961. They collected 209 cases of
carcinoid of the small bowel detected
from 1930 to 1957. The 5-year survival
rate in patients with incompletely re-
movable carcinoid tumors in their
series was 27%. In the present series of
61 patients, the 5-year survival rate of
patients with comparable tumors of
the ilewm and small intestine com-
bined is 45%.

Wilson et al,2* in 1963, reported 78
cases of carcinoids collected over a 20-
year period. In their study, appendi-
ceal carcinoids occurred in 46% of the
patients. In the present study, rectal
carcinoids were predominant. A study
reported by Postlethwait,?? in 1966,
consists of 2,916 carcinoid tumors of
the intestine, collected from a number
of reports, including that of Wilson et
al.2t The incidence of rectal and ileal
tumors in the Cleveland Clinic study
exceeds that in Postlethwait’s study,
whereas the experience with appendi-
ceal carcinoids in the Cleveland Clinic
is smaller (Table 1).

Most of the patients seen in the
Cleveland Clinic are referred from
elsewhere. Therefore, relatively few
appendectomies are performed in the
Cleveland Clinic and the experience
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with appendiceal carcinoids is limited.
Interestingly, of the 12 patients with
appendiceal carcinoids in the present
series, only one underwent operation
in the Cleveland Clinic. Two patients
operated on elsewhere for acute ap-
pendicitis were subsequently referred
to the Cleveland Clinic. The appen-
dectomies of the other patients were
incidental procedures.

Similarly, the greater experience
with rectal carcinoids in the Cleveland
Clinic may reflect the fact that it is a
referral institution. It may also indi-
cate a high incidence of routine rectal
and proctoscopic examinations that
disclosed rectal carcinoids in 10 pa-
tients. The characteristic slow growth
of the carcinoid makes success of treat-
ment difficult to evaluate. One patient
in this series has been treated with cy-
clophosphamide for 2 years with ap-
parently good success. Serotonin
antagonists—such as methysergide
maleat (Sansert), phenyl acetic acid,
and methyldopa (Aldomet)—have pro-
vided little symptomatic relief. Cypro-
heptadine hydrochloride (Periactin),
also a serotonin antagonist, and chlor-
promazine (Thorazine) seem to offer
more symptomatic relief.!® Recently,
para-chlorophenylalanine has been
employed with success as an inhibitor
of 5-HIAA in the carcinoid syn-
drome.?8, 24

The number of cases in the present
study is not sufficient to compare ade-
quately with larger published studies.
Statistics are based on experience only
at the Cleveland Clinic. An inventory
of the medical records disclosed only
one tumor diagnosed prior to 1951; a
carcinoid of the duodenum found at
operation in 1946.

Some studies?* report a lower aver-
age age for patients with appendiceal
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carcinoids than for those with carci-
noids of the small bowel. This was
true in the Cleveland Clinic series.
The ages of patients with ileal, duo-
denal, or small bowel carcinoids ranged
from 11 to 77 years.

Conclusions

1. The postoperative survival rate
for patients with nonresectable small
bowel carcinoids in this small series is
higher than that reported in larger
studies.

2. The incidence of appendiceal ver-
sus small bowel carcinoids is lower
than in published reports. The differ-
ence probably reflects the fact that
more cases of the latter are referred to
the Cleveland Clinic.

3. A similar conclusion can be made
for the increased incidence of rectal
carcinoids at the Cleveland Clinic.

Summary

Sixty-one cases of carcinoid tumor,
including 11 cases of carcinoid syn-
drome from the records of the Cleve-
land Clinic, are discussed in terms of
site of occurrence, metastasis, morbid-
ity, and therapy. Compared with other
studies the Cleveland Clinic series
shows a higher postoperative survival
rate for patients with nonresectable
small bowel carcinoids. The decreased
incidence of appendiceal carcinoids
and the increased incidence of rectal
carcinoids in the Cleveland Clinic se-
ries of patients probably reflect the fact
that most patients in this study were
referred from elsewhere. A review of
the literature on carcinoid tumors and
the carcinoid syndrome is included.
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