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Inflammatory Bowel Disease and

Leukemia
A Report of Seven Cases of Leukemia in Ulcerative
Colitis and Crohn’s Disease and Review of the Literature

SEID HOSSEIN MIR MADJLESSI, MD, FACP, RICHARD G. FARMER, MD, FACP, and JAMES

K. WEICK, MD, FACP

In a review of a large number of patients with inflammatory bowel disease, leukemia was
observed in five patients with chronic ulcerative colitis and in two patients with Crohn’s
disease. In ulcerative colitis patients, there were three cases of acute myelocytic leukemia
and one case each of acute lymphoblastic leukemia and chronic granulocytic leukemia. In
Crohn’s disease patients, there was one case each of chronic granulocytic leukemia and
chronic lymphocytic leukemia associated with thrombocythemia. Sixteen other cases of
leukemia have been reported to date in inflammatory bowel disease. All types of leukemia,
but particularly acute myelocytic leukemia, have been described. There has been no single
common feature as to type (whether ulcerative colitis or Crohn’s disease), extent and
course, or medical and surgical treatment of the bowel disease. The relative risk of
leukemia in patients with ulcerative colitis was 5.3 [95% confidence interval 1.7 to 12.3 (P
< 0.01)] and of acute myelocytic leukemia 11.4 [95% confidence interval 2.3 to 24.9 (P <
0.01)]. Our data on patients with Crohn’s disease were not sufficient to assess the
statistical significance of leukemia in this disease. This study suggests that there may be
an increased risk of leukemia, particularly acute myelocytic leukemia, in ulcerative colitis.

The causal relationship, if any, remains undetermined.

Although the association of intestinal carcinoma
with inflammatory bowel disease is a well-recog-
nized phenomenon (1-5), not much is known re-
garding the incidence of other malignancies in this
disorder. The few studies devoted to this subject
have generally concluded that the risk of extrain-
testinal neoplasms is not increased in inflammatory
bowel disease (3-5), with the possible exception of
carcinoma of the bile ducts (5, 6). Single cases of
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Kaposi’s sarcoma (7), hepatoma (8), basal nevus
syndrome (9), and thymoma (10) reported in ulcer-
ative colitis probably represent nothing more than
pure coincidence. Several cases of non-Hodgkin’s
and Hodgkin’s lymphoma have been also reported
with both ulcerative colitis and Crohn’s disease, but
the causal relationship is unknown (11-14).

In recent years, attention has been drawn to the
possible increased incidence of leukemia in inflam-
matory bowel disease. In 1980, Fabry et al reported
on five cases of acute myelocytic leukemia in ulcer-
ative colitis (15). Cuttner, from the same hospital, in
1982 reported on six patients (including three pre-
viously reported by Fabry et al) with acute promy-
elocytic leukemia in ulcerative colitis (16). In the
same year, Hanauer et al described two patients,
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one with ulcerative colitis and another with Crohn’s
ileocolitis, who developed acute myelocytic leuke-
mia and acute myelomonocytic leukemia, respec-
tively (17). In 1984, Cohn and Pearistein reported
on five cases, four of acute myelocytic leukemia
(three in Crohn’s disease and one in ulcerative
colitis) and one of acute lymphoblastic leukemia in
ulgerative colitis (18). Finally in 1985, Giron et al
reported on a patient with Crohn’s ileocolitis,
treated with metronidazole, who developed acute
Iymphoblastic leukemia (19). The increased occur-
rence of leukemia in patients with inflammatory
bowel disease raises the possibility of a causal
relationship between the two conditions. Factors
proposed to be influential are either bowel disease
itself, perhaps through immunologic abnormalities,
or drugs and repeated exposure to diagnostic radi-
ation (15-19). However, the small number of cases
reported so far does not permit such conclusion.

In a review of a large number of patients with
inflammatory bowel disease, seen at the Cleveland
Clinic between 1948 and 1984, we found seven
patients who developed leukemia during the course
of their bowel disease. Our aim in this paper is to
report these cases and to review the literature of
leukemia associated with ulcerative colitis and
Crohn’s disease.

MATERIALS AND METHODS

Medijcal records of 1204 cases of ulcerative colitis seen
at the Cleveland Clinic between 1948 and 1984 and 3500
cases of Crohn’s disease seen betweén 1950 and 1984
were reviewed. Five cases of leukemia in ulcerative
colitis and two cases in Crohn’s disease were identified.

To estimate the relative risk of leukemia in patients
with ulcerative colitis, the number of person-years fol-
low-up were calculated by five-year age groups of each
sex. Length of the follow-up was determined from the
date of onset of colitis up to the time of leukemia, death,
or end of follow-up, whichever came first. Expected
incidence rates were based upon the age- and sex-specific
white rates from the Third National Cancer Survey (20).
Applying these rates to the observed person-years of
follow-up gave the expected number of leukemia; the
ratio of observed to expected cases (or relative risk) was
calculated and its statistical significance as well as a 95%
confidence interval were determined by assuming that the
observed number of cases had a Poisson distribution. A

relative risk of 1 would indicate that the number of

observed cases was the same as the number expected.
Data regarding patient-years of follow-up was not avail-
able in Crohn’s disease patients.

Leukemia in Ulcerative Colitis

Patient 1. A 42-year-old whife man, with past history of
discoid lupus of the skin, developed ulcerative proctosig-
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moiditis, which was treated with salicylazosulfapyridine
(SAS) with marked improvement. Bowel disease was
moderately active for 11 years and quiescent for the
subsequent 20 years. At 73, during an annual check-up,
he was found to be leukopenic. A preliminary bone
marrow aspiration was nondiagnostic, but repeat aspira-
tion two months later revealed acute myelocytic leuke-
mia. No chemotherapy was given, and he died eight
months later. No autopsy was performed.

Patient 2. A 66-year-old white man with a history of
childhood eczema developed extensive ulcerative colitis
which was treated with SAS and prednisone. The disease
was moderately active for six years and relatively quies-
cent thereafter. At 80 years of age, acute myelocytic
leukemia was diagnosed. No chromosomal abnormality
was found. He was treated with cytosine arabinoside,
6-thioguanine, daunomycin, vincristine, and prednisone.
The course was complicated by disseminated intravascu-
lar coagulation, upper gastrointestinal bleeding, and
sepsis which resulted in his death. No autopsy was per-
formed.

Patient 3. A 54-year-old white man presented with
left-sided ulcerative colitis which was treated with SAS
and prednisone. Medical treatment was unsatisfactory,
and at 56 he underwent total proctocolectomy and
fleostomy. He did well for six years, but at 62, acute
myelocytic leukemia was diagnosed, and he died shortly
thereafter. The latter information was obtained from his
family physician.

Patient 4. A 9-year-old girl was seen at the Cleveland
Clinic where a diagnosis of total colitis was confirmed.
She had suffered from a protracted fungal skin infection at
the age of 2, and at 5 years of age, total ulcerative colitis
had developed which was treated with ACTH and pred-
nisone. The bowel disease remained active and, when she
was seen at the Cleveland Clinic, SAS was added to her
therapeutic regimen. She also received a course of
Diodoquin and carbarsone, but was subsequently lost to
follow-up. She died of acute lymphocytic leukemia at the
age of 17. This information was obtained from her family
physician.

Patient 5. A 21-year-old white man, with past history of
duodenal ulcer, developed total ulcerative colitis, which
was treated with SAS and prednisone. His disease was
protracted and complicated by polyarthritis, spondylitis,
thrombophlebitis, nephrolithiasis, and sclerosing cholan-
gitis and was never completely controlled by medical
treatment. The patient underwent subtotal colectomy and
ileorectal anastomosis at 36 years of age. At age 37,
Graves’ disease was discovered and treated with radio-
active iodine (15 mCi) which resulted in hypothyroidism.
At 47, chronic granulocytic leukemia was diagnosed and
treated with busuifan which resulted in total remission.
At 49, the patient died in respiratory failure and septic
shock. At autopsy, no evidence of leukemia was found.
Significant findings included bilateral Preumocystis
carinii and cytomegalovirus pneumonitis, diffuse fibros-
ing alveolitis (probably busulfan-induced), sclerosing
cholangitis, liver abscess, and extensive pancreatic ne-
Crosis.
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Leukemia in Crohn’s Disease

Patient 6. A 71-year-old white female with a history of
Crohn’s disease since 1954; right hemicolectomy, resec-
tion of the terminal ileum and ileotransverse colostomy in
1967; and recurrent ileitis since 1969, had been controlled
on SAS until June 1976. The family history was significant
because a brother and a sister had died of gastric carci-
noma and another sister of breast carcinoma. A third
sister was alive with a rectal carcinoma. She was admit-
ted to the Cleveland Clinic Hospital because of bone pain,
fever, melena, hemoptysis, and a markedly elevated
white blood cell count. At the examination, no hepato-
splenomegaly was present. The hematocrit 38%, platelet
count 350,000, and white cell count 147,000 with many
blasts. (WBC was normal in 1972 and 13,300 with rare
metamyelocyte in 1974.) The leukocyte alkaline phospha-
tase was low, and a bone marrow aspiration showed
changes of chronic granulocytic leukemia. Investigation
of the gastrointestinal tract showed hiatus hernia and
Crohn’s disease of the ileum. The patient received treat-
ment with SAS, isoniazid, and busulfan which resulted in
partial improvement of the blood picture. Bleeding duo-
denal ulcer occurred in October 1977, when the WBC was
43,000 and the platelet count 1,018,000. A blast crisis was
diagnosed in December 1977 and was treated with vin-
cristine, hydroxyurea, 6-mercaptopurine, and predni-
sone. The subsequent course was one of progressive
deterioration, ending in the patient’s death in September
1978. No autopsy was performed.

Patient 7. A 48-year-old white male with Crohn’s dis-
ease of the colon and the anus, since May 1965, under-
went total proctocolectomy and ileostomy elsewhere in
March 1966, because of persistent perianal disease fol-
lowing hemorrhoidectomy and rectal fistulotomy. Post-
operatively, he did well except for two episodes of small
bowel obstruction in 1972 and 1975 which were treated
conservatively. A routine blood count, during the last
episode, showed an increased number of WBC between
18,000 and 23,800 with an absolute lymphocytosis and
occasional atypical lymphocytes. Other laboratory tests
included: hematocrit 42%, platelet count 460,000, uric
acid 10.5 mg/100 ml, IgG 900 mg/100 ml (normal 1380 =
255), B-cell 86% (normal 21.8 = 6.1%), T-cell 9.4%
(normal 75.2 = 5.3%) and Slg 18.2% (normal 14.7 =
4.3%).

The patient was discharged with a diagnosis of chronic
lymphocytic leukemia and no treatment. He did well until
June 1983, when a platelet count of 1,000,000 was found.
He denied any bleeding, bruisability, or gastrointestinal
symptoms. The spleen was felt 2 cm below the costal
border. Other findings included: hematocrit 34%; WBC
28,800 (55% lymphocyts); platelet count 1,740,000; serum
acid phosphatase 1.9 ng/ml (normal up to 1.7); CEA <
2.3; negative Coomb’s test; normal clotting, partial
thromboplastin, thrombin, prothrombin, and bleeding
times, and normal plasma fibrinogen. The platelet func-
tion tests revealed normal clot retraction, platelet adhe-
siveness of 55% (normal 80-100%), biphasic platelet
aggregation with ADP, adrenalin, and arachidonic acid,
and normal aggregation with collagen. The platelet factor
3 was at the lower limit of normal, 26 sec (normal 25-35).
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The bone marrow aspirate showed L-E ratio of 3.9:1,
hypercellularity, and moderate increase in megakaryo-
cytes with giant atypical forms and platelet clumps. The
lymphocytes did not appear to be increased, and the
picture was interpreted as to show a myeloproliferative
disorder. However, the bone marrow biopsy showed a
mixed pattern of myeloid hyperplasia with numerous
atypical megakaryocytes, and a low level of diffuse
infiltration by the small lymphocytes with several
lymphoid nodules composed of the same lymphocytes.
Because of marked thrombocytosis, the patient was
treated with, and partially responded to, hydroxyurea.
The platelet count was 974,000 and WBC 19,600 when
last done in December 1983. The patient is being followed
by his family physician and when last contacted in July
1984, he was doing well and continuing his medication.

DISCUSSION

Including our 7 patients, we have information
regarding 23 patients with inflammatory bowel dis-
ease who developed leukemia during the course of
their bowel disease (Table 1 and 2). Of these 23
patients, 17 developed acute nonlymphocytic leu-
kemia (including five cases of acute promyelocytic
and one of acute myelomonocytic leukemia), three
acute lymphoblastic leukemia, two chronic granu-
locytic leukemia, and one chronic lymphocytic leu-
kemia and thrombocythemia. The incidence of leu-
kemia in our patients with ulcerative colitis is 0.40%
(0.25% if considering acute leukemia only). In the
series of Fabry and colleagues (15), five of 400
patients with ulcerative colitis developed leukemia,
for an incidence of 1.25%.

Based on 18,883 person-years of follow-up (Table
3), we would have expected 0.95 cases of leukemia
in our ulcerative colitis patients. However, we
observed five patients with leukemia in our series.
Therefore, there is a fivefold increase risk (the
relative risk, 5.3) of developing leukemia in ulcer-
ative colitis patients as compared to the general
population. The 95% confidence interval on the
relative risk of leukemia was 1.7 to 12.3, and this
increased risk was statistically significant (P <
0.01). Furthermore, for acute myelocytic leukemia,
there was also an increased risk in our colitis
patients, the relative risk being 11.4 with 95%
confidence interval of 2.3 to 24.9, also statistically
significant (P < 0.01). It should be noted that the
expected incidence rates of leukemia that were used
were based upon U.S. data of 1969-1971 (20},
whereas our patients were observed from 1948 to
1982. Therefore, the expected rates used were at
about the midpoint of the observed follow-up pe-
riod. However, these rates may not accurately
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TABLE 1. CLINICAL DATA OF 16 PATIENTS WITH CHRONIC ULCERATIVE COLITIS WHO DEVELOPED LEUKEMIA

Onset Diagnosis
ofleu- of CUC Quiescent
Colitis kemia  to leuke- period Ste-
Reference Pt. Sex (age) (age) mia(yr) CUC (yr) Extent of bowel disease SAS* roid  Type of leukemia
Fabry et al, 1 M 19 22 3 3 Left-sided + +  Acute promyelocytic
1980 (15) leukemia, Mst

2 F 14 51 37 25 Total (subtotal colectomy  — +  Acute promyelocytic
29 yr and AP resection leukemia, Mt
25 yr before leukemia)

3 F 49 50 1 n To hepatic flexure - +  Acute myelocytic

leukemia, M, T

4 F 37 57 20 220 Left-sided + +  Acute myelocytic

leukemia

5 M 37 47 10 Qyr Total (ileoproctostomy - —  Acute promyelocytic

postop) for cancer of colon 2 leukemia, M,
yr before leukemia)
Cuttner, 1982 6 M 64 74 10 ? Ulcerative colitis + — Acute promyelocytic
(16) leukemia, M,

7 M 15 20 5 ? Ulcerative colitis - —  Acute promyelocytic
(proctocolectomy and leukemia, M,
ileostomy)

8 M 33 43 10 ? Ulcerative colitis (procto-  — - Acute promyelocytic
colectomy and leukemia, Mst
ileostomy)

Hanauyeretal, 9 F 29 53 24 10 Ulcerative colitis; diffuse + +  Acute myelocytic
1982 (17) (later ulcerative leukemia, M5t
proctitis)
Cohn and 10 F 19 20 1 12 Proctosigmoiditis + —  Acute lymphoblastic
Pearlstein, leukemia
1984 (18)
) 1 M 9 24 15 1 Ulcerative colitis (subto- + +  Acute myelocytic
tal colectomy, 7 yr be- leukemia
fore leukemia)
Mir Madjlessi 12 M 42 73 31 20 Left-sided + —  Acute myelocytic
et al, pres- leukemia
ent series,
1985
13 M 66 79 13 6 Total + +  Acute myelocytic
leukemia, Mt
14 M 54 62 8 6yr Left-sided (proctocolec- + +  Acute myelocytic
postop) tomy and ileostomy 6 leukemia
yr before leukemia)
Totals
15 F 5 17 12 ? + +  Acute lymphocytic
leukemia
16 M 21 46 25 Active  Total (subtotal colectomy + +  Chronic granulocytic

and ileorectal anasto- leukemia: ph+
mosis 10 yr before leu-

kemia)

*SAS = Salicylazasulfapyridine.
M = French-American-British classification.

reflect the incidence rates over the colitis patients’
follow-up period. Unfortunately, we had no similar
data in patients with Crohn’s disease to assess the
statistical significance of leukemia in this disease.
Leukemia appeared with both ulcerative colitis
and Crohn’s disease, although the ratio is 16:7 in
favor of ulcerative colitis. Of the 16 patients with
ulcerative colitis, 10 had total or extensive colitis
and six proctosigmoiditis or left-sided colitis. Of the
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seven patients with Crohn’s disease, two had
ileocolitis, and three had terminal ileitis, and two
colitis.

There were 13 males and 10 females. The mean
age of onset of bowel disease was 30.7 years (range
5-66 years). The duration of bowel disease prior to
the diagnosis of leukemia averaged 13.8 years, with
a range of 1-44 years. The mean age at time of
diagnosis of leukemia was 46.3 years (range 19-82

Digestive Diseases and Sciences, Vol. 31, No. 10 (October 1986)
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TABLE 2. CLINICAL DATA OF 7 PATIENTS WITH CROHN’S DISEASE WHO DEVELOPED LEUKEMIA

Diagnosis
Onset of Crohn’s Quiescent
Crohn’s of leu- disease to  period of
disease kemia  leukemia Crohn’s Extent of bowel Ste-
Reference Pt. Sex (age) (age) (yr) (yr) disease SAS* roid Type of leukemia
Hanauer et al, 1 F 4 54 7 3 Terminal ileum (right + —  Acute myelomono-
1982 (17) hemicolectomy 6 cytic leukemia,
yr and 6 cm ileal Myt
resection at recur-
rence 2 yr before
) leukemia)
Cohn et al, 2 M 15 19 4 % Ileum, colon - +  Acute myelocytic
1984 (18) leukemia
3 F 738 282 44 6 Regional enteritis - +  Acute myelocytic
(ileotransverse leukemia
colonostomy 44 yr
before leukemia)
4 M 18 19 1 1 Terminal ileum - +  Acute myelocytic
leukemia
Giron et al, 5 F 20 23 K173 212 Terminal ileum colon - —  Acute lympho-
1985 (19) blastic leukemia
Mir Madjlessi 6 F 49 71 22 (Recur- Terminal ileum, sig- + —  Chronic granulo-
et al, pres- rent moid colon (resec- cytic leukemia
ent series, postop) tion of ileum, right
1985 hemicolectomy
and ileocolic anas-
tomosis 9 years
before leukemia)
7 M 48 58 10 (Postcolec- Colon, rectum, anus - —  Chronic lympho-
tomy) (total proctocolec- cytic leukemia;
tomy and ileos- thrombocythemia

tomy 9 years be-
fore leukemia)

*SAS = Salicylazasulfapyridine.
M = French—-American-British classification.

years). However, the three patients with acute
lymphocytic leukemia were much younger (17, 19,

TABLE 3. OBSERVED PERSON-YEARS OF FoLLow UP IN 1204
PATIENTS WITH ULCERATIVE COLITIS BY AGE AND SEX

Age Males Females M+ F

<5 29 10 39
5-9 80 81 161
10-14 269 264 533
15-19 703 594 1297
20-24 1106 954 2060
25-29 1283 1119 2402
30-34 1250 1097 2347
35-39 1113 1012 2125
4044 989 837 1826
4549 903 695 1598
50-54 772 598 1370
55-59 639 481 1120
60--64 531 371 902
65-69 361 265 626
70-74 155 138 293
75-79 54 59 113
80-84 22 28 50
85+ 7 14 21
Total 10,266 8,617 18,883

Digestive Diseases and Sciences, Vol. 31, No. 10 (October 1986)

and 23 years, respectively). The course of bowel
disease prior to the development of leukemia var-
ied. In the majority, the disease was relatively mild
or totally inactive from one year to as long as 20
years prior to the diagnosis of leukemia. However,
an occasional patient had continuously active bowel
disease. In 11 patients, leukemia appeared after
variable periods of time following total or subtotal
colectomy or bypass surgery.

As to the treatment of bowel disease, most pa-
tients had received either prednisone and/or salicyl-
azosulfapyridine, but a few received neither drug.
No patient received immunosuppressives. Al-
though cases of acute leukemia have been described
in patients receiving immunosuppressives with or
without corticosteroids, no instance of acute leuke-
mia as an effect of SAS or prednisone alone has
been documented (21). The carcinogenic effects of
metronidazole have been questioned (19). The ma-
jority of patients had been exposed to variable
amounts of radiation for diagnostic purposes, but a
few had received minimal or no radiation exposure.
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In two patients, skin dose was estimated at 98.7 and
94 rads, and the bone marrow dose at 30 and 28
rads, respectively (17). The patients of Fabry and
colleagues received an estimated 1800-3000 g-rads
(15). In our series, the estimated bone marrow dose
was 10, 5, 1.5, and 1 rads for patients 1, 5, 2, and 3,
respectively.

In man, the role of radiation in producing leuke-
mia has been demonstrated beyond doubt in atomic
bomb survivors (22) and in patients undergoing
radiotherapy (23-25). However, the leukemogenic
effect of diagnostic exposure is controversial. Al-
though several authors have expressed concern
about the leukemogenic effects of diagnostic expo-
sure (23, 24, 26), Linos et al (27) found no increased
relative risk of leukemia in the diagnostic bone
marrow range of 0-300 rads. Furthermore, women
receiving radiotherapy for cervical cancer do not
develop an excess leukemia despite large radiation
exposure (28). Given the chronicity and often com-
plicated course of inflammatory bowel disease, it is
likely that most patients had been exposed to an
excessive amount of radiation. Thus, the relation-
ship between radiation exposure and leukemia in
inflammatory bowel disease requires further inves-
tigation.

In three of our patients with ulcerative colitis,
there was a history of diseases which are linked to
disturbed immunity (discoid lupus, eczema, and
Graves’ disease), and one patient with Crohn’s
disease (case 6) had strong family history for malig-
nancies. In addition, our case 4 suffered a prolonged
fungal skin lesion at 2 years of age which may
indicate the presence of some cellular immune
defect. There is no information as to immune ab-
normalities in other series. One of the patients
described by Fabry et al (15) (No. 5 of their table)
had cancer of the colon as a complication of ulcer-
ative colitis which was resected; leukemia devel-
oped two years later. Although we found no reports
of increased incidence of leukemia with other bowel
diseases, including colon cancer, cases of acute
myelogenous leukemia in familial polyposis coli and
colon carcinoma have been reported (29), indicating
the possible influence of genetic factors. Since
leukemia may result from the interaction of several
factors including host susceptibility, chemical or
physical injury to chromosomes, and presumably
incorporation of genetic material of viral origin into
the susceptible host (30), inflammatory bowel dis-
ease either directly through its putative defects of
immunity (31, 32) or indirectly through the effects of
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diagnostic radiation may provide the injuring factor.
However, the exact role of these factors cannot be
determined with the available information.

The development of chronic lymphocytic leuke-
mia in our case 7 may have been coincidental. Of
interest was the late superimposition of thrombocy-
tosis in this patient. Although, thrombocytosis has
been described in inflammatory bowel disease (33,
34), and highest platelet count recorded was
1,300,000 and the duration of thrombocytosis less
than three months (33). Thrombocytosis is more
frequent with Crohn’s disease of the colon and is
regarded as a sign of activity of the bowel disease.
In our patient, the bowel disease was relatively
inactive and, although no thrombohemorrhagic com-
plications were observed, the findings in bone mar-
row biopsy, the high values of platelet count, and
the long duration of thrombocytosis raise the pos-
sibility of a primary thrombocythemia. Thrombocy-
themia is considered as a member of myeloprolif-
erative disorders along with chronic granulocytic
leukemia, polycythemia vera, and myeloid meta-
plasia. Although chronic lymphocytic leukemia
may be associated with a second neoplasia (35), to
our knowledge the association of chronic lympho-
cytic leukemia with thrombocythemia has not been
previously reported.

The prognosis of leukemia in inflammatory bowel
disease is poor. Despite the use of various chemo-
therapeutic regimens, only exceptionally has a pa-
tient with acute leukemia survived for more than
one year from the time of diagnosis (19).

ACKNOWLEDGMENTS

The authors thank Gerald J. Beck, PhD, and Kirk Easley,
M.S. Department of Biostatistics and Epidemiology, Cleve-
land Clinic Foundation for their statistical assistance.

REFERENCES

1. Dobbins WO III: Dysplasia and malignancy in inflammatory
bowel disease. Annu Rev Med 35:33-48, 1984

2. Weedon DD, Shorter RG, Ilstrup DM, Huizenga KA, Taylor
WF: Crohn’s disease and cancer. N Engl J Med 289:
1099-1102, 1973

3. Gyde SN, Prior P, Macartney JC, Thompson H, Waterhouse
JA, Allan RN: Malignancy in Crohn’s disease. Gut
21:1024-1029, 1980

4. Greenstein AJ, Sachar DB, Smith H, Janowitz HD, Aufses
AH Jr: Pattern of neoplasia in Crohn’s disease and ulcerative
colitis. Cancer 46:403-407, 1980

5. Prior P, Gyde SN, Macartney JC, Thompson H, Waterhouse
JAH, Allan RN: Cancer morbidity in ulcerative colitis. Gut
23:490-497, 1982

Digestive Diseases and Sciences, Vol. 31, No. 10 (October 1986)



IBD AND LEUKEMIA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

. Ritchie JK, Allan RN, Macartney J, Thompson H, Hawley

PR, Cooke WT: Biliary tract carcinoma associated with
ulcerative colitis. Q J Med 43:263-279, 1974

. Adelsberg R: Kaposi's sarcoma complicating ulcerative

colitis: Report of a case. Am J Clin Pathol 54:143-146, 1970

. Smith PM: Hepatoma associated with ulcerative colitis.

Report of a case. Dis Colon Rectum 17:554-556, 1974

. Katz J, Savin R, Spiro HM: The basal cell nevus syndrome

and inflammatory disease of the bowel. Am J Med
44:483-488, 1968

Kirk BW, Freedman SO: Hypogammaglobulinemia, thymo-
ma and ulcerative colitis. Can Med Assoc J 96:1272-1277,
1967

Emanuel JC, Isbister WH: Chronic mucosal ulcerative
colitis with malignant lymphoma. Report of a case. Aust NZ
J Surg 49:95-98, 1979

Glick SN, Teplick ST, Goodman LR, Clearfield HR,
Shanser JD: Development of lymphoma in patients with
Crohn’s disease. Radiology 153:337-339, 1984

Shaw JHF, Mulvaney N: Hodgkin’s lymphoma: A compli-
cation of small bowel Crohn’s disease. Aust NZ J Surg
52:34-36, 1982 :

Morrison PD, Whittaker M: A case of Hodgkin's disease
complicating Crohin’s disease. Clin Oncol 8:271-272, 1982
Fabry TL, Sachar DB, Janowitz HD: Acute myelogenous
leukemia in patients with ulcerative colitis., J Clin
Gastroenterol 2:225-227, 1980

Cuttner J: Increased incidence of acute promyelocytic leu-
kemia in patients with ulcerative colitis. Ann Intern Med
97:864-865, 1982 '

Hanauer SB, Wong KK, Frank PH, Sweet DL, Kirsner JB:
Acute leukemia following inflammatory bowel disease. Dig
Dis Sci 27:545-548, 1982

Cohn EM, Pearlstine B: Inflammatory bowel disease and
leukemia. J Clin Gastroenterol 6:33-35, 1984

Giron JA, Yebra M, Solovera JJ, Abreu L, Diego J, Bonilla
F, Durantez A: Crohn’s disease and leukemia, Dig Dis Sci
30:410-411, 1985

Third National Cancer Survey: Incidence Data. U.S. De-
partment of Health, Education, and Welfare. National Can-
cer Institute Monograph 41, March 1975

Grinwald HW, Rosner F: Acute leukemia and immunosup-
pressive drug use. A review of patients undergoing im-

Digestive Diseases and Sciences, Vol. 31, No. 10 (October 1986)

22.
23
24,
25.

26.

27.

28.

29.
30.
31.

32.

34.

35.

munosuppressive therapy for non-neoplastic disease. Arch
Intern Med 139:461-466, 1979

Brill AB, Tomonaga M, Heyssel RM: Leukemia in man
following exposure to ionizing radiation: A summary of the
findings in Hiroshima and Nagasaki and a comparison with
other human experience. Ann Intern Med 56:590-609, 1962
Stewart A, Pennybacker W, Barber R: Adult leukemia and
diagnostic x-rays. Br Med J 2:882-890, 1962

Gibson R, Graham S, Lilienfeld A, Schuman L, Dowd JE,
Levin ML: Irradiation in the epidemiélogy of leukemia
among adults. J Natl Cancer Inst 48:301-311, 1972
Court-Brown WM, Albatt JD: The incidence of leukemia in
ankylosing spondylitis treated with x-rays. Lancet 1:1283-
1285, 1955

Rogers AG, Faintuch J, Sourkes AN, Cormack DV: Diag-
nostic radiation—a possible factor in malignancy in patients
with chronic inflammatory bowel disease. Gastroenterology
75:345, 1978 (letter) '

Linos A, Gray JE, Orvis AL, Kyle RA, O’Fallon WM,
Kurland LT: Low-dose radiation and leukemia: N Engl J
Med 302:1101-1105, 1980

Boice JD: Cancer following medical irradiation. Cancer
47:1081-1090, 1981 '

Greenberg MS, Anderson KC, Marchetto DJ, Li FP: Acute
myelocytic leukemia in two brothers with polyposis coli and
carcinoma of the colon. Ann Intern Med 95:702-703, 1981
Henderson ES: Acute leukemia. In Hematology, 3rd ed. WI
Williams, E Beutler, AJ Erslev, MA Lichtman, (eds). New
York, McGraw-Hill, 1983, pp 221-227

Sachar DB, Auslander MO, Walfish JS: Aectiological theories
of inflammatory bowel disease. Clin Gastroenterol 9:231-
257, 1980 ‘
Kirsner JB, Shorter RG: Recent development in nonspecific
inflammatory bowel disease. N Engl J Med 306:837-848,
1982

. Morowitz DA, Allen LW, Kirsner JB: Thrombocytosis in

chronic inflammatory bowel disease. Ann Intern Med 68:
10131021, 1968

Talstad I, Rootwelt K, Gjone E: Thrombocytosis in ulcer-
ative colitis and Crohn’s disease. Scand J Gastroenterol
8:135-138, 1973

Manusow D, Weinerman BH: Subsequent neoplasia in
chronic lymphocytic leukemia. JAMA 232:267-269, 1975

1031



