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DURING THE LAST 12 YEARS 30 PATIENTS AT 
Memorial Hospital for Cancer and Allied 

Diseases and the James Ewing Hospital, New 
York, N.Y., have had Aspergillus infec
tions. This fungus disease was a contribut
ing factor in the cause of death in at least 11 
patients (37%). There were 2 basic patterns 
of infection: (1) localized to a single organ; 
(2) multiple organ involvement. A review of 
aspergillosis in a cancer hospital is pertinent 
since there is now a more general awareness 
of this type of complication in such pa
tients.5- 16' 17>19 However, aspergillosis is not 
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a new disease;22 several excellent reviews are 
available.7.9-12-14 '23 '25.30 This review will 
evaluate (1) the types of patients affected and 
predisposing or associated conditions, and (2) 
the pattern and pathology of the infection. 
The accumulated data will be analyzed for 
the 30 patients as a group; specific informa
tion for each patient is summarized in Table 
1. We have selected 2 representative cases to 
illustrate each of the basic patterns of infec
tion (localized and generalized). 

CASE REPORTS 
PULMONARY ASPERGILLOSIS (AS WELL AS 

PHYCOMYCOSIS) AND LEUKEMIA 

Case 22. Early in 1956 this 62-year-old white 
man noticed weakness. His physician found 
splenomegaly, anemia, and a white blood cell 
count of 176,000 per cu. mm, with 93% 

FIG. 1. Case 9. Pulmonary aspergillosis. Low-power photomicrograph shows the organisms invading through 
the entire circumference of the mucous membrane of a bronchiole. (Xl6.) 
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TABLE 1 

ASPERGILLOSIS IN 30 PATIENTS 

Case 

Pt. 
age, 
yr. Course r 

no. Sex Disease mo. Organs involved by fungi Therapy* 

It 3 Acute leukemia 22 Aspergillus, brain;! Steroids, methotrexate, 6-MP, 
M Candida species, stools§ Cytoxan, vincristine 

2t 3 
F 

Acute leukemia 5 Aspergillus, lungs & brainJ Steroids, ACTH, methotrexate 
(oral & intrathecal) 

3 4J Acute myelogenous 15 Aspergillus fumigatus, lungs,! Steroids, ACTH, methotrexate 
F leukemia nose;§ Candida albicans, stool § 

4 5 Acute myelogenous 14 Aspergillus, lungs! Steroids, methotrexate, 
F leukemia 6-MP, azaserine 

S 6 
M 

Acute myelogenous 
leukemia 

9 Aspergillus, lungs! Steroids, ACTH, methotrexate 

6t 8 
M 

Acute leukemia 9 Aspergillus, lungs, spleen, 
kidneys, je junum! 

Amethopterin, X ray 

7t 10 
M 

Acute leukemia 6 Aspergillus fumigatus, lungs, 
heart, kidneys;!! thyroid! 

Steroids, thioguanine, 6-MP 

8t 10 Acute myelogenous 8 Aspergillus, lungs, kidneys! Steroids, methotrexate, 6-MP, 
M leukemia Leukocristine, Cytoxan 

9 10 Acute lymphatic 16 Aspergillus, esophagus, colon;! Steroids, 6-MP, methotrexate 
F leukemia Candida species, lungs§ (intrathecal), Cytoxan, 

azaserine, X ray, 5-FUDR 
10t 12 Acute lymphatic 18 Aspergillus, lungs, sm. bowel;! Steroids, 6-MP, thioguanine 

M leukemia Candida species, kidney, 
stomach, throat§ 

11 12 Acute lymphatic 12 Aspergillus, lungs! Steroids, methotrexate, 6-MP, 
M leukemia X ray, chlorambucil 

12 20 
F 

Hodgkin's disease 60 Aspergillus, lungs;! 
Candida albicans, kidneys, 
esophagus,! sputum§ 

Steroids, HN2 

13 30 
M 

Hodgkin's disease 8 Aspergillus, lungs;! 
Candida species, esophagus,! 
sputum§ 

Steroids, HN2 

14 37 
M 
39 

Hodgkin's disease 96 Aspergillus, lungs! Steroids, X ray 

15 

37 
M 
39 Adenocarcinoma 96 Aspergillus, lungs! Steroids, somatropin, 
F breast X ray, estrogens 

16t 43 
M 

Lymphosarcoma 120 Aspergillus fumigatus, lungs, 
heart, kidneys, thyroid, 
brain, muscle!§ 

Steroids, HN2, TEM, X ray 

*In addition to the therapy listed here all of the patients received large amounts of systemic antibiotics. The 
following abbreviations are used: 6-MP, 6-mercaptopurine; Cytoxan, cyclophosphamide; ACTH, adrenocortico-
tropic hormone; methotrexate, amethopterin; 5-FUDR, 5-fluoro-2'-deoxyuridine; HN2, nitrogen mustard; TEM, 
triethylene melamine; thrombolysin, fibrinolysin (human); P32, radioactive phosphorus. 

lymphocytes. He was treated with transfu
sions, X radiation to the spleen, and predni
sone. The patient did well until April, 1958, 
when steroid-induced diabetes was found and 
treated with insulin. Subsequent episodes of 
bilateral pneumonitis led to the discovery of 
hypogammaglobulinemia, which was treated 
by periodic injections of gamma globulin. 

In February, 1962, painless hematuria was 
noted. Thrombocytopenia was discovered and 
prednisone therapy reinstituted. The patient 
died in July, 1962, after a 9-day terminal ill
ness featuring hypotension, pulmonary insuf
ficiency, and metabolic acidosis. At autopsy 
the stigmata of chronic lymphatic leukemia 
(including splenomegaly), and pneumonitis 
were noted. A hemorrhagic infarct of the 
right middle lobe of the lung was second
ary to vasculitis and thrombosis caused by the 
organisms of both Aspergillus and Mucor 

(Figs. 2A and B and 7). Neither organism grew 
on cultures made from additional lung tissue. 

Comment. This patient's case illustrates 
multiple metabolic defects predisposing to in
fection. The hypogammaglobulinemia, com
monly found in the "lymphoproliferative dis
orders," predisposed to recurrent bouts of 
pneumonitis and possibly to fungus disease. 
Diabetes mellitus that is poorly controlled 
often leads to metabolic acidosis and, in turn, 
may provide the setting for the growth of 
opportunistic fungi. Localized pulmonary 
aspergillosis is found more commonly than 
is the disseminated form. 

GENERALIZED ASPERGILLOSIS AND 
LYMPHOSARCOMA 

Case 16. A 43-year-old white man developed 
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TABLE 1 (Concluded) 

ASPERGILLOSIS IN 30 P A T I E N T S 

Case 

Pt . 
age, 
y - Course 

no. Sex Disease mo. Organs involved by fungi Therapy* 

m 56 
F 

Acute viral hepatitis 1* Aspergillus, lungs, hear t ; ! 
Candida tropicalis, heart, 
lungs, kidneys, stomach, 
adrenals, esophagusJ§ 

Steroids 

18 57 
F 

Chr. lymphatic 
leukemia 

52 Aspergillus, lungs! Steroids, chlorambucil 

19f 57 Reticulum-cell 96 Aspergillus, lungs, kid Steroids, TEM, X ray 
M sarcoma neys;! Candida species, 

esophagus, bladder,! 
throat, wound§ 

20 58 Chr. myelogenous 84 Aspergillus, lungs;! X ray, hydroxyurea 
M leukemia with term. 

acute phase 
Candvia albicans, stomach, 
colon, t stool § 

21 61 
M 
62 

Hodgkin's disease 8 Aspergillus, lungs! Steroids, chlorambucil 

22 

61 
M 
62 Chr. myelogenous 72 Aspergillus, lungs;! Steroids, X ray, 
M leukemia 

(hypogammaglobu-
linemia) 

Mucor, lungs! gamma globulin 

23f 62 
F 

Acute pancreatitis 1 Aspergillus, lungs;! 
Candida albicans, mouth§ 

Steroids 

24 63 
M 

Epidermoid cancer 
bladder 

11 Aspergillus, lungs! Steroids, thrombolysin 

25 65 
M 
65 

Lymphosarcoma 18 Aspergillus, lungs! Steroids, TEM 

26 

65 
M 
65 Chr. lymphatic 64 Aspergillus, lungs! Steroids, TEM, X ray, 
F leukemia; squam. 

carcinoma bladder 
chlorambucil, 
desacetylocolchicine 

27 68 Acute myelogenous 48 Aspergillus, lungs;! Steroids, 6-MP, X ray 
F leukemia Candida albicans, stomach, 

sm. intestine! 
28f 68 

M 
Hypoplastic anemia 1 Aspergillus, lungs, stomach Steroids (3 days), 

Vitamin B12, iron 
29 69 

M 
Adenocarcinoma 
stomach 

12 Aspergillus, lungs! P32, X ray 

30f 69 Acute myelogenous 5 Aspergillus, lungs, Steroids 
M leukemia stomach! 

tFungus infection played a significant role in the patient's clinical course. 
!Microscopic. 
§Culture. 

generalized lymphadenopathy in 1951. At that 
time lymphosarcoma, giant follicular type, was 
diagnosed from a lymph node biopsy. From 
1951 to 1961 the patient received various 
therapeutic agents, including nitrogen mus
tard, X radiation, and triethylenemelamine. 
Prednisone was administered intermittently. 
In June, 1961, because of persistent backache, 
the patient received a course of X radiation. 
In September, 1961, a neck abscess was 
drained and Staphylococcus aureus cultured 
from its contents. The patient was treated 
with a course of chloramphenicol. In No
vember, 1961, a painful, swollen knee joint 
was drained of pus containing Staphylococcus 
aureus. He was then treated with erythromy-
cin, tetracycline, and methicillin sodium. In 
December, 1961, he died after approximately 
3 weeks of high fever, hemoptysis, dyspnea, 
and progressive right hemiparesis. 

At autopsy abscesses containing Aspergillus 
fumigatus, confirmed by growth in cultures, 
were found in the pericardial sac, myocardium, 
lungs, spleen, kidneys, thyroid gland, brain, 
and psoas muscle (Fig. 5). In addition, the 
patient had residual generalized lymphosar
coma, membranous colitis, and chronic 
staphylococcal arthritis of the right knee. 

Comment. This patient's case illustrates 
generalized aspergillosis with hematogenous 
dissemination. 

ANALYSIS OF DATA FROM 30 PATIENTS 
WITH ASPERGILLOSIS 

Sex. There were almost twice as many male 
patients affected as female patients (a ratio of 
19 to 11). 

Age. The age range was broad, with the 
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FIG. 2. Case 30. A, Fruiting head of Aspergillus in bronchiole. Note the characteristic dilated vesicle with nu
merous brushlike filaments. (H. & E. X400.) B, Fruiting head of Aspergillus with vesicle and filaments similar to 
Fig. 2A. (H. & E. X400.) 

youngest patient 3 and the oldest 69 years. 
Most of the patients (53%) were less than 
10 and more than 60 years of age. 

Associated Diseases. In this series each pa
tient had a serious disease that was compli
cated by aspergillosis (Table 2). All but 3 of 
the patients had cancer (90%). Leukemia was 
the most common single illness, representing 
63%, and lymphomas the next, comprising 
26% of all cancers. One patient had carci
noma of the breast, 1 had carcinoma of the 
stomach, and 1 had carcinoma of the bladder 
in addition to leukemia. 

Three patients did not have cancer—1 had 
hypoplastic anemia; 1, acute pancreatitis; and 
1, acute viral hepatitis. 

Site of Infection. The fungus localized in 
1 or more organs. The lung was almost invari
ably involved (28 of 30 patients). When a 
single organ was infected the lung was almost 
always the site (18 of 19 patients) (Table 3). 

There were 11 patients (37%) with multiple 
organs infected (Table 3). There was doubt
less dissemination in 7 of these since different 
organ systems were involved (cases 3, 6, 7, 8, 

16, 17, and 19, Table 1). In 3 others the lungs 
and intestines were involved (cases 10, 28, and 
30). These latter cases may indicate spread by 
sputum ingestion rather than hematogenous 
dissemination. The last patient had aspergil
losis of the esophagus and colon. 

All but one of the 11 patients with multiple 
organs involved had pulmonary infections. It 

TABLE 2 

ASPERGILLOSIS 

Assoc. diseases No. pt. 

Cancer 
Leukemia or lymphoma 

Leukemia 
24 

17 
Hodgkin's disease 
Lymphosarcoma 
Reticulum-cell sarcoma 

4 
2 
1 

Epidermoid ca. bladder 
Adenocarcinoma breast 

2 
1 

Adenocarcinoma stomach 1 
No cancer 
Anemia, hypoplastic 
Hepatitis, acute viral 
Pancreatitis, acute 

1 
1 
1 

TOTAL 31* 

*One patient had 2 cancers (bladder carcinoma and 
leukemia). 
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is most probable that the lung was the pri
mary source of infection in these patients. 

There were only 2 patients in whom pul
monary focuses were not identified (cases 1 
and 9, Table 1). One had a brain infection, 
the pathogenesis of which is uncertain. There 
may have been a pulmonary focus or a para-
nasal sinus infection. The second patient had 
gastrointestinal aspergillosis. It is possible that 
this was the only system infected, although an 
undetected pulmonary focus cannot be ex
cluded. 

Mixed Mycoses. There were 9 patients who 
had more than 1 fungus identified (cases 9, 10, 
12, 13, 17, 19, 20, 22, and 27, Table 1). In all 
but the last case the additional fungus was 
Candida. The organisms of mucormycosis were 
the second type of fungus in case 22. 

Three patients actually had dissemination 
of both Aspergillus and Candida (cases 10, 17, 
and 19, Table 1). These cases are a most re
markable demonstration of opportunism. 

Aspergillus was identified histologically in 
all 30 cases and was confirmed by culture in 
only 3. The identification of fungi in tissue 
sections is reasonably accurate4 although one 
should aspire to meet the criteria of Ajello.1 

Unfortunately, many of the identifications are 
made from postmortem material. 

Clinical Findings. The complicating fungus 
infection was undetected in all cases until 
postmortem examination. Even in retrospect 
we were unable to derive any significant clue 
from reviewing the records. Aspergillus fumi-
gatus was cultured from the nose of 1 patient 
(case 2, Table 1) who subsequently had pul
monary aspergillosis detected at autopsy. How
ever, it is well known that Aspergillus is a 
frequent contaminant of culture media. The 
significance of its growth in cultures of spu
tum, or from the nose, is always questionable 
and must be interpreted in the light of other 
clinical findings. We feel, as did Sidransky and 
Pearl,33 that when there is clinical evidence 
of pneumonitis that fails to respond to anti
biotic therapy, particularly in patients receiv
ing hormones or antitumor drugs, one should 
be alerted to the possibility of mycotic infec
tion, particularly aspergillosis (since it com
monly invades the lungs). 

Pathology. The pulmonary lesions involved 
parenchyma rather than large bronchi. More 
commonly they would appear as firm, gray to 
gray-yellow, somewhat dry zones ranging from 
a few millimeters to a few centimeters in diam
eter. They characteristically had a peripheral 

TABLE 3 

SITES OF ASPERGILLUS I N F E C T I O N 

Site 
No. 

cases 

Multiple organs involved (11 pt.) 
Lung 
Kidney 
Heart 
Brain 
Colon 
Sm. intestine 
Stomach 
Thyroid 
Esophagus 
Spleen 
Localized to 1 organ (19 pt.) 
Lung 
Brain 

10 
5 
3 
2 
2 
2 
2 
2 
1 
1 

18 
1 

red zone of congestion or hemorrhage forming 
a narrow ring about the central area. Less 
often there would be a thrombosed vessel with 
distal infarction. The presence of fungi would 
usually be detected only at the time of micro
scopic examination. Occasionally organisms 
were found in zones that grossly resembled 
acute bronchopneumonia. When the disease is 
disseminated and multiple organs are affected 

FIG. 3. Case 23. Aspergillus invading directly into 
bronchiolar cartilage. (xl00.) 
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FIG. 4. Case 6. A, Thrombus in large pulmonary vessel produced by Aspergillus invasion. (xl6.) B, Higher 
magnification of vessel in Fig. 4A showing Aspergillus invading vessel wall. (XlOO.) 
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the mycotic involvement may appear as min
ute, almost miliary, yellow abscesses. 

Microscopically the appearance of the le
sions of aspergillosis is rather striking and 
characteristic. The spores presumably are in
haled and can gain access to the pulmonary 
tissues either through alveoli or direct invasion 
through bronchial epithelium. In our material 
the smaller bronchi and bronchioles were most 
often involved. The organisms have a propen
sity to proliferate in a mucus medium.24 The 
small rounded spores elongate into hyphae 
that produce a necrotizing bronchitis that usu
ally involves the entire circumference of the 
epithelial lining (Fig. 1). In bronchial lumina 
some of these hyphae enlarge (foot cells) and 
give off a side branch (conidiophore) with a 
dilated vesicle at its end. Extending from the 
vesicle are filaments (sterigmata) with numer
ous small spores (conidiospores) clustered 
about them. This entire unit is called a "fruit
ing head" (Fig. 2A and B). 

The hyphae that invade through the bron
chial or bronchiolar epithelium may also di
rectly invade the underlying cartilage (Fig. 3). 
When they reach the parenchyma they may 
invade small or large blood vessels (Fig. 4A and 
B) and produce thrombi and infarcts. This 
characteristic has been more commonly re
ferred to with the organisms of mucormycosis; 
however, vessel invasion is not uncommon in 
aspergillosis. The organisms that invade the 
alveolar air spaces tend to proliferate in a 
centrifugal and characteristic pattern. The cen
tral area contains hyphae, hyphal fragments, 
necrotic tissue, and exudate with cellular de
bris. The outermost zones have proliferating 
hyphae that, with low magnification, appear 
to form a zone of twiglike arborization (Figs. 
1 and 5). More peripheral, beyond the zone 
of hyphae, there is a zone of consolidation and 
acute congestion, perhaps a reaction to an 
endotoxin elaborated by the fungus.15 

In addition to the fruiting head, the hyphae 
have a characteristic appearance in tissue sec
tions4 (Fig. 6). The hyphae have side branches 
and are segmented (i.e., transverse partitions). 
Each side branch comes off the main trunk at 
an acute angle. 

The organism must be differentiated in 
tissue sections from 2 other common oppor
tunists: Mucor (phycomycosis) and Candida. 
Aspergillus differs from the organisms of mu
cormycosis in that the latter have no segments, 
and the side branches come off the main trunk 
at obtuse angles (Fig. 7). Candida, although 

FIG. 5. Case 16. Characteristic twiglike arborization 
of Aspergillus. (H. & E. xlOO.) 

segmented (pseudohyphae), has no side 
branches. 

DISCUSSION 

Something happens to the human host to 
enable a fungus of usually low pathogenicity 
to penetrate tissue barriers and even dissemi
nate throughout the body. 3-13>35 '39 ' 44 Debili
tation, altered metabolic states, and the use 
of various types of drugs, have been impli
cated as conditions that facilitate fungus in
vasion.29- 81>36'3S 

The effect, expressed in general terms, is 
that of a broad systemic alteration depressing 
resistance and then an additional local factor 
facilitating invasion at the particular site of 
entry. However, fatal aspergillosis may rarely 
occur as a primary disease.38 

The condition common to the patients in 
this report was cancer. We have stated previ
ously that 90% of this group had cancer, and 
89% of all cancers were leukemias or lympho-
mas. 
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FIG. 6. Case 6. High magnification of Aspergillus showing transverse septation and branching at acute angles. 
(H. & E. X400.) 

FIG. 7. Case 30. Phycomycete (organism of mucormycosis) found in lung in addition to Aspergillus. Note the 
broad filaments without transverse segments, and branching at obtuse angle. (H. & E. x400.) 
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These patients all received antibiotics. Anti
biotic therapy can change the composition of 
bacterial flora and thereby create a medium 
favorable to fungus invasion. Chemotherapeu-
tic agents may depress marrow activity or pro
duce mucosal erosions. Leukopenia, due to 
disease or treatment, is associated with fungus 
invasion.5-35 

Hormones, particularly steroids, predispose 
to fungal infection. The organisms proliferate 
more freely, and necrosis is more marked.10,20< 
21,32,34 Radiation therapy apparently reduces 
host resistance to some fungi (Candida) when 
given singly or in combination with cortisone. 
27,37 

Surgical resection of localized pulmonary 
aspergillosis has been advocated for diagnosis 
as well as definitive therapy.2' 6> n< 38> *°-43 More 
recently amphotericin B has been used effec
tively in both experimental8 and clinical as
pergillosis.18' 26' *7 The encouraging results 
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SUMMARY 

Aspergillosis was discovered at autopsy in 
30 patients during the last 12 years at a cancer 
hospital. It was more common in male patients 
and occurred over a broad range in patient 
age. All but 3 of the patients had cancer 
(90%). Leukemia or lymphoma was the most 
common cancer (89% of all cancers). Pulmo
nary infection was most common (28 of 30 
patients). In 11 patients (37%) multiple or
gans were involved. Hematogenous dissemina
tion was doubtless in 7. Nine patients had 
mixed mycoses (Candida and Aspergillus in 8, 
Mucor and Aspergillus in 1). The pathology 
and predisposing conditions are discussed. 
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