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SENSITIVITY OF SERUMENZYMEINHIBITORS TO A VARIETY
OF CANCERCHEMOTHERAPEUTICAGENTS1"2

By FRANKW. ELLIS AND PHILIP M. WEST

(From the Veteranis Adminiistrationt Hospital, Long Beach, Calif., anid the School of Mledicinle,
Uniz'ersity of California at Los Aitgeles, Calif.)

(Submitted for publication October 31, 1950; accepted, March 19, 1951)

In the palliative treatment of malignant disease,
an objective method of determining the rapidity,
degree, and duration of therapeutic response is a
constant requirement. In a recent publication,
Rhoads (1) has re-emphasized the importance of
detecting delicate therapeutic effects in clinical
cancer research. Standard methods such as serial
x-rays, blood counts, blood chemistry, observations
of temperature, tumor size, changes in body weight,
etc., are frequently of only limited usefulness for
this purpose. Without a simple and objective
measurement of tumor activity, valuable days or
weeks may be needlessly spent on ineffective treat-
ment. Similarly, reactivation of the disease may be
difficult to detect by conventional methods, until it
has produced irreversible damage and the patient
can no longer tolerate intensive therapy.

Up to the present, there have been a few specific
instances in which clinical laboratory tests have
been helpful in following the effects of cancer
treatment, e.g., serum acid phosphatase in carci-
noma of the prostate, alkaline phosphatase in osteo-
genic sarcoma, and serum globulin levels in multi-
ple myeloma, but these are obviously of limited ap-
plication. Recently, however, it has been shown
that the serum concentration of proteolytic en-
zyme inhibitors is influenced by various pathologic
states, including malignant disease (2, 3). Al-
though they possess no diagnostic value, two of
these substances, chymotrypsin inhibitor and ren-
nin inhibiter are nevertheless of remarkable clini-
cal usefulness. In a study of cancer patients
receiving nitrogen mustard therapy, West and

1 This work was supported in part by grants from the
California Institute for Cancer Research through the
Damon Runyon Cancer Fund.

2 Reviewed in the Veterans Administration and pub-
lished with the approval of the Chief Medical Director.
The statements and conclusions published by the authors
are the result of their own study and do not necessarily
reflect the opinion or policy of the Veterans Administra-
tion.

associates (4) were able to relate the ratio of se-
rum concentrations of these two factors to clinical
signs of tumor activity. The present paper il-
lustrates the sensitivity of the enzyme inhibitor re-
sponse to a number of additional chemotherapeutic
agents in several typical cases of neoplastic disease.

METHODS

Patients selected for case reports are from the Neo-
plastic Disease Service of the Veterans Administration
Hospital, Long Beach, California. Although most have
been subj ect to prolonged hospitalization and complete
clinical and laboratory studies, only condensed case sum-
maries dealing with pertinent factors are presented.

Quantitative determinations of the two inhibitors in the
serum were made by methods previously described by
West and Hilliard (2). Results were correlated with
clinical and other laboratory evidence of changes in neo-
plastic activity. In all cases the existence of cancer had
been proven by biopsy, and the patients were free of com-
plications which have been shown to influence the enzyme
inhibitor concentrations. Under these circumstances, as
will be demonstrated, high rennin inhibitor and low chy-
motrypsin inhibitor levels are found to be associated with
arrested growth or tumor regression while the reverse is
correlated with actively progressing disease.

EFFECTIVE CHEMOTHERAPY

Urethane in inyelogenouis le,ukemia

Since the introduction of urethane for the treat-
ment of myelogenous leukemia by Haddow and
Sexton in 1946 (5), this drug has proved to be a
valuable additional agent for palliative treatment
of this disease. The case presented indicates the
sensitivity of serum enzyme inhibitor concentra-
tions to effective urethane therapy.

Case No. 1 (Figuire 1)

A 28-year-old Mexican male was admitted to the hos-
pital with complaints of fullness in the left upper quad-
rant for eight months, anorexia, weakness, fatigue, and
20 pounds weight loss of two months duration.

Abnormal physical findings included pallor, enlarged
spleen extending beyond the mid-line and into the pelvis,
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liver enlargement three fingers' breadth below the costal
margin, and a few small submaxillary, axillary, and in-
guinal lymph nodes.

Laboratory findings included entrance white blood cell
count of 420,000 with 94% neutrophiles, (two myeloblasts,
nine promyelocytes, 14 myelocytes, 20 stabs, 30 juveniles),
4% eosinophiles, 2%o basophiles. The red blood cell
count was 2,870,000 and hemoglobin 8.4 gms. Platelets
280,000. Sternal marrow aspiration showed a typical
picture of active chronic myelogenous leukemia with de-
pression of erythroid activity.

The patient was started on oral urethane 6.0 gms. daily,
which was subsequently gradually reduced to 2.0 gms.
as shown in Figure 1. He improved steadily, the spleen
reduced in size, hepatomegaly and lymphadenopathy dis-
appeared, and he regained his feeling of well-being. He
was discharged on maintenance doses of urethane.

Figure 1 illustrates a decrease both in white
count and in chymotrypsin inhibitor activity coin-
cident with the patient's improvement. During the
charted period the hemoglobin increased from 8.4
to 13.2 gms., and the red blood cell count from
2,870,000 to 4,510,000 without transfusion of
blood. Although urethane appears to have de-
layed action in chronic leukemia, it is of interest
to note that its enzymatic effects are almost im-
mediate and detectable many days ahead of the
hematologic response. Assuming that urethane
acts principally upon the immature marrow, de-
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layed depression of the peripheral white count is
not unexpected. When the white blood count had
decreased from over 400,000 to 30,000, the drug
was stopped, in spite of which the count continued
to fall to a minimum of 10,250 11 days later.
However, upon discontinuing urethane, the en-
zyme inhibitors returned rapidly to pre-treatment
levels. This occurred 10 days in advance of the
corresponding rise in white blood cell count. Be-
cause the anti-leukemic action of urethane is re-
flected promptly in the enzyme inhibitor pattern,
it has been found that maintenance doses of the
drug may be selected more quickly on this basis.

Two additional cases of chronic myelogenous
leukemia, and two of multiple myeloma have been
treated with urethane with essentially similar clin-
ical and enzymatic responses. In contrast to these,
other types of leukemia, and several cases of carci-
noma of the colon and prostate that received ure-
thane without clinical improvement, failed also to
show any change in the concentration of serum en-
zyme inhibitors.

Cortisone in lymphosarcoma
Rapid regression of lymphosarcoma following

administration of cortisone was first observed by
Heilman and Kendall (6) in tumor bearing mice.

IYELOGENOUSLEUKEMIA

5 10 20 30 40
DAYS ,

FIG. 1. ILLUSTRATING THE SENSITIVITY OF CHYMOTRYPSINAND RENNIN IN-
HIBITORS TO THE ANTI-LEUKEMIC ACTION OF URETHANE
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More recently, Pearson and associates (7) have
demonstrated that chronic lymphomas in man may

respond similarly both to cortisone and ACTH.
Although results are admittedly of a temporary na-

ture, nevertheless cortisone-induced regression of
lymphosarcoma and the subsequent regrowth of the
tumor provide an interesting test of the sensitivity
of the two serum inhibitor substances to neoplastic
activity.

Case No. 2 (Figure 2)

This 42-year-old white male had been followed by the
tumor service since February 1949 when he was first hos-
pitalized for bilateral groin swellings. Initial examination
showed multiple inguinal, axillary, cervical, and occipital
nodes. Biopsies of both inguinal area, and later of axil-
lary nodes showed giant follicular lymphoblastoma,
lymphosarcomatous type. Patient received x-ray therapy
in March-April 1949; nitrogen mustard in October 1949;
second course of x-ray in December-January 1950; third
x-ray course March 1950. He always responded well,
maintained excellent physical condition, and was followed
enzymatically at twice-monthly intervals, his satisfactory
clinical course being mirrored in his favorable enzyme

pattern.
When seen on May 22, 1950 he complained of anorexia,

seven pound weight loss, low-grade fever, and enlarge-
ment of inguinal nodes. Chymotrypsin and rennin inhibi-
tor levels at this time also suggested renewed activity and
the patient was advised of the need for re-treatment.

On admission he complained of rather severe left flank
and lumbar pain and showed multiple small cervical and
occipital nodes, and discrete right inguinal nodes meas-

uring 2 to 3 cm. Laboratory work was within normal
limits, as on multiple previous determinations: red blood
cell count 4,510,000, hemoglobin 13.2 gms., white blood
cell count 5,650 with 62%o neutrophiles, 26% lymphocytes,
8%o monocytes, 5% eosinophiles. No abnormal white
blood cells were seen. X-rays of the lumbar spine and
abdomen showed no abnormalities.

The patient received cortisone, total of 1.0 gm. in seven

days. Within 24 hours the back and flank pain had en-

tirely disappeared, and the nodes were smaller. Within
three days the cervical and occipital nodes had vanished,
and the inguinal nodes were much reduced. He gained
weight, felt entirely well, and returned to his job as

truck driver.

Figure 2 illustrates a rapid decrease in serum

chymotrypsin inhibitor immediately after corti-
sone 3 was started. This change was coincident
with tumor regression and general clinical improve-
ment. Also demonstrated is the transient effect of
cortisone in this case, with relapse within three
weeks. The patient was later treated with ACTH

3 Cortone acetate, Lot No. 415, Merck and Co., Inc.

CORTISONE IN LYMPHOSARCOMA
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FIG. 2. REDUCTIONOF SERUMCHYMOTRYPSININHIBI-
TOR COINCIDENT WITH CORTISONE-INDUCED REGRESSION
OF LYMPHOSARCOMA

for a similar period with excellent but equally
temporary improvement both clinically and enzy-

matically. Because cortisone therapy did not re-

sult in an increased rennin inhibitor titer, it was

predicted that the remission would be short, since
in the course of this work it has been observed
that prolonged remissions are usually associated
with combined high rennin and low chymotrypsin
inhibitor levels. For example, when nitrogen mus-

tard was given to this same patient later, there
was an increase in rennin inhibitor as well as a fall
in chymotrypsin inhibitor, and more lasting clini-
cal results were obtained.

ACTHin acute leukemia

The clinical investigations of Farber and col-
leagues (8) and Pearson and coworkers (9) indi-
cate that incomplete and temporary remissions in
acute leukemias of both children and adults can be
induced with considerable regularity by the use of
ACTH. With the dosage schedules that have
been employed, however, the majority of adults
have been refractory to subsequent therapy. In
the case presented below, the parallelism between
hematologic improvement and changes in the en-
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zyme inhibitors was studied by giving the drug
intermittently in small amounts. Under these
conditions repeated responses to ACTH4 were
observed and the enzyme inhibitor pattern proved
to be the most sensitive available index of disease
activity.

Case No. 3 (Figure 3)

A 38-year-old white male was admitted to the hospital
with complaints of pain in the left upper abdomen, profuse
night sweats, weight loss, anorexia, all of one month's
duration, and tarry stools and ankle edema, for two weeks.

Abnormal physical findings on entry included severe
pallor, scattered petechiae on buccal mucosae, spleen en-
larged to the level of the umbilicus, hepatomegaly of two
fingers' breadth, and numerous bean-sized firm inguinal
nodes.

Laboratory findings included white blood cell count
of 18,900 with differential of 65%o blast cells, unclassified,
12% neutrophiles, 25%o lymphocytes. Red blood cell
count 2,810,000, hemoglobin 8.1 gms. Platelets 210,000.
Sternal marrow aspiration showed 95%o blast cells, con-

4ACTH (Adrenocorticotropin), Lot No. 11302, Armour
Laboratories.

firming diagnosis of acute blastic leukemia. Subsequently
cells of the myeloid series became prominent, particularly
high percentages of myeloblasts and myelocytes. Total
white blood cell count varied from 6,000 to 94,000 with
percentage of blasts from 17% to 95%.

The patient was treated with ACTH, receiving four
brief courses over a three month period. He deteriorated
progressively, but with each period of ACTH adminis-
tration showed an abrupt drop in percentage of myelo-
blasts, and improved sense of well-being, increased ap-
petite, and disappearance of petechiae, which reappeared
during intervals between ACTHeffect. Prior to the sec-
ond and third courses of ACTHthe patient appeared mori-
bund, with generalized bleeding, jaundice, high fever and
prostration. Prompt improvement occurred with each
course of ACTH.

The close parallelism between the enzyme inhibi-
tor patterns and neoplastic activity, as indicated by
numbers of circulating immature cells, is illustrated
in Figure 3. As in Case 1, the enzyme inhibitor
responses consistently preceded changes in the cell
count of the peripheral blood, but in this more
acute form of the disease the lag was only 24 to
48 hours. By using just sufficient ACTHto bring

ACTH IN ACUTE LEUKEMIA
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FIG. 3. RAPID REVERSALOF THE ENZYMEINHIBITOR PATTERNAND SUBSE-
QUENT HEMATOLOGIC IMPROVEMENT WITH ACTH THERAPY IN ACUTE
LEUKEMIA
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the enzyme pattern under relative control, re-

peated incomplete remissions were obtained in
this patient.

Two other adults with acute leukemia, who were

treated with ACTHfor longer periods, also derived
striking temporary clinical remissions accompanied
by an abrupt fall in serum chymotrypsin inhibitor
and rise in rennin inhibitor. However, second
courses of ACTHwere clinically and enzymatically
ineffective in these cases.

Triethylene melamine in Hodgkin's disease

On the assumption that the anti-mitotic action of
the nitrogen mustards depends on the highly reac-

tive ethylene portion of the molecule, a number of
synthetic substances have been prepared contain-
ing several ethylene groups. One of these com-

pounds, 2,4,6-tris (l-aziridyl)-s-triazine, was shown
by Sugiura and Stock (10) to exert an inhibitory
effect on certain animal tumors. This drug has
been made available for clinical investigation under
the name triethylene melamine.5 It appears to

5 Triethylene melamine kindly furnished by Dr. D. A.
Karnofsky, Lederle Laboratories Division, American Cy-
anamid Co.

possess definite value in palliative treatment of the
lymphomas and, as indicated by the example be-
low, its tumor inhibiting action traced by enzyme
pattern is generally more rapid but less sustained
than that previously reported for nitrogen mustard
(4).

Case No. 4 (Figure 4)

The first manifestation of Hodgkin's disease in this
59-year-old white male was limited to right cervical
adenopathy which had been treated by surgical resection
and x-ray. Three years later the patient re-entered the
hospital complaining of severe constipation, anorexia,
nausea with occasional vomiting, and weight loss of 15
pounds. In the few weeks preceding entry he had had
fever daily to 1010 with asthenia and malaise.

Physical examination showed a well-preserved 59-year-
old white male, not obviously ill. Examination of the cer-

vical area showed several old healed scars over the right
sternocleidomastoid, in a region of thickening, induration,
and pigmentation of the skin. There was no other ade-
nopathy, and the spleen was not palpably enlarged. X-rays
of the chest and gastrointestinal tract were normal. The
white blood cell count was 7,300 with 84% neutrophiles,
12% lymphocytes, 3% monocytes, 1% eosinophiles. Red
blood cell count 3,540,000, hemoglobin 10.8 gms.

The patient was treated with triethylene melamine as

inidicated in Figure 4. Response was rapid, with disap-
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pearance of fever and all gastrointestinal symptoms, re-
appearance of normal bowel movements, and disappearance
of the right cervical nodes. A return of fever, nausea,
and constipation within 10 days required repeated dosage
of melamine. The second response was equally satisfac-
tory, but severe leukopenia and anemia forced discontinu-
ation of melamine in spite of the patient's statement that
he felt "better than he had for six months," and was a
"well man." He was subsequently treated with nitrogen
mustard with prolonged clinical and enzymatic remission.

As illustrated in Figure 4, treatment with 10 mg.
oral doses of triethylene melamine resulted in
prompt reduction in serum chymotrypsin inhibitor
levels, although 5 mg. doses were relatively inef-
fective in this respect. Rennin inhibitor was not
appreciably increased so that rather intensive
therapy was required to restore the normal balance
between the two factors. The periods of maximum
enzyme response were associated with disappear-
ance of fever and development of leukopenia. In
this case the enzyme determinations were actually
the only objective means of planning an adequate
treatment schedule, although the patient's feelings
of well-being were parallel to the periods of de-
pression in the chymotrypsin inhibitor levels.

It is of interest that two months preceding the
charted period, samples of this patient's serum had
demonstrated an enzyme pattern compatible with
neoplastic activity, but treatment was postponed be-
cause of lack of other objective evidences of dis-
ease. Subsequent events proved this to be another
instance of the unique usefulness of serum enzyme
inhibitor determinations for detection of tumor re-
activation when other clinical confirmation is
difficult to obtain.

Similar results were obtained with melamine
therapy in another case of Hodgkin's disease,
reticulum cell sarcoma, and chronic myelogenous
leukemia. Although both clinical and enzymatic
responses were observed, they were of short dura-
tion and severe marrow depression prevented fre-
quent repetition of effective doses.

INEFFECTIVE CHEMOTHERAPY

Cortisone in osteogenic sarcoma

In view of the reported inhibitory action of corti-
sone on mouse osteogenic sarcoma ( 11 ) and mouse
rhabdomyosarcoma (12) this steroid was given
for a trial period to a patient with rapidly growing
metastatic osteogenic sarcoma. In addition, since

enzymatic responses to cortisone in lymphosarcoma
are usually definite and rapid it was considered im-
portant to make comparable observations in an-
other sarcoma which is generally resistant to
treatment.

Case No. 5 (Figure 5)
A 35-year-old white male was found to have osteogenic

sarcoma of the right humerus and was treated with radical
scapulo-thoracic amputation in February 1948. He re-
mained clinically well until August 1949 when he devel-
oped a metastasis to the left seventh rib. This local
metastasis was surgically removed for relief of pain. The
patient then developed a slowly enlarging tumor mass at
the site of surgery, and in May 1950 had rapid development
of extensive pulmonary and abdominal metastases. This
sudden increase in disease activity was associated with a
soaring rise in chymotrypsin inhibitor levels and diminish-
ing rennin inhibitor titers.

On this admission, the patient was ambulatory, showed
recent weight loss, the previously mentioned surgical de-
formities, a hard fusiform mass 15 X 5 X 5 cm. along the
lateral aspect of the left seventh rib, and multiple stony-
hard, grapefruit-sized masses in the abdomen, with con-
siderable ascites. X-rays showed multiple calcified pul-
monary metastases, and diffuse calcification throughout
the abdomen, corresponding to the tumor masses.

Repeated laboratory work was not contributory to the
present discussion, multiple blood counts, serum calcium,

CORTISONE IN OSTEOGENICSARCOMA
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phosphorous, alkaline and acid phosphatases, and liver
function tests being essentially within the normal ranges.

He received cortisone 1,200 mg. in eight days, with no
observable clinical or enzymatic response. During the pe-
riod of treatment the patient declined progressively and
the tumor masses enlarged visibly.

This case illustrates the value of the two serum
enzyme inhibitor determinations in confirming
complete lack of response when a drug is used in a
frankly investigational manner. The sensitivity of
these proteolytic enzyme inhibitors to effective
chemotherapy is such that an eight day trial period
has been found ample for the evaluation of most
drugs. Had there been even slight enzymatic evi-
dence of decreased tumor activity during this pe-
riod, further treatment with the hormone might
have been considered in an attempt to achieve clin-
ically detectable improvement.

Progesterone in carcinoma of the prostate

After a period of palliation by either orchiec-
tomy, estrogen therapy or a combination of the
two, most patients with carcinoma of the prostate
finally become resistant to this type of treatment.
It is of interest in such cases, therefore, to attempt
to restrain the disease further by again altering the
hormone balance. Clinical responses to pro-
gesterone and testosterone have been variable
and individualized, and the sensitivity of these
serum inhibitor substances has been of consider-
able assistance in our hands, in measuring the ef-
fects objectively and avoiding continued treatment
with tumor stimulating or ineffective hormones.

Case No. 6 (Figure 6)

This 64-year-old white male with carcinoma of the
prostate had had treatment for two and one-half years,
consisting successively of radical prostatectomy, orchiec-
tomy, estrogen administration and palliative deep x-ray
therapy to multiple areas of osteoblastic metastases of the
pelvis, femora, vertebrae, and ribs. For six months pre-
ceding the current admission he developed progressively
severe pain in the involved areas of bony metastases, re-
quiring large doses of narcotics for relief.

Physical examination showed only pallor, evidence of
weight loss, and surgically absent prostate and testicles,
although the patient was still well-nourished and ambula-
tory on crutches. X-rays confirmed the extensive bony
metastases. Serum acid phosphatase was 7.8 Bodansky
units (normal 2 to 9 units). The patient had a moderate
hypochromic anemia corrected by whole blood transfusions.

Because he had previously responded well to changes
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in hormone balance to which he was now refractory, it
was thought worth while to try another of the steroid
hormones. Accordingly, with the unfavorable enzymatic
pattern shown in the graph, he was given progesterone
100 mg. intramuscularly daily for 19 days. He received
no benefit, his pain was unaffected, and he continued to
lose weight.

In this case, previous serial enzyme inhibitor de-
terminations following estrogen and testosterone
administration and withdrawal had given excellent
correlation with clinical status, and showed great
sensitivity in response to these hormones. There-
fore, since progesterone did not alter the enzyme

balance, it was concluded that the drug was inef-
fective in this patient. Without such data, treat-
ment might have been continued needlessly for a

longer period, since clinical response in advanced
metastatic prostatic carcinoma is frequently de-
layed, and early x-ray changes are not expected.
Serial acid phosphatase determinations were not
helpful in this patient since previously they had re-

mained within normal limits in spite of clinical
exacerbations and remissions.

Testosterone in carcinoma of the prostate

Case No. 7 (Figure 7)

This 63-year-old white male was admitted to the hos-
pital with complaints of increasing pain in the pelvis, low
back, and posterior thighs for the preceding several weeks.

*---CHYMOTRYPSIN INHIBITOR
* *-. RENNIN INHIBITOR.

PROGESTERONE100 MG-/DA. NORMAL
ANTI-CHYMO
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dentally there was an immediate effect on the enzyme pat-

tern, with marked elevation of the chymotrypsin and fall
in the rennin inhibitor levels. Although five doses of 25
mg. each had been tentatively planned, the testosterone

was stopped after the third dose because of the alarming
change in the enzyme inhibitor pattern. On the fourth
day, the patient was mentally confused, appeared prostrate,

flushed, apprehensive, and required generous use of nar-

cotics for pain relief. He gradually improved, and three
weeks after stopping the testosterone was almost free of
pain, fully ambulatory, and was discharged from the hos-
pital. At the time of his discharge, his enzyme pattern

showed declining chymotrypsin, and rising rennin inhibitor
levels.

< This case illustrates several interesting points.
TESTOSTERONE Figure 7 shows clearly the acute disturbance of
25 MGM.DAILYINNHBT enzyme inhibitor pattern immediately after testo-

RENNIN INHIBITOR sterone administration. Also shown
is

the return
of these inhibitors to pre-treatment levels follow-

DAYS
20 25 ing cessation of the androgen. The clinical paral-

A lelism with these determinations discon-

7. STIMULATION OF PROSTATIC CARCINOMABY certingly convincing. Of further interest is the
rERONE ACCOMPANIEDBY IMMEDIATE ENZYMATIC fact that the patient improved enough to be dis-
CE OF INCREASEDTUMORAcnvrry charged from the hospital following recovery

from this period of acute androgen-induced ex-
Lpreviously been followed in the out-patient de- acerbation. Although several other estrogen-

it of the tumor service for 11 months following reitant prostairarioma withope-
diagnosis of adenocarcinoma of the prostate estab-

y transurethral resection, following which bilateral vious orchiectomy have shown a similar sensitivity
tomy was performed. The patient then felt quite to small doses of testosterone, the same response

five months, at which time he was started on has not been obtained in all such patients. In no

estradiol because of back, pelvic and thigh pain, other malignancies, except carcinoma of the breast

extensive bony metastases. This relieved him forextensvebonmetasases. his reieved im fo and prostate, has any change in chymotrypsin and
five months, but he again developed increasingly

)ain which occasioned this present admission. rennin inhibitor concentrations been observed fol-
ical examination on entry showed a well-developed, lowing the administration of androgens.

obese 63-year-old white male complaining of
tely severe pelvic and back pain, and able to walk Guawnazolo in acute leukemia

:ew steps with great difficulty. The testicles were

lly absent, and prostatic examination revealed Considerable interest has been created by the
d small stony-hard nodules in both lateral lobes, work of Kidder and associates (13, 14) in the

showed extensive osteoblastic metastatic nodulestil
g the lumbar spine, sacrum, bony pelvis, and up-

psy sibiit selec tvel ubocin nce ortinis
s of both femora. synthesis neoplastic tissues by the adminis-
after admission estrogen medication was discon- tration of unnatural purines. Guanazolo (8-

and the patient improved slightly, both clinically as azaguanine), a synthetic guanine antagonist, suc-

ted by a decrease in pain, and as measured by the cessfully inhibited the progress of some carci-

inhibitor determinations. However, after a month
observation, he again began to have increased pain nomas and leukemias in mice. Unfortunately,

areas of bony metastases. It was then decided to similar results have not been reported in human
tosterone because of previously experienced para- malignant disease. An example of the clinical
palliative effects of male steroid administration in trial of guanazolo therapy is presented in which

If prostatic carcinoma resistant to estrogens. Ac- minor changes in serum enzyme inhibitor

,ly, the patient received testosterone propionate, 25
tramuscularly daily for three doses. Within 24 6Guanazolo, Lot No. 7-9710, kindly furnished by Dr.
If the first injection, his pain was acutely intensified, D. A. Karnofsky, Lederle Laboratories Division, American
was hardly able to move about in bed. Coinci- Cyanamid Co.
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balance failed to appear and the c
ease was unaltered.

Case No. 8 (Figure 8)

A 40-year-old white male was trans
pital with the previously established
leukemia. Complaints of about six i

cluded marked weakness, fatigue, fev
forearms, calves, and thighs.

Physical examination on admission sl
ing, weak, sallow-complexioned whil
acutely and chronically ill. Abnorma
swelling of the soft tissues bilaterally i
area, hyperplasia and friability of the 1
ulceration, several small areas of absor
over the calves and forearms. There
adenopathy nor palpably enlarged spleer
ings on entry included white blood cc
with differential count of 95% neutropl
stab cell, three promyelocytes, and 83 1
cell count of 2,460,000, hemoglobin 5
110,000.

The patient pursued a progressively
three months duration. He was trea
supportive methods including multiple
fusions, and antibiotics as needed. H
sively on several drugs of the "metabc
classification, including guanazolo, of
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FIG. 8. FAILURE OF GUANAZOLOTO
IN ACUTE LEUKEMIA OR TO ALTER I

CONCENTRATIONS

ourse of the dis-

sferred to this hos-
diagnosis of acute
weeks duration in-
er, and purpura of

howed a tired-look-
te male appearing
L1 findings included
in the submaxillary
gums with areas of
*bing blood pigment
was no peripheral

a. Laboratory find-

600 mg. orally daily for 14 days. There was no noticeable
clinical improvement during this period.

Figure 8 illustrates complete absence of serum
enzymatic inhibitor response to guanazolo therapy.
Clinically, the patient continued to deteriorate
while the percentage of blasts in the peripheral
blood remained between 85 and 90%o. The red
blood cell count and hemoglobin declined stead-
ily during this period, in spite of daily trans-
fusions. In this instance, it is apparent that
guanazolo, which was of therapeutic value in ex-
perimental leukemia, did not exert a similar ef-
fect in the comparable disease in man.

DISCUSSION

ell count of 90,00, The sensitivity of chymotrypsin and rennin in-
biles (including one hibitors of the serum to changes in neoplastic ac-

9a6 gis. Platelets tivity is of theoretical as well as practical interest.
The mechanism by which rapid alteration in the

downhill course of balance between the two factors is brought about
ted with the usual in response to effective chemotherapy is notwhole blood trans-
e was tried succes- known As illustrated by the cases presented in
dlic blocking agent" this paper, there is no direct action of the medica-
which he received tion on these enzyme systems. Only if the drug

exerts a stimulating or restraining effect on the
*E LEUKEMIA tumor itself will the enzyme inhibitor concentra-

tions change. Serial determinations of these
__--°'o___o enzyme inhibitors appear therefore to yield infor-

mation by which the course of the malignant
INHIBITOR process may be charted. The value of such data
INHIBITOR in the clinical investigation of palliative drugs and

in management of the cancer patient has been
substantiated by daily use of the method for three

N years, during which time over 30,000 determina-
tions have been made.

DA. Of necessity, in order to demonstrate the paral-
lelism between the action of a drug on the tumor

%BLASTS and changes in the enzyme inhibitor pattern, cases
\ /~ had to be selected in which the effects of treat-

ment were clinically obvious. In by far the ma-
OGLOBIN, 6MS. jority of cases encountered in a tumor service,

however, the enzyme results constitute the only

A simple and objective indicator of the patient's
progress. Frequently an individual with cancer,

20 30 in his enthusiasm over a new drug, may feel that
'"Xp he is benefited but the enzyme patterns reveal

INDUcE REMISSION whether or not there is any basis for his subjec-
ENZYME INHIBITOR tive improvement. On the other hand, highly

significant but weak, sub-clinical effects on the

110\
o ~~~~,o

*---° CHYMOTRYPSIN
RENNIN

GUANAZOLO600 MGM./I

la

, \ \ Z HEM

A

I~7
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tumor may be produced by an agent under in-
vestigation which would have escaped notice with-
out a sensitive measure of neoplastic activity.
Likewise, reactivation of tumor growth after a
period of remission may often be detected enzy-
matically long before symptoms appear, thereby
making it possible to give further palliative treat-
ment earlier and more effectively.

In the interpretation of enzyme inhibitor de-
terminations, it should be emphasized that the
ratio between the two factors is as important as
their individual absolute values. This point has
been discussed in detail by West, Rapaport, and
Tempereau (4) in describing the relationship be-
tween the enzyme inhibitors and clinical response
to nitrogen mustard therapy. The aim of treat-
ment is to produce and maintain the serum
chymotrypsin inhibitor at five units or less, and
rennin inhibitor at 15 units or more, since it has
been found that this equilibrium between the two
factors is uniformly associated with complete
tumor inhibition or regression. Usually the
higher the rennin inhibitor titer, the more com-
plete and prolonged a remission is likely to be.
Patients with known residual disease which has
remained inactive for many years, show in addi-
tion to normal serum chymotrypsin inhibitor, the
highest rennin inhibitor levels of all, at times
reaching 100 units. Observations to date have
suggested that as a working hypothesis the chy-
motrypsin inhibitor might be considered an index
of "neoplastic activity" and the rennin inhibitor
in some unexplained manner a reflection of "host
resistance." Experiments are in progress to de-
termine the source of these enzyme inhibitors,
their biochemical nature, and the mechanism of
their release into the circulation.

SUMMARY

1. Evidence is presented which indicates that
the equilibrium between chymotrypsin and rennin
inhibitors of the serum may be utilized as a sensi-
tive measure of the effectiveness of palliative
therapy in the neoplastic diseases.

2. Several examples of effective chemotherapy
are described in which, regardless of the drug
used or the type of the malignancy, inhibition of
tumor growth is reflected by similar changes in
the concentration of serum enzyme inhibitors.

3. Ineffective chemotherapy does not alter the
enzyme inhibitor pattern while tumor stimulating
agents produce enzymatic changes associated with
increased neoplastic activity.

4. The sensitivity, consistency and close cor-
relation of these two factors with the clinical
status of the cancer patient suggest that the
method possesses considerable practical, as well as
research value in assisting the charting of the
course of neoplastic disease.
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