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Introduction

G. MaTtrE and R. K. OLpHAM *

Institut de Cancerologie et d’Immunogénétique, Hopital Paul Brousse, Villejuif

Since the last war, cancer chemotherapy has been the object of very intensive
and expensive research. Nevertheless, its development has been very slow, and its
ultimate potential is today somewhat in doubt.

In doubt because it does not cure any cancer patients except a) females carrying
placental choriocarcinoma, a semi-allogenic tumor, in which case, cure may be in-
fluenced by immune rejection, and b) children suffering from Burkitt’s tumor, where
the probable reason for the cure is that all the neoplastic cells are in the cycle, which
is a unique condition among all the human tumor varieties. Whether the long term
survivors in acute leukemia, lymphomas, certain sarcomas and certain testicular
tumors are “cures” will require longer follow-up.

The idea that chemotherapy does not cure most cancer patients because all their
neoplastic cells are not in cycle has led to the use of drug combinations. Whatever
they are, “codstail combinations” which are made up of drugs given according to
any timing, or scientific combinations, based on pharmacodynamics, pharmaco-
kinetics or cell kinetics data, are more toxic than single drugs, and are all the more
toxic as the number of drugs in the combination is increased.

Presented in this volume are papers dealing with the problem of toxicity resulting
from chemotherapy of cancer. This toxicity ranges from the commoner examples of
hematopoietic and organ toxicity to the less well understood immunological toxicity
of these agents. Well illustrated in several papers is the continued problem of in-
fectious complications during therapy which represents a combination of hemato-
poietic and immunological toxicities. Among short term side effects, hematological
and immunological insufficiencies, mainly complicated by infections, are the most
frequent and severe. Intermittent administration is a solution which allows hemo-
poietic and immune restoration during the intervals between cycles; aseptic environ-
ment reduces the toxic cost due to infections; white cell transfusions are the only
means able to save very severely infected patients. Hemato-oncologic intensive care
(i.c.) units are now as necessary as cardiologic or respiratory i. c. units.

Long term side effects are now better known as chemotherapy is over 15 years
old. Cancerogenesis and especially leukemogenesis due to cancer chemotherapy agents
is now proven, especially when combined with radiotherapy. It is probable that

* Present address: Cellular and Tumor Immunology Section, Laboratory of Cell Biology,
National Cancer Institute, Bethesda, MD.



2 G. Martst and R. K. OLpaam: Introduction

some Hodgkin’s disease patients presenting a very localized neoplasia have been
dangerously overtreated. Another long term effect is the induction of sterility in
young people receiving chemotherapy. If we know nothing today about induction
of genetic abnormalities in the offspring of non-sterile patients treated with chemo-
therapy, we have to consider them seriously for the future.

In addition to posing the problem of toxicity, several authors direct their atten-
tion in both a theoretical and practical manner to the pressing problem of modifying
this toxicity before it becomes manifest in complications. We are perhaps on the
verge of having the capability to “predict” these toxicities of drugs and drug inter-
actions in a manner accurate enough to be applied clinically.

A problem alluded to in these presentations and one that is perhaps the most
important for the future is the immunological toxicities of these drugs and drug
combinations. As the therapy of cancer is on the verge of the widespread use of
specific and non-specific immunological stimulation (i.e. “immunotherapy”) in the
treatment of residual disease after primary therapy (surgery, radiation and chemo-
therapy) and sometimes concomitantly with secondary therapy (i. e. especially chemo-
therapy), it is crucial that we understand the “toxic cost” of these agents on the
immunological system we are trying to stimulate. Particularly important may be
the temporal characteristics of this toxicity relative to the particular cell types in the
immune systems responding to immunological stimulation. Some preliminary studies
have indicated the timing of chemotherapy and immunotherapy must be correlated
correctly for both to be optimally effective and it is in this area that future studies
must be critically evaluated.

The final area of toxic cost discussed in this volume is the problem of carcino-
genesis by these drugs. It is doubtless true these agents to induce malignancy in some
of the patients. In fast growing cancers where the patient’s chance of survival is
very low (i.e. carcinoma of the lung), this is not a very crucial problem. On the
other hand, in diseases such as Hodgkin’s and non-Hodgkin’s lymphomas, as well as
carcinoma of the breast where the drugs are effective and/or the natural history of
the disease is long, we must consider the “toxic cost” of the therapy as well as the
therapeutic gain. It must be realized the follow-up of the patients “cured” of these
cancers is short and we may be seeing only the tip of the iceberg of the cancer in-
ducing properties of these drugs. Hence, continued surveillance of these patients is
very basic to future clinical trials.

Thus, when, prescribing a chemotherapy formula or formulating a protocol for
a clinical trial, the ethical aspects as well as the long and short term scientific aspects
must be considered.



Application of Large Animal Toxicology to the Qualitative
and Quantitative Predication of Drug Toxicity in Man

S. K. CARTER

National Cancer Institute, N. I. H., Bethesda, MD

In the preclinical stage of drug development, the most crucial correlation of
data obtained in animals with the expected effects in man is in the area of toxi-
cology. It is the preclinical toxicologic evaluation of a new drug that enables the
clinician to initiate clinical trial with a reasonable assurance of a safety margin for
his patients.

Studies of large animal toxicology provide both a qualitative and quantitative
prediction of the human experience. The qualitative aspects highlight the organ
systems most likely to undergo damage and determine whether the toxic effects will
be predictable, treatable and reversible. The quantitative information entails the
choice of an initial dose for clinical trial and a prediction of the steepness of the
dose response curve.

Considerable expertise in preclinical toxicology is available in the Drug Develop-
ment Program of the Division of Cancer Treatment (DCT), in the National Cancer
Institute, which for many years has evaluated all new drugs in the rhesus monkey
and beagle hound before initiation of clinical trials. This review will consider some
of this data within the DCT Cancer Therapy Evaluation Program (CTEP) from
the standpoint of its potential for providing a qualitative and quantitative predic-
tion of antitumor drug toxicology in man.

* The Qualitative Approach

One of the most controversial areas in the development of new drugs for use in
man involves the efficacy of animal toxicology as a predictive system for qualitative
toxicity. The general approach of evaluating a new compound for safety in several
animal species is performed in an attempt to generate information that may alert
the clinical pharmacologist to potential hazards. The process requires extrapolation
of toxicity data from one species to another, and implicit is the assumption that
particular animal species have significant predictive value for toxicity in man and
that important toxicity will not go unpredicted.

In order to meet the requirements of the United States Food and Drug Ad-
ministration, all of the drugs in the DCT program are studied in the rhesus monkey
and the beagle hound.
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Our laboratory of toxicology uses a standard protocol including the following
studies:

1. Single dose (dogs).

2. Five consecutive daily treatments (dogs—monkeys).

3. Five consecutive daily treatments, nine day rest; repeated for three treatment
periods.

4. Schedule dependency studies in dogs on one of 3 schedules with the choice
being based on schedule dependency results in leukemia L1210, These schedules are:

A. 48 hour infusion weekly for 6 weeks,
B. Treatment every 6 hours for 48 hours for 6 weeks,
C. Weekly treatment for 6 weeks.

The single dose schedule serves as a pilot study to permit the selection of an
initial dose level for subsequent studies in dogs and monkeys, and to acquaint the
investigator with the toxicologic potential of the drug under test.

The five daily dose treatment allows one to determine the toxicologic parameters
to repeated administration of graded doses of the compound and to compare these
with single treatment results.

The five daily treatments, followed by a 9-day rest, repeated for three treatments
allow an estimation of the rate of recovery from drug toxicity and, hopefully,
helps to determine the accumulative effects of the drug.

48 hour infusions or treatment every six hours are used for drugs that have
schedule dependency in experimental tumor systems. These preclinical treatment
schedules are intended to duplicate those to be used in Phase I clinical trials.

Weekly drug treatment is studied when it is felt that this schedule is likely to
be used clinically.

Routinely, both male and female animals are included in each study group. Half
of the animals are sacrificed 24 hours after the last treatment; the other animals are
allowed at least 45 days following the last treatment to recover from drug effects
or to demonstrate signs of delayed toxicity.

These studies provide the following information:

1. The highest nontoxic dose of a new agent in dogs and monkeys.

2. An indication of major organ toxicity in both species.

3. Evaluation of predictability of toxicity.

4. Determination of reversibility of major toxicity.

5. Comparison of the consistency of quantitative and qualitative toxicity within
and between species.

6. Determination of the influence of dosage schedule on drug toxicity.

7. Awareness of the possibility of delayed drug hazards.

8. Description of etiologic aspects of drug-induced toxicity as indicated by
hematologic, chemical and histopathologic findings.

Recently, Dr. Phillip Schein and I reviewed the available data on 25 compounds
of diverse and functional classification, in an attempt to see how well the combined
dog and monkey screen predicted qualitative toxicities in man. These drugs included
commonly used and well known compounds such as cytosine arabinoside, 5-fluoro-
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uracil, daunorubicin, mitomycin ¢, mithramycin, DTIC and BCNU, as well as lesser
known compounds like dibromomannitol, streptozotocin, porfiromycin, hexamethyl-
melamine, azotomycin and 1-acetyl-2-picolinoyl hydrazine.

Fig. 1 outlines the percentage of the 25 drugs producing individual parameters
of toxicities and our method of data analysis. As can be seen, a greater percentage
of the drugs produced toxicity in animals than in man.

Percentage of drugs producing individual parameter toxicities

Dog Monkey Man
Anemia 80 83 48
Leukopenia 72 74 80
Thrombocytopenia 72 30 76
Vomiting 96 30 84
Diarrhea 84 30 40
Alkaline Phosphatase 4 76 24 32
SGOT 4 60 56 44
Azotemia 64 65 36
Convulsion 20 0 4
Ataxia 44 17 12

Method of data analysis

Animal Man
TP — True positive -+ +
FP — False positive (overprediction) + —
TN — True negative — —
FN — False negative (underprediction) — +

Fig. 1. Prediction of qualitative toxicity from laboratory animals to man (Data of ScuE,
P. S, et al., Laboratory of Toxicology, NCI)

The combination df dog and monkey as a toxicologic screen predicted myelo-
suppression by each of the 22 compounds that produced this toxicity in man. The
total lack of false negatives, or underprediction, was the result of an overlap in
information contributed by using the 2 species. The success is not so complete when
individual parameters of myelosuppression are considered.

The combined animal screen predicted all drugs that produced anemia, but at
the expense of 449 overprediction. The monkey and the dog performed equally
well in predicting leukopenia with a 68%o combined true positive. However, false
negative results, or underprediction, which was not corrected by the combination,
was found for both species. Table 1 lists those compounds in which one or both
animal species failed to predict leukopenia. There are only 2 compounds for which
both the dog and monkey failed to predict leukopenia, i. e., the progestational agent
(NSC 17256E) and the antibiotic, Tubercidin. Both of these caused only a slight
incidence of leukopenia in man, none of it severe. Because of the manner in which
our program was written, any compound producing a toxic parameter in any patient
caused that parameter to be listed as positive in man, even if the incidence was
quite low.
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Thrombocytopenia was correctly predicted for 13 of the 18 compounds causing
this toxic effect in man. The compounds for which thrombocytopenia was not pre-
dicted are also shown in Table 1. The most serious failure was with mithramycin,
which can cause severe thrombocytopenia. NSC 69945, a cyclophosphamide ana-
logue, shares the platelet sparing effect of its parent compound but did cause platelet

depression in a few patients.

The combined dog and monkey screen gave 929/ true positives and no false
negatives for gastrointestinal toxicity when compared with that of man.

Table 1. Compounds for which one or both animal species failed to predict leukopenia and

thrombocytopenia
Compounds Species that failed Species that failed
to predict for to predict for thrombo-
leukopenia in man cytopenia in man

NSC 13875 Monkey Monkey
Melamine, hexamethyl-
NSC 17256 E Dog, monkey —
Pregn-4-ene-3,11,20-trione,

6 a-methyl-
NSC 19893 — Monkey
Uracil, 5-fluoro
NSC 24559 Monkey Dog, monkey
Mithramycin (USAN)
NSC 26980 —_ Monkey
Mitomycin C
NSC 40774 Dog Monkey (not
9H-Purine, 6-(methylthio)-9-8- measured in dog)

D ribofuranosyl-, dihydrate
NSC 51095 Monkey Monkey
Ammonium, trimethylpurin-6-yl-

chloride
NSC 52947 — Monkey
Pactamycin
NSC 53398 —_ Dog, monkey
Restrictocin
NSC 56408 Dog, monkey —
Tubercidin
NSC 62512 — Dog, monkey
Acetophenone, 2-(dimethylamino)-

3’,4'-dihydroxy-, hydrochloride
NSC 65346 Dog —
Sangivamycin
NSC 69945 — Dog, monkey

Phosphorodiamidic acid, N,N,-bis
(2-chloroethyl)-, compd. with
cyclohexylamine (1 :1)
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The prediction of gastrointestinal toxicity is outlined in Fig. 2. The most con-
sistent clinical gastrointestinal toxicity induced by drugs was vomiting, which oc-
curred with 18 of the 25 compounds. The combined screen gave 72%0 true positives,
but missed 129/o drug-related emesis. These results were primarily contributed by
the dog, since there was significant underprediction in the monkey. For diarrhea,
roughly the same situation was true.

TP (%)  FP (%) TN (%)  FN (%)

Vomiting

Dogs 72 16 0 12

Monkeys 26 13 4 57

Dogs and monkeys 72 16 0 12
Diarrhea

Dogs 36 40 20 4

Monkeys 13 26 35 26

Dogs and monkeys 36 44 16 4
Gastrointestinal toxicity

Dogs 92 8 0 0

Monkeys 74 9 0 17

Dogs and monkeys 92 8 0 0

Fig. 2. Prediction of gastrointestinal toxicity
TP (°/o) FP (%0) TN (/o) FN (%)

BUN

Dog 24 36 28 12

Monkey 18 46 18 18

Dog and monkey 24 52 12 12
Proteinuria

Dog 9 73 18 0

Monkey 0 43 43 14

Dog and monkey 9 73 18 0
Renal toxicity

Dog 32 56 4 8

Monkey 35 43 13 4

Dog and monkey 36 56 4 4

Fig. 3. Prediction of renal toxicity

The large animal screen gave 36%o true positives for renal toxicity, as outlined
in Fig. 3. Underprediction occurred in only 1 (4%) of 25 compounds, but there was
a 56%0 overprediction. In general, no specific advantage could be attributed to use
of either the dog or monkey. As can be seen, both blood urea nitrogen and pro-
teinuria gave a high degree of overprediction. The high incidence of renal function
abnormalities in animals had its counterpart in the renal histopathological changes
which were documented in most animals.
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Fig. 4 details the prediction of toxic effects in the liver. The combined screen
predicted all instances of hepatotoxicity, but at the expense of a 48% overpredic-
tion. The comparison of dog and monkey failed to disclose a species selectivity.
When individual parameters were analyzed the transaminase and alkaline phos-
phatase proved to be the most useful.

This study, which is reported more fully elsewhere (ScHEIN et al., 1970) indicates
that use of both dogs and monkeys is essential to adequate prediction. It is clear
that toxicologic data collected in both species can forewarn the clinician of a useful
proportion of the total spectrum of organ-specific and, with certain stated limitations,
specific parameter toxicities that might be encountered. With the possible exception

TP (%)  FP (%) TN (%)  FN (%)

BSP
Dog 28 50 5 17 (18)
Monkey 33 45 11 11 (9)
Dog and monkey 26 47 5 21 (19)
Alkaline phosphatase
Dog 33 42 17 8 (24)
Monkey 15 10 40 35 (20)
Dog and monkey 32 50 16 12 (25)
SGOT
Dog 28 39 22 11 (18)
Monkey 33 23 33 11 (18)
Dog and monkey 35 40 20 5 (20)
Prediction of liver toxicity
Dog 52 44 4 0
Monkey 52 35 13 0
Dog and monkey 52 48 0 0

Fig. 4. Prediction of toxic effects in the liver

of central nervous system and dermal toxicity, all serious organ system toxicities
are well predicted. This is accomplished in many cases at the expense of a high
percentage of false positive predictions, but we feel that this degree of inefficiency
in the system is justifiable. In order to demonstrate all possible qualitative toxi-
cities, the animals must receive a dose spectrum including severely toxic and lethal
doses. If the clinical use of the drugs in this analysis had been at more toxic dose
levels than the estimated maximum tolerated dose, it is quite possible that the fre-
quency of false positive predictions by the animal species would be significantly
lower.

It is our feeling that the effective use of animal toxicologic data, coupled with
careful monitoring, considered judgement and expectation by the physician, jointly
serve to forewarn of the development of critical organ system toxicities during an
initial Phase I trial.
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The Quantitative Approach

The great difficulties inherent in the extrapolation to man of results obtained in
animal studies have been recognized for many years. Since its inception, the Drug
Development Program of the DCT- NCI, has grappled with these problems and
gathered some of the most detailed information pertinent to their intelligent solution.

FreReICH et al. (1966) first discussed the quantitative comparison of the toxic
effects of 18 selected anti-cancer agents in mouse, rat, hamster, dog, monkey, and
man. They found that the maximum tolerated dose (MTD) in man, on a mg/m? basis,
was about the same as that in each animal species. On a mg/kg basis, the MTD in
man was /s the MTD in rhesus monkeys and 1/2 the MTD in dogs. The largest ratio
of predicted dose/observed dose was 3 in one (thiocTEPA) of the 18 agents. FREIREICH
et al. concluded that it would be reasonable to estimate the human MTD (mg/m?2)
from the preclinical toxicology in the mouse, rat, dog, monkey, and hamster and
to start clinical cancer chemotherapy trials at about /s the predicted dose.

Currently, the DCT Laboratory of Toxicology reports the data on every schedule
tested in large animals as four dose levels:

Highest Non-Toxic Dose (HNTD). The highest dose at which no hematologic,
chemical, clinical or pathologic drug-induced alterations occur; doubling this dose
produces the aforementioned alterations.

Toxic Dose Low (TDL). The lowest dose to produce drug-induced pathologic
alterations in hematologic, chemical, clinical or morphologic parameters; doubling
this dose produces no lethality.

Tozxic Dose High (TDH). The lowest dose to produce drug-induced pathologic
alterations in hematologic, chemical, clinical or morphologic parameters; doubling
this dose produces lethality.

Lethal Dose (LD). The lowest dose to produce drug-induced death in any animals
during the treatment or observation period.

In the choice of an initial dose for beginning Phase I studies in man, the DCT
employs /s of the TDL observed in the most sensitive species.

Recently, it was thought worthwhile to evaluate the quantitative interspecies
comparison among dogs, monkeys, and man for a series of 15 agents, which recently
entered clinical trial, to determine the actual predictability of the new dose levels
described above. While such a comparison clearly might not work for every drug,
because of interspecies differences in pharmacologic disposition, it probably works
often enough to make the analysis valuable.

All of the compounds chosen for study (Fig.5) entered clinical trial within the
last several years, most of them in the last 5 years. The data of the Laboratory of
Toxicology studies on dogs and monkeys was searched in an attempt to identify the
four dose levels. In all cases an effort was made to translate the dose schedules in
the animals to the identical schedule used in man where the schedules were not
identical. It was assumed that the toxicity of anticancer agents is cumulative, as
shown in mice by GrRiswoLD et al., 1963 and also accepted in the work of FrREIREICH
et al., 1966. For example a dose of 10 mg/m2/d X 5 in animals translated to 5 mg/
m2/d X 10 or 1 mg/m2/d X 50.
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The human MTD (mg/m?) of each drug was compared, in mg/m? where possible,
to 4 dose levels in the beagle and rhesus monkey described above. The quantitative
comparison was made by determining the ratio of the human MTD to the various
animal dose levels. Thus, if the ratio of the human MTD to a given animal dose is
> 1, the human MTD dose is higher than the dose compared for in the animal, and
man would be the more sensitive species, if the dose levels compared were considered
comparable.

Urea, 1,3-bis (2-chloroethyl) nitroso- (BCNU; NSC 409962)
Urea, 1-(2-chloroethyl)-3-cyclohexyl-1-nitroso- (CCNU; NSC 79037)
Streptozotocin (NSC 85998)

Imidazole-4 (or 5)-carboxamide, 5 (or 4)-(3,3-dimethyl-1-triazeno)-
(DTIC, ICT, DIC; NSC 45388)

Imidazole-4 (or 5)-carboxamide, 5 (or 4)-[3,3-bis-(2-chloroethyl)-1-triazeno] -
TIC Mustard; NSC 82196)

Camptothecin (NSC 100880)
N,N-bis-(2-chloroethyl) aniline (Aniline mustard; NSC 18429)
Dibromodulcitol (NSC 104800)

2,2’-(9,10-anthrylenedimethylene)bis(2-thio-thiopseudourea), dihydrochloride, dihydrate
(Pseudourea; NSC 56054)

B-2’-deoxythioguanoside (8-TGdR; NSC 71261)
Guanazole (NSC 1895)
5-hydroxy-picolinaldehyde, thiosemicarbazone (5HP; NSC 107392)
5-Azacytidine (NSC 102816)

Ara-6MP (NSC 406021)

Phenesterin (NSC 104469)

Fig. 5. Drugs used in the quantitative interspecies comparison

An example of the analysis for CCNU (NSC 79037) is shown in Table 2. The
ratio of the human MTD to the TDL is 3.2 in dogs and 3.6 in monkeys, and man
is apparently the less sensitive species at those dose levels. The initial dose chosen

Table 2. Quantitative interspecies comparison for single oral doses of CCNU

Dose level Dog Monkey
in animals
mg/m? Human MTD *® mg/m?2  Human MTD *
animal dose animal dose

HNTD — - — —

TDL 40 3.2 36 3.6

TDH — — — —

LD 200 0.65 —_— —

* Human MTD = 130 mg/m?; NCI-VA Phase I study used a modified Fibonacci scearch
scheme to escalate from 15 mg/m? to 130 mg/m? in 6 steps.
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for clinical trial was /3 the TDL (15 mg/m?) and the NCI-VA Medical Oncology
Service phase I study reached the human MTD in 6 steps using a modified Fibonacci
search scheme for dose escalation.

Table 3 outlines the ratios obtained for 15 drugs in the beagle hound. In addi-
tion, LD/TDL ratio in the beagle is included as a possible representation of the
steepness of the dose response curve. The last column of the table shows the number
of steps it would have taken, in a modified Fibonacci search scheme approach, to
reach the established MTD in man starting with 1/3 the TDL in the beagle. This also
could be considered a representation of the predictive value of the beagle for man.

When the ratio of the human MTD to the beagle TDL shown in Table 3 is con-
sidered in detail (Table 4), it is seen that three drugs (camptothecin, phenesterin, and

Table 3. Ratios of the human MTD to the various dose levels in the beagle for 15 anticancer
agents :

Drug Ratio of human MTD to Beagle LD Estimated
dose levels in beagle ——————  number of
Beagle TDL  Fibonacci steps

TDL /s TDL TDH LD

BCNU 10 30 — 2.5 4 11
CCNU 3.2 2.6 — 0.65 5 6
Streptozotocin 6.2 18.6 2.5 1.25 4 10
DTIC 1.6 4.8 0.8 0.4 4 4
TIC Mustard 3 9 1.5 0.75 4 4

Camptothecin
Single dose 0.3 0.9 0.1 0.07 41/s 0
Weekly 0.8 2.3 0.17 0.08 10 4
Daily X 5 1.6 4.8 0.37 0.2 8 11
Aniline mustard 5 15 0.34 0.17 30 8
Dibromodulcitol 3.4 10.2 0.9 0.45 8 6
Pseudourea 0.4 1.2 0.28 0.14 3 4
Phenesterin 0.8 2.4 0.04 0.02 33 2
B-TGdR 14 42 1.7 0.8 16 12
Guanazole 2 6 0.6 0.3 6 5
5HP 5.7 17.1 0.65 0.3 18 9
5-azacytidine 14 42 3.2 1.8 8 12
13

Ara-6MP 25 75 1.8 0.84 30

Table 4. Comparison of the ratio of the human MTD to the TDL
in the beagle for 15 anticancer agents

Range of Number Percentage
ratios ® of drugs of drugs
0.1—1 3 20%
1—10 9 60%0

> 10 3 20%s

® Mean ratio = 6.5; median ratio = 3.4;
range 0.3—25.
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pseudourea) have a ratio < 1. This means that if the choice of the initial human
dose had been made directly from the beagle TDL, this dose would have been in
the clearly unacceptable range of toxicity. This 20%e rate of failure of the beagle
TDL for predicting an initial nontoxic dose when translating directly means that
this approach would not be feasable. Nine drugs had a ratio between 1 and 10, and
3 drugs had a ratio > 10. The mean and median ratios for the 15 drugs are 6.5 and
3.4 respectively, with a range of 0.3—25.0.

When /s the TDL in beagles is used to determine the ratio with the human MTD
the situation improves considerably (Table 5). Only one drug, camptothecin, has a
ratio of <<1 and when looked at in detail it is only <C 1 by one of the three schedules

Table 5. Comparison of the ratio of the human MTD to /3 TDL in the beagle for 15 anti-
cancer agents. Overall mean = 18.7; Overall median = 9.6

Range Number Percentage Mean Median
of ratios of drugs of drugs

0.1—1 1 7% 0.9 0.9
1—10 7 46.5%0 4.3 4.8
>10 7 46.5%0 36 18.6

Table 6. Quantitative interspecies comparison for camptothecin administered by three dose

schedules

Single dose Weekly dose Daily X 5

(Human MTD (Human MTD (Human MTD

= 120 mg/m?) = 67 mg/m?) = 15 mg/m?)
Dose levels Dog Ratio Dog Ratio Dog Ratio
in animals  (mg/m?) Human MTD (mg/m?) Human MTD (mg/m? Human MTD
HNTD — —_ — — — —
TDL 375° 0.32 80" 0.84 9° 1.6
TDH 1200 0.1 400 0.17 40 0.37
LD 1700 0.07 —_ —_ 75 0.2

® 1/3 TDL =125 mg/m? is toxic! (Actual Baltimore Cancer Research Center starting dose
was 18 mg/m?).

* 1/3'TDL = 27 mg/m?. Four steps in modified Fibonacci approach.

© 1/3 TDL = 3 mg/m2. o 11 steps in modified Fibonacci (NCI-VA started at 1.5 mg/m?
and took 12 steps).

(Table 6) for which it is possible to make the analysis. Fortunately, the phase I trial
at the NCI Baltimore Cancer Research Center started at a much lower dose (18 mg/
m?2) and trouble was avoided. The analysis shown in Table 5 gives us some confidence
that /s the TDL in the most sensitive animal species is a safe approach, although
it cannot be considered absolutely safe.

When the ratio of human MTD to TDH of the beagle is examined (Table 7),
all of the ratios are close to 1. The mean ratio is 1.03 and the median is 0.8, with
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a range of 0.04—3.2. Five drugs have a ratio > 1, while in 8 (62%) it is <1, in-
dicating that more than half the time the TDH would not be acceptable for direct
translation to a safe initial dose. If we assume that the TDH in animals is the MTD,
then more than half the time man is a more sensitive species.

Data in the rhesus monkey is available for only 6 drugs (Table 8), which prob-
ably limits any meaningful comparisons. The ratio of the human M'TD to the /s TDL

Table 7. Comparison of the ratio of the human MTD to the TDH
in the beagle for 13 anticancer agents

Range of Number Percentage
ratios * of drugs of drugs
>1 5 38%

<1 8 62%

¢ Mean = 1.03; median = 0.8;
range = 0.04—3.2.

Table 8. Ratios of the human MTD to various dose levels in rhesus monkey for 6 anticancer

agents
Drug Ratio of human MTD to Monkey LD
dose levels in monkey —_—
Monkey TDL
TDL 1/3TDL TDH LD
CCNU 3.6 10.8 — — —
Streptozotocin 6.2 18.6 1.7 0.85 7.5
DTIC 0.38 1.14 0.19 0.09 4
Aniline mustard —_ — —_ —_ 8
Dibromodulcitol 0.66 1.9 0.15 0.07 9
Pseudourea 0.6 1.8 0.28 0.14 4
Mean 2.6 6.6 0.6 0.3
Median 0.6 1.9 0.25 0.1

is > 1 for all drugs tested, while the ratio of human MTD to monkey TDL is <<1
for 3 of 5 drugs, again emphazing the danger of using the TDL without fractionating
it in the translation to man.

A comparison of the ratios for the beagle and monkey (Table 9) indicates that
the monkey is apparently the more sensitive species overall, but the number of drugs
tested in the monkey is quite small and this inference must be made with caution.

A more detailed analysis of quantitative comparisons, involving many more

drugs and including rodent species, is in progress in the CTEP. The results will be
the subject of a future report.
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Table 9. Comparison of the ratios of human MTD to various dose levels in the
beagle and rhesus monkey

Ratio Mean Median

Beagle Monkey  Beagle . Monkey

MTD 6.5 26 3.4 0.6
TOT i ) ) )
MTD 18.7 6.6 9.6 1.9
13 TDL : : : :
MTD .03 06 0.8 0.25
. ) ! ) )
MTD

D 067 03 03 01
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Hematological Toxicity: Biological Basis*

L. M. van PuTTEN
Radiobiological Institute TNO, Rijswijk / The Netherlands

A shortage of leukocytes and platelets may be treated by transfusions, as will
be discussed by others. A search for a more efficient treatment or prevention of
haemopoietic failure after chemotherapy has not yielded a better treatment. Auto-
logous bone marrow transplantation after single high dose cytostatic therapy was
not a successful method to combat toxicity. The biological basis of bone marrow
toxicity should be studied in more detail to find better means to combat it. A retro-
spective look for the reason why bone marrow transplantation failed, indicates that
stem cell loss was not the cause of death after single dose chemotherapy. Animal
studies confirm, that X-ray lethality but not the mortality after chemotherapy may
be prevented by stem cell replacement.

Fig. 1 shows a comparison of a) survival time (plotted horizontally) and b) stem
cell survival (plotted vertically) after exposure of mice to an LDj;, of drugs or radia-
tion. (Stem cell survival was estimated 16 hrs after subcutaneous injection of the
drug and immediately or 24 hrs after exposure to X-rays.) It is evident that the
mortality after exposure to the cytostatic drugs is not associated with a depression
of the surviving stem cell number to a similar extent as after X-ray exposure. Other
factors must be responsible for the lethal toxicity, or mortality occurs so early after
chemotherapy that stem cell replacement will not lead to timely repopulation to
permit survival of the mice. This seems to indicate that after a single dose of a cyto-
static drug, stem cell survival is not critical and indeed in man stem cell replace-
ment has generally not been effective after chemotherapy, whereas it has been found
effective after irradiation or after late toxic aplasia (chloramphenicol; anti-epileptic
drugs).

It is very difficult to evaluate the situation after multiple drug doses, both in
man and in experimental animals. Data are lacking but the experimental data on
fractionated X-ray exposure suggest that the efficacy of protection by bone marrow
transplantation is progressively reduced as the X-ray dose is administered in an
increasing number of daily fractions (vaN Bekkuwm, 1963). Nevertheless there is no
doubt that in animals and in mice death through haemopoietic failure may occur
as a consequence of fractionated chemotherapy. Other factors than a simple shortage
of haemopoietic stem cells may be involved: the simultaneous depletion of stem cells

* Parts of the work were carried out in programs of the EORTC Stem Cell Club and
the EORTC Screening Pharmacology Group.
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and maturating cells seems a logical consequence of repeated drug administration
and in this respect different drugs may differ in their effects. Fig. 2 indicates the
differences in the rate of recovery of CFU (spleen colony forming haemopoietic
stem cells) in mice. Recovery is rapid after Vinblastine and Cyclophosphamide,
somewhat slower after the Nitrosoureas (MCCNU) and very slow after Myleran.
This is in contrast to the apparent effect on peripheral blood; it seems that after

MEAN SURVIVAL TIME AFTER MIDLETHAL DOSE (days)

3-4] 5-6 7-8 8-15 20
ol
BCNU
° VCR VLB
3 -1
a W . MYL
oL
w
—-
U
< ACA
z MUST MCCNU
w 150 | TRILO cYcLo
-2
> 10°2]..... Vi CONU webevenneaieiideeiianiid e, )
o ,
2 NOR-M
Q TEM DAHM
&
o
z -3
Z w3 ... e | OMM eeetoennnnnn. U DU
S 5FU
(-4
> 15 MeV N
MELPH
w0t e e X Ohrsees)eennnnns
X 24 hrs

Fig. 1. Comparison of survival time and stem cell survival in mice exposed to drugs or ir-

radiation at an LD50 dose. Drugs were administered subcutaneously and the survival of

stem cells per femur was determined 61 hrs later in comparison with untreated controls.

Stem cell survival was determined immediately and 24 hrs after exposure to X-rays. Details
on mice and techniques for stem cell survival are given in vaN PUTTEN et al., 1972

Myleran the prolonged depression of CFU numbers is not associated with a similarly
delayed recovery of the peripheral blood. Perhaps the rate of proliferation of the
exposed cells is decreased leading to a failure to recognize the CFU which form
microcolonies in the spleen upon assay. The delayed depression is well-known for
BCNU and CCNU, and the chronic depression and aplasia is a late sequel especially
after Myleran. The mechanism of these delayed toxic effects are not clear and should
be studied in more detail.
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Of course the delay in recovery of haemopoiesis is important for the selection
of optimal treatment schedules. Some information is available on other cytostatic
drugs for which the spacing of drug doses is based on bone marrow depression. The
Vinca alkaloids are usually given a weekly intervals and this is based on the greater
haemopoietic toxicity of divided doses compared with a single dose. This is a con-
sequence of the fact that the first dose of these drugs will kill a number of prolif-
erating bone marrow cells followed by the recruitment of initially resting haemo-
poietic stem cells into rapid proliferation.

CYCLOPHOSPHAMIDE VINBLASTINE MYLERAN MCCNU
50 and 200 mg/kg 15 mg/kg 40 mg/kg 60 mg/kg
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Fig. 2. Graphs of the depression of the number of spleen colony forming haemopoietic stem

cells in mice at different times after a single exposure to a cytostatic agent (numbers of CFU

in femur bone marrow in %o of untreated control). Recovery is early after Cyclophosphamide
and Vinblastine and delayed after the Nitroso ureas and Myleran

Fig. 3 tabulates the fractions of stem cells killed by 3 fractionated doses of dif-
ferent cytostatic drugs given to mice at 4 hr. intervals. These mice were exposed
under two conditions: a) with stem cells resting and b) with stem cells in rapid pro-
liferation after depletion by radiation. From other studies it is known that these
drugs kill cells only when in cycle and thus we can calculate what fraction of the
“resting” stem cells is seemingly in cycle.

A comparison with tritiated thymidine in vitro ((3HTdR, 20 min. exposure) shows
that initially these stem cells are not in cycle and that they must have been recruited
into cycle during the fractionated exposure. This recruitment into cycle sensitizes
the cells to further exposure to cytostatic drugs and this may greatly contribute to
the bone marrow toxicity of divided doses of cytostatic agents. It would be ex-
tremely useful if we could temporarily block this recruitment of stem cells. In this
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field some progress has been made. Byron has shown that neurotransmitters can in-
duce resting stem cells to enter S-phase in vitro (BYron, 1972; Byron, 1973). BRuce
et al. 1970 have shown that light anaesthesia with halothane can indeed partially
protect mouse stem cells against the toxic effect of fractionated chemotherapy with-
out simultaneous protection of leukaemic cells.

Fraction of cells killed

Resting CFU Rapidly Fraction of "resting"
proliferating CFU seemingly in cycle
CFU
(a) (b) (a/b)
Vinblastine .81 .992 .82
Vineristine .78 .993 79
VM 26 9 .995 A
Hydroxyurea .60 .992 .60
Procarbazine .73 .98 .75
Emetine .55 >.99 .56
Methotrexate ~0 ~0
estimate

6 Mercaptopurine .78 .89 impossible
Azathioprine .62 .80
Cytosine Arabinoside .76 .992 .77
3HTdR in vivo .35 .992 .35
3HTdR in vitro .06 .57 A1

(20 min exposure)

Fig. 3. Table indicating CFU killing by repeated exposure in vivo (3 doses at 4-hrs intervals)
to cell cycle phase specific cytostatic drugs. The animals were exposed to the maximal toler-
ated doses of the agents. Resting CFU should not be affected as is indicated by the effect of
tritiated thymidine in vitro (bottom line) whereas rapidly proliferating CFU are reduced by
more than 99% after exposure to effective drugs. This permits an estimate of the fraction of
CFU in cycle in the period of exposure. This is given in the fourth column (except for
Methotrexate 6 Mercaptopurine and Azathioprine, which kill less than 90% of rapidly pro-
liferating CFU). It is clear that the cytostatic drugs, especially the spindle poisons must
recruit a large fraction of the CFU into cycle

At the last meeting of the EORTC Stem Cell Club Keizer reported that barbi-
turates can block the entry of resting stem cells into S-phase after X-ray exposure.
On the basis of these data a project group of the Stem Cell Club is studying whether
drugs that block neurotransmitters may be useful in the protection against bone mar-
row toxicity associated with chemotherapy. At this stage it is impossible to predict
whether this approach will lead to an effective procedure in man, but it is clear
that the recruitment of resting tumour cells into cycle which is necessary to achieve
effective tumour cell killing, cannot be performed without simultaneously inducing
resting haemopoietic stem cells to enter the cell cycle and thus making the haemo-
poietic system more sensitive to the toxic effects of chemotherapy.
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Immunological Toxicity of Cancer Chemotherapy™

G. W. SanToOs

Department of Medicine, John Hopkins University, Baltimore, MD

The effective use of modern anti-cancer agents is always associated with some
toxicity., Various forms of toxicity such as that directed toward the kidney, liver
and bone marrow can often be easily measured and quantitated. The physician
through experience is able to avoid irreversible toxicity by careful monitoring of
several laboratory parameters. Toxicity to the immune system on the other hand
is not easily measured although the consequences of profound immunosuppression
in terms of increased susceptibility to viral, protozoal and fungal infections are well
known.

In an admittedly oversimplified way, one can view the immune response as being
initiated when antigen is processed by the macrophage system. This is followed by
an interaction with the lymphoid system that leads to the proliferation and differ-
entiation of lymphocytes to become sensitized cells capable of expressing cellular
immunity or differentiation to plasma cells capable of secreting specific antibody.
Sensitized lymphocytes and/or humoral antibodies together with complement act on
the target antigen with the release of lymphokines, etc. The resulting tissue inflam-
mation may further magnify the specific immunological events.

It is clear, therefore, that this very complex immune response may be affected
at many different places. Although our knowledge of the effects of anti-cancer agents
are limited in detail, certain principles have emerged. Several years ago we proposed
an operational classification of anti-cancer agents (SANTOS, 1967).

Operational Classification of Drugs

Class I agents are most effective in suppressing the immune response when given
just prior to the immune stimulus and relatively ineffective when given after. These
agents act on early stages of the immune response that may have to do with antigen
recognition, processing or informational transfer. Examples of such agents are
ionizing radiation, melphalan, mitomycin C and cortisone.

Class II agents are most effective as immunosuppressants when given a day or
two following the immunogenic stimulus and are ineffective if given before immuni-
zation. These agents for the most part are the cycle dependent drugs and affect the

* Supported by U.S. Public Health Service Grant No. CA-06973.
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stages of proliferation and differentiation. Some of the agents in this class are me-
chlorethamine, chlorambucil, 6-mercaptopurine, azathioprine, methotrexate, actino-
mycin D, 5-fluorouracil, cytosine arabinoside, vinblastine and vincristine.

Class III agents are those agents that share properties with both Class I and II
and are able to suppress the immune response when given either before or after the
immunizing event. Cyclophosphamide and procarbazine are examples of this class.
It should be noted that cyclophosphamide is most effective as an immunosuppressant
when given after the immunization but, nevertheless, is quite effective when given
just before immunization.

Differential Effects on IgM and IgG Antibody Formation

The primary antibody response is classically made up of an initial production
of IgM antibody. When IgM levels reach their peak, IgG antibody appears and
coincident with increasing levels of this class of antibody, IgM levels fall. A variety
of Class I, IT and III agents, under appropriate conditions, are able to preferentially
suppress the IgG response. Elsewhere (Santos, 1972) we have argued that the
“switch” mechanism of IgM to IgG antibody production is the most sensitive phase
of the primary antibody response to the action of cytotoxic agents.

Drug-induced Immunological Tolerance

This important phenomenon originally described a number of years ago
(ScuwarTz and DamesuAK, 1959) has been confirmed in a number of animal systems
and in man (MAKINODAN et al., 1970). Antigen given prior to the administration of
Class II or III agents “selects” that system of immunocompetent cells that are
capable of responding to the antigen, and set into motion the proliferative and dif-
ferentiative stages of the immune response. If the agent is given at this time, it finds
the cells involved in the immune response most sensitive to their cytotoxic action.
Other clones of immunocompetent cells that have not been “turned on” by the anti-
gen are relatively resistant. If the original “loading” antigen is given again with a
second antigen after drug treatment has stopped, there is an immune response only
to the new antigen, presumably because the clones of immunocompetent cells that
could have responded to the original antigen have been eliminated or at least severely
damaged.

The Adjuvant Effect of Immunosuppressive Drugs

Under certain conditions and in particular with the administration of Class II
drugs just prior to immunization, an augmented immune response may be seen in
. both animals and in man.

The administration of the drug will be destructive to a variety of dividing cell
populations such as hematopoietic cells and gut epethelial cells. If now the drug is
stopped and an antigen is given, the normally resting (not in cycle) immunocompetent
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cells that have escaped the cytotoxic action of the cycle dependent drugs are able
to respond to the antigen in a millieu of the products of cell destruction with an
exaggerated response. Direct evidence for the hypothesis that products of cell de-
struction may behave as adjuvants has been reported (BrauN, 1965).

Infections as a Result of Immunological Toxicity

The clinical infections with gram positive and negative bacteria associated with
the administration of cytotoxic agents are in the main related to granulocytopenia
rather than immunosuppression. Indeed, normal immune responses or even augmented
responses may be seen immediately following short bursts of intensive chemotherapy.

It appears that immunosuppression is least when treatment with cytotoxic agents
is given intensively in bursts at various intervals rather than in a more sustained
and chronically maintained manner. Under the latter conditions immunosuppression
may be marked and it is in just this setting that one sees the increased frequency
of viral, fungal and protozoal infections. While these infections are most often
related to a generalized immunosuppression it is quite possible that under certain
conditions exposure to these various organisms at the “correct” time in relation to
drug administration could result in specific tolerance to an infectious agent.

Toxic Effects on the Tumor Host Relationship

In the past several years, considerable evidence has accumulated that human
tumors possess tumor specific antigens. Furthermore, often a given individual can
be demonstrated to have cellular and humoral immunity to this or her own tumor
in vitro. These observations have naturally excited clinicians who wish to use im-
munological means for therapy. Unfortunately, at present, there is a large gap in
our knowledge as far as translating these in vitro observations to useful clinical
principles. Work of perhaps a more fundamental nature in defined animal systems
indicates that despite tumor immunogenicity there are a number of avenues of escape
that a tumor may utilize. At present our knowledge in this area is rudimentary.

An oversimplification of what is known is perhaps useful for purposes of dis-
cussion. One can consider a given individual with cancer as having either good,
weak, or absent cellular immunity to his or her tumor. The individual may or may
not possess cytotoxic antibody and may or may not demonstrate blocking factors in
his serum (humoral factors that block cell mediated immunity).

Theoretically, chemotherapy might change a given balance of these several fac-
tors that would lead to tumor enhancement or tumor destruction. If a particular
treatment is generally immunosuppressive, one might expect that the degree and
duration of the beneficial effects of anti-cancer treatment to be lessened and short-
ened. On the other hand, anti-tumor effects might be augmented if the immuno-
suppressive effect were to be greatest on humoral as opposed to cellular immunity.

A variety of agents are capable of “breaking” immunological tolerance and it
is possible that such a mechanism could add to an anti-tumor effect. Conversely the
situation might be reversed if tolerance was induced to tumor antigens.
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It must also be remembered that under certain conditions anti-cancer treatment
may produce adjuvant effects. This could lead to a better anti-tumor effect if, for
instance, cellular immunity was increased preferentially. It is equally possible, how-
ever, that humoral responses often associated with blodking factors could be prefer-
entially increased.

All of the above situations would seem possible. When we have data on iz vitro
monitoring by a variety of tests on patients throughout the history of their disease
we will perhaps be able to make the meaningful correlations that will allow us to
more rationally design both our approaches to chemotherapy and immunotherapy.
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Bacterial and Fungal Infections During Cancer
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The cancer patient is susceptible to infection due to a complex interplay between
his tumor and its therapy. Patients with hematological malignancies often have
neutropenia, lymphopenia and impairment in antibody production and cellular im-
munity due to their neoplastic disease. Patients with solid tumors may have impair-
ment of host defense mechanisms as their disease progresses. In addition tumor masses
may become necrotic, or may obstruct drainage from body sites resulting in infection.
Most antitumor agents also cause myelosuppression, immunosuppression and ulcera-
tion of the gastrointestinal tract which facilitates invasion by enteric organisms. The
use of combination chemotherapy has increased our capabilities of treating patients
with extensive malignancies but has also increased their susceptibility to infectious
complications. As better modalities of cancer therapy become available, the diagnosis
and management of infections will become increasingly important.

Infection is the major cause of death in cancer patients. This has been demon-
strated repeatedly in patients with acute leukemia (HErsH et al., 1965). We have
recently investigated the causes of death in solid tumor patients and demonstrated
that infection is also the major cause of death in such patients (RODRIGUEZ et al.,
1973). The study was undertaken in 816 cancer patients who expired between Jan.
1968 and Dec. 1970 and had a complete post mortem examination. Infections caused
death in 47° of the patients (Table 1). Other causes of death were organ failure,
carcinomatosis, infarction and hemorrhage. Pneumonia accounted for 519/ of the
380 fatal infections. It occurred mainly in patients with carcinomas of the lung,
head and neck and melanomas. Septicemia accounted for 38%/o of infections and was
most frequently found in patients with malignancies of the genitourinary and gastro-
intestinal tracts. Half of the patients with septicemia had other major infection.
Peritonitis, pyelonephritis and meningitis accounted for most of the remaining infec-
tions. The infecting organisms were identified in 221 of the 380 infections (Table 2).
The majoritiy were gram-negative bacteria. E. coli, Psendomonas aeruginosa and
Klebsiella sp. were the most frequent pathogens. Bacteroides spp. accounted for 8%/

* Supported in part by Grant No. CA-10042 from the National Cancer Institute, Natio-
nal Institutes of Health, U.S. Public Health Service, Bethesda, MD.
** Dr. Bodey is a Scholar of the Leukemia Society of America, Inc.
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of the organisms identified. Infections caused by gram-positive organisms, mixed
flora or non-bacterial organisms occurred infrequently. There were 13 fungal infec-
tions in this study.

During the 2 weeks prior to death, 134 of the 816 patients received cancer chemo-
therapy and 61 of them died of infection (439/s). Hence, the frequency of fatal

Table 1. Infections causing death in cancer patients

Type Number % of % of
patients infections total PTS

Pneumonia 192 51 24

Septicemia * 147 38 18

Peritonitis 25 6 3

Other ® 16 5 2

Total 380 100 47

® Includes: Septicemia alone (72) and Septicemia plus other infections (75).
® Includes: Pyelonephritis (10), Meningitis (4), Tetanus (1), Viral Hepatitis (1).

Table 2. Organisms causing fatal infections

Type Number /o
Gram-negatives only 151 68
E. coli 50 23
Pseudomonas aeruginosa 25 11
Klebsiella 21 9
Proteus sp. 19 8
Enterobacter-serratia 17 8
Bacteroides 17 8
Other gram-negatives 2 1
Gram-positive only 20 9
Staph. aureus 9 4
Clostridia 5 2
Other gram-positives 6 3
Multiple organisms 34 15

(mixed gram-positive
and gram-negative)

Other ® 16 7

® Fungi 13; M. Tuberculosis 2; Pneumocystis carinii 1.

infection was no greater among the group of patients receiving chemotherapy than
among the group who were not receiving chemotherapy. The majority of fatal in-
fections in the 816 patients were caused by tumor masses (67%/s) whereas only 1490
were related to neutropenia, which was usually a side effect of chemotherapy. Since
the majority of infections in these solid tumor patients resulted from the effects of
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tumor, better modalities of cancer therapy are needed for these patients before a
major reduction in infectious complications can be accomplished.

We have reviewed the frequency of septicemia in cancer patients at our institu-
tion during a 3 year period (BoDEY, 1971). There were 2.4 episodes per 100 hospital
admissions among patients with solid tumors compared to 45 episodes among pa-
tients with leukemia. Gram-negative bacilli accounted for nearly 85%o of these in-
fections. The most common organisms were E. coli, Klebsiella spp. and Ps. aeruginosa.
Patients hospitalized for treatment of leukemia acquired Ps.aeruginosa from the
hospital environment. Those patients who become carriers of this organism are at
much greater risk of developing Pseudomonas infection than those patients who do
not become carriers.

We have monitored the microbiological flora of 34 leukemic patients during in-
duction chemotherapy and studied its relationship to infections (RODRIGUEZ et al.,
unpublished). Specimens of throat and stools were cultured from these patients on
admission and weekly thereafter. Typing of Ps. aeruginosa, E. coli and Klebsiella sp.
was done. The patients received systemic antibiotic therapy for fever due to presumed
or proven infection with carbenicillin alone or in combination with cephalothin,
kanamycin or gentamicin. Hospitalization periods ranged from 19—115 days with
a median of 53 days. Less than a third of the aerobic bacteria cultured from throat
and less than half of aerobic bacteria cultured from the stools on admission were
no longer cultured during hospitalization. 69%0 of anaerobic bacteria cultured on
admission from the throat and 48% cultured from stool also were no longer cultured
(Table 3). During hospitalization newly acquired organisms were cultured from
throat and stool specimens from all patients. Gram-negative aerobes, anaerobes and
fungi were most prevalent.

Table 3. Monitoring of microbial flora in leukemia patients during chemotherapy

Organisms Sites Isolated  No longer Newly
initially  cultured during acquired during
hospitalization (%)  hospitalization (%)

aerobes: gram (4) throat 91 30 53
aerobes: gram (—) throat 29 21 39
anaerobes throat 16 69 8
fungi throat 5 40 8
aerobes: gram (+) stool 43 26 55
aerobes: gram (—) stool 96 50 132
anaerobes stool 33 48 59
fungi stool 23 26 29
Total 336 38 383

Twenty of the 34 patients studied developed 27 episodes of infection. Nine of
the infections were caused by organisms cultured from the patients on admission to
the hospital. 12 infections were caused by organisms which were acquired by the
patients during their hospitalization for antileukemic chemotherapy. Four infections
were caused by organisms not cultured from the patient previously and in 2 infec-
tions the causative organism could not be identified. Twenty-two of the infections
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were caused by gram-negative bacilli. None were caused by anaerobes or fungi.
Hence, over one-half of the infections were caused by organisms which were noso-
comial in origin.

The types of infections occurring in cancer patients and their prognosis has
changed substantially during the past 2 decades. For many years staphylococcal in-
fections were a major problem in cancer patients. The introduction of the anti-
staphylococcal semi-synthetic penicillins has virtually eliminated this problem. The
development of gentamicin and carbenicillin has significantly improved the outcome
of some gram-negative bacilli infections. For example, carbenicillin has increased
the cure rate in Pseudomonas infections among cancer patients to greater than 80%o
whereas it had been only 249 with the polymyxins (BoDEY et al., 1971). Genta-
micin has proven to be life-saving in the treatment of patients with infections caused
by a strain of Serratia marcesens which is resistant to all other currently available
antibiotics and has been responsible for micro-epidemics in our institution (BODEY
et al., 1970). However, in spite of advances in antimicrobial therapy the overall
incidence of infections in cancer patients has not decreased substantially.

The increasing incidence of fungal infections in patients with cancer has been
recognized during recent years. In a study of 454 patients with acute leukemia,
189 fungal infections were found at autopsy in 161 patients (BopEY, 1966). The
yearly frequency of fungal infections increased from 10%p to greater than 30
during a 10 year period. Candida sp. accounted for the majority of these infections.
In our institution the incidence of serious fungal infections is less than 10%o in pa-
tients with solid tumors, about 10% in patients with lymphomas and 25% in pa-
tients with acute leukemia. However, the overall incidence of fungal septicemia has
increased from 2°/0—6%o during the last 5 years. Various factors are responsible for
the development of such infections. Among them are impaired immunological de-
fenses, usage of broad spectrum antibiotics, corticosteroid therapy, indwelling cathe-
ters and intravenous hyperalimentation.

Unfortunately, the majority of serious fungal infections are seldom diagnosed
antemortem due to the ladk of specific signs and symptoms. Isolation of Candida spp.
from clinical specimens is seldom helpful in establishing the diagnosis because the
organism is so ubiquitous. The organism is cultured from blood specimens of only
259 of patients with disseminated candidiasis. Serological tests are being investigated
but often are not helpful in the individual patient whose antibody titer fails to rise
because of impaired immunological mechanisms. Aspergillosis and phycomycosis are
rarely diagnosed antemortem because the organism is cultured infrequently from
these patients. The cryptococcal antigen test has proven to be very useful in diag-
nosing cryptococcosis in cancer patients. Unfortunately, the treatment of systemic
fungal infections in cancer patients is seldom successful unless the patient achieves
a remission of his malignancy.

In summary, infections constitute the major complication during cancer chemo-
therapy and the most frequent cause of death in patients with neoplasias. Gram-
negative bacilli are still the most frequent pathogens causing infections, but the
prevalence of these pathogens has been altered with the effectiveness of new anti-
biotics. The incidence of fungal infections has also increased in cancer patients during
recent years. The recognition and management of these infections constitutes an
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integral part of the present therapy of cancer patients. In fact, fatal infections in
cancer patients are mainly produced by the underlying tumor rather than myelo-
suppressive effects of the antineoplastic therapy. Consequently, better modalities of
supportive care but also more effective antineoplastic therapy are needed.
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Infectious pulmonary complications represent a major cause of death in immuno-

suppressed patients. Viruses have been frequently isolated from such patients. Table 1
lists the major various types of viruses that have been found. Herpes viruses are the
most common agents. This group includes a) cytomegaloviruses (CMV) which have
been repeatedly isolated from the lungs and from many tissues in patients under
immunosuppressive therapy: b) Herpes zoster viruses which are responsible for vari-
cella and zoster infections, and c) Herpes hominis.

Table 1. Viral agents most frequency isolated from patients under intensive or
immunosuppressive chemotherapy

Herpes viruses:
Cytomegalovirus
Varicella-zoster virus
Herpes hominis

Respiratory viruses:
Adenoviruses
Myxo- and paramyxo viruses:
Respiratory syncytial virus
Influenza and para-influenza viruses
Measles virus

Other viruses:
Rubella virus
Coxsackie and Echo viruses
Hepatitis
Reoviruses. . .

Respiratory viruses are also of great interest because viral pulmonary compli-

cations occur frequently in immunosuppressed patients. Adenoviruses, myxo- and
paramyxoviruses, usually responsible for benign infections in children, have been



30 C. JasMIN et al.

also found in immunosuppressed patients. Other viruses have only rarely been in-
criminated.

We have given special attention to pulmonary complications (Fig.1) such as
those described by CLARYSSE et al. (1969) in patients treated with methotrexate
(MTX). The Acute Leukemia Group B has reported the occurrence of pulmonary
complications in 38/93 (41%0) of their patients with acute lymphoid leukemia during
maintenance of remission with intermittent MTX. It was suggested, but not proven,
that the pulmonary disease represented an adverse allergic reaction to MTX therapy
(Acute Leukemia Group B, 1969).

Fig. 1. Interstitial pneumonia in a patient treated with 6-mercaptopurine and methotrexate.
Note the bilateral diffuse infiltration

We have designed a protocol (Table 2) to study systematically leukemic patients
treated with the combination of 6 mercaptopurine (6 MP) and MTX. Patients re-
ceived 5—15 mg/m? or methotrexate twice weekly and 50 to 70 mg/m? of 6 MP

Table 2. Protocol of virological studies of patients under intensive chemotherapy *

Before treatment, collect 5 ml of serum for determination of antibodies against 23 viruses.

During chemotherapy, each week a throat swab and 20 ml of urine were obtained and frozen
at —70 °C within 30 minutes”. Serum (5 ml) was collected for serological studies.

After chemotherapy, serum (5 ml) was obtained every 2 months, when possible.

All sera from each patient were titrated simultaneously.

* Double blind studies.

" Samples were inoculated on stationary cultures of: Primary Green Monkey Kidney,
LLC-MK, (Monkey Kidney), KB cells, Human diploid cells (W1 38).
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daily according to the blood counts of the patients. Before treatment, 5 ml of serum
was collected. During the administration of 6 MP-MTX, fresh throat and urine
samples were collected weekly and inoculated on four types of cells. Simultaneously
five ml of serum from each patient was collected and stored. When possible, sera
were obtained after the phase of 6 MP-MTX.

Table 3 lists the 23 viruses included in the serological survey. It should be noticed
that these studies were done on coded samples. At the present time, only 12 patients

Table 3. Serological studies

Virus Technique used
Cytomegalovirus Indirect hemagglutination
Herpes I Indirect hemagglutination
Influenza A Inhibition of hemagglutination
Influenza B Inhibition of hemagglutination
Para-influenza 3 Inhibition of hemagglutination
Para-influenza 1 Complement fixation
Coxsackie B, Seroneutralization

Coxsackie B, Seroneutralization

Coxsackie By Seroneutralization

Coxsackie B, Seroneutralization

Coxsackie B Seroneutralization

Coxsackie B Seroneutralization

Echeo 11 Seroneutralization

Rubella Inhibition of hemagglutination
Measles Inhibition of hemagglutination
Adenovirus Complement fixation
Respiratory syncytial virus Complement fixation

Mumps Complement fixation
Varicella-Herpes Zoster Complement fixation

Reovirus 1 Inhibition of hemagglutination
Reovirus 2 Inhibition of hemagglutination
Reovirus 3 Seroneutralization

Reovirus Laval * Inhibition of hemagglutination

* Reovirus Laval has been isolated from a patient. It is closely related but not identical
to Reovirus type 1.

have completed their study. Table 4 summarizes the data from these patients. Viruses
could be isolated in 50% of patients with pulmonary complications whereas none
were found in patients without pulmonary manifestations. Three reoviruses were
isolated from throat swabs and one enterovirus from the urine. In the one case that
came to autopsy, cytomegaloviruses were isolated from the lung.

Serologically, a seroconversion to parainfluenzae 3 and 1 was observed in one
patient with pulmonary complications. The presence of IGM and IGG antibodies
to these viruses and the absence of antibodies to parainfluenza 2 and to mumps virus
suggest strongly a primary infection with parainfluenza 3 with a recall response to
parainfluenza.

In another patient without pulmonary complication, antibodies to cytomegalo-
virus, herpes hominis type 1 and parainfluenza 3 rose simultaneously. This patient
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had low levels of antibodies to these viruses before any treatment. A transitory ap-
pearance of Forssman type antibodies against sheep red blood cells was also found
in one patient with interstitial pneumonia. Patients from whom a reovirus was iso-
lated remained serologically negative during the whole study.

Although these results are from only a limited number of patients, they suggest
an infectious origin for these pulmonary complications. It is striking that in a double
blind study, viruses were isolated in 50%p of patients with pulmonary complications
and none in the other group.

Table 4. Preliminary results

A. Virus isolation

Patients with Patients without
interstitial clinical or radiol.
pneumonia pneumonia
Urine 1/8 0/4
Throat 3/8 0/4

In 3 cases a reovirus type 1 was isolated from throat swabs.
In 1 case an enterovirus was isolated in the urine.
In 1 case a CMV was found at autopsy in the lung.

B. Serological study

Patients with Patients without

interstitial interstitial
pneumonia pneumonia
No serological modification 5 4
Increase in antibody titres 0 1
Serological conversion 2 0
Total 7 5

Reoviruses and enteroviruses are not considered to be endogenous viruses and
they come most probably from exogenous sources. The unexpected isolation of 3 reo-
viruses type I suggests a horizontal transmission of these agents. How are these com-
plications related to the immune status of patients treated with 6 MP-MTX? Our
results do not suggest a humoral deficiency in patients with interstitial pneumonia.
The titres of antibodies to viruses were comparable in patients without pneumonia
and in patients before any treatment and two patients with pulmonary complications
demonstrated their ability to make antibodies against a new antigen.

However, it is difficult to interpret the absence of seroconversion to reoviruses
in patients from whom the agents were isolated. Possibilities include: low levels of
virus, low antigenicity of viruses, and/or specific impairment of the primary humoral
response. We need more data to answer these questions.

We have also investigated cell mediated immunity in these patients (Table 5).
Patients reacted poorly to skin tests with recall antigens although two patients re-
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acted to the first sensitizing applications of DNFB, a primary antigen. Lymphocytes
showed a low reactivity to stimulation by PHA and PWM. No significant differ-
ences have been found between patients with and without pulmonary complications.
Therefore, if immunosuppression can explain the severity of infection, it does not
seem to account for the increased incidence of viral contaminations.

Table 5. Immune investigation in patients treated with a combination of mercaptopuriner
methotrexate: correlations with pulmonary complications

In vivo tests® In vitro tests®

Tuberculine Candidine Mumps DNFB PHA PWM PPD

Patients without 3/12 4/12 3/12 0/5 1/6 1/6 0/6
pulmonary complications
Patients with 2/8 1/7 1/7 2910 1/3 03 03

pulmonary complications

Total 5/20 5/19 4/19 2/10 209 1/9  0/9

* NP° of positive /| N° of patients tested.
® NP of patients reacting normally / N° of patients tested.
¢ These 2 patients responded to the first application of DNFB.

In conclusion, these preliminary results demonstrate the high frequency of viral
infections in immunosuppressed patients. Contamination of patients treated with
6 MP-MTX by viruses which generally have a low pathogenicity may provoke in-
terstitial pneumonia with high efficacy. Other factors that we have not studied may
be operative in these patients, such as: 1. the level of IGA in bronchial secretions,
2. the local production of interferon (RYTEL and Baray, 1973), and 3. the activity
of lung macrophages. Drastic prophylactic measures and the use of protected en-
vironments may eliminate or lower the risk of exogenous contamination.

The high incidence of pulmonary complications, the absence of predictive labo-

ratory tests and the lack of antiviral drugs underline the problem of the toxic cost
of the chemotherapy.
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Introduction

Success in prolonging the survival of patients with acute leukemia (AL) is not
attributed solely to application of chemotherapy but also to improved supportive
care. Severe and often fatal infection remains a problem during induction of remis-
sion by chemotherapy. The difficulty in treating infections during the phase is due
not only to the marked granulocytopenia resulting from bone marrow depletion
but also to the fact that microorganisms normally present in the environment or
the endogenous microflora may become pathogenic under these conditions. The aim
of gnotobiotic care is to prevent infection by pathogens and potential pathogens.

We report our experience with patients aged 15—63 years diagnosed as having
acute myelocytic leukemia (AML) or acute undifferentiated leukemia (AUL) and
undergoing treatment with repeated courses of chemotherapy (including first, second
and third relapses). The patients were either isolated, or isolated and decontaminated
with nonabsorbable antibiotics.

Principle of Gnotobiotic Care

Patients in a normal environment are exposed to both environmental and endo-
genous microflora; isolated patients are at risk only from their own microbes; de-
contaminated patients in isolation are protected completely, once a “germ-free” state
is achieved.

Reverse Isolation

The reverse isolation took place in a “Life Island” isolator and a completely
tight plastic isolation system of our own construction (Ulm Isolator).

* Supported by the Deutsche Forschungsgemeinschaft, Sonderforschungsbereich 112, Zell-
systemphysiologie.
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This system gives the patient enough comfort to prevent the severe psychological
reactions that may arise from restriction of daily activities and complete dependence
on attending personnel (Fig.1). The position of the bed inside the system can be
regulated by a hydraulic system. A bellows in the plastic chamber can be extended
to the wall of the room, thus doubling the space inside. All the electronic and hy-
draulic devices can be operated by the patient. The patient has enough space to take

Fig. 1. Ulm isolated bed system

physical exercise. It must be emphasized that this is a completely airtight isolator
in contrast to rooms with laminar air flow. We have found that with this system
patients can be isolated for up to 4 months without severe psychological reactions.
The work of the nurses is facilitated by the hydraulic aids, though it is more time-
consuming than nursing on the open ward. However, we allot only one extra nurse
to an isolated patient per 24 hours in addition to the regular nursing staff of the
ward. While there are no real disadvantages in comparison with a laminar-air-flow
room, we think there are some advantages. For instance, the barrier function of an
isolator can be better controlled than in a room with unidirectional airflow. Such
reported incidents as insects passing the isolation barrier, children leaving isolation,
and relatives handing an unsterile birthday cake into the room make the laminar-
air-flow room a less controllable isolation device.
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Decontamination

Decontamination from microflora is achieved by surface disinfection and non-
absorbable antibiotics, application of local antibiotics to the orifices of the body,
and treatment of existing infections by systemic antibiotics (Fig. 2).

In accordance with reports in the literature, our experience shows that in adults
with AL most of the stool specimens are bacteriologically negative, but cultures of
skin swabs less so. Oral washings and mouth swabs are rarely without microbial
growth. In our series only 7%/ did not show any growth.

Surface
disinfection

local onti- |, ears, nose

biotic therapy oral cavity
absorbable bleod, organs
antibiotics urine
nonabsorbable

antibiotics [ >

Fig. 2. Decontamination procedures by antibiotic treatment and use of Disinfecting agents

From the use of the combination of nonabsorbable antimicrobial agents. Neo-
mycin sulfate, Bacitracin sulfate, Nystatin and Polymycin B we saw a number of
side-effects, both negative and positive. Nausea may occur, loss of appetite and al-
lergies. For example d-xylose absorption is decreased markedly during the decon-
tamination phase. It is not clear how the decontamination process may affect cyto-
static therapy, especially, when oral drugs are used. There could be some pharma-
codynamic interaction.

Hemostatic studies were compared in patients with and without decontamination
therapy, grouped by different platelet counts. The parameter used was the maximal
elasticity of the thrombus formation. The complete data are published elsewhere
(DieTRICH et al., 1973). The results indicate that decontaminated patients have bet-
ter thrombus formation. At the present time we do not know which factor causes
this phenomenon.

Efficiency of Gnotobiotic Care

To evaluate the efficiency of gnotobiotic treatment of these patients, we may
count the percentage of remissions. The data were obtained in retrospect for 30 pa-
tients who, on the first sign of disease or on further relapses, were isolated only,
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or both isolated and decontaminated. No comparison was made with patients in
the open ward because this was not a randomized study. There was complete remis-
sion in 57% of the patients, and 83%, achieved complete or partial remission; 80%o
of the patients survived for 30 days after the period of treatment was terminated.
This result is comparable to the data in the literature. BopEY et al. found 6090 com-
plete remission in a retrospective study, LEVINE et al. recently reported a 45% rate
of remission in a prospective study. Both teams stated that there was no significant
difference between the remission rate of patients in the open ward and those in the
isolation-decontamination program. In our observation, failure to achieve remission
could not be correlated with age, with degree of granulocytopenia, nor with the
number of days with fever above 38 °C (Figs. 3—5). This suggests that the remis-
sion rate cannot be affected in any way by the use of gnotobiotic care.
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Fig. 3. Age of isolated patients with complete remission, partial remission or failure (mean
values)

Fig. 4. Observation days on which granulocyte count was below 500/ul (mean values)

Fig. 5. Percentage of observation days on which the body temperature of isolated patients
was above 38 °C (measured three times daily)

Are there any other benefits for the patients? LEVINE et al. reported that about
one quarter of the patients in the open ward died from infections during the induc-
tion therapy phase but none died in the isolation-decontamination program. The
results of the retrospective study of BoDEY et al. indicate a significantly longer dura-
tion of remission in the decontaminated and isolated patients. However, this benefi-
cial effect could perhaps be attributed to the use of larger doses of cytostatic drugs.

As reported by LEVINE et al., we observed that isolated patients did not succumb
to severe respiratory infections, which suggests that airbone infection can be prevented
by isolation (Table 1).

On evaluating the course of individual patients randomized one or more times
to different treatment groups during repeated trials of induction of remission, we
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Table 1. Incidence of severe respiratory infection in patients receiving different types of care

Group Treatment cycles Severe respiratory
infection
A 9 None

(reverse isolation
and decontamination)

B 14 None
(reverse isolation)
C 13 5

Group A — isolation + decontamination
Group B — isolation
Group C — open ward

found an interesting but very preliminary observation (Table 2). Patients between
16 and 60 years of age were randomized to group A (isolation and decontamination),
group B (isolation only) and group C (treatment in the open ward). A patient who
was treated one or more times in group A or group B was counted in group A or B,
respectively, even if he was treated also in the open ward at other treatment periods.
Those in group C were treated exclusively in the open ward. The period of ob-
servation included at least six months after chemotherapy for the induction of re-
mission was terminated. Patients treated in groups A and B tended to survive for
longer. This could be understood as longer duration of single remissions, or it could

Table 2. Survival of patients receiving different types of care

Group A B C
Patients 8 11 8

CR (several 10 17 ) 7
treatments)

Mean survival 50 59 29
Median survival 52 49 20
(weeks) (8—100)  (18—96)  (2—97)
Still living 5 5 2

Group A — isolation + decontamination
Group B — isolation
Group C — open ward

be that these patients have fewer complications due to infection and therefore tolerate
more chemotherapeutic trials. There are a number of factors involved, so that any
conclusion is very difficult and has to be taken with caution. However, it might be
worthwhile to follow up further observations.
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Introduction

Infection is the most common complication in acute leukemia; management of
infections has a direct influence on the results of chemotherapy, especially in acute
granulocytic leukemia. We report here our experience with white blood cell (WBC)
transfusions.

As shown in Table 1, a total of 1563 transfusions have been done, 1497 from
229 donors with chronic myelocytic leukemia (CML) and 66 from 60 normal donors;
the total number of recipients was 789. Patients who received transfusions of normal
WBC represent 2 homogeneous group, treated by the same protocol.

Table 1. Number of WBC transfusions, of recipients, of donors and dose of granulocytes

Number of Number of Number of Amount of

WBC ttansfusions recipients donors transfused granulocytes
CML 1497 748 229 1 X 10'/sqm

Normal 66 41 60 4.51 X 10 average
Total 1563 789 289

Transfusions From CML Donors

Granulocyte transfusions from CML donors have been used with increasing fre-
quency since this source of cells was first suggested by Morse (1961, 1966). The
method used in the present study was the classic plasmaphoresis technique with ad-
dition of modified fluid gelatin (MFG) and sedimentation. Prior to transfusion, the
leukocytes are concentrated at low speed (180 g for 13 min). The calculated dose to
be transfused is 1.0 X 10*t cells per m? body area of the recipient. We found red
cell contamination to be less than 1%/ (hematocit).
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Table 2 shows the tests performed on the donor; clinical examination excluded
contraindications such as cardiovascular disease. The WBC count was always more
than 100,000/mm3 and bone marrow aspiration and biopsy should exclude the possi-
bility of acute transformation of CML. ABO Rh compatibility is not necessary with
such low red cell contamination. If hemolysins were present in the donor, the buffy

Table 2. Tests on donors with CML

— Clinical exam.

— Hematological exam.

hemogram: W.B.C > 100 000/mm3
bone marrow aspiration
bone marrow biopsy

— Immuno hematol exam.
ABO Rh typing
red cells alloantibodies and hemolysines res.
platelets allo antibodies res.

— Serological exam.
B.W.
Australia
Anticytomegalovirus (C.M.V.) antibodies titration
Antitoxoplasmosis antibodies titration

coat was washed in saline. Alloantibodies against leukocytes and red blood cells
were looked for; direct crossmatching between donor’s cells and recipients’ serum
had to be negative by the agglutination technique. Serological examinations were
made to detect any recent infection such as syphilis, hepatitis, toxoplasmosis, or
cytomegalovirus.

Table 3 shows the diagnoses in the recipients. We limit our analysis to 753 severe
infections observed in 661 patients with acute leukemias who received 1332 trans-
fusions.

Table 3. Analysis of recipients of WBC transfusions

No. of patients  Total no. of  Cases of

Acute leukemia and 661 1332 753
diffuse LBS

Other hematol. diseases 54 132 63
Miscellaneous 33 33 33
Total 748 1497 849

Table 4 reports the status of the 661 patients prior to transfusion. All had severe
infections, focal sepsis, septicemia, or fever. Most had no circulating granulocytes
and depleted bone marrow.
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Table 4. Symptoms of recipients before WBC transfusions (753 severe infections)

Clinical fever 97
focal infections 557
septicemia 278
Blood granulocytes 0 644
granulocytes < 50/mm? 75
granulocytes 50 < < 1000/mm3 34
Bone marrow  acellular 398
hypocellular and blastic 158
blastic 128
showing some regener. 69

Table 5. Relation between recovery of CML leucocytes after transfusion and clinical results

Recipients No. of infections  Fall in temp. Persistent fever
WBC/mm3

after transfusion

< 1000 286 77 (27%) 209 (73%0)

> 1000 467 387 (83%) 80 (17%)
Total 753 464 (62%) 289 (38%0)

Table 6. Relation between patients age and diagnosis and results of WBC transfusion
(753 infections)

Age Diagnosis No. of Success  Percent
infections
Adults AML 338 189 56%0
ALL LBS 86 50 589/
Children AML 82 66 8190
ALL LBS 247 161 70%

Table 7. Relation between ABO Rh compatibility and results of CML, WBC transfusions
(753 infections)

ABO Rh Success Failure
compatibility

— 285 (61%) 181 (29%)
+ 180 (63%) 107 (27%)

465 288
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The criteria of the efficacy of WBC transfusion were fall in temperature within
48 hours with cure of the infection. As shown in Table 5, temperature fell in 464
patients (62%). The frequency of temperature fall was related to the post-trans-
fusion granulocyte count: 387 patients (83%) who became afebrile had more than
1000 circulating granulocytes/mms? 18 hours after the completion of transfusion. As
can be seen in Table 6, results are significantly better in children than in adults but
there is no difference between results observed in ALL and in AML.

The effect of red blood cells groups on the response to WBC transfusions is
analysed on Table7. ABO incompatibility between donor red cells and recipient’s
plasma does not seem to influence clinical outcome. Survival of transfused cells was
studied previously (BusseL et al., 1971) and failed to demonstrate any role of ABO
group antigens in granulocyte recovery 18 hours after transfusion.

The complications observed with transfusions from CML donors are listed in
Table 8. Of the 7% of patients who had chills, most had a poor recovery of trans-
fused cells; these effects may be related to leukocyte antibodies undetected by leuko-
agglutination. No relation was found with ABO-group incompatibility.

Circulating hyperbasophilic cells were observed during the first week in 3% of
cases. A mixed lymphocyte reaction could be evoked iz vivo, as reported after blood
transfusions (SCHECHTER et al., 1972); no infection was detected in these cases. A
mononucleosis-like syndrome was observed in 290 of cases between weeks 4 and 6;
in 12 of these 27 patients cytomegalovirus infections was indicated by an increase
of cytomegalovirus complement-fixing antibodies. A serological study of these pa-

Table 8. Complications of 1332 WBC transfusions from CML donors to 661 patients with AL

Minor Cases /o Major Cases /o

Chills 99 7 Shock 4 0.3

Early circulating 40 3 Respiratory 10 0.7

hyperbasophilic failure

lls (1st week .

cells (1st week) Renal 15 1
27* 2 failure

Mononucleosis GVH 6to08 0.4

syndrome reaction grafts

* 12 of the 27 patients had cytomegalovirus infection.

tients’ donors failed to detect evidence of cytomegalovirus infection; however,
asymptomatic viremia has been demonstrated in normal donors (Drost et al., 1969),
and WBC transfusions may represent a common origin for cytomegalovirus infection
in leukemia patients.

Respiratory failure was observed mainly in patients with severe pulmonary in-
fections. In view of the possibility of tissue sequestration of WBC, particularly in
the lungs, it would seem hazardous to transfuse a large mass of WBC into patients
with minimal respiratory function; if transfusion is necessary, dose and rate of in-
jection should be low.
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Progressive renal failure with anuria was observed in 15 recipients. All of them
received repeated daily transfusions without clinical effect. Renal failure was un-
related to red cell ABO group; no anti-leukocyte antibodies were detected in either
the recipients’ or the donors’ serum; however, it may be postulated that leukocyte
incompatibility plays a role in renal disease.

Severe GVH reactions were observed in 5 patients with 8 proven grafts (Table 9).
Similar manifestations of secondary disease after CML leukocyte transfusion have
been reported in detail by MaTnE et al. To prevent development of a secondary
syndrome, buffy coats are now X-irradiated with 1000 rads before infusion (Graw,
et al., 1970).

Table 9. Analysis of cases of GVH after transfusions of WBC from CML donors (6/1332)

Case Infused ABORh  Age Stageof  Prior Tests of grafts GVH
granul./kg com- years disease chemotherapy
patibility Phl Double Donors
ABO pp. HLA
type
O. 3.5 X100 + 55 AML Ara-C + 0 0 +
1 1st relapse 22 050 RP Death
L. 22 X100 — 24 AML DNR+Asp.+ 4+ 0 0 +
2 istattack Ara-C+-cyclo. Death
M. 6 X 10? -~ 4 ALL DNR 4 Asp. - = ~+ +
3 1st relapse Ara-C+-cyclo. Death
N. 11 X100 + 69 AML 0 + - + +
4 1st attack Death
V. 6 X 10° - 50 AML + 22 050 RP + - — +
5 Hodgkin Death
Q. 22 X100 — 47 AML DNR+ + 0 0 +
6 relapse Asp. Death

Transfusions of Granulocytes From Normal Donors

Transfusions of normal leukocytes from a single donor have become practical
with the introduction of the continuous-flow blood cell separator (Graw et al., 1971,
1972).

Heparin was used as anticoagulant. Yield of granulocytes was increased by ad-
ministering intravenous hydrocortisone to the donor (100 mg, 150 min before leuko-
phoresis; 50 mg, 20 min prior to commencement; 75 mg during separation). The ad-
dition of macromolecular compounds such as MFG or hydroxyethylstarch (McCREDIE
et al., 1971) to increase red cell rouleaux formation can greatly augment granulo-
cyte recovery: 1000 ml of MFG was introduced into the input line of the blood cell
separator. As reported (BENBUNAN et al., 1973), 200 mg of heparin was added in the
first 500 ml of MFG. An average of 11.9 | of whole blood was processed in 5 hours.
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The volume of buffy coat was 500 ml and red-cell contamination about 30%/0 (hemato-
crit). The buffy coat red cells were returned to the donor.

All normal donors were typed for red cell compatibility with the recipient; direct
cross-matching should be negative with both the agglutination and the lymphocyto-
toxicity technique.

As can be seen from Table 10, the average number of leukocytes collected was
48 X 100 (94%/0 of granulocytes), and of granulocytes per liter of whole blood pro-
cessed 3.8 X 109,

Table 10. Machine run data and results

Runs Anticoagulant  Donor’s Macro- WBC flow rate RPM
stimulation molecular ML / MN centrifugation
compound
Heparin Hydrocortisone ~ MFG 1.5—2 400
66 Volume pro- Buffy coat RBC Total WBC Granulocytes
cessed per liter volume (ML) contamination  collected per liter
(hematocrit) per liter
11.9 500 30% 4109 3,8 10°

@ Modified fluid gelatin.

The clinical and hematological status of the recipients prior to WBC transfusion
are summarized in Table 11. All patients had severe infections and had received a
combination of broad-spectrum antibiotics without result.

Table 11. Symptoms of recipients before normal WBC transfusions
) (44 severe infections)

Fever 39
Septicemia 21
Focal infections 27
Blood granulocytes/mm? = 0 22
< 500 17
> 500 5

Table 12. Relation between dose of normal WBC and WBC increment in recipient

Dose Recipients WBC Recipients WBC
after transfusions  after transfusions
= 1000/mm < 1000/mm

=5 X 101/sqm 19 (95%0) 1 (5%)

< 5 X 101/sqm 17 (37%0) 29 (63%)
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Transfusion efficiency was estimated from the recipient’s clinical course during
the 24 hours following leukocyte transfusion. There was a strong correlation between
dose and granulocyte increment: if the dose was equal to or greater than 5X 1019/m2,
96%/0 of patients had more than 1000/mm? granulocytes after transfusion (Table 12).
There was also a strong correlation between increase of WBC and clinical results;
for instance, improvement was noted in 97%o of patients with more than 1000/mm3
whereas the success rate was only 43% in patients with granulocyte count below
1000/mm3 (Table 13).

No side-effects were observed after normal leukocyte transfusions.

Table 13. Relation between granulocyte increment in recipients and clinical results
after normal WBC transfusions

Recipients’ Success Failure

granulocytes

(per mm 3)

> 1000 35 (97%) 1 (3%)

< 1000 13 (43%) 17 (57%)
Conclusion

We conclude that WBC from CML donors should be given only to patients with
malignancy; ABO and Rh compatibility is not important. The usual dose given was
1 X 101! granulocytes/m2,

Normal granulocytes may be given to all granulopenic patients. Careful choice
of donors is necessary to avoid incompatibility. The usual yield was 5 X 1010 cells;
this quantity represents the effective dose per square meter; hence transfusions need
to be repeated in adults whereas one transfusion may be sufficient in children.
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Efficacy of Platelet Transfusions from HL-A Compatible
Unrelated Donors to Alloimmunized Patients™
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Transfusion support of thrombocytopenic patients with platelet concentrates has
considerably reduced the incidence of life-threatening bleeding complications (DjE-
RASSI et al., 1963; ALVARADO et al., 1965; FREIREICH, 1966; HAN et al., 1966; CAVINS
et al., 1968). However, alloimmunization to random donor platelet antigens with
resultant refractoriness to platelet transfusions regularly develops in polytransfused
patients, which makes effective long-term platelet support difficult (BALDINI et al.,
1961; SHULMAN, 1966; GRUMET and YANKEE, 1970). In these situations, platelets
obtained from siblings genotypically identical for their lymphocyte HL-A antigens
resulted in post transfusion increments normally found only in non alloimmunized
individuals (GRUMET and YANKEE, 1970; YANKEE et al., 1969). This has been inter-
preted as evidence that the most important antigenic determinants for platelet com-
patibility are represented by or closely linked to the HL-A locus (the genetic locus
coding for the major human transplantation antigen system). Although the few
defined platelet-specific non-HL-A antigens may lead to the development of allo-
antibodies, they are an uncommon cause of alloimmunization (SVEJGAARD, 1969;
ADNER et al., 1969) since these antigens are shared by a high percentage of the popu-
lation (SHULMAN et al., 1964; DAusseT and TANGUN, 1965).

YANKEE et al. (1973) transfused three selected thrombocytopenic alloimmunized
patients with platelets obtained from HL-A compatible unrelated donors. Their
report indicated that matching of donor and recipient by lymphocyte HL-A types
could help to overcome a major problem in selecting platelet donors by platelet
antigens: Alloimmunized patients requiring platelet support are often markedly
thrombocytopenic, making determination of their platelet surface antigens technically
difficult. The lack of sensitive and widely available antisera for defining platelet
antigens further limits the utility of platelet typing (SVEjGaARD, 1969).

The present study was undertaken in order to further evaluate in a larger popu-

lation of unselected alloimmunized patients the usefulness of selecting unrelated
platelet donors by their lymphocyte HL-A antigens.

* This work has been published in more detail in the Annals of Internal Medicine,
January 1974.



Platelet Transfusions from HL-A Compatible Unrelated Donors 49

Methods and Patients

Lymphocyte HL-A typing was performed by Dr. Paul I. Terasaki, University
of California, Los Angeles, using the micro-lymphocytotoxicity technique (MrrTAL
et al., 1968). A computer program (developed by Ray Mickey, Ph. D., Department
of Biomathematics, University of California, Los Angeles) was used to search a file,
which currently contains 3,000 HL-A typed normal donors, for HL-A compatibility
with a particular patient. The donors were HL-A retyped at the first platelet dona-
tion to confirm their HL-A type.

HL-A compatibility was considered to exist when none of the identified donor
antigens were different from those of the recipient. The classification of HL-A com-
patibilities used in this context is as follows:

A-match: HL-A phenotype identity of donor and recipient of all defined antigens
on first and second sublocus.

B-match: All the donor’s HL-A antigens are present in the recipient’s phenotype;
however, the donor does not possess all the recipient’s HL-A antigens. B-1 and B-2-
match are subclassifications of the B-group and indicate that 1 or 2 antigens defined
in the recipient could not be detected in the donor.

Mismatch: The donor possesses HL-A antigen(s) that are not found in the re-
cipient. Due to the extreme polymorphism of the HL-A system, random donor
platelets can be considered to be mismatched.

(Examples of the classification used: Recipient phenotype 1,2,8,12; A-matched
donor 1,2,8,12; B-1-matched donor 1,2,12 or 1,8,12 etc.; B-2-matched donor 1,12
or 2,12 etc.; mismatched donor 1,2,7,12).

HL-A compatible donors found on the computer file were selected for platelet
donations only on the basis of their availability. Attempts were made to use as many
different donors for a particular patient as possible. Incompatibility of the donors
in the ABO system was disregarded in the selection process.

Platelets from 2—4 units of whole blood (1 unit = 500 ml) were collected by
the “split-ACD” technique (CHAPPELL, 1966); the combined platelet concentrates
were transfused within 4 hours after procurement. Visual platelet counts (BRECHER
and CrONKITE, 1950) on the recipients were done on the morning of the platelet
transfusion and, whenever possible, both 1 and 20 hours after its completion. The
post transfusion increments (platelet count post transfusion, minus platelet count
prior to transfusion) were corrected according to the formula (YANKEE et al., 1969):

Corrected ..

. Transfusion increment (per cu mm) X BSA (m2)
transfusion = -
increment Number of units transfused

The formula corrects the actually observed post transfusion platelet increments
for the number of units given, and for weight and height (SEnpDrROY and CeccHing,
1954) of the recipient. It thus allows to compare responses to platelet transfusions
in different individuals.

Thrombocytopenia in the patients included in this study was a result of aplastic
anemia, leukemia or chemotherapy of various malignancies. Patients were considered
alloimmunized or refractory when in the absence of sepsis, splenomegaly or dis-
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seminated intravascular coagulation platelets obtained from different mismatched
donors repeatedly resulted in corrected 20 hour post transfusion increments of
< 2500/cmm X BSA / unit (YANKEE et al., 1969). All throbocytopenic alloimmunized
patients requiring platelet support were included in the study provided HL-A com-
patible donors were available.

Transfusions of platelets to patients with sepsis, disseminated intravascular coagu-
lation and splenomegaly are not reported, since these conditions may alter the re-
sponse to platelet transfusions even in the absence of alloimmunization. When a
donor was used repeatedly for a particular patient due to consistently good trans-
fusion responses, the increments to only the first 2 transfusions were averaged for
comparison with other donor-recipient pairs. This, rather than including every given
transfusion separately, was done as not to bias the data towards the favorable re-
sponses. Since effective platelet support will result only when long-lasting platelet
increments are obtained following a platelet transfusion, the 20 hour rather than
the 1 hour post transfusion platelet increments are used to compare platelet trans-
fusions from HL-A compatible, and from mismatched donors.

The titres of the homologous isoagglutinins anti-A and anti-B were determined
in serum samples obtained from the recipients immediately prior to platelet trans-
fusions from an ABO-incompatible platelet donor, and stored at —70 degrees. The
assay was performed by Mary H. McGinniss, NIH, Clinical Center, Blood Bank,
with standard blood bank techniques using serial saline dilutions of the sera to be
tested.

Results and Discussion

15 alloimmunized patients refractory to random donor platelets were supported
with platelets from unrelated donors who were compatible for their lymphocyte
HL-A types. As Table 1 shows, 18 HL-A identical donors were used for 8 patients
on 54 occasions, 29 B-1-matched donors were plateletpheresed for 10 patients on 104

Table 1. Platelet transfusions from HL-A compatible donors to alloimmunized patients

Patients in study 15

Match grade ® A-match  B-l-match  B-2-match
Number of patients 8 10 8
Number of donors 18 29 25
Number of transfusions 54 104 48

* For explanation, see text.

occasions, and 25 B-2-matched donors were used for 8 patients on 48 occasions. The
time of support with HL-A matched platelets varied from 1—48 weeks. None of
the 15 patients included in this study died of hemorrhage; 6 of them succumbed to
other complications of their underlying disease. 9 patients are alive at present, and
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continue to be supported with platelets from the original HL-A compatible unrelated
donors. No refractoriness to these donors’ platelets has developed.

Fig.1 depicts the corrected 20 hour post transfusion increments in the various
donor-recipient pairs, arranged by the degree of HL-A compatibility. In Table 2,
the corrected 1 hour and 20 hour post transfusion platelet increments (Increment
X m2 [unit) after platelet transfusions from HL-A compatible, and from HL-A
Mismatched donors are statistically analysed.
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Fig. 1. Corrected 20 hours post transfusion platelet increments (Increments X m2 /[ unit) fol-
lowing HL-A compatible, and HL-A mismatched platelet transfusions in alloimmunized
patients. Each closed circle represents one single donor-recipient pair. Donor-recipient pairs
of the B-group have been subdivided into B-1 and B-2-matches, 2s shown by open circles. The
horizontal lines indicate the medians. See text for the classification of HL-A compatibilities

As can be seen from Fig. 1 and Table 2, A-matched donors gave high transfusion
increments, while transfusions from mismatched donors failed to increase the platelet
count. B-matched donors gave intermediate platelet increments. However, when the
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latter group is analysed by the number of excess HL-A antigens in the recipient,
remarkable differences exist:

Taking the lowest 20 hour post transfusion platelet increment observed in A-
matched donor-recipient pairs as a limit (i. e., 4000 X m2/unit), it can be seen from
Fig. 1 that 27/42 of the B-donors gave high platelet increments, whereas 15/42 gave
poor or no increments. The latter are responsible for the overall reduced increments
in the B-group and, since they are predominantly represented by B-2-matched donors
(10/15), for the poor increments in this subgroup.

Table 2. Comparison of transfusion responses as related to HL-A compatibility

Degree of HL-A Median®  p-value ®
compatibility *

1 hour post transfusion

A-match (17)¢ 15 000 A vs.B-1 : N.S.®
A vs.B-2 : < 0.001

B-match  (48) 11 200

B-1-match (25) 14 700 B-1vs.B-2: < 0.001

B-2-match (23) 6300

20 hours post transfusion

A-match  (11) 12 500 A vs. B-1 : N.S.
A vs. B-2 : <0.001
A vs. mismatch : < 0.001
B-match  (42) 5300
B-1-match (21) 10900 B-1 vs. B-2 : < 0.005
B-1 vs. mismatch: < 0.001
B-2-match (21) 4 800 B-2 vs. mismatch: < 0.001
Mismatch (30) 0

a
b

For explanation, see text.
Calculated from the corrected increments (Increments X m2 / unit).
As determined by the Wilcoxon rank sum test.
Numbers in brackets indicate numbers of evaluable donor-recipient pairs; the number
of evaluated pairs differ at 1 and 20 hours post transfusion, since platelet counts at both
times were not done in all recipients.

® N.S. = Not significant.

¢
da

The lower the number of defined HL-A specificities in an individual is, the more
likely the result of the HL-A typing is incomplete. A higher percentage of B-2-
donors than B-1-donors may than be expected to be typed incompletely, and will
therefore be mismatched with their respective recipient. Serologically not identified
HL-A specificities are therefore most likely to account for the differences between
the 2 subgroups.

Our data confirm the preliminary data by YANKEE et al. (1973) that well pheno-
typed HL-A compatible unrelated donors can be used for effective long-term platelet
support of alloimmunized patients. A stepwise decrease in the post transfusion
platelet increments exists from HL-A identical to B-1-matched to B-2-matched to
mismatched donor-recipient pairs (Fig. 1). This close correlation between the degree
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of HL-A compatibility and the post transfusion platelet increments in a large num-
ber of unrelated donor-recipient pairs establishes HL-A antigens as the most im-
portant antigens of human blood platelets. This does not exclude the possibility
that in a few patients antibodies against platelet-specific antigens may develop, and
then abolish transfusion responses even to HL-A identical platelet transfusions; this
was not observed in our series.

Reports by THORSBY et al. (1972) and DAusseT et al. (1970), and our own ob-
servations (YANKEE et al., 1971) indicate that HL-A 12 may not be represented on
platelets of some individuals carrying this antigen on their lymphocytes. Thus, it
may be that donors mismatched for certain lymphocyte antigens may be found to
be HL-A compatible for platelet transfusion purposes. Since at the present time our
knowledge of the distribution of HL-A antigens on different blood cells is limited,
selection of unrelated platelet donors for alloimmunized patients by compatibility
for their lymphocyte HL-A antigens seems to be the only practical approach.

11 donors carried an incompatible B-antigen, and 8 an incompatible A-antigen
on their red cells. Within the different groups of donor-recipient HL-A compatibility
(A, B-1, B-2), there were no significant differences in the post transfusion platelet
increments between ABO compatible and incompatible donors. This is valid when
the ABO-incompatible donors are considered as a single group, or when donors in-
compatible for A or B are evaluated separately.

From results of in vitro experiments, there is controversy as to whether or not
the red blood cell antigens A and B are present on platelets (for ref., see SVEJGAARD,
1969). Our observations lend support to the concept that there is no A or B sub-
stance present on platelets. Our results confirm data reported by SmuLMaNn (1966)
and FREIREICH et al. (1963); in contrast, ASTER (1965) and PrISTERER et al. (1968)
reported decreased recoveries but normal intravascular survival of platelets from
ABO-incompatible donors. These authors explained their findings with a possible
“innocent bystander” involvement of the transfused platelets in a reaction against
simultaneously transfused incompatible red cells, rather than recognition of AB-
antigen on the platelet surface. The differences in the post transfusion responses to
ABO incompatible platelets in the former reports and in the present study may pos-
sibly be explained by .lower red blood cell contamination in our platelet concen-
trates: our collection process results in a total red cell contamination of 0.5 ml/
4 units. .

The general application of HL-A matched platelet transfusions is presently lim-
ited to large medical centers possessing HL-A typing laboratories, computer assis-
tance and financial support. Whether it is necessary or even feasible to transfuse a
patient requiring long-term support with HL-A matched platelets from the onset of
thrombocytopenia remains to be examined. However, once a patient is alloimmunized
to random donor platelets, efforts should be made to obtain platelets from HL-A
matched donors. The data presented in this study indicate that platelets from both
A-matched and B-1-matched donors are likely to give normal post transfusion in-
crements in alloimmunized patients, whereas transfusions from B-2-matched donors
will only occasionally result in such increments.

The occurrence of hemorrhage in thrombocytopenic patients has been shown to
be related to the circulating platelet count (Gaypos et al., 1962). We have demon-
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strated in this study that platelets obtained from HL-A compatible unrelated donors
will effectively increase the platelet count. It may therefore be expected that severe
bleeding complications can be reduced in alloimmunized patients with platelet trans-
fusions from HL-A compatible donors. This is further suggested by the fact that
none of our 15 patients died of hemorrhage. The patients reported previously (Yan-
KEE et al., 1973) and in this communication have been supported effectively (i.e.
without clinically significant bleeding), for up to 9 months with platelets from the
same HL-A compatible donor(s). Platelet support with HL-A compatible donors
may be especially valuable and rewarding in patients with marrow aplasia or with
inactive hematological malignancy (such as “smouldering” leukemia and preleu-
kemia), since the prognosis of these diseases is mainly determined by the quality
and efficiency of the transfusion support.
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Introduction

With increased survival and prolonged chemotherapy of acute lymphocytic leu-
kemia there have arisen new complications of infection by viral fungal and proto-
zoan organisms which have resulted in significant morbidity and mortality, probably
directly related to the immunosuppressive effects of tumoricidal therapy. In assessing
new drug regimens for ALL their propensity to cause immunosuppression and the
consequences thereof must be evaluated along with the classical parameters of hema-
tologic and organ toxicity and therapeutic effectiveness. We have established and
rendered operational a multiphasic schema of immunological evaluation comprising
both in vitro and in vivo tests of cellular immune responsiveness. We report here our
early results of the immunologic evaluation of patients during 2 phases of a new
protocol for the treatment of acute lymphocytic leukemia, ICIG # 9. For compari-
son, we report as well the preliminary results of the same battery of tests applied
to a group of patients currently under treatment with immunostimulatory therapy
for periods of 1—7 years.

Materials and Methods

Patient selection: all patients with newly diagnosed acute lymphocytic leukemia
treated at the Institut de Cancérologie et d’Immunogénétique and begun on protocol
from November 1, 1972 to April 30, 1973, were eligible. All patients were skin
tested and in vitro studies were done on those patients whose hematologic status per-
mitted phlebotomy. Patients were tested 6 weeks after complete hematologic remis-
sion was obtained and again 12 days after chemotherapy was stopped prior to the
initiation of immunotherapy. The interval between the 2 testing periods was 6 months.
A final group, who had stopped receiving chemotherapy and had begun immuno-

1 Present Address: Children’s Cancer Research Foundation, Boston, MA.
2 Present Address: National Cancer Institute, Laboratory of Cell Biology. Bethesda, MD.



Immune Responsiveness in ALL Patients under Chemotherapy and Immunotherapy 57

therapy from 1—7 years prior to testing, was studied once during their course of
immunostimulation. The time of testing relative to drug therapy is presented in

Table 1.

Table 1. Phases of immunologic evaluation relative to length of complete remission
and concurrent therapy

Time from induction Therapy
of complete remission

Phase 1 4—6 weeks 6 mercaptopurine
50 mg/m?/d p. o.
Methotrexate
15 mg/m? i.m. twice weekly

Methotrexate
5—10 mg intrathecally

Phase 2 30—32 weeks 12 days after the last of
8—12 cycles of the following:

Vincristine 1 mg/m? i.v. days

(1 and 2)

Methotrexate 20 mg/m? i.v. or i.m.
q 6 h for 48 hrs (days 3—4)

Phase 3 2—8 years BCG (Institut Pasteur)
150 mg by scarification weekly
4 X 107 inactivated pooled
allogeneic leukemic blasts
subcutaneously — monthly

In vivo tests: The following intradermal skin tests were applied in 0.1 ml and
0.05 ml quantities: Tuberculin (Institut Pasteur) 10 units per 0.1 ml; candidine (In-
stitut Pasteur) 1 to 10,000 dilution; mumps (Ely Lilly) standard dose. Alternate
patients were sensitized to DNFB (Merck) either during Phase 1 or Phase 2 of the
immunologic testing by topical application in a 2 cm diameter ring. Two thousand
micrograms was the sensitizing dose; 100 micrograms was the testing dose applied
14 days later. Picryl chloride was used rather than DNFB on patients undergoing
long-term immunostimulation.

In vitro tests: Peripheral blood was drawn into syringes containing preservative-
free heparin (Weddel Pharmaceuticals) in a final concentration of 20 units/ml of
peripheral blood. The blood was then diluted with 3 volumes of PBS. 35 milliliters
of the diluted blood was layered over 15 ml of 8%/o Ficol (Sigma), 36% Sodium
metrizoate (Nyegaard, and Co., Oslo, Norway), specific gravity 1.078 and the lym-
phocytes separated according to the method of Boyum (1968) in a 50 ml conical
centrifuge tube (Falcon 2070). After washing, the cell button was resuspended in
2ml of media 199 supplemented with glutamine, 4 mg%o gentamycin, 25 mmol
hepes and 20%o homologous decomplemented fresh AB serum. Cell counts were done
in a chamber and cell viability determined by the exclusion of trypan blue; cell con-
centrations were adjusted to 108 live lymphocytes per ml.
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Concentrations of mitogens: PHA (Difco purified PHA) was used in concen-
trations of 3 ul/ml.

Pokeweed mitogen (Gibco) was used in concentrations of 62.5 ug/ml.

Microculture: 105 lymphocytes in 0.1 m! of complete media were pipetted into
each well of a Micro Test II Tissue Culture Plate (Falcon, 3040) and 0.05 ml of the
appropriate solution of mitogen added to the wells. The plates were covered with
a loose fitting plastic lid (Falcon 3041) wrapped in Saran Wrap and incubated at
37 °C for 72 hrs in a well humidified atmosphere of air.

Thymidine pulsing: Tritiated thymidine (Centre d’Energie Atomique, France)
was added to all cultures (0.2 uCi of tritiated thymidine in a volume of 0.05 ml)
6 hrs prior to the end of their incubation.

Extraction: At the end of the incubation period, the cultures were extracted
using the MASH I extractor (Microbiological Associates). This machine aspirates the
contents of each well and deposits it on a Reeve-Angel fiberglass strip. The apparatus
then rinses each well with normal saline and aspirates the rinse, washing the filter
paper. After drying to remove water, the filter paper disks were punched out and
placed in polyethylene counting vials. 10 ml of scintillation cocktail (PPO 0.5%,
POPOP 0.05%0 in scintillation grade toluene) were added. After equilibration in
a dark, cold environment, the samples were counted in a Packard 3375 scintillation
spectrometer. All cultures were done in triplicate. Triplicate counts varied maximally
15%9 above and below the mean value.

Results

Criteria for evaluation of response: Intradermal skin tests were evaluated as
positive if induration measured greater than 5 mm. DNFB was positive either spon-
taneously; i.e., induration or vesiculation arising 9—14 days after the application
of the sensitizing dose, or positive on challenge, . e., induration or vesiculation aris-
ing 48—96 hrs after the challenge dose in the absence of spontaneous positivity.
Picryl chloride positivity was evaluated by the same criteria. In vitro response was
evaluated as normal if the mean CPM fell within 50%0 of the mean CPM of the
normal controls cultured on the same day or low if the mean CPM was less than
509/ of the mean CPM of the concurrently cultured controls.

In vivo tests: Table 2 shows the results of iz vivo testing of the three groups of
patients. We have defined anergy as the absence of a delayed hypersensitivity re-
sponse to any of the three recall antigens and primary sensitization antigen applied
to the patient. The most striking results are the high incidence of anergy in those
patients under continuous combination chemotherapy and the absence of anergy in
those evaluated within the 3 weeks following the last course of intermittent chemo-
therapy and during the prolonged immunostimulatory period. The successful primary
sensitization to DNFB in 2 patients in the group under continuous chemotherapy
emphasizes the heterogeneity of reactivity within the group. The 259 incidence of
response to picryl chloride sensitization in the immunotherapy group may indicate
a hyper-reactivity within that group since the response to picryl chloride in other
groups of untreated cancer patients is negative or negligible (BLumING et al., 1972).
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In vitro tests: Table 3 shows our results of in vitro correlates of immune reac-
tivity by mitogen stimulation. There is a steady increase in the incidence of normal
responsiveness from the continuous chemotherapy to the end of intermittent chemo-
therapy through immunotherapy in the groups tested. The differences are not sta-
tistically significant, however. Further, we have shown recently (WEINER e? al., 1973)

Table 2. Delayed cutaneous hypersensitivity. Patients were skin tested with antigens during

continuous maintenance chemotherapy (Phase 1); 12 days after the last course of intermittent

chemotherapy (Phase 2); and during immunostimulatory therapy of 1—7 years duration

(Phase 3). Responses to tuberculin, Candida, and mumps were scored as positive if induration

was 5mm or more in diameter. Responses to DNFB and Picryl Chloride were scored as

positive if induration and/or vesiculation occurred either 9—14 days after primary sensitiza-
tion or 72—96 hours after challenge

NP Positive / N°© Tested N° Anergic ® / Total
Tuberculin  Candida Mumps DNFB® Picryl
Chloride
Phase 1 5/21 421 221 211 14/21
Phase 2 715 715 215 1/10 0/15
Phase 3 23/23 9/23  9/23 6/23 0/23

* Randomized DNFB or non-DNFB at Phase 1. Non-DNFB given DNFB at Phase 2.
* No positive skin tests.

Table 3. In vitro lymphocyte stimulation. Patients lymphocytes were stimulated with PHA

and with PWM during continuous maintenance chemotherapy (Phase 1); 12 days after the

last course of intermittent maintenance chemotherapy (Phase 2); and during immunostimula-

tory therapy of 1—7 years duration (Phase 3). Responses were scored as “normal” if the

mean incorporation of thymidine as counts per minute were within 50% of the mean values

of “normal” lymphocytes tested on the same day. Those values less than 50% of the normal
were scored as “low”

NP©° Responding / N° Tested

Phase 1 Phase 2 Phase 3

PHA Normal 4/8 8/11 13/17

Low 4/8 3/11 417
PWM Normal  3/8 6/11 12/17
Low 5/8 5/11 5/17

valid longitudinal comparisons are difficult with in vitro tests because of the day-
to-day variability in response. We chose as a standard, the reactivity of the normal
lymphocytes cultured on the same day, but we acknowledge that the limits we set
for the normal reactivity are arbitrary. Our current studies involve cryopreserved
lymphocytes, allowing us to evaluate changes in the patients’ lymphocyte reactivity
with time and therapy.
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Discussion

It is widely accepted that intermittent chemotherapy is less immunosuppressive
than continuous chemotherapy. That immunostimulatory therapy may increase the
responsiveness to a weak antigen was reported by Bruming et al. (1972), and our
data confirm their observations with respect to picryl chloride as well. The battery
of skin tests used to assess delayed cutaneous hypersensitivity is valid in France, espe-
cially since BCG immunization is supposedly universal by school age. The patients
studied were within that age group with two exceptions. The in vitro results reported
included only mitogen stimulation since those were the tests which were technically
reliable at the time of the study. We have since expanded the iz vitro battery to
include stimulation by PPD and by defined populations of allogeneic cells. The
in vitro assessment of cellular immune responsiveness is a subject of active research
and any protocol designed to evaluate changes in cellular immunity must evolve as
new information becomes available. The use of cryopreserved lymphocytes will aid
in defining changes in the individual patient. The ability to separate the subpopula-
tions of immunoresponsive cells eventually will permit more precise definition of
the effects of disease and therapy on host responses.

The preliminary studies reported herein illustrate the feasibility of studying the
effects of therapy on immunologic responsiveness. Such routine evaluation in as
detailed 2 manner as possible should be included in the experimental design of all
new protocols subjected to Phase IT or Phase III trials.
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Abstract

Dialysable Transfer Factor was prepared from a large pool of normal adult donor
leukocytes following Lawrence’s technique. This homogeneous preparation was in-
jected into 3 normal recipients and 14 patients with immunodeficiencies: 5 ataxia
telangiectasia, 4 Wiskott-Aldrich syndrome, 2 variable hypogammaglobulinemia,
2 combined immunodeficiencies and one chronic mucocutaneous candidiasis. Transfer
of delayed hypersensitivity of several antigenic markers was achieved in 13 cases.
Streptokinase — streptodornase and Candida albicans gave the highest incidence of
positive tests among adult donors and recipients. 5 recipients developed a positive
reaction to DNCB, a chemical to which none of the donors was sensitized.

Clinical improvement was observed in only 2 cases of Wiskott-Aldrich syndrome.
Therapeutic effects were absent or uncertain in the other cases.

Antigen-induced lymphocyte proliferation in vitro was modified in only 4 cases.
If confirmed, the apparent dissociations between skin reactions, blast transformation
and clinical improvement in recipients of transfer factor would suggest that transfer
factor may also act by inducing the peripheral manifestation of a cellular hyper-
sensitivity already acquired although not expressed by the immunologically deficient
recipient.

The successful transfer of cell-mediated hypersensitivity to tuberculin and strepto-
coccal antigens in man was first achieved by LAWRENCE (1949). In contrast to similar
experiments in the guinea pig (CHasE, 1945), cellular transfer in humans requires
a relatively small number of leukocytes. Moreover, the duration of the transferred
sensitivity was usually much greater than the survival of intact leukocytes in a
histo-incompatible host. This observation suggested that the active principle might
survive the immunological rejection of the transferred cells. In several experiments
designed to characterize the active material, LaAwRENCE showed that effective transfer

* Supported in part by Foundation pour la Recherche Médicale et Scientifique, Paris,
and INSERM.



62 C. GRISCELLI et al.

of delayed-type hypersensitivity could be achieved with disrupted leukocytes and
even with the dialysable moiety of frozen and thawed DNAase-treated leukocytes.
This dialysable active material was called “transfer factor” by LawreNce. It is
soluble, lyophilizable, and heat-sensitive; it resists pancreatic RNAase, and retains
its potency after 5 years of storage; its estimated molecular weight is below 10,000
(LAWRENCE, 1960).

Defects in delayed cutaneous hypersensitivity in a variety of diseases can be as-
sociated with defects in “cellular immunity” that lead to repeated severe infections
by fungi or intracellular parasites, such as viruses and some bacteria (MACKANESS,
1967; MauriN, 1959; Passt and SwaNsoN, 1972; PREUD’HOMME et al., in press;
RockLIN et al., 1970; SCHULKIND et al., 1972; S@BORG et al., 1971; SPITLER et al.,
1971, 1972 a +b; TourAINE and REVILLARD, 1970 and in press; VALDIMARSSON et al.,
1972; VALENTINE and LAWRENCE, 1971). Attempts to transfer delayed hypersensi-
tivity by means of intact leukocytes or dialysable transfer factor have been success-
ful in most patients, and a classification of cellular defects according to the result

Table 1. Wiskott-Aldrich Syndrome: Clinical and biological data in 4 TF recipients

Patients WA 1 WA 2 WA3 WA 4
Age 9 51/2 11 4
Hemorrhages ++ ++ ++ ++
Eczema mild chronic none mild
Infections +++ +++ ++ ++
Arthralgia + + 0 0
Splenomegaly 0 + 0 0
Platelets 103/mm? 50 20—50 10—40 20—40
Cellular defect ++ ++ + +
IsM mg/ml 0.14 0.45 0.1 0.5
IgA mg/ml 2.85 427 1.65 23
TF injections (units) 1X3 1X3 1 1
Clinical improvement yes yes no no

of the transfer has been proposed (for review see LAWRENCE, 1969). In Hodgkin’s
disease, for example, the transfer of local or systemic hypersensitivity nearly always
failed, whereas in sarcoidosis the transfer of local sensitivity could be achieved,
although systemic sensitivity was not usually demonstrable. Generalized vaccinia
was cured upon transfer of viable leukocytes from a hypersensitive donor where
repeated injections of hyperimmune globulins had been ineffective (LAWRENCE,
1969 a). Delayed hypersensitivity to Candida albicans was acquired in patients with
chronic mucocutaneous candidiasis following transfer of a parental bone marrow
graft (BUCKLEY, 1968) or after injections of dialysable transfer factor prepared from
hypersensitive donors (McFARLIN and OPPENHEIM, 1969; KIRCKPATRICK et al., 1972;
PaBsT and Swanson, 1972; ROCKLIN et al., 1970; SCHULKIND et al., 1972). Simi-
larly, the transfer of hypersensitivity to lepromin (antigens to the lepra bacillus)
was demonstrated in anergic lepromatous patients receiving leukocytes from sensitive
donors (DE BONAPARTE et al., 1968). It is still too early to assess the effects of such
successful transfers on the disease itself. However, it was recently shown that the
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injection of dialysable transfer factor in patients with a Wiskott-Aldrich syndrome
resulted both in the conversion of the patient to a hypersensitive state and in an
improvement of such clinical manifestations as infections, splenomelagy, hemor-
rhages and eczema (LevIN et al., 1970). It has been claimed that the outcome of
attempts to treat the Wiskott-Aldrich syndrome with transfer factor can be predicted
from a study of the immunoglobulin receptors on the patient’s monocytes (SPITLER
et al., 1972 a).

In our study, the potential therapeutic value of dialysable transfer factor in
various immunodeficiencies of children is evaluated. Dialysable transfer factor was
selected because its low molecular weight allows repeated injections into the same
recipient without risk of inoculation of viruses or of sensitization to transplantation
antigens. To obtain comparable results, this material was prepared from a large
pool of normal adult donor leukocytes. Thus, the effectiveness of the transfer will
depend on the immune state of the recipient and not on differences between batches
of transfer factor.

I. Material and Methods

1. Donors

Healthy adult blood donors free of Australia antigen, were submitted to medical
examination. They were skin-tested with the following antigens: tuberculin PPD
0.1 ug (Mérieux), streptokinase-streptodornase (SK-SD, Varidase, Lederle, 10 units),
candidin (Institut Pasteur, Paris, 1/10,000), toxoplasmin (1/100); diphtheria toxoid
(Mérieux, dose equivalent to 0.6 Lf) and autoclaved vaccinia virus (1/10 of the im-
munizing dose). Erythema (E) and induration (I) measured at 24 h and 48 h; the
intensity of the reaction depends mainly on the dose of antigen injected. In this series
we found 529 of donors positive to PPD, 48%0 to candidin, 85% to SK-SD, 90%
to vaccinia, 18%o to toxoplasmin and 25% to diphtheria toxoid. The donors were
not tested with DNCB, since none of them had a history of sensitization to this
chemical.

2. Preparation of Transfer Factor (TF)

Ten blood units are collected on citric acid-citrate-dextrose, centrifuged for
30 min at 1000 g, the plasma layer is discarded and the buffy coat treated according
to Maupin’s technique of “paradoxical” sedimentation (MauriN, 1959). The buffy
coat is spun at 500 g, then a 5090 glucose solution is introduced through the bottom
of the flask; this allows the recovery of four layers: (1) plasma, (2) platelets, (3)
white blood cells, (4) red cells and a few leukocytes. The third layer is washed with
saline and centrifuged at 300 g for 3 min. White cells are counted and the cell pellet
is then frozen and thawed (10 cycles), DNase (1 mg to 4 ml packed cells) being ad-
ded at the second cycle. This material is dialyzed for 3 days against distilled water
through a double cuprophane membrane (Travenol UF 100). The dialysate is lyo-
philized, then pooled and redissolved in distilled water to lower the osmolarity to
a maximum of 650 mOsm, passed through two millipore filters (0.45 ym and
0.30 um). One unit is defined as the final product of 6 X 10° leukocytes, its average
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volume is 5 ml. The following checks are made on each batch before clinical use:
bacteriological evaluation (15 days at 4 °C, 20 °C and 37 °C) including cultures on
Sabouraud’s medium; absence of soluble HL-A antigens as shown by absorption
methods on monospecific HL-A antisera; absence of toxic effects on guinea pigs after
injection of 0.2 ml s.c. on donors (see Table 3) and also with 0.5%/¢ DNCB (Law-
RENCE, 1963), Aspergillus fumigatus and Aspergillus nidulans. Proliferative responses
of blood lymphocytes to mitogens (PHA P, Difco 1/200—1/800, ALS) and dialysed
antigens (PPD 1 pg/ml, Candidin 1/1200—1/2800, SK-SD 200 U/ml) were assessed
by measuring the incorporation of ®H-thymidine into DNA according to a tech-
nique previously described (BrRocHIER, 1971). Cultures were performed in 20%o heat-
inactivated AB serum and results were expressed in dpm/108 lymphocytes. A leuko-
cyte migration test was performed according to S@BorRG’s method (1971). The fol-
lowing antigens were used at different concentrations: PPD, SK-SD and strepto-
coccal wall.

3. Recipients

1—3 units of TF were injected into 3 normal subjects and 14 patients with im-
munodeficiency classified according to WHO recommendations.

a) Three normal subjects were examined and subjected to routine laboratory in-
vestigation; this showed no evidence of patent or latent disease.

NS 1 is a healthy 24-year-old female who exhibited no skin reaction to 5 ug PPD
after 4 subsequent tests, despite a BCG vaccination at the age of 9.

NS 2 is a 10-year-old boy who had no BCG vaccination and negative skin reac-
tion to 5 ug PPD.

NS 3 is a 7-year-old girl with skin tests repeatedly negative to PPD (5 ug) and
SK-SD (100 U) but positive for candidin.

b) Wiskott-Aldrich syndrome (W.A.). 4 boys presenting the typical clinical and
biological manifestations of W.A. syndrome are recorded in Table 1. Nasopharyngeal
and cutaneous infections were predominant. Cellular defect was considered more or
less pronounced according to skin tests and proliferative responses to mitogens “in
vitro”.

c) Ataxia Telangiectasia (AT) (Table2). 5 children suffering from AT received
TF injections. All these patients showed ocular telangiectasia; all had presented with

Table 2. Ataxia Telangiectasia: Clinical and biological data in 5 patients

Patient AT1 AT2 AT 3 AT 4 ATS5
Sex E. M. E. M. E.

Age 3/e 41/2 7 9 4
Ataxia + + + + +
Polyneuritis + + 0 0 0
Infections ++ ++ ++ +++  +++
Cellular defect ++ ++ + ++ ++
IgA mg/ml <ol 06 <ol <ol <ol
Injections (units) 1X3 1X3 1X3 1 1

Clinical improvement partial  partial partial no no
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repeated episodes of nasopharyngeal and bronchial infections which had resulted in
diffuse bronchiectasis. No gastrointestinal infections were recorded. A plasma factor
inhibiting lymphocyte responses to mitogens was detected in 3 cases (AT 1, AT 2,
AT 3), as previously reported by MACFARLIN et al., 1969.

d) Combined immunodeficiency (CID) CID 1. This 6-month-old girl, whose
brother and sister died of infection under one year of age, presented severe lympho-
penia (180/mm3) and a marked cellular defect with no response to mitogens iz vitro.
Immunoglobulin levels were: IgG 2.8 mg/ml, IgA 0.6 mg/ml, IgM 0.88 mg/ml. No
antibody response was obtained after various attempts at stimulation. She received
2 doses of TF 2 months apart.

CID 2. This 8-month-old boy had 2 meningitic infections caused by Listeria
monocytogenes at 5 and 6 months. He presented a moderate lymphopenia (1200/
mm3) and a profound cellular defect with no iz vitro response to mitogens (PHA
and ALS). Immunoglobulin levels were: IgG 2.4 mg/ml, IgA 0.10 mg/ml, IgM 0.23
mg/ml; no antibody response was obtained. He received a single dose of TF. Among
uncles and great uncles on the maternal side there were 10 early deaths due to in-
fections.

e) Variable bypogammaglobulinemia (VH). Two hypogammaglobulinemia pa-
tients with no family record of immunodeficiency were treated:

VH 1. A 10-year-old boy, had severe, repeated pulmonary infections and menin-
gitis starting at the age of 3 months. He had measles at 5/2 years. Later he developed
progressive encephalitis. Evidence of leukoencephalitis was apparent on a brain
biopsy specimen, and tubular granules were observed in the cytoplasm of endo-
thelial cells of cerebral capillaries by electron microscopy (Lyon et al., 1972). Im-
munoglobulin levels were very low: IgG 2.9 mg/ml, IgA 0.1 mg/ml, IgM 0.05 mg/ml.
Membrane immunoglobulins were detected on peripheral blood lymphocytes; how-
ever, only 3%b stained for IgG, 0.02%, for IgM and 0.01% for IgA (PREUD’HOMME
et al., in press). No significant antibody response was observed following vaccina-
tions. Although suspected from the clinical data, no cellular immunological defect
was ascertained. This patient received two consecutive injections of TF 4 months
apart.

VH 2. A 14-year-old boy, had suffered from repeated cutaneous, bronchial and
nasopharyngeal infections since early infancy. He had no detectable cellular defect
and had recovered normally from viral infections. Serum immunoglobulin levels
were very low: IgG 3.0 mg/ml, IgA 0.1 mg/ml, IgM 0.08 mg/ml. Almost no blood
lymphocytes bearing membrane immunoglobulins could be seen. This patient received
two injections of TF 3 months apart.

f) Chronic mucocutaneous candidiasis (CC). This 16-year-old girl had severe
chronic mucocutaneous candidiasis and bronchiectasis (TOURAINE and REVILLARD,
1970). There was no family history of candidiasis or immunodeficiency, no abnor-
mality of adrenal or parathyroid functions. Serum immunoglobulin concentrations
were normal and anti-candidin antibodies were present. She had relapsed after two
treatments with amphotericin B and her skin tests had been repeatedly negative to
candidin. PHA response in vitro was normal. She received 5 doses of TF over 5
months. No anti-moniliasis therapy was given during this period.
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II. Results

1. Clinical Tolerance

The site of TF injection was painful for 30 min; after that no local or systemic
reaction was observed, even upon repeated injections. Of interest was the absence
of fever in 16 recipients. A slight rise in lymphocyte and monocyte counts was re-
corded in an occasional recipient (WA 1, WA 2, AT 1, AT 2, VH 1, VH 2). No late
side-effect was reported on 12-month follow-up. In one patient (WA 2) fever,
arthralgia, and enlargement of spleen and lymph nodes were observed transiently
8 days after TF injection and 24 h after infusion of cesium-irradiated histoincom-
patible blood. This patient had received multiple transfusions. No adverse reaction
was observed after two other TF injections.

2. Delayed Hypersensitivity

No significant change was seen in skin reactions in NS 2, VH 2, CID 1 and 2,
and AT 5. In the 12 other recipients changes in delayed skin reactions were observed
(Table 3). The most significant modifications occurred with SK-SD and candidin.
Local transfer was successful in 9 instances (7 patients). Systemic transfer was less
easily achieved; a positive response was elicited with only one or two of the 8 anti-
gens under investigation and was usually of short duration, except with NS 1 and
CC who received 5 injections of TF.

Contact sensitivity to DNCB (Table 4) became positive in 5 recipients (WA 1,
WA 2, AT 1, AT 3, AT 5). All had been sensitized to DNCB (15%0 in acetone) and
had shown at least two negative reactions to the test dose (0.5% in acetone). Al-
though no skin biopsy was performed, the positive reactions observed after injection
of TF showed the typical aspect of a delayed reaction. In 3 cases (WA 4, AT 2,
VH 1) a stronger reaction to 0.5%9 DNCB was observed after injection of TF.

3. Leukocyte Migration and Lymphocyte Transformation

In 8 patients, leukocyte migration tests were performed on 2—4 blood samples
taken at different times before injection of TF. Because of considerable spontaneous
variation in the concentrations of antigens inhibiting the migration, the effect of
TF injection could not be evaluated with this test.

No significant change of the PHA response iz vitro was recorded after injection
of TF in 3 normal subjects and 11 patients. However, the 3 patients with a PHA
response either very low (AT 4) or absent (WA 2, AT 1) showed a significant rise
in proliferative response to this mitogen 8 days after injection of TF (Table 5). It
was transient in patient AT and longer-lasting in patients WA 2 and AT 1. Normal
laboratory values are between 50,000 and 150,000 dpm/108 cells.

Modifications of antigen-induced lymphocyte proliferation were observed in a
few cases (Table 6). In normal subjects with positive skin tests, the ir vitro response
was increased in NS 1 (SK-SD), NS 2 (cand., SK-SD) and NS 3 (cand.), even when
the size of the skin reaction was unchanged (NS 2). Lymphocytes from NS 3 did
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Table 3. Changes in skin reactions after injection of TF*

Patient Antigen Dose  Before 24h 24h Day 8 Day Day
local systemic 23—50 80—180
NS1 PPD 5uG 0<0 10— 8 12—10 20—10 10— 8 5— 4
NS3 CAND 1/100 12—16 ND 53—36 ND ND ND
SK-SD 10u 0 0 ND 21— 7 17—11 7— 5 ND
WA1 CAND 1/1000 0 0 ND 0 0 7— 6 8§— 7 0— 0
SK-SD 20 0 0 ND 0 0 13-—-11 8—7 0— 0
WA2 CAND 1/1000 0 0 ND 0 ©° 0 o 6— 4 0 0
PPD 1uG 0 © 9— 9 0 0 0 0 0 O 0 O
WA 3 CAND 1/1000 0 O ND 0 0 33—12 ND 0 o0
PPD 1puG 0 o 6— 4 0 © 0 0 ND 0 0
SK-SD 20 0 o0 6— 6 0 0 0 0 ND 0 0
WA4 ASPN 0.1 0 0 ND 0 o0 0 0 20-—-18 ND
ASP F 0.1 0 0 ND 0 o 0 0 11—10 ND
AT1 CAND 1/1000 4— 0 ND 13— 9 0 0 0 0 ND
AT2 CAND 1/1000 0 © 6— 5 0 ©0 0 o 0 o0 0 ©
AT3 SK-SD 20 0 o 7—5 12— 0 12— 5 30—15 ND
CAND 1/1000 0 O 9— 5 0 O 0 © 5—0 ND
AT4 SK-SD 20 0 ©0 6— 4 5~—0 10— 0 0 0 ND
VH1 DIPHTOX 0.6 0 0 ND 12— 6 0 0 0 0 ND
CcC CAND 1/100 5— 5 ND 52—21 36—16 32—14 44—22
CAND 1/1000 4— 4 20—10 20—10 10— 7 11— 5 26—11
SK-SD 10 5—~ 0 ND 12— 3 30—12 9— 4 12— 7
VACCINIA 1/10 2— 4 ND 17— 4 11— 6 9— 7 4— 4

* In each column the mean diameters of erythema (left) and induration (right) are meas-
ured in mm. ND: not done.

Table 4. Contact sensitivity to DNCB (0.5%0) in recipients of TF®

Patient Before 24h Day 8  Day 23—50 Day 80—180

WA 1 0— 0 0— 0 0— 0 11—10 0— 0
WA2 0— 0 5— 5 6— 5 13—10 0— 0
AT1 0— 0 5—5 7— 6 20—20 20—15
AT3 0— 0 6— 0 6—0 10— 5 ND
ATS5 0— 0 6— 0 6—0 11— 6 ND
WA 4 7—11 11— 9 ND 20—12 ND
AT2 9—7 30—15 22—22 2222 ND
VH1 5— 5 ND 9— 6 40—30 ND

* In each column the mean diameters of erythema (left) and induration (right) are
measured in mm. ND: not done.
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Table 5. Changes in the PHA response in recipients of TF. Results in dpm/108 lymphocytes

Patient  Stimulant Before Day 8  Day 30—80

WA 2 PHA 1/600 1100 15649 18794
0

920 1459 1271

AT1 PHA 1/600 1000 6400 13000
0 816 1400 1341

AT 4 PHA 1/600 3700 13896 4504
0 1286 493 1430

Table 6. Incorporation of 3H-thymidine in dpm/tube measured at day 6 before and after
injection of TF

Patient  Antigen Dose Before Day 3 Day 30—80
NS 1 0 1012 1348 1972
PPD 5 ug/ml 3473 4641 8559
SK-SD 400 U/ml 6010 14496 46501
NS 2 0 173 150 504
CAND 1/1200 820 895 36396
SK-SD 400 U/ml 531 650 3647
NS 3 0 1055 32 1533
PPD 5 pg/ml 664 1383 6121
CAND 1/1200 160 740 35526
SK-SD 400 p/ml 1225 2450 11610
WA 4 0 815 1684 802
SK-SD 500 u/ml 1291 7047 1624
CAND 1/2000 807 2678 873
AT 3 o] 2557 1528 1064
’ PPD 10 pg/ml 4710 8056 17049
SK-SD 100 u/ml 2448 ND 23976
VH 2 0 2022 2010 678
SK-SD 400 u/ml 15260 47388 8121
CAND 1/2800 3922 8908 1252
CC 0 2327 2907 2987
CAND 1/200 2800 10065 10358
SK-SD 200 u/ml 5929 4856 22124

not respond to candidin before injection of TF, despite a positive skin reaction
(Table 3); such a dissociation between in vivo and in vitro reactions of normal sub-
jects is highly exceptional in our laboratory. Conversion to a hypersensitive state
was associated with the development (NS 3 : SK-SD) or the increase (NS 1 :PPD)
of a proliferative response to the corresponding antigen. A slight increase in the
in vitro response to PPD was noticed in NS 3 despite the absence of a demonstrable
skin reaction to this antigen. In vitro responses to antigenic stimulation remained
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absent in 9 patients with immunodeficiency (WA 1, WA 2, WA 3, AT 1, AT 2, AT 4,
AT S5, VH 1, CID 1 and CID 2); among this group of patients, 6 acquired delayed
hypersensitivity to one or several of the antigens tested iz vitro (Table 3). Patient
WA 4 showed a slight increase of his responses to SK-SD and candidin (Table 6)
but without a demonstrable skin reaction to these antigens. Patient AT 3, who had
a very mild cellular defect, acquired a positive in vitro response to SK-SD and PPD.
Patient VH 2 showed a transient increase of his in vitro responses to SK-SD and
candidin; his skin reactions to these antigens were positive before the injection of
TF. Patient CC converted to a positive iz vivo and in vitro reaction to candidin,
and her response to SK-SD was increased (Table 6). In summary, whereas a delayed
hypersensitivity skin reaction was demonstrable after injection of TF in 10 patients
with immunodeficiency, antigen-induced lymphocyte proliferation in vitro was modi-
fied in only 4 cases.

4, Effects on Clinical Manifestations

Patients with severe combined immunodeficiency (CID 1, CID 2) did not show
any evidence of clinical improvement upon injection of TF. CID 2 was later given
a bone marrow transplantation. No change was observed in patients VH 1 and VH 2.
Patient CC showed a transient improvement of her oral lesions, without changes in
the fingernails but then returned to her initial state despite the presence of a strongly
positive skin reaction to candidin. Some improvement was noticed in patients WA 1
and WA 2: decrease of infections, nasal bleeding, splenomegaly and eczema occurred
during the 3 months following the two injections of TF. However, as spontaneous
variations in clinical manifestations for the same patient do occur in this syndrome,
conclusions should not be drawn prematurely. In the three cases AT 1, AT 2 and
AT 3, a decrease in the intensity of bronchitis and pharyngitis was noted for 2—3
months after each TF injections, but there was no significant regression of neuro-
logical signs.

II1. Discussion

Our experience with transfer-factor therapy confirms some of LeviN’s (1970)
observations and presents new observations for discussion. The incidence of positive
transfers in normal or sick recipients appears lower than in LAWRENCE’s experience
(1969). In our series, sensitivity to streptokinase and candidin was often acquired
or increased in recipients but hypersensitivity to PPD was less often seen. According
to LAWRENCE (1969 b), a higher incidence of positive transfers could be achieved if
the selection of donors was made on the basis of exquisite hypersensitivity to low
doses of antigen. Chromatography of dialysable transfer factor on Sephadex G 25
showed two peaks but only peak II (mol. wt. <C10,000) transferred coccidioidin
sensitivity (LAWRENCE, 1963). Exclusion of inactive material (peak I) from the dia-
lysate might increase the incidence of positive transfers and certainly deserves further
laboratory investigation. In some instances dissociation between skin reactivity and
the in vitro proliferative response of lymphocytes to antigens was observed. Recipient
NS 1 did not exhibit any skin reaction to repeated tests with 5 pg of PPD whereas
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her lymphocytes showed a small but significant response to PPD in vitro. It is of
interest that transfer factor in this case resulted both in a transient positive skin
reaction and in a slight increase of the in vitro response. A similar dissociation was
observed after injection of TF in WA, (SK-SD, cand.) and AT3 (PPD). Con-
versely, in 6 patients no significant increase was seen in the proliferative response
to antigens but skin reactions were positive. This lack of correlation between ir vivo
and in vitro responses to antigens is exceptional in normal subjects but is known to
occur in immunodeficient subjects after injection of TF (E1JsvOOGEL, person. commun. ;
Farr and Zasriskie; McFARLIN and OppENHEIM, 1969; KIRKPATRICK et al., 1972;
LAWRENCE, 1949, 1960, 1963, 1969 a+b; Lawrence and Fisuman, 1972; LevIN
et al.; 1970). Measurements of MIF production by the recipient’s lymphocytes
by the blood leukocyte migration test did not yield significant results in our series.
It appears from the published data that transfer factor induces MIF production (Eijs-
VOOGEL, person. commun.; LEVIN et al., 1970; RockLIN et al., 1970) rather than blast
transformation in recipients’ lymphocytes.

The effect of TF on clinical manifestations in two cases of Wiskott-Aldrich syn-
drome confirms the original observation of LEVIN et al. (1970); SPITLER et al. (1972)),
as well as other cases recorded by LAwRENCE (1972). The fact that, after regression
of infections, eczema and bleeding, patients WA 1 and WA 2 had a relapse, as evi-
denced by spleen enlargement and recurrence of infections, may suggest the need
for repeated injections of TF in such patients. The clinical improvement observed
in these 2 patients and in 3 cases of ataxia telangiectasia may have been due to
improved host resistance resulting from the induction of effective cellular immunity
to the antigens to which the normal adult donors were resistant. However, two un-
expected observations argue against this hypothesis and may provide some infor-
mation about the still unknown mechanism of action of TF. Manifest clinical im-
provement in patients WA 2 and AT 2 contrasted with little effect, if any, on skin
reactions. Furthermore, 5 recipients developed marked hypersensitivity to DNCB,
a chemical to which none of the donors was known to be sensitized (Table 4). We
cannot exclude the role of repeated testing in the induction of contact sensitivity
after injection of TF.

TF is usually regarded as an informational molecule, nucleotide cofactor, or
derepressor which transfers the specific sensitivities of the donors. If confirmed, our
observations would suggest that TF may also act by inducing the peripheral mani-
festation of a cellular hypersensitivity already acquired although not expressed by
the immunologically deficient recipient. This hypothesis, in contrast with prevailing
concepts, deserves further investigation since Lawrence’s observations in normal
recipients may not be applicable to immunodeficient patients. The use of a large
pool of leukocyte donors may allow the transfer of delayed hypersensitivity (evalu-
ated by skin reactions and/or antigen-induced blastogenesis) to be observed with
some, but not all, antigens to which the donors were positive. Different responses
to the injection of the same pool of TF among patients presenting with the same
clinical syndrome undoubtedly reflect differences in severity of illness, or hetero-
geneity of the syndrome. Discrepancies between clinical improvement and the ab-
sence of transfer of delayed skin reactions seem to show that skin testing is not a
good indicator of the clinical effect of TF therapy. Moreover, some recipients ac-
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quired positive skin tests without any change in the course of their disease (e.g. pa-
tient CC had persistent lesions despite a strong skin reaction to candidin). Addi-
tional chemotherapy or antibiotic therapy may be beneficial in such cases (SprTLER
et al., 1971; VALDIMARSSON et al., 1972).

Controlled clinical trials of TF may help to classify various immunodeficiencies
and provide new data for understanding the relationships between delayed hyper-
sensitivity and cellular immunity. TF should certainly be used before any major
treatment such as thymus or bone marrow graft.

TF does not carry the risk of sensitization to transplantation antigens nor the
hazards of a graft-versus-host reaction, and after more than one year of follow-up
no patient had developed hepatitis. In view of the absence of any adverse reaction
in recipients of TF in this series, and since the therapeutic effect of this principle
is not yet understood, it seems reasonable to investigate its potential therapeutic value
in congenital or acquired deficiencies of cellular immunity, despite the rather low
incidence and short duration of the clinical effects we observed.

Note of the authors. We have observed recently (C. Grisceri, C. Mawas and
P. Mozziconaccr) a patient with a partial hypogammaglobulinemia and normal pro-
liferation response in wvitro with various antigens. In contrast, skin reactions with the
same antigens at various concentrations were negative.

MIF, mitogenic and chemotactic factors were normally produced. Despite a not-
mal mixed leucocyte reaction (MLR) with non-identical donor stimulating cells,
skin graft from the same donor was not rejected. Cellular mediated lymphotoxicity
(CML) using allogenic cells from the same donor was considerably decreased. The
patient’s serum had no blocking effect in MLR and CML.

After the injection of transfer factor, it was possible to obtain, in this patient with
a specific defect of cytotoxic effectors, positive skin reactions and inflammatory
lesions in the skin graft.

This observation may indicate the transfer factor operates on the expression of
the effector cells implicated in delayed hypersensitivity and in skin graft reaction.
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Reconstitution of Cellular Immunity in Hodgkin’s
Disease with Transfer Factor
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It has been shown by different techniques that there is impaired delayed hyper-
sensitivity in patients with Hodgkin’s disease (STEINER, 1934; DuBIN, 1947; SCHIER
et al., 1956; and CHASE, 1966). This is especially true in patients with active disease
(AISENBERG, 1962; Fazio et al., 1962). It has also been shown that the anergic state
may have definite relationship with the prognosis of the patient (SokaL and AuNesT,
1969). Attempts have been made in the past to establish delayed hypersensitivity to
tuberculin by BCG vaccination with partial success (SokaL and AuNesT, 1969; DE-
MARVAL, 1940). On the other hand, passive transfer of tuberculin hypersensitivity
with the aid of leukocytes had given disappointing results (KeLLY et al., 1960; Fazio
and CaLcraTr, 1962; and MurruocLo and BaLkuv, 1967).

Materials and Methods

The present studies were undertaken on 11 patients who had achieved remission
with radiotherapy or chemotherapy or a combination of the two, after obtaining
proper consent. Instead of leukocytes, transfer factor prepared from the normal con-
tacts of the patient was given repeatedly to 6 patients. Five patients were observed
as controls. Transfer factor prepared from contacts may have an added advantage
against the disease, that is, if the disease has viral etiology. The aims of this study
were as follows:

1. Can large doses of transfer factor be given safely?

2. Can delayed hypersensitivity be transferred passively with repeated adminis-
tration of transfer factor in Hodgkin’s disease: Is transfer factor specific?

3. Can cellular immunity be reconstituted with transfer factor prepared from
normal contact of the patient?

4. Can normal transfer factor prolong remission in Hodgkin’s disease?

The present preliminary report will cover the first 3 points which are of interest
from immunologic point of view. Patients who had gone into remission following
treatment, were tested with a panel of skin test antigens. The skin tests were done
4 weeks to 27 months after the cessation of radiotherapy or chemotherapy. Normal
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contacts of the patients were also skin tested. The individual with maximum delayed
hypersensitivity response was chosen for collection of lymphocytes. This was done
with the aid of a continuous flow centrifuge (Celltrifuge-Aminco). The procedure
of leukophoresis lasted for 4 hours on the average. The yield of leukozytes varied
from 4.2 109 to 9.1X10° with an average of 6.6X10? leukozytes per donor.

Transfer factor was prepared according to the method described previously
(KHAN et al., 1973). Lymphocytes were ruptured by freezing and thawing. The
dialyzable transfer factor was collected, lyophilized, and reconstituted to give a
final concentration in which 1 ml of preparation contained transfer factor repre-
senting 108 leukozytes. The transfer factor was given intramuscularly in doses
ranging from 1—5 ml in one injection. The interval between injections varied from
daily to as far apart as 3 months. The maximum total volume of transfer factor
given to a patient was 41 ml, administered in divided doses, over a period of 15
months. This represented 4.1X10° leukozytes. No side effects attributable to transfer
factor were observed either clinically or by laboratory tests.

Results and Discussion

Table 1 shows the results of this treatment in patient R. E. The histologic diag-
nosis of the patient and stage of the disease is given in the left upper corner of the
table. She had had BCG vaccination in the past under a different protocol. Her
skin tests were still negative 27 months after the initial radiotherapy. 2 weeks after
the last injection of 3 ml transfer factor, skin tests showed marked reactions to
mumps, PPD and a 24 hour reaction to dermatophytin. It is interesting that the
PPD reaction also became positive. The donor was negative to PPD. Therefore, even
her own dormant delayed reactivity improved. In-spite of the continued treatment,
her tuberculin reactivity began to subside while the passive reactivity persisted. The
disease relapsed 11 months after the onset of transfer factor treatment. She received
radiation to the neck and mediastinum and on the last day of radiation she again
became positive to tuberculin. She received 4 courses of MVPP (nitrogen mustard,
vinblastin, procarbazine and prednisolone) following radiotherapy. It is interesting
that by this time the donor reactions had disappeared but weak tuberculin reaction
still persisted.

Patient J. K. with mixed cellularity, stage II A disease, had a donor that reacted
to all the antigens; although PPD reaction was very weak (Table 2). Most of these
reactions were transferred to the recipient. She is still free from disease and has been
on immunotherapy for 18 months.

Table 3 depicts a patient (L. C.) with nodular sclerosing disease. She had some
reactions to the antigens to which the donor was also positive. PPD, which was
weak positive in the donor, could not be transferred. This patient was not considered
as positive for passive transfer. You may note that the patient did become DNCB
(di-nitrochlorobenzene) positive. She has been receiving transfer factor for 15 months
and she is still in remission.

J.T. also had nodular sclerosing disease, stage II A (Table 4). All the skin tests
were negative 4 weeks after chemotherapy. The donor had fairly good reactions and
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all of them were transferred passively to the recipient. The patient is still in remis-
sion and has been on immunotherapy for 4 months.

C. J. had nodular sclerosing disease, stage ITI AS (Table 5). His skin tests were
negative before transfer factor. Weak transfers were achieved following the adminis-
tration of transfer factor. In-spite of continued administration of transfer factor
for 16 months, the patient’s skin tests became negative. The patient died of broncho-
pneumonia. An autopsy was refused. There was no clinical evidence of recurrence.

Table 1

Patient: R. E.
Histologic diagnosis: Nodular sclerosing, stage I A
Prior treatment: Radiotherapy 3500 R, BCG vaccination two years before immunotherapy

Antigen Donor  Recipient reactions/mm
reactions
mm After transfer factor® Last 14 days
day of  after
Be- 2 weeks Imd.” 5 weeks radiation MVPPX4
fore
Mumps 24 his. 23 — 15 16 40 Relapse 40 —
48 hrs. 35 — 27 24 60 30 —
Histo- 24 hrs. — —_ —_ —_ — — —
plasmin 48 hrs. — — — —_ — 35 —
Radiation
3000 R
PPD 24 hrs. — —_ 30 —_ —_ 23 5
48 hrs. — — 30 33 — 20 5
Dermato- 24 hrs. 35 — 20 9 45 — —
phytin  48hrs. — — — 11 — — —
DNCB + — — + + + +
Dose of transfer-factor 3ml  17ml 5ml
(Divided doses)

* Time period denotes the interval between skin test and prior dose of transfer factor.
® Immediate.

The sixth patient had the disease diagnosed as mixed cellular type (Table 6). It
was staged as IV A. All the skin reactions were negative. Passive transfer could not
be achieved following 2 doses of 5 ml transfer factor.

2 patients also showed improved lymphocyte blastogenesis response after transfer
factor. No such changes were observed in the controls.

In conclusion, passive transfer was achieved with repeated doses of transfer fac-
tor in 4 patients ranging in the stage of the disease from I A to ITI A.S. 1 patient
with stage II A and one with IV A did not achieve passive transfer. Evidence of
improved immunity was seen by the appearance of delayed hypersensitivity, DNCB
reaction, or improved blastogenesis in 5 out of 6 patients. Delayed hypersensitivity
appeared in the recipient which was absent in the donor. This suggests a non-specific
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Table 2

Patient: J. K.

Histologic diagnosis: Mixed cellularity, stage II A

Prior treatment: MVPP X 6

Antigen Donor  Recipient reactions/mm
reactions
mm Before  After transfer factor ®
3 weeks 2weeks 12 weeks
Mumps 24 hrs. 25 — 5 —_ 4
48 hrs. 16 —_ —_ — 5
Histoplasmin 24 hrs. 9 — — 17 26
48 hrs. 9 — — 17 17
PPD 24 hrs. 5 — — — 22
48 hrs. — — — — —
Dermatophytin 24 hrs. 8 — 12 15 4
48 hrs. — — 15 16 3
DNCB — — —_
Dose of transfer factor 5 ml 8 ml 8 ml

(Divided doses)

® Time period denotes the interval between skin test and prior dose of transfer factor.

Table 3

Patient: L. C

Histologic diagnosis: Nodular sclerosing, stage IT A
Prior treatment: Radiation 4000 R

Antigen Donor  Recipient reactions/mm
reactions
mm Before After transfer factor ®
2weeks 3 weeks 3—/2 months
Mumps 24 hrs. 10 5 15 20 20
48 hrs. 20 10 7 — 20
Histoplasmin 24 hrs. — — — — —
48 hrs. — — —_ — —_
PPD 24 hrs. 5 — —_ —_ —_—
48 hrs. — —_ — —_ —_
Dermatophytin =~ 24 hrs. 10 — 15 — —
48 hrs. 12 7 — —_ —_
DNCB + — — +
Dose of transfer factor 8 ml 10 ml 4 ml

(Divided doses)

@ Time period denotes the interval between skin test and prior dose of transfer factor.
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Table 4

Patient: J. T.
Histologic diagnosis: Nodular sclerosing, stage IT A
Prior treatment: MVPP X 6

Antigen Donor  Recipient reactions/mm
reactions
mm Before  After transfer factor®

4 days 8days 10 weeks

Mumps 24 hrs. 22 — — 10 5
48 hrs. 25 — — 10 6
Histoplasmin 24 hrs. 10 — 15 15 15
48 hrs. 10 — 23 16 20
PPD 24 hrs. — — — —_ —
48 hrs. — — — — —
Dermatophytin 24 hrs. 10 — — — 13
48 hrs. — —_ — — 15
Varidase 24 hrs. 15 — 30 22 13
48 hrs. 20 — 20 —_ —
DNCB —_ + + +
Dose of transfer factor 5 ml 5 ml 5ml

® Time period denotes the interval between skin test and prior dose of transfer factor.

Table 5

Patient: C. J.
Histologic diagnosis: Nodular sclerosing, stage IIT A.S.
Prior treatment: MVPP X 6

Antigen Donor  Recipient reactions/mm
reactions
mm Before  After transfer factor *
Imd.” 4 weeks 6 weeks
Mumps 24 hrs. 20 — 8 — —
48 hrs. 40 — — —_ —
Histoplasmin 24 hrs. 10 — — 6 —
48 hrs. — —_ - 6 —_
PPD 24 hrs.  — — S — —
48 hrs. — — — — —
Dermatophytin 24 hrs. 10 — 6 — —
48 hrs. — —_ —_ —_ —_
Dose of transfer factor 19 ml 10 ml 10 ml

(Divided doses)

* Time period denotes the interval between skin test and prior dose of transfer factor.
® Immediate.
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Table 6

Patient: T. W.
Histologic diagnosis: Mixed cellularity, stage IV A
Prior treatment: MVPP X 2, Radiation 3000 R

Antigen Donor  Recipient reactions/mm
reactions Before  After transfer factor ®

mm 3 days 4 days
Mumps 24 hrs. 29 — — 3
48 hrs. 22 — — 3
Histoplasmin 24 hrs. —_ — —_ —
48 hrs. — — — —
PPD 24 hrs. — - — —
48 hrs. — —_ — —
Dermatophytin 24 hrs. 26 — — —
48 hrs. 35 — — —
Varidase 24 hrs. —_ — —_ —
48 hrs. — — — —
DNCB + + +
Dose of transfer factor 5 ml 5ml

* Time period denotes the interval between skin test and prior dose of transfer factor.

effect of the transfer factor in addition to the specific transfer of the donor reac-
tivity. This may be explained on the basis of non-specificity of the factor or the
presence of multiple factors in the dialyzable fraction. The later may be more ap-
propriate since specific transfer of activity was also observed. Side effects attributable
to transfer factor were not seen.
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Complications of Cancer Chemotherapy.
The Special Case of Hormones™

J. C. HeusonN
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Side effects of hormones given for the treatment of neoplastic diseases, such as
for example breast cancer, depend upon mechanisms quite different from those oper-
ating with other chemotherapeutic agents. This is precisely because hormones are
usually not cytotoxic and that their antitumor efficacy appears to be based more on
regulatory mechanisms than on cytotoxicity.

Side effects of hormones belong to three main categories (Table 1). Firstly they
may result from the use of hormones at supraphysiological doses or of hormones
of the opposite sex. Secondly, side effects may occasionally be due to non-hormonal

Table 1. Complications of cancer chemotherapy. The special case of hormones

Side effects due to:
1. Supraphysiological doses of hormones
2. Non-hormonal toxicity of synthetic compounds
3. Stimulation of tumor growth

toxicity of synthetic compounds. Thirdly, and this is the most interesting, compli-
cations may sometimes result from stimulation of tumor growth and exacerbation
of the disease by hormones which usually achieve the opposite, namely beneficial
effect. This type of complication is of particular interest because 1. it does not occur
with other types of chemotherapy, 2. it is related to the very mechanism of the
anti-tumor action of hormones, and 3. it makes the use of hormones in cancer a more
difficult task than is usually thought and imposes on the clinician to be especially
alert when treating his patients. Not only can hormones be inactive in a given per-
son, just as it happens with cytotoxic compounds, but they may actually aggravate
the disease by enhancing tumor growth, which other drugs usually do not. Indeed,
one exception may exist in relation to the immunodepressive effect of cytotoxic
drugs, but then the mechanism is indirect and different.

~ * Part of this work was supported by a grant from the “Fonds Cancérologique de la
Caisse Générale d’Epargne et de Retraite de Belgique” and performed within the framework
of the Association Euratom, University of Brussels and University of Pisa.



82 J. C. Heuson

The first category of side effects results from the use of hormones at supraphysio-
logical doses, or of hormones of the opposite sex. This topic will only be briefly
discussed because it is concerned with well-known effects. The more important are
listed in Table 2. One special consideration about androgens: much effort has been
devoted to suppress their virilizing effects by synthesizing new derivatives. Partial
decrease was obtained with drugs such as Durabolin (Forp, 1959) and more re-
cently Drostanolone (PeTIT et al., 1971), also called Masteril (HeLMAN and BENNETT,
1972). Nevertheless, these compounds retain considerable virilizing activity. More
complete success was achieved with A;-testololactone (GOLDENBERG et al., 1973) and
7B-17a-dimethyl-testosterone (Calusterone) (GORDAN et @l., 1972 and GOLDENBERG
et al., 1973). The former is completely devoid of androgenicity; the latter seems
almost free of this property although, among androgen derivatives, it appears to be
one of the most effective in the treatment of breast cancer.

Table 2. Hormonal side effects due to supraphysiological dosage

1. Androgens virilization, hoarseness, increased libido
Non-virilizing derivatives ®:

A-testololactone (18%0 remission rate)
78,17a-dimethyltestosterone (28%/0 remission rate).

2. Estrogens anorexia, nausea, vomiting, sodium and water retention, uterine bleeding,
pigmentation of skin, increased libido, vascular thrombosis

3. Progestogens nausea, vomiting

4. Corticosteroids ~ Cushingoid appearance, hyperglycemia, peptic ulcers, immunodepression

® GOLDENBERG, WATERS, RAVDIN, ANSFIELD and SEGALOFF (1973).

The second type of side effects is concerned with non-hormonal toxicity of syn-
thetic compounds (Table 3). Induction of hepatic dysfunction is characteristic of the
methyl derivatives of testosterone. It seems much less frequent with the dimethyl-
testosterone compound Calusterone already quoted (GorDAN et al., 1972 and Gor-
DENBERG et al., 1973). The anti-estrogen Nafoxidine, at the dosage of 60 mg three

Table 3. Non-hormonal toxicity of synthetic compounds

1. Methyl and dimethyltestosterone: hepatic dysfunction
2. Nafoxidine: dryness of skin, loss of hair, phototoxicity
3. Tamoxifen: hot flushes, thrombocytopenia

times a day, induces phototoxicity and variable degrees of dryness of the skin and
loss of hair (HEUSON et al., 1972). Lowering the. doses 6. times completely or almost
completely abolishes these side effects (personal observation), but the therapeutic
efficacy at this lower dosage has yet to be established. Tamoxifen, another anti-
estrogen active at a dose of 20 to 40 mg daily, often produces hot flushes and some-
times mild thrombocytopenia (CorE et al., 1971).
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The third class of complications consists of hormonally-induced exacerbation
of advanced breast cancer. Hypercalcemia, which is often quickly lethal, is represen-
tative of this category. Fig. 1 depicts the clinical course of a patient who died from
this complication. It is significant that two hormones with supposedly opposite or
antagonistic effects, namely an estrogen and an androgen, both produced acute epi-
sodes of hypercalcemia. The mechanism of this complication is unknown, but is
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Fig. 1. Hypercalcemia and hypercalciuria induced in a case of breast cancer metastatic to
bones by both estrogenic and androgenic treatments (FH. J. TagNoN, unpublished)

usually explained by an enhancement of tumor growth (PEARsON et al., 1954; Kar-
HAUSEN et al., 1955). A-change in the metabolic activity of the tumor cells could
also be incriminated. It should be stressed that besides hypercalcemia, aggravation
may consist of sudden increase in respiratory distress, compression of vital organs,
etc.

An interesting question is why both estrogens and androgens may have the same
enhancing effect even in a same patient. One possible explanation is that the andro-
gens are transformed into estrogens in various tissues, particularly in adipose tissue.
It will be seen that other hormonally-related compounds may also induce hyper-
calcemia.

Ascribing to the estrogens the stimulating role does not actually imply that it is
by a direct effect. Thus, it has been claimed that prolactin might enhance breast
cancer growth in some patients. This contention is primarily based on the observation
of the beneficial effect of hypophysectomy and by the demonstration that, in the
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rat mammary tumor model, prolactin is the hormone involved (Pearson et al.,
1969). This problem has been thoroughly discussed elsewhere (HEuson, 1974).

We have therefore studied in a few postmenopausal women the effect of thera-
peutic doses of estrogens on prolactin secretion. The results presented in Table 4
clearly demonstrate that estrogens markedly increase the blood prolactin levels.
These data are consistent with the view that estrogen-induced hypercalcemia could
result from stimulation of prolactin secretion.

Table 4. Effect of oral ethinylestradiol (EO, 3 mg daily) on serum prolactin level (mU/ml)*

Subject  Before EO After EO Stat. sign.”
N© deter-  Mean N© deter-  Mean
minations * s.e. minations + s.e.
G.E. 9 573 6 946 p <0.025
+55 +138
DK.C. 6 427 5 1,067 p <o0.01
+26 +123
DS.M. 5 90 7 210 p< 001
+ 3 + 25

® L’HermrTE, HEUsON and RoByn.
® Student’s ¢ test.

This possibility led us to think that compounds active on breast cancer but devoid
of prolactin stimulating activity might not produce such complications and by the
same token possibility be more effective than estrogens in the treatment of breast
cancer. We therefore studied the effect of Nafoxidine on prolactin secretion. Nafoxi-
dine is a compound which behaves mainly as a potent antiestrogen although it has
weak estrogenic properties (GALLEZ et al., 1973). It has been shown active on breast
cancer by the EORTC Breast Cancer Cooperative Group (Heuson et al., 1972).
The data presented in Table 5 show that Nafoxidine did not stimulate prolactin
secretion and even was inhibitor in one patient. And yet, it was reported by a mem-
ber of the EORTC Breast Cancer Cooperative Group to have induced hypercalcemia
in one patient. This would indicate that stimulation of prolactin secretion may not
be the mechanism or the only mechanism involved, but that a direct effect of hor-
mones may be responsible. In the case of Nafoxidine, induction of hypercalcemia
could possibly be due to its weak estrogenic properties and resultant stimulation of
tumor growth in some patients.

The hypothesis of a direct enhancing effect of Nafoxidine on mammary tumor
growth was studied in the DMBA-induced mammary tumors of the rats, which we
use as a model for the hormone-dependent human breast cancer. In the experiment
of Fig. 2, Nafoxidine was given to tumor-bearing rats. It produced an obvious and
significant inhibition of tumor growth. However, despite the average significant in-
hibition of growth, we did not observe the dramatic and near-complete regression
which follows ovariectomy in these animals. Instead, some tumors decreased in size
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but others kept slowly growing. There were two possible explanations to this. dif-
ference between Nafoxidine administration and ovariectomy. Either Nafoxidine
antagonizes only partly the effect of the endogenous estrogens; or, it has some stimu-
lating effect of its own on tumor growth.

To test the latter hypothesis, we subjected tumor-bearing rats to ovariectomy.
They were then randomly allocated to two groups, a control group and one re-
ceiving Nafoxidine at the same dosage as in the previous experiment. The results are

Table 5. Effect of oral Nafoxidine (180 mg daily) on serum prolactin level (mU/ml)*

Subject  Before Nafoxidine After Nafoxidine Stat. sign.”

N© deter-  Mean N° deter- Mean

minations + s.e. minations * s.e.

V.E. 6 166 3 218 n.s.
+28 +73

A.D. 6 480 5 321 p <0.01
+11 +22

G.E. 3 111 5 59 n.s.
+69 +15

M. 1 4 50 4 67 n.s.
*10 +12

® L’HerwmITE, HEUSON and RoBYN.
® Student’s ¢ test.
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Fig. 2. Inhibitory effect of Nafoxidine on growth of the DMBA-induced rat mammary
tumors (HEUSON et al., 1971/1972)
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Average tumor growth, 7 weeks (em?2)

shown in Fig. 3. As expected, there was a near-complete regression of the tumors
after ovariectomy. In contrast, under Nafoxidine administration, there was hardly
a 50%p reduction in mean tumor surface per rat. There were even a few tumors
which continued to grow and a few which were newly formed. This indicates that
Nafoxidine, besides its inhibitory effect due to its antiestrogenic properties has some
stimulating effect of its own on mammary tumor growth.
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In regard to human breast cancer, Nafoxidine undoubtedly has a potent thera-
peutic activity. Preliminary results of a comparative trial of the EORTC Breast
Cancer Cooperative Group (unpublished) suggest that this activity might be greater
than that of ethinylestradiol. Nevertheless, the possibility that Nafoxidine may
stimulate tumor growth in some patients should be kept in mind by the clinicians
concerned. Another consequence is that the search should continue for new com-
pounds active in breast cancer and devoid of growth-stimulating activity accounting
for therapeutic failures and complications of the kind discussed today, such as hyper-
calcemia, aggravation of respiratory distress, and others.
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0 3 6 0 3 6 ovariectomy
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(9 rats) + NAFOXIDINE
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Fig. 3. Counteraction by Nafoxidine of the rapid regression of the DMBA-induced rat mam-
mary tumors after ovariectomy (GALLEZ et al., 1973)
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Factors Modifying the Activity and Toxicity
of Anticancer Agents
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It is 2 common experience in cancer chemotherapy, as in practically every other
field of therapeutics, that the response to treatment with antineoplastic agents
quite frequently varies between individuals. Variability in therapeutic effectiveness
can depend on the tumor itself and on the host; our knowledge of both these aspects
is still quite limited, especially at the clinical level. In this paper we concentrate
mainly on the host’s contribution to variability, using experimental models to study
factors which, at different levels, may decisively influence the chemotherapeutic
efficacy and toxicity of anticancer agents.

A first factor which may play a role is the genetic constitution of the tumor-
bearing host; this may influence, for instance, various aspects of the metabolism of
exogenous compounds and consequently their bioavailability. Table 1 shows that the
same dose of cyclophosphamide (cyclo-P) injected in CD; or CDF, (Balb/c X DBA/2)
mice gives quite different in vivo effects, since in the F, hybrid mice greater leuko-
penia was observed as well as increased immunosuppressive activity, as revealed by
the lower numbers in the spleen of anti-sheep erythrocyte hemolytic plaque-forming
cells (PFC) detectable with the technique of JERNE and NorpIN (1963). This dif-
ference in cytotoxic activity is attributable to a higher capacity of CDF, mice to
activate the drug; in fact, cyclo-P itself is cytotoxically inactive and must be pro-
cessed by the microsomal system (mainly of the liver) to active metabolite(s) (Brock
and Howorst, 1967; CoNNORs et al., 1970; HiL et al., 1972; SLADEK, 1973). The
CDF, mice display a significantly higher plasma level of cyclo-P-derived alkylating
activity, measurable with the procedure described by Friepman and Boger (1961)
early after drug injection and a much longer duration of this activity. Iz wvitro, liver
microsomal preparations of CDF, mice after incubation with cyclo-P give rise to
more alkylating activity and faster than similar preparations from CD, mice.

Circadian rhythmicity is another often neglected factor which can give different
drug concentrations in the body and thus result in variable responses in vivo.

Possibly the best known example of this daily rhythmicity concerns the meta-
bolism of steroids; a dose of hydrocortisone (1.5 mg/kg i.v.) injected in man at 8 a.m.
gave a plasma half-life of 107 £ 11 min; the same dose administered at 4 p.m. gave
a value of only 73+8 min (MorskLLI et al., 1970 a). This phenomenon is not re-
stricted to steroids but can be observed with other frequently employed antitumor
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drugs, as illustrated in Table 2 for 6-mercaptopurine (6-MP). The same table also
shows the potential importance of another factor in controlling drug levels in the
body and therefore antitumor activity and toxicity, since the daily rhythmicity in
6-MP metabolism is present only in female rats. A further example of the possible
influence of sex in influencing variability of response through a different metabolic

Table 1. In vivo activity and metabolic parameters of cyclophosphamide (50 mg/kg i.v.) in
CD; and (Balb/c X DBA/2)F; hybrid mice

(Balb/e X DBA/2)F; CD,

Leukopenic activity 43+7 73+ 2°
(/0 of controls)

Immunosuppressive activity 765 * 312 4,280 *+ 545°
(PEC/spleen)

Volume of distribution 0.30 * 0.04 0.22 £ 0.10
(1/kg £ 95%0 confid. limits)

Ty plasma alkylating activity 153 * 10 118 £ 7°
(mpmoles HN,-equiv./ml £ S.E.)

Tgo plasma alkylating activity) 60.9 + 3.2 347 £36°
(mpmoles HN,-equiv./ml + S.E.)

T %/2 plasma alkylating activity 50+ 8 20+ 2®
(min £ 95% confid. limits)

In vitro microsomal metabolism 911.6 + 12.7 695.2 + 39.1*

(mpmoles HN;-equiv./g liver + S.E.)

* p <0.05.

Table 2. Influence of time of injection on 6-mercaptopurine (50 mg/kg i.v.)
peak serum levels in Sprague Dawley rats

Time of injection  peak serum levels (ug/ml £+ S.E.)

males females
9.00 a.m. 81 £ 6 50+ 5
9.00 p.m. 90 * 1 99 + 6°
* p <0.05.

capacity may be seen in the marked differences in 6-MP levels in male and female
rats of the same strain given an equal dose of drug at the same hour of the day.

The age of the host can be very important in influencing the effectiveness of
any therapy. Table 3 shows that differences due to age may not depend only on a
different susceptibility to and capacity of recovery from toxicity but also on a dif-
ference in capacity to eliminate the administered compounds.

Another factor which may markedly modify the activity of antineoplastic agents
is additional medication given earlier or concomitantly to the tumor-bearing host.
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Table 3. Serum levels of 6-mercaptopurine (50 mg/kg i.v.) in Sprague Dawley rats
of different.ages

Age 6-MP (ug/ml) after min T % (min)
(days)
1 5 30
21 77 30 11 121
50 71 23 6.7 % 9.0
75 75 10°® 29* 6.2°
* p < 0.05.

Table 4. Plasma levels of methotrexate (500 mg/kg) after oral administration in mice
pretreated with cyclophosphamide (300 mg/kg i.p.) 1 or 7 days earlier

Min after MTX pg/ml MTX

administration
Controls cyclo-P1d cyclo-P7d
15 5.7 11.5* 13.0*
30 4.1 6.1° 85°
60 3.0 6.2° 6.6*°
240 1.4 2.1* 23°
* p < 0.05.

Table 5. Effect of cyclophosphamide (300 mg/kg i.p.) pretreatment on serum level of 6-
mercaptopurine (50 mg/kg) injected intravenously 7 days later in mice

Pretreatment pg/ml after min T% (min) Vd (1/kg)
1 15 30
Saline 51.92 + 2.9 160 *+ 1.1 9.4 +03 524 0.82
(446"—6'04")  (0.64—1.00)
Cyclo-P 66.1 *30° 271 +15° 218 £ 1.5°* 11207* 0.91

(8'25"—1415") (0.79—1.13)

* p<0.01.

Table 6. Serum levels of daunomycin (800 mg/kg os) in mice pretreated 7 days earlier
with cyclophosphamide (300 mg/kg i.p.)

Pretreatment ug/ml after min

15 30 240
Saline 16601 55302 863 %01
Cyclo-P 507 £ 0.1°* 387 *0.1°® 483%01°

* p<0.01.
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At a time when multiple treatments are almost standard practice in cancer chemo-
therapy, drug interactions are particularly important. From Table 4 it can be seen
that if mice have been pretreated with cyclo-P 1 or 7 days previously, subsequent
oral administration of methotrexate (MTX) results in MTX blood levels that are
twice as high as in controls. A second example, which does not seem to be even
partly explainable by a greater degree of drug absorption through the damaged gut,
as in the case presented above, is shown in Table 5. A doubling of the serum half-
life of intravenously administered 6-MP is seen in mice given a single injection of
cyclo-P one week earlier. In both these cases the long duration of the effects of
these pretreatments is apparent. To show how complicated the picture may be, it
should be noted that the same type of pretreatment will not always result in the
same qualitative kind of modification of the bioavailability of subsequently ad-
ministered drugs. As shown in Table 6, whereas pretreatment of mice with cyclo-P
prolonged the half-life of 6-MP and MTX, reduced blood levels are seen with
daunomycin. Failure of a generally appropriate dose of agent to reach its full anti-
tumoral effect may be seen as a form of toxicity. These results emphasize once again
the importance of monitoring drug levels so as to adapt the treatment to the in-
dividual patient.

Table 7. Immunodepressive activity in mice of the L-asparaginase-methotrexate combination
according to the relative order of injection of the two agents

L-asparaginase  Methotrexate = PFC/spleen

1.U./mouse i.p. mg/kg i.p. (X 10%)
— — 420

50 (day 0) — 60°
— 20 (day 1) 6°
50 (day 0) 20 (day 1) 56°

Methotrexate  L-asparaginase PFC/spleen

mg/kg i.p. 1.U./mouse i.p. (X 103)
— —_ 335

20 (day 0) — 38°
- 50 (day 1) 213

20 (day 0) 50 (day 1) 37°®

® p<0.05. CD; mice were injected with 4.10% sheep erythrocytes i.p. on day 0; the
immune response was assessed on day 4 by JERNE’s technique.

With combination chemotherapy the order of drug administration should also
be considered, since it may determine whether synergism or antagonism operates.
Table 7 shows that, if L-asparaginase is injected in mice before MTX, the immuno-
suppressive effect of MTX can be abolished or very markedly reduced, i.e. when
the enzyme is administered 3—24 h before the antifolic. The same schedule-dependent
antagonism affects the antitumoral activity of this combination, witness the number
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of L5178 Y leukemia cells present in the peritoneal cavity in the different experi-
mental groups (Table 8). When MTX is given first, neither antagonism nor synergism
is observed. A discussion of the mechanisms that could underlie these observations
is presented elsewhere (SPREAFICO et al., 1973 a), together with further examples of
drug interaction in cytotoxic treatment. One more example is presented here, since
it concerns two drugs widely used in clinical treatment: prednisone and cyclo-P

(Table 9).

Table 8. Antileukemic effect of methotrexate in mice pretreated with L-asparaginase

Exp. group No. of L 5178 Y leukemia cells (X 108)
in the peritoneal cavity at day
7 8
Controls 121.4 216.3
L-asparaginase 47.1 96.7
MTX 6.3 19.2
L-asparaginase + MTX 326* 61.8*

* p<0.01. CDF, mice were injected with 105 L 5178 Y cells i.p. on day 0, and with
L-asparaginase (25,000 L.U./kg i.p.) on days 1 and 2; MTX (20 mg/kg i.p.) was injected on
day 2, 4 h after L-asparaginase.

Table 9. Immunosuppressive activity in mice of the prednisone~cyclophosphamide combination
according to the time of injection of each drug

Treatment Day of PFC/spleen
(mg/kg i.p.) injection (%o of controls)
Predn. 50 lor2 100

Cyclo-P 25 2 2.3

Predn. 50+ 1 7.4®
Cyclo-P 25 2

Cyclo-P25 + 2 0.5°

Predn. 50 2

* p < 0.05. Mice were injected on day 0 with 4.108 sheep erythrocytes; immune response
was assessed on day 4 by Jerne’s technique.

The cancer patient is frequently given not only anticancer drugs but also other
types of medication (RaLL, 1967) administered as general supportive treatment for
additional specific medical problems. We have investigated possible interactions be-
tween antineoplastic drugs and other agents. Table 10 shows the remarkable increase
in the immunosuppressive activity of 6-MP injected in mice pretreated with two
doses of phenobarbital (typifying a class of agents very frequently employed in
hospitals). A modification in cytotoxic activity following treatment with pheno-
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barbital was observed for other antitumor agents. Among drugs so far tested, an
increase in immunosuppressive activity has been found in mice given doses of 1,3-
bis(2-chloroethyl)-1-nitrosourea (BCNU), procarbanize and triethylen-melamine,
whereas a strong reduction in activity was seen for hydrocortisone and cyclo-P. To
re-emphasize the possible effect of the treatment schedule on the effectiveness and

Table 10. Effect of phenobarbital pretreatment on the immunosuppressive
activity of 6-mercaptopurine in mice

Exp. group PFC/spleen
Controls 418,300
Phenobarb. 432,600
6-MP 53,750

Phenobarb. + 6-MP 16,920*

* p < 0.01. Phenobarb. (80 mg/kg i.p.) was injected on days O and 1, 6-MP (100 mg/kg
i.v.) was injected on day 2.

Table 11. Immune responsiveness in mice chronically treated with phenobarbital and given
single or repeated injections of cyclophosphamide

Exp. group Dose PFC/spleen
(mg/kg i.p.)

Controls — 296,425

Phenobarb. 40 X 6 282,650

Cyclo-P 35X 1 33,875

Phenobarb. 4+ 40 X 6 149,880 *

Cyclo-P 35 X1

Cyclo-P 35X 4 7,540

Phenobarb. + 40X 6 1,635°®

Cyclo-P 35X 4

® p < 0.01. CDF; mice challenged with 4.108 sheep erythrocytes on day O, were given
phenobarbital from days —4 to —1; immune response was assessed by JERNE’s technique
on day 4.

safety of a chemotherapeutic treatment, the data presented in Table 11 may be use-
ful. In mice pretreated with a series of injections of phenobarbital, the effect of a
subsequent single dose of cyclo-P is markedly reduced in comparison with animals
given only the immunosuppressant. Conversely, a marked increase in the cytotoxic
activity of cyclo-P is observed when animals chronically treated with barbiturate
are given, instead of single injections, a more prolonged course of cyclo-P (SerEAFICO
et al., 1973 b). Lastly, it should be noted that the influence of other drugs on the
host’s metabolic capacity relative to antitumoral compounds can be very long-lasting:
in man, a marked decrease in the half-life of corticosteroids can be seen as long as
20 days after stopping barbiturate treatment (MORSELLI et al., 1970 b).
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In conclusion, the examples given illustrate only some of the factors which may
affect the toxicity and alter the effectiveness of available antitumor treatment. It is
clear that much still remains to be learned concerning the pharmacology of anticancer
agents if we aim to administer rational, on-target cancer therapy.
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Modification of Drug Metabolism Induced in the Host
by the Presence of a Tumor

I. BARTO3EK, M. G. DONELLI, and A. GUAITANI

Istituto di Ricerche Farmacologiche ,,Mario Negri“, Milano

The presence of a tumor in a host results in marked changes at the levels of
various organs, including the liver. A functional change in the liver metabolism may
be detected by measuring the activity and the metabolism of drugs.

An example of these modifications is the significant difference in sleeping time
following pentobarbital administration to Sprague Dawley rats. It was shown that
rats bearing Walker 256 carcinosarcoma sleep longer (71 £ 9 min) than controls (16 *
2 min) after receiving the same dose of the barbiturate.

The pentobarbital levels in plasma and in brain were much higher in tumor-
bearing rats than in control animals (Rosso et al., 1968). The activities of liver
microsomal enzymes that are responsible for the hydroxylation and hence detoxifica-
tion of pentobarbital were considerably decreased in tumor bearing animals (Rosso
et al., 1971).

In order to analyze the metabolic role of liver in the presence of a tumor the
technique of isolated perfused liver was used. This technique obviates the problems
encountered iz vivo, where a drug is not only metabolized but also excreted, or
bound to proteins and distributed in several tissues. It also has the advantage over
in vitro enzyme preparations (e.g. liver microsomal enzymes) of maintaining the
integrity of the liver cells.

Moreover, the conditions of liver perfusion can easily be modified, e.g. by pre-
treating separately the donors of the liver or of the blood for the perfusion, by
changing the composition of the perfusion medium, by introducing substrates by
infusion, by using dialysis, or by changing blood flow, temperature, etc.

In the perfusion apparatus utilized in this study, the liver was attached through
the portal vein to a cannula and supported by a soft membrane. Samples of the
perfusing medium were collected after its passage through the liver; the medium
was then saturated by a gas mixture containing 95%0 O, + 5% CO, in a thin-film
rotating oxygenator. The roller pump supplies the oxygenated medium through two
containers, which also function as bubble traps before the liquid reaches the liver
¢annula (Fig. 1) (BARTOSEK et al., 1972 a).

In our experiments male Sprague Dawley rats weighing 220+ 10 g were used as
donors of liver and blood. Walker 256 carcinosarcoma was transplanted subcutane-
ously 12 days before the animals were used as donors of blood and/or liver in the
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perfusion experiments. The average weight of liver of normal rats was 10.3+0.4 g
and that of tumor-bearing animals 12.0 0.4 g. The average weight of Walker tumors
was 329t 1.6g.

The perfusion medium was /s heparinized and defibrinated rat blood, 1/s homo-
logous serum and /3 Krebs-Ringer bicarbonate buffer at pH 7.4. The drugs under
study were added to the perfusion medium in concentrations of from 20—150 pg/ml.
The liver was perfused by recirculation; the flow of the medium was 1 ml min™t g
of liver. The total volume of medium used was proportional to the weight of the
liver (5 ml of medium to 1 g of hepatic tissue).

S0

Manometer

4
W Blood
container

Blood
container

Sampler _ﬁ

Dialysis

Rotating thin film oxygenator

Fig. 1. Functional scheme of the perfusion apparatus. The arrows indicate the flow of per-
fusion medium

The level of the pentobarbital added to the medium decreased by a first-order
rate from 10—180 min of liver perfusion (BARTOSEK et al., 1972 b).

The half-life of pentobarbital (T %) was 10 times higher when livers isolated from
tumor-bearing rats were perfused with blood from the same group of animals than
in control experiments with normal rats (Table 1). It was evident from cross ex-
periments (liver obtained from control animals and blood obtained from tumor-
bearing animals and wvice versa) that the metabolic capacity of the liver was also
impaired when the blood of tumor-bearing animals was utilized.

A similar situation is revealed by measuring the formation of cyclophosphamide
metabolites by the perfused liver. The total quantity of reactive products was mea-
sured in terms of nor-HN, equivalents (FRIEDMAN and BOGER, 1961) and expressed
by the rate constant of their increase in the medium. The presence of Walker car-
cinosarcoma inhibited the formation of reactive metabolites in the liver. The “in-
hibitory signal” was also present in blood of tumor-bearing animals as was demon-
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strated by cross experiments (Table 2). These data were in good agreement with the
results obtained iz vivo (Table 3).

Table 1. Pentobarbita] elimination from the medium during rat liver perfusion

Liver Blood Half-life of pentobarbital *
T % min

Normal Normal 32.2°

Walker © Walker 323.0

Normal Walker 88.0

Walker Normal 116.5

* Initial concentration of pentobarbital was 25 pg/ml of the medium.
® Mean of 5 experiments. p < 0.01.
¢ Walker 256 carcinosarcoma.

Table 2. Cyclophosphamide transformation during rat liver perfusion ®

Liver Blood First-order rate constant
K,; X 1078 min™

Normal Normal 304 £ 35"
Walker © Walker 12.6 * 0.9
Normal Walker 182 + 1.3
Walker Normal 11.4 £ 0.8

* Formation of metabolic products expressed in nor-HN, equivalents.

® Mean of 5 experiments.

¢ Walker 256 carcinosarcoma.

The initial concentration of cyclophosphamide was 150 pg/ml of medium.

Table 3. Concentration of Cyclophosphamide metabolites in rat serum ®

Min after  mp moles of nor-HN;, equivalents/ml

treatment
Controls Walker
1 320+ 43 47.6 * 10.0
5 739+ 5.1 47.6 =+ 7.8°
10 97.0 =+ 4.3 625+ 22°
15 103.5 + 2.8 731+ 33°
20 1315 + 124 781+ 7.8°
40 1199 + 2.2 822 + 13.1°
60 93.7 + 12.4 60.8 + 7.1
120 189 + 1.6 222+ 25
180 <10 123 + 3.8

]

* The drug was administered intravenously in a dose of 80 mg/kg body wt.
* p < 0.05 with respect to controls.
¢ p < 0.01 with respect to controls.
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These examples show that in the presence of tumors the rate of metabolism in
the liver may be decreased for certain drugs. Nevertheless, the opposite case was also
found. The disappearance of hydrocortisone from plasma of rats bearing Walker 256
carcinosarcoma was accelerated iz vivo in respect to normal rats (MARc et al., (1973).
Accordingly the metabolic capacity of livers obtained from tumor-bearing rats was
found to be increased for this drug.

This was more evident with 9000 xg liver fraction of tumor bearing rats (78.5
3.6%0 clearance) than in analogous control experiments with normal animals (52.6 =
3.4% clearance).

Increased elimination of hydrocortisone from the medium was also found during
the perfusion of isolated livers, i.e. the half-life (T ) of this steroid was shorter in
tumor-bearing rats than in controls. Cross experiments demonstrated that in this

case the blood of tumor bearing animals did not influence the metabolic activity of
liver tissue (Table 4).

Table 4. Hydrocortisone elimination from the medium during rat liver perfusion

Liver Blood Half-life of hydrocortisone
T % min

Normal Normal 224 + 04"

Walker © Walker 12.8 £ 1.2

Normal Walker 23.8 + 0.1

Walker Normal 135+ 1.8

* Initial concentration of hydrocortisone was 20 pg/ml of medium.
® Mean of 5 experiments.
¢ Walker 256 carcinosarcoma.

Table 5. Blood levels of 6-mercaptopurine in rats®

Min after 6-mercaptopurine concn. pug/ml

treatment
Controls Walker
1 95.1 + 2.1 41.6 £ 1.4°
5 23.6 + 1.6 10.1 = 0.9°
15 159 + 2.6 1.2+ 05°
30 33+ 07 0.5+ 0.3

® The drug was administered intravenously in a dose of 80 mg/kg body wt.
® p < 0.01 relative to controls. Each figure represents an average of 5 assays.

Some discrepancies between the in vivo and the in vitro results should also be
mentioned. We expected in view of the results obtained in vivo (Table 5) (DoNELLI
et al., 1972) that the elimination of 6-mercaptopurine would be increased in the
perfusion of the liver obtained from tumor-bearing in respect to normal rats. How-
ever, no difference could be observed (Table 6).
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Table 6. 6-mercaptopurine disappearance from the perfusion medium *

Liver Blood Half-life of 6-mercaptopurine
T % min

Normal Normal 42,5 & 5.6°
Walker Walker 346 * 3.6

* Initial concentration of 6-mercaptopurine was 50 pg/ml of perfusion medium.
® Mean of 6 experiments. p < 0.05.

It is very difficult to explain these various findings in a simple manner. The
decreased metabolism of pentobarbital and of cyclophosphamzde may be consequent
upon the release of an “inhibitory signal” from the growing tumor that decreases
the activity of liver microsomal enzymes, perhaps by affecting the synthesis or the
activity of one or more of the components necessary for the electron transport chain
mediated by cytochrome P, .

On the other hand the presence of the tumor may be regarded as a continuous
stress which increases the production of corticosteroids. The enhanced levels of these
hormones may elicit “autoinduction” of the enzymes which metabolize them in the
liver (MaRc et al., 1973).

The metabolism of pyrimidines and purines is under a strict cellular control that
limits their uptake to the necessary amounts. The effect observed iz vivo may there-
fore take place in tissues other than the liver (DoNELLI et al., 1972).

This altered metabolism in the liver due to the presence of a tumor may be en-
hanced by extrahepatic mechanisms that contribute to the debilitation of the tumor
host. An example of this situation may be the increased mobilization of free fatty
acids which depletes the triglycerides stored in the adipose tissue of rats bearing
Walker carcinosarcoma (Bizzi et al., 1968).

It is beyond the scope of this presentation to describe and to analyze all the
changes induced in the host by the presence of a tumor.

On the basis of the experimental data presented here, the following conclusions
may be drawn:

1. The capacity of the liver to metabolize different compounds both iz vivo and
in vitro is changed in tumor-bearing animals relative to normal animals.

2. The rate of drug metabolism in the liver may either increase (e.g. hydrocorti-
sone, 6-mercaptopurine) or decrease (e.g. pentobarbital, cyclophosphamlde) in the
presence of a tumor.

3. Use of the technique of isolated liver perfusion in determining the observed
changes of drug disposition makes it possible to establish separately for blood and
liver the extent of participation.

Acknowledgement

The work here described has been supported by NIH Contract No. NCI-C-
723242 and by Contract No. 71.00821.04 of the Consiglio Nazionale delle Ricerche.



100 1. BArRTOSEK et al.: Modification of Drug Metabolism

References

BARTOSEK, 1., GUAITANI, A., GARATTINI, S.: Long-term perfusion of isolated rat liver. Phar-
macology 8, 244 (1972 a).

BARTOSEK, 1., GuarTang, A., DoneLLi, M. G.: Prolonged metabolism of pentobarbital in iso-
lated perfused liver of tumor-bearing rats. Biochem. Pharmacol. 21, 2359 (1972 b).

BarTOSER, 1., Marc, V., GuarTani, A., GARATTINI, S.: Accelerated catabolism of hydro-
cortisone in isolated perfused liver of tumor-bearing rats. Biochem. Pharmacol. 22, 2429
(1973).

Bizzi, A., GARATTINI, S., GUAITANI, A.: Mobilization of plasma free fatty acids during the
growth of various experimental tumors. Europ. J. Cancer 4, 117 (1968).

Donerr, M. G., Coromeo, T., FORGIONE, A., GArATTINI, S.: Distribution of 6-mercapto-
purine in tumor-bearing animals. Pharmacology 8, 311 (1972).

FriepMaN, O. M., BoGEgr, E.: Colorimetric estimation of nitrogen mustards in aqueous media.
Hydrolytic behaviour of bis/beta-chlorethyl/amine, nor-HN2. Anal. Chem. 33, 906 (1961).

Marc, V., DoneLL, M. G., BArRTO$EK, 1., Guarrani, A., MorserLLy, P. L.: Metabolism of
exogenous cortisol in tumor-bearing rats. Europ. J. Cancer (in press).

Rosso, R., Dorring, E., DoNeLLL, M. G.: Prolonged effect of pentobarbital in tumor-bearing
rats. Europ. J. Cancer 4, 133 (1968).

Rosso, R., DonNeLL:, M. G., FraNcHI, G., GARATTINI, S.: Impairment of drug metabolism
in tumor-bearing animals. Europ. J. Cancer 7, 565 (1971).



Is Local Chemotherapy Less Toxic than Systemic?

P. J. SINDRAM
Centre National de la Recherche Scientifique (C.N.R.S.), Paris/France

In recent years the superiority of intra-arterial administration of cytotoxic drugs
over their systemic use has been questioned. Clinical evaluation has not been pos-
sible because of the small number of patients treated in each separate center and the
lack of standardization of drug schedules. It therefore seemed important to get fur-
ther information from animal experiment’s. The following questions were asked:

1. It is possible to set up an animal model suitable for continuous intra-arterial
infusion with methotrexate (MTX)?

2. In this model, is the anti-tumor effect of regional continuous intra-arterial
infusion of MTX superior to continuous systemic administration.

In the rat, occlusive catheterization of a common carotid artery provides a good
model for regional infusion of a rhabdomyosarcoma transplanted in one auricle. A



102 P. J. StnpraM: Is Local Chemotherapy Less Toxic than Systemic?

symmetrically transplanted tumor in the other auricle makes it possible to measure
the anti-tumor effects of systemic MTX in the same animal. The catheter is im-
planted in such a way that the rat cannot pull it out and yet can move freely within
its cage.

The results are presented for continuous infusion of MTX for 7 days at 3 dose
levels; the doses are plotted horizontally on a logarithmic scale (Fig. 1) and mortality
(not noted in the figure) is about 0%, 5090 and 100%, respectively. Tumor volume
after 7 days infusion is indicated on the ordinate as percentage of tumor volume
at the beginning of an infusion. The shaded areas indicate the increase in tumor
volume during 7 days of saline control infusion. At all dose levels on the local in-
fusion side, we see significantly less increase in tumor volume over the value for
the saline control. On the systemic side only the highest dose gives significantly less
increase in volume compared with the saline control infusion.

If we extrapolate backward the line that represents the effect of local infusion
of MTX, we get on that line the same effects as with systemic MTX at a 2.89 times
lower dose. However, part of this effect is also seen with saline. If we apply a cor-
rection for this saline effect, the real gain with intra-arterial infusion in this model
is a factor of 2.0.

Further studies are planned to evaluate MTX in combination with Leucovorin.
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Pharmacokinetic Simulation: A Future Means for Better
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In chemotherapy we should like to have a methodology which is the analogy to
modern radiation dosimetry. In radiation therapy we calculate not only how much
radiation comes out of the x-ray port but how much reaches each tissue of interest.
In chemotherapy we would like to know not only the dose per square meter of
the drug we have introduced into the patient but also how the drug is distributed.
What is the concentration as a function of time in the tumor and in tissues which
are susceptible to side effects? What is the effect of tissue metabolism on the blood
concentration and on the drug distribution? Pharmacokinetics, and pharmacokinetics
simulation by computer, promises to provide such a tool.

In 1968 Deprick and Biscuorr (1968) correctly observed that the dominant
feature determining the distribution of drugs by the blood stream is the rate of
blood flow to a tissue as compared with the volume of that tissue. The distribution
may be further modified by protein or tissue binding characteristics of the drug which
can change the rate of diffusion. In the simplest cases, however, diffusion effects are
fapid as compared to the effects of blood flow and thus the presence of secondary
binding does not effect distribution. The concentration in a tissue is also effected by
the metabolism in that tissue which in turn effects the concentration in the blood.
It is possible to set up a system of differential equations which describe the changes
in concentration of drugs as a function of time in the blood and in each tissue. These
equations have the following form:

‘3% VT = QBT.CB — QBT.CT — Metabolism + KT
where CT is the concentration in the tissue, VT is the total volume of the tissue and
the venous blood in equilibrium with it, QBT is the rate of blood flow to the tissue,
CB the concentration in the blood, and CT the concentration in the tissue. KT is
a term which describes the special characteristics of a particular tissue, such as urinary
clearance in the kidney or biliary excretion in the liver. The metabolic term is de-
fined as a Michaelis-Menten equation of the following form:

Metabolism = VMAXT:-VTA-CT/KMT + CT)

* This work is supported by NIH Grant No. CA-12369.
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where VMAXT is the maximum metabolic rate, VTA the volume of the tissue which
is metabolically active (usually the tissue minus the blood), and KMT is the Michaelis
constant.

Clearly, if every tissue is a compartment, these models have very many para-
meters, but the advantage is that these parameters can be obtained from in vivo and
in vitro experiments in man, or by a physiological scaling of data obtained on ani-
mals. In this manner the distribution of thiopental following injection of a known
dose has been accurately modeled (Biscrorr and Deprick, 1968), as has the distri-
bution of a much more complicated drug, methotrexate (BiscHOFF and DEeDRICK,
1971).

Our contribution has been to provide an interactive computer modeling system
using computer graphics to carry out such simulations and to explore the various
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PLOT CURVES TEMPORARY COPY CONT INUE THIN THIS DATA! VARIABLES
06/14/73 23:37 MODEL _EDITOR SAVE SETUP INTEGRATION

Il 5.00E+02 ﬂ
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cB___-] 1 |cB 8
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X-NAME =[IIME__ NOW X = 2.00E+01

PLOTTING INTERVAL =I2.50£—01! STOP IF X IZ 1.00E+5d

Fig. 1. BIOMOD graphics display of cytosine arabinoside pharmacokinetic simulation in

70 kg man. Dose: 100 mg/meter®, Ordinate: Concentration of drug on logarithmic scale.

Abscissa: Time in minutes. CT = Concentration in testicular tissues; CB = Blood; CG =
Gut; CM = Bone marrow. Note similarity of testis to marrow
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ramifications of such models (LINCOLN et al., 1973). For this we have used a RAND-
developed biological modeling system called BIOMOD (GroNER and CLARK, 1971).
This is a very general computer graphics modeling package which allows the con-
struction of models in an organized modular way using flow diagrams, and offers a
means of programming in mathematical equations rather than, for example, in
FORTRAN. Pharmacokinetics is but a single example of its capacities.

We present here simulation results which show the concentration of cytosine
arabinoside as a function of time in various body compartments in a 70 kg man.
It extends some work previously reported by LINCOLN et al. At a recent meeting
Professor Mathé asked me to examine a testis compartment, to study the concentra-
tion vs. time curves for that organ, and to consider ways of improving the effec-
tiveness of drug impact on the testicular tissue.

JUSER: TLL GO _TO: DO: DISPLAY:
MODEL : PHARM7 LOGOFF RESTART HARDCOPY PLOT

TOP PROCESS STOP THIN ALL DATA PARAMETERS

PLOT CURVES TEMPORARY COPY]| CONT INUE THIN THIS DATA| VARIABLES

06/14/73 23:37 MODEL _EDITOR SAVE SETUP INTEGRATION

X= 3.47E+00 , Y= 2.51E+01
[ 5.00ev011]

Y-NAME [RUN| ID

ca____|xe kcapifroo
_______ Y= ¢.5]¢p01
cI____| 1 JcI ’

[ 1.00E-02 1]
[~ _0.00E+00 -} [LINEAR] - 30 -

X-NAME =|TIIME__ NOW X = 2.00E+01
PLOTTING INTERVAL =|8.50E—01' STOP IF X IZ 1.00E+5[JI

Fig. 2. BIOMOD display with linear scale of drug concentration. Pointer identifies maximum
‘concentration in testis at ~ 3.5 min after start of simulated 1 min injection of cytosine
arabinoside

t
«SHIFT-
]




106 Ta. LincoLN and E. J. FREIREICH

If the suggestion is indeed correct, then the results of these computations are
particularly satisfying: a rather complicated and expensive analysis leads to a simple
clinical rule of thumb which is low in cost and easy to perform.

We extended our previous model by creating the appropriate differential equa-
tion for the testis and introducing the best values available to us for the parameters.
To modify the model took less than thirty minutes at the computer console. The
major effort required was to find good data on the testis. Professor Eik-Ngs at USC
was able to provide us with the most accurate information. The blood flow rate in
mammals appears to be a constant of 1.5 ml of blood per 10 g of tissue per minute
(EIk-NEs, comm.). Organ sizes were taken from MarLEsON (1963). In the absence
of data on the metabolism of cytosine arabinoside by the testis, it was considered
to be negligible, although this may not be the case.

The simulation predicts the concentration ws. time to be almost the same as that
predicted for the bone-marrow, given assumptions of normal physiology (Fig. 1).
The testis, however, offers two fortuitous advantages because it is an external and
isolated organ. First, it should be possible to validate the hypothetical simulated re-
sults by cannulating the superficial testicular vein and observing the changes in con-
centration of the drug directly. Given the model, this blood would be presumed to
be in equilibrium with the testis. Further, the nature of the model suggests a means
of altering the exposure of the tissue to the drug. It will be noted from Fig. 1 that
the peak concentration of the drug corresponds to the point where the concentration
in the blood falls below the concentration in the tissue. In qualitative terms, the
circulation of the blood through the tissue increases the concentration in the tissue
so long as the concentration in the blood is higher, and diminishes the tissue concen-
tration later when the concentration in the blood is lower. Thus it should be pos-
sible to maintain the concentration in the tissue at the maximum level (or at least
to reduce its fall, if metabolism occurs) if the circulation is cut off for an acceptable
period of time just as the maximum concentration is reached. In this case, pharmaco-
kinetic simulation leads to a concrete medical suggestion: increased drug exposure
should be achieved by manually occluding the circulation to the testis at the base
of the scrotum approximately 3.5 min after the start of a 1-min intravenous injec-
tion of cytosine arabinoside. The time of 3.5 min is the maximum obtained from a
simulation which includes, in addition to the differential equations for distribution,
an injection function to simulate the i.v. push (BELLMAN et al., 1960), a Laplace
transform to simulate initial blood mixing based on dye dilution experiments (Z1ERr-
LER, 1962), and an 8-sec delay for the venous transfer from the antecubital fossa
(see Fig. 2).
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Introduction

It has been long known that in some types of malignant disease there exists an
associated propensity to develop other malignant tumors. Acute leukemia compli-
cating the course of polycythemia vera and the increased incidence of skin cancer
in chronic lymphocytic leukemia are well known (Mopan, 1965; HyMan, 1969). It
has remained enigmatic whether the disease renders the host more likely to develop
second tumors or whether the therapy itself in certain settings, is capable of inducing
genetic changes which subsequently lead to malignant degeneration. The importance
of second tumor induction emerges only if the patient with advanced disease can
survive, with treatment, long enough to increase his risk. This is especially true in
the atomic bomb radiation induced leukemias where a latent period of over 5 years
was required before an increased incidence of leukemia was noted (Bizzozero et 4l.,
1966).

In the last ten years, advances in the treatment of Hodgkin’s disease have in-
volved the intensive application of radiation or chemotherapy in high dosage and
over long periods of time (KarLAN et al., 1966). The resultant prolonged disease-
free survival of patients with both advanced and localized disease have made avail-
able a study population which have received these intensive modalities alone or in
combination and thus permit an assessment of the incidence of new malignancies in
these populations.

Methods

Four hundred and thirty eight cases of Hodgkin’s disease treated and followed
at NCI were divided into subgroups according to the type of treatment received
and the incidence of new second malignancies recorded. The data are calculated on
the basis of age, sex and man-years of observation and the expected risk of de-
veloping second tumors derived from the Third National Cancer Survey of 1969.
The data are expressed as ratios of the observed over the expected incidence. The
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2 patients who developed acute myeloid leukemia had cytogenic studies performed
by Dr. J. WaaNG-PENG, 1970, NCI.

The category of intensive chemotherapy (IC) includes patients who received at
least 6 monthly cycles of combination chemotherapy (MOPP) according to dosage
schedules previously reported (DEVITA et al., 1970).

Intensive radiation therapy includes the application of at least 3000 r in a unified
course of treatment to all axial lymph node regions (total nodal irradiation); primary
involved nodes plus contiguous nodes area (extended field irradiation). The group
which received both IR +IC was comprised of basically two types: 1. Patients who
presented with localized disease, received intensive radiotherapy, subsequently re-
lapsed with systemic disease and thus treated with intensive chemotherapy (IC and
2. patients with IIIB Hodgkin’s disease who were treated on a protocol which in-
cluded at least 6 months cycles of MOPP to complete remission and, after a 3—7
month rest period in remission, treated with total nodal irradiation (CANELLOS ef al.,
1972). Abbreviations are listed in Fig. 1.

IC = Intensive Chemotherapy Cyclic
Combination — MOPP

IR = Intensive Radiotherapy (>3500r)

Mantle
* < Mantle Plus Extended Field
Total Nodal

*Given as a Unified Course
Fig. 1. Abbreviations for different treatments

Results

A total of 14 second tumors were noted in 438 patients after the initiation of
therapy. The distribution of numbers of tumors according to the type of treatment
and duration of follow-up in man-years of observation is shown in Fig. 2. The data
are compared to the expected incidence. It can be seen that patients who received
both intensive radiation therapy and intensive chemotherapy (IR 4-IC) had a 10.4%
second cancer incidence compared to 2.3% in the remaining sub-groups. The data
assume greater significance when analyzed according to the expected incidence for
the age groups at risk and the observation period. At this point in time, patients in
the sub-group IR 4+ IC have 23 times higher incidence of tumors over the expected.
These numbers are quite significant (p << 0.05). Fig.3 divides the composition of
this high risk group according to the intervening duration between the administra-
tion of the intensive therapies. The majority of cases occurred in the group where
relapse of Hodgkin’s disease occurred between therapies (IR — IC). This may have
some significance if one assumes that a degree of Hodgkin’s disease-related impaired
cellular immunity can contribute to the oncogenic factors. The types of tumors seen
are listed in Fig. 4. All were highly malignant and fatal including two cases of acute
myeloid leukemia.

The cytogenetic studies of both leukemic patients are outlined in the Table. It
is of note that both patients demonstrated grossly similar aneuploid cell lines of
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HODGKIN’S DISEASE
RISK OF SECOND MALIGNANCY WITH INTENSIVE THERAPY

Major Mode(s) Number of Observation Perjod Number of Second Tumors OBS/EXP

of Therapy Patients (man years) 0BS EXP
IR 149 562 4 1.08 3.8+
ic 110 371 3 094 3.2
IR+IC 48 171 5 0.21 23.0*
NIT 131 543 2 1.28 1.6
IR = Total nodal or extended field radiotherapy *p <0.05

IC = MOPP or COPP chemotherapy for a minimum of 6 months

NIT = No intensive therapy
Fig. 2. The risk of second malignancies according to treatment groups

HODGKIN'S DISEASE

SECOND TUMORS
Sequence Total Mean Second
of Patients !Mterval  mafignancy
Treatment {Months)
IR—IC 26 22 4
iIc - IR 22 7 1

Fig. 3. Second tumors in Hodgkin’s receiving both intensive therapies in different sequences

HODGKIN’S DISEASE

SECOND MALIGNANCIES AFTER INTENSIVE
RADIOTHERAPY AND CHEMOTHERAPY

Time from completion of therapy to
Case diagnosis of second malignancy Histologic Diagnosis
{months)

Radiotherapy — MOPP

w.w. 17 9 Squamous cell carcinoma—Skin
53/m

J.McC. 5 4 Undifferentiated mucin-

23/m secreting carcinoma—Lung

E.B. 3 2 Fibrosarcoma—Chest wall

18/m

LW. 17 e 28 Acute Myelomonocytic

19/f Leukemia

R.H. 36 7 Acute Myeloblastic Leukemia
27/m

Fig. 4. Various types of cancer complicating the course of Hodgkin’s disease
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Table. Cytogenetics of acute myeloid leukemia complicating Hodgkin’s disease

Chromosome number

R.H. 27 M 44 45 46
12/26/72 2 7 (C) 13
1/30/73 3 (C-1) 1

L.D. 21 F ‘
2/6/73 45 46

38 (C-) 2
3/13/73 5(C-)

(C-) = Missing chromosome in C group.

45 chromosomes with a missing chromosome in the C group. Chromosome banding
studies were not performed so that it is not possible to determine whether the defects
were identical in both patients.

Discussion

The potential for an increased risk of developing second malignancies in the
course of Hodgkin’s disease has been considered in the past (Razis et al., 1959;
MoerTEL and HAGEDORN, 1957; BERG, 1967). The overall incidence ranges from
1.6—2.2%0 in reported series. These analyses failed to define the role of therapy as
a possible factor in tumor induction. A previous report from our group defined a
highly significant difference between the incidence of second tumors in patients who
received both intensive radiation and chemotherapy. In that report no cases of acute
leukemia were noted (ARSENEAU et al., 1972). Since then we have expanded our
IR +IC group from 35 'to 48 patients at risk and have noted two cases of acute
leukemia. Despite an expanded man-years of observation the highly significant cor-
relation is maintained.

Our observations indicate that patients with Hodgkin’s disease do indeed have
a higher incidence of second tumors than the general population and further, that
one treatment subgroup has a considerably higher risk than all the others.

It is difficult to precisely define an oncogenic mechanism in these patients since
at least three factors may be involved. First, there is the known impairment of cel-
lular immunity which characterizes advanced Hodgkin’s disease (YOUNG et al., 1972).
Certain congenital diseases with immunologic deficiency as well as chronic lympho-
cytic leukemia appear to have an increased risk of second tumor (GarTI and Goop,
1971). Second, the immunosuppressive effects of radiation and chemotherapy are
well known (BoreLLa et al., 1971). The MOPP regimen entails 2 weekly rest periods
off treatment during a monthly course which may permit some repair of immuno-
suppression or rebound of immunocompetence. There is known to be increased inci-
dence of cerebral histiocytic lymphoma in renal transplant patients where chronic,
continuous immunosuppression is applied (Doak et al., 1968). Perhaps it is signifi-
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cant that a greater number of tumors occurred in patients who experienced an in-
tervening relapse of their disease between intensive therapies. Third, there is the
direct cellular affects of these treatments on genetic structures of the cell. The in-
creased incidence of leukemia following radiation from the atomic explosions in
Japan, and following therapeutic application for ankylosing spondylitis is well
defined (CourT-BrOWN and Dott, 1957). Cancer chemotherapy in man has not been
clearly associated with second cancers perhaps because these are drugs that are
usually administered to patients with advanced malignancy and limited prognosis.
However, long term follow-up of women cured of gestational neoplasms with metho-
trexate therapy has not shown an increase risk on second cancer (Ross and LirsETT).
Recently the occurrence of acute leukemia in the course of multiple myeloma has
suggested that perhaps chronic oral alkylating agents treatment may be an oncogenic
factor (KYLE et al., 1970). Further the drug procarbazine which is included in the
MOPP regimen has a marked carcinogenic effect in experimental animals (O’Gara
et al., 1971). This agent is also immunosuppressive.

It should be noted that the five second tumors in our IR +IC series all occurred
in the regions where intensive radiation was applied including the bone marrow.
Cytogenetic studies revealed consistent chromosomal defects in both leukemic patients
which, in part, could be direct effects of these treatments. In general, the chromo-
somal aberrations associated with radiation are random and nonspecific (WARREN
and MEISNER, 1965). The C group (6-X-12) is the largest single subgroup of chromo-
somes and thus might be more likely to be modified by ionizing radiation and drugs.
However, in two large series of cytogenetic studies in acute myeloid leukemia, 45 (C-)
chromosome leukemic cell lines occurred in 8 out of 198 patients studied (WHANG-
PENG et al., 1970; HART et al., 1971). Aneuploidy itself is not uncommon, occurring
in about /3 of all patients. The C group has also been noted to yield significant
abnormalities such as monosomy and trisomy in patients with preleukemia and chil-
dren with myeloproliferative disorders (ROWLEY et al., 1966; HOLDEN et al., 1971;
TEASDALE et al., 1970; JACKSON et al., 1967; SANDBERG et al., 1964; WINKELSTEIN
et al., 1966).

A few cases of acute myeloid leukemia have been reported to complicate the
course of Hodgkin’s disease. The Mayo clinic group found four cases of acute myelo-
monocytic leukemia in 1500 cases of Hodgkin’s disease occurring 1!/2, 4, 5'/2, and
18 years after the primary diagnosis (NEWMAN et al., 1970). This latter series, if the
follow-up is complete, represents the only other published series from which the oc-
currence rate can be estimated. Chromosome studies performed in one patient with
acute myeloid leukemia, who had previously received radiation therapy and nitrogen
mustard, failed to reveal an aneuploid cell line (EzpINLI et al., 1969).

In conclusion, the results suggest that intensive treatment with radiation and
cytotoxic drugs may render patients with Hodgkin’s disease more likely to develop
second malignancies. These observations would not be possible unless these treat-
ments were successful in allowing patients to survive for prolonged periods free to
Hodgkin’s disease. The grave prognosis of unchecked advanced Hodgkin’s disease
represents a far greater threat to the patient than the small but statistically increased
risk of developing another tumor at some time in the future following successful
treatment of the basic disease.
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Malignancies Possibly Secondary to Anticancer Therapy
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Institut de Cancérologie et d’Immunogénétique, Hopital Paul-Brousse, Villejuif 2,
and Institut de Recherches sur les Leucemies et les Maladies du Sang,
Hobpital Saint-Louis, Paris?

The risk of inducing malignancies in man by modern anticancer therapy is be-
coming an increasingly important problem. It has been known since the beginning
of this century that irradiation may be carcinogenic in animals as well as in man
(ANDERSON et al., 1951; AUERBACH et al., 1951; CAHAN et al., 1948; CourT BROWN
and Doir, 1957; GHALIB et al., 1960; HEMPELMANN, 1968; OLpHAM and POLMAR,
1973; SwaAy, 1965; TotTeN, 1957) (Table 1). In addiiton, during the last ten years

Table 1. Leukemia and cancers occurring after radiation therapy

Irradiation by external source

Tumors Delay (yr)
— Squamous cell carcinoma — 5
— Osteosarcoma and other sarcoma — 15
— Leukemia — 5—10
— Thyroid adenocarcinoma — 7—10
— Other carcinomas — 7—10

Irradiation by internal source

— Osteosarcomas by radio therapy
— Leukemia (?) by 1311 or %P therapy

there have been a growing number of reports of second malignancies in patients
receiving chemotherapeutic agents (Arrans, 1970; Cartovsky and Garton, 1971;
Femncorp and Koss, 1969; GARFIELD, 1970; SmrT and MEYLER, 1970) (Table 2).

One may argue that the development of second cancers in these patients is related
to the patient himself and not to the anticancer therapy (Berg, 1967). However,
the recent observation of a very high incidence of malignancy in organ transplant
patients receiving chemotherapeutic agents as immunosuppressive therapy deserves
attention (Table 3) (Jarora and EicuwaLp, 1972; McKHANN, 1969; PENN, 1970;
SimMons and NaJARIAN, 1970; STARZL et al., 1970).
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The present report is concerned with the experiences of two anticancer treatment
centers (Institut de Cancérologie et d’Immunogénétique?, Villejuif, and Institut de
Recherches sur les Leucemies et les Maladies du Sang, Hopital Saint Louis 3, Paris).
In a retrospective case review we have found 28 cases with dual malignancies over
a 12 year period. 10 cases originated at I.C.I.G. and 18 at I'Hépital Saint Louis.

Table 2. Leukemia or cancers occurring after chemotherapy

Alkylating agents
B-chloroethylamines
— p-bis-(chloro-2-ethylamino)-phenyl-butyrique-Ac (Chlorambucil) — Leukemia

— Cyclophosphamide (Endoxan) (Cytoxan) — Leukemia

— Melphalan (Alkeran) — Leukemia
Ethylenes imines

— Triethylenethiophosphoramide (Thio-Tepa) — Leukemia

Sulfonic esters

— Dimethyl-sulfonyloxy 1-4-butane (Myleran-Busulfan) — Genital cancers
(Breast, uterine)
Other drugs

— Ethylcarbamate (Urethane)
— Azathioprine (Imuran)
— MOPP — Procarbazine (Tumorogenic in animal studies

Table 3. Cancers occurring after immmunosuppressive therapy

Therapentic agents: Prednisone, Azathioprine, Antilymphocytic Globulins

Tumors: — Reticulum cell sarcomas (especially CNS)
— Superficially located epithelial carcinomas (skin, lip and uterine cervix)
— Other carcinomas (colon, testis, ovary and stomach)
— Other sarcomas

Incidence of malignancy:

Tumor Age Ratio of malignancies to No. of:
(yr)
Transplant patients ® General population ®
All malignancies ALL 650/100,000 139/100,000
Reticulum cell ALL 400/100,000 0.9/100,000
Sarcoma Under 40 500/100,000 8.2/100,000

* Based on 2000 patient transplants (C. F. McCKHANN).
® Connecticut Cancer Registry.
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Material and Methods

1. Cases Originated from I.C.1.G. !

In the 10 cases, 4 had Hodgkin’s disease, 3 breast cancer, 1 carcinoma of the
cervix, 1 nephroblastoma (Wilms tumor), and 1 reticulum cell sarcoma, as the pri-
mary neoplasia.

7 of these cases developed secondarily acute myeloid leukemia. 2 other patients
with Hodgkin’s disease developed chronic lymphocytic leukemia and cancer of the
breast, whereas the patient with nephroblastoma developed osteosarcoma (Table 4).

Table 4. Secondary neoplasia occurring after treatment

Secondary Acute Chronic Breast Osteo- Total Chemotherapy and/or
neoplasia leukemia leukemia cancer sarcoma radiotherapy
First
neoplasia Mild Intensive
Hodgkin’s disease 2 1 1 4 4
Breast cancer 3 3 1
(Epithelioma and
adenocarcinoma)
Uterine cervix 1 1 1
cancer
Reticulum cell 1 1 |
sarcoma
Wilm’s tumor 1 1 1
Total 7 1 1 1 10 3 7

= Experience of Viliejuif (G. MATHE).

2. Cases Obtained from Hospital Saint Louis 2

Among 800 cases with Hodgkin’s disease, 18 developed during the follow-up a
second cancer or acute leukemia. 6 of these 18 patients presented with acute myeloid
leukemia, 2 with Kaposi sarcomas, and 10 a visceral cancer of varying types and
localization. In 1 of the patients who developed Kaposi sarcoma, epithelioma of
the testis was also discovered simultaneously (Table 5).

3. Diagnostic Criteria

For all patients, the diagnosis of primary and secondary neoplasia was confirmed
by examination of biopsy or surgical specimens. Multiple biopsies were examined
for the diagnosis of Kaposi sarcoma, and the diagnosis of acute leukemia was es-
tablished by standard morphological examination of bone marrow aspirations. In
-addition, bone marrow biopsy was made in 9 cases of acute leukemia.

1 Director, Professor G. MATHE.
2 Director, Professor J. BERNARD.
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Table 5. Secondary tumors occurring after treatment of Hodgkin’s disease ®

Clinical No. of Hodgkin’s disease ~ Secondary neoplasia Survival
parameters patients after
Secondary Percep- Com- Death Cause of death secondary
disease tible plete tumor
phase remis- O 4+ Hodgkin Secondary (months)
sion cancer
Leukemia (AML) 6/6 6 1) 5 5 1— 3
Kaposi’s sarcoma 2/2 2 2 1 1 5—10
Epithelioma 5/4 1 3 1 3 -3 2—36
Adenocarcinoma  6/6 4 2 3 3 3°® 1—24
Total 19/18 7 11 5 13 1 12

* Experience of Hopital St. Louis (J. BERNARD).
® One patient died after surgery for secondary tumor.

Table 6. Classification of treatments received by patients according to type and intensity

Type of
treatment

Intensity
of treatment

Chemotherapy

Radiotherapy

Intensive

Mild

More than 2 drugs, with

increase of the dose

within a period of more
than 3 months

Less than 2 drugs, with
reduction of the dose

within less than

3 months

Cobalt therapy over
more than 2 fields or
200 KV over more than
3 fields

Cobalt therapy over
less than 2 fields or
200 KV over less than
3 fields

4. Case Analysis

For each patient the interval (in years) between the first and second malignancies
was determined. The precise schedules of different treatments given to each patient
were then tabulated. The treatments were arbitrarily classified into four categories
according to the type of therapy (chemotherapy, radiotherapy) as well as to the
total dose received by the patients (Table 6). In 18 of the cases, radiotherapy was
given in combination with chemotherapy. These were separated into groups as fol-
lows: Group I: predominantly or solely intensive chemotherapy; Group II: pre-
dominantly or solely intensive radiotherapy; Group III: intensive radio and chemo-
therapy; and Group IV: moderate radio and/or chemotherapy.
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Results

1. Leukemia Occurring as a Second Malignancy After Chemo- or
Radiation Therapy

Among 28 secondary malignancies, 13 were acute myeloid leukemia. The inter-
vals between malignancies varied from 2 months to 12 years. 3 of the 7 cases from
ICIG received intensive radio and chemotherapy. The other four cases received only
radiotherapy. This is in contrast to those cases from Hépital Saint Louis where all
6 patients had received combined chemo and radiotherapy. It is important to note
that for all 13 cases, the cytological diagnosis was definitely acute myeloid leukemia
and that for 12 of them, the interval between the diagnosis and death was between
1 and 3 months. This poor.prognosis appears to be related to the leukemia since all
the 6 patients with Hodgkin’s disease from Hépital St. Louis were in complete clini-
cal remission from their Hodgkin’s disease at the time the leukemia was discovered

(Table 5).

2. Malignancies After Combined Chemo- and Radiotherapy

12 patients with Hodgkin’s disease from Hépital St. Louis developed second
malignancies: 6 adenocarcinomas, 5 epitheliomas, and 2 Kaposi sarcomas. The organ
involvement and type of second tumor are presented in Table 7. At the time of
diagnosis of the second tumor 12 patients were in complete clinical remission from
their Hodgkin’s disease. Subsequently 8 have died, and for 7 of them, this was due
to the second cancer, emphasizing that the prognosis is poor once the diagnosis of
the second tumor is established.

3. Relationship Between the Intensity of Treatment and Occurrence
of Second Malignancies

7 of the 10 ICIG cases and 15 of the 18 Hopital St. Louis cases occurred after
intensive treatment with either chemotherapy, radiotherapy or both (Table 1, 4
and 8). This suggests that the intensity of therapy may play a role in the develop-
ment of secondary cancers.

4. The Interval Between the Two Malignancies

Except for 2 cases where the second cancer occurred two months and 31 years
after the first, the intervals ranged from 6 months to 12 years. As shown in Table 6,
there is no significant difference in the mean delay of second neoplasia occurrence
for the 3 types of second malignancies: leukemia, epithelioma or adenocarcinoma.
However, there does secem to be a correlation between combined intensive therapy
and the early occurrence of the second malignancy. Those receiving both had a mean
appearance time of 3.75 years, whereas for those receiving only intensive radio-
therapy it was 8.5 years (Table 9).
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Table 7. Type of solid tumors associated with Hodgkin’s disease ®

Histological Epithelioma Adenocarcinoma
type
Location of
secondary cancer

Breast
Lung
Thyroid
Rectum
Tonsil
Pancreas
Larynx
Testis

I)ﬂIP—‘NHD—l

Total

w
N

* Experience of Hopital St. Louis (J. BERNARD).

Table 8. Therapeutic agents involved in occurrence of second neoplasia in Hodgkin’s disease *

Therapeutic  Mild Intensive Total
intensity
Second Chemo- andfor  Radio- Chemo-  Radiotherapy and
neoplasia radiotherapy therapy therapy chemotherapy
Acute leukemia 1 3 2 6
Kaposi’s sarcoma 2 2
Epithelioma 1 3 4
Adenocarcinoma 1 1 3 1 6
Total 3 1 9 5 18

* Experience of Hopital St. Louis (J. BERNARD).

5. Possible Carcinogenic Drugs Among Chemotherapeutic Agents

As shown in Table 10, 3 out of the 5 patients who only received chemotherapy
were treated with one drug — thio-tepa. One developed leukemia, the two others
a visceral cancer. It is interesting to note that of the two remaining chemotherapy
cases, treatment consisted only of MOPP, and that these patients developed sec-
ondarily a visceral cancer. Of the 18 patients treated with radiotherapy and chemo-
therapy, 12 received alkylating agents (cyclophosphamide, chlorambucil, thio-tepa,
or TEM). For the other 6 patients the treatment consisted of a combination of drugs
(MOPP, prednisone, procarbazine, and/or vinblastine).

Discussion

Even though the carcinogenic effect of radiation has been well demonstrated in
animals and man, it is more difficult to incriminate with certainty that one anti-
cancer chemotherapeutic agent is carcinogenic. In spite of the great number of pub-
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Table 9. Delay of second neoplasia occurrence according to therapeutic agent and diagnosis
in 24 patients with Hodgkin’s disease ®

Treatment Mild Intensive Intensive Intensive
Chemo- and/ radiotherapy chemotherapy =~ Chemo- and radiotherapy
or radiotherapy

Delay 8.5 6.5 3.75°

(median)

(years)

6 0.2—-31 5—12 1—12 0.5—7

Diagnosis AML Kaposi’s sarcoma Epithelioma Adenocarcinoma

Delay 6.8 5.2 5

(mean)

(years)

6 0.5—12 5 and 19 1—9 2—12

* Combined experience of Hépital St. Louis (J. BErnarD) and Villejuif (G. MATHE).
® Significantly different from intensive radiotherapy; p < 0.05.

Table 10. Possible therapeutic agents involved in the occurrence of a second neoplasm *

Radiotherapy =~ Chemotherapy Radiotherapy and chemotherapy Total

alone alone
Known drugs involved in  Other
human cancerogenesis ° drugs ©
AML 4 1e 5 3 13
Solid 1 4° 7 3 15
tumors
Total 5 5 12 6 28

* Combined experience-of Hopital St. Louis (J. BErnarDp) and Villejuif (G. MATHE).

* Cyclophosphamide; Chlorambucil; Thio-tepa; TEM (alone or in combination with other
drugs).

¢ MOPP alone or Prednisone, HN,, VLB...

4 Thio-tepa alone.

° Thio-tepa (2), Prednisone, HN, , VLB (2).

lished reports concerning this problem, very often the absence of reliable statistics
prevents one from concluding the relationship between the cause and the effect of
the therapeutic agent (BELPOMME et al., 1972). In addition, frequently many differ-
ent anticancer agents are used, simultaneously or in sequential combination.

In our study, radiotherapy or chemotherapy alone was delivered in only 10 pa-
tients out of 28 patients. Incidentally, in 3 cases thio-tepa was given as the sole drug
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(Table 10). Another difficult situation arises from the relatively long latent period
preceding the clinical detection of the second cancer. In our study, a shorter delay
seemed to be related to a combination of chemotherapy and radiotherapy and the
occurrence of the second cancer seems to depend on the intensity of the treatment.
This preliminary result requires confirmation, since the exact mechanism of leucemo-
genesis and carcinogenesis secondary to these treatments is still not clear (ARSENEAU
et al., 1972; CrosBy, 1969; JACQUILLAT et al., 1973; Powers and PoINEROY, 1958).
Finally, other factors such as a deficiency of the immunosurveillance could be in-
volved in our patients and explain the occurrence of the second cancer or leukemia
(GaTTI, 1971).

Among the different types of chemotherapeutic agents used in our patients, the
alkylating agents are the most frequent. This could be explained by the selection of
the patients and the primary malignancy; however, the occurrence of second cancer
in 3 patients treated only with thio-tepa is suggestive of possible carcinogenic effect.

In other studies (ARSENEAU et al., 1972) as well as ours, the combination of
prednisone, procarbazine and vinblastine may be cancerogenic in humans. This re-
mains to be confirmed. It is interesting to mention that procarbazine has recently
been demonstrated to be leukemogenic in monkeys (O’GaRra et 4l., 1971).

Finally, it is of importance to point out that even though this study suggests
that anticancer therapy may lead to the development of a second cancer, the use
of anticancer therapy will continue to be necessary for treatment of patients with
malignancy. The risk of cancerogenic effect of these drugs appears to be far less than
the therapeutic benefit. In the future, however, attention should be directed towards
the possible cancerogenic effects of such agents.
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Prevention of Chemotherapy Complications: Time,
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But one must be able to evaluate if
the patient will be strong enough with
the “regimen” and anticipate whether the
disease or the patient will succumb to
the “regimen” first.

HirrocrATES

It is more important that the chemotherapist should be able to prevent the com-
plications of chemotherapy rather than to cure them. Each treatment used routinely
whether by a cancerologist or a general practitioner should have previously been
submitted to reliable therapeutic trials. This reliability should not only apply to the
average patient, but also to the individual patient who might have cirrhosis of the
liver or be taking barbiturates, both of which can influence the antitumour effects
and the toxicity. Any new drug, if it is to be used in clinical trials by the cancero-
logist, ought to have been previously subjected to preclinical testing on animals using
all the modern methods (see MaTHE and Kenis, 1973, 1974).

This article is concerned with scientific methods and the ethics and logistics of
clinical trials in which the doctor has to remain with the ethical code of medicine,
and yet at the same time have the objectivity of the scientist. This has been the sub-
ject of recent reviews (MaTHE, 1973; MaTHE and KENis, 1973).

I shall only discuss here the scientific principles which can enhance the safety
of chemotherapy, particularly when combinations of several drugs are to be used.

1. The Combinations

Chemotherapists have been inundated by a flood of papers advocating combi-
nations of several drugs. I shall ignore those which give a single cyclostyled pre-
scription for all forms of cancer, containing half a dozen cytostatic agents, 1 mg
Vit. By, and 1 mg Vit. C, the latter inspired no doubt by that best selling Nobel
Prizewinner, Professor L. PauLing (1971). Unfortunately, such treatment has its
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tragic side and has been the cause of several patients being referred to intensive care
units, such as ours, in irreversible bone marrow aplasia. I will only discuss certain
drug combinations which at first may hardly appear more logical than those quoted
above, have, nevertheless, obtained a good worldwide reputation, perhaps because
they have been well publicized or perhaps because the results have proved fairly
remarkable (although it has never been demonstrated by a scientific (randomized)
trial that they are no more or less toxic than other regimes). These treatments have
been based essentially on the additions of drugs with different toxic manifestations.
Table 1 gives a summary of these toxicities and provides a guide to the “rational”
with respect to this parameter.

But, before recommending a combination and giving it an extensive publicity,
one should be certain there is sufficient reliable evidence that the treatment can be
generally used in hospital medical services and in private practice. Likewise, one
should make sure the results are true and have not been manipulated.

We have compared MOPP (methyl hydrazine, oncovin, procarbazine, prednisone
(DE VrTA et al., 1970) to an intermittent combination chemotherapy based on the
concept of recruitment by synchronisation (POUILLART et al., 1972). This treatment
consists of cycles in which vincristine is given for the first two days to cause a tran-
sitory block in mitosis of cells which were distributed in the other phases of the cycle.
This is followed by procarbazine as a cell killing agent given for four days. This
oncostatic is among the chemotherapeutic agents the most frequently active in Hodg-
kin’s disease (MATHE et al., 1963). Finally, prednisone is given for 2 days, as it acts
on the G, phase. We have seen that the frequency of complete and incomplete re-
missions when using this routine was rather better than that obtained with MOPP,
and also that the lethal toxicity was nil while that of MOPP is not negligible. As
MOPP contains nitrogen mustard, a drug active on cells in G, (Brucg, 1966; vAN
PurTEN and LELIEVELD, 1970; 1971) it is not surprising that this famous combina-
tion causes severe and sometimes irreversible marrow aplasia (Table 2).

The chemotherapist must beware of being rushed into using these combinations
without taking due care. When it has been shown that a combination of 2 drugs is
more efficacious on one parameter of a malignant disease, for example, the duration
of remission, than each of these drugs alone, before being too enthusiastic for the
new regime, one must be certain that the toxicity of the combination is not greatly
increased. Such an added toxicity was seen with 6-mercaptopurine (6 MP) and metho-
trexate (MTX) which according to the Acute Leukemia Group B only slightly in-
creases the percentage of patients maintained in remission compared to methotrexate
(Horranp, 1971) Fig. 1): however, this treatment induces a considerable immuno-
suppression, as we have shown with a variety of tests (BREARD et al., 1974) (Fig. 1).
This immunosuppression is a probably explanation for the raised frequency of pul-
monary syndromes most likely of infectious origin.

The combinations should be selected on a rational basis and the additive and
potentialisation need to be demonstrated in animals, then by clinical trials in man,
before being used in routine clinical practice. This especially applies to those agents
which are not active when used alone on a particular tumour, but are added to the
combination on the pretext that they potentiate or could potentiate another drug
that is active when used alone.
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Table 1. Different toxicities of the different drugs

ACD ADM ARC ASP BCNU BLM BSF CAB CCNU CPM DRB DTIC

Bone marrow
and blood

B. M. aplasia

Leucopenia
Thrombocytopenia @
Granulocytopenia
Lymphocytopenia

Digestive
system

Nausea-vomiting ]
Mucosal lesions

Diarrhea

Paralytic ileus

L X R

Lungs

Fibrosis
Allergic reactions

Skin and

appendages

Hyperkeratosis

Necrosis
Hyperpigmentation
Allergic reactions
Folliculitis ]
Alopecia @

Nervous
system

Paresthesis
Polyneuritis syndrome
Deafness

Somnolence

Psychic changes
Cerebellar ataxia
Orthostatic hypotens.

Liver

Pancreas

Kidney

Bladder

Heart.

Hemorragic syndrome

Other
effects

Immunocompetent cells
Cushing’s syndrome
Hypoglycemia
Hyponatremia

Fever
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Short term effects

E EPT HN, MCM MGG MPH MTC MTX PCZ PLA TTIP VCR VLB 5FU 6MP PDN
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Table 1 (continued). 2. Long term effects

Toxic effects Drugs
Delayed aplasia BSF
Delayed thrombocytopenia ~ BSF CCNU BCNU
Paraplegia after intrathecal ~ARC MTX
treatment
Amenorrhea azoospermia BSF PCZ HN, CAB
Cataract BSF
Cushing’s syndrome PDN
Masculinisation Oestrogens
Feminisation Androgens

(Martst and Kenis, 1974).

Abbreviations in Table 1:
ACD Actinomycin D, ADM Adriamycine, ARC Arabinoside cytosine, ASP vr-asparaginase,
BCNU 1.3bis(2-chloro-ethyl)1-nitrosourea, BLM Bleomycin, BSF Busulfan, CAB Chlor-
ambucil, CCNU 1(2-chloro-ethyl)3.cyclohexyl-1-nitrosourea, CPM Cyclophosphamide, DRB
Daunorubicin, DTIC Imidazole carboxamide, EPE 4-demethyl-epipodophyllotoxin- -D-
ethylidene (VP 16), EPT 4-demethyl-epipodophyllotoxin- -D-thenylidene) (VM 26), 5-FU
5-fluorouracil, HN, Mechlorethamine, MCM Mitoclomine, MGG Methylgag, MPH Mel-
phalan, MTC Mitomycin C, MTX Methotrexate, 6-MP 6-Mercaptopurine, PCZ Procarbazine,
PDN Prednisone, PLA Platinium, TTP Thiotepa, VCR Vincristine, VLB Vinblastine

Table 2. Compared toxicity and results of MOPP and sequential combination of VCR, PCZ
and PDN (Hodgkin’s disease, topographical form III and IV)

Number Death by aplasia  Results

of

patients Number %o % CRg* % IRg® o Failure
MOPP 27 3 11.5 15 23 62
Sequential 33 0 0 18 42 40
combination:
VCR+PCZ+PDN

® CRg, apparently complete regression. ® IRg, incomplete regression.

The therapeutic index of recommended combinations needs to be known just as
that of each of the drugs when used in the same way one at a time. If the toxicities
are additive or potentiate one another, experimental studies, then clinical trials
should determine whether the combination is of any practical value. In this way, the
combination based on the blodkade of cells in M by an antimitotic, followed by a
cell killing drug acting on the G,, S and/or G, phase, which is based on the idea
of synchronization, but may work also by pharmacological potentialization as vin-
cristine (VCR) applied before MTX increases its penetration into the cells (GoLp-
MaN and Fyre, 1973), carried a certain toxicity in the doses used in the initial trials
(POUILLART et al., 1972) but the benefits are so considerable, particularly to obtain
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Fig. 1. The combination of MTX and 6 MP in acute lymphoide leukemia increases slightly

the percentage of the patients maintained in remission (HoLLanD, 1971) but is very strongly
immunosuppressive (BREARD et al., 1974)

remissions by the combination in leukemic patients resistant to each of the drugs
administered individually (Fig. 2).
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Fig. 2. Complete remission induced with the sequential combination of vincristine (VCR)
and methotrexate (MTX) in an acute lymphoid leukemia patient resistant to VCR and MTX
given separately



130 G. MATHE

It is easy to reduce the toxicity by slightly decreasing the doses, or as it is an
intermittent chemotherapy, prolong the intervals between cycles. But, in doing this,
one allows more time for the tumour cells to multiply between the courses of treat-
ment.

2. The Time Factor

In 1968, we observed (MATHE et al., 1968), on L 1210 murine leukemia, that the
same total dose of a cytostatic agent given once was generally more efficacious than
when it was given in daily small fractions for 20 days.

This led us to propose the replacement of continuous low daily doses with inter-
mittent high doses (MATHE et al., 1970) (Fig. 3). The cycle or phase dependent drug
or drugs should not be given again until the blood count is restored, that is to say
when there is every reason to believe that the stem cells are no longer mobilized and
no longer in cycle and have returned to the G, state.

The fact that the interval can be almost of the same duration after each cycle is
in favour of the exact hypothetical basis of this trial (Fig. 4).

A further basic argument in favour of the replacement of continuous chemo-
therapy by intermittent chemotherapy is their relative immunosuppressive effect.
Most of the former are immunosuppressive, whilst the latter are rarely so, as shown
in our own experience in Table 3 (SCHNEIDER, 1968; MATHE et al., 1970).

There are two problems that need to be resolved for the further development of
intermittent chemotherapy: how to afford the patient’s complete safety during the
first interval and how to shorten these intervals?

There are several answers to the first problem. Aseptic units such as the one we
set up in 1965 (MaTHE and FORESTIER, 1965) and have subsequently been developed
in several countries in various forms (see “Aseptic environments”, 1970) can reduce
the mortality due to aplasia in the first cycle to nil, whilst it remains a hazard for
patients nursed in conventional wards (Fig. 5).
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Fig. 4. Two examples of intermittent chemotherapy showing the constancy of the interval
between the cycles
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Table 3. Immunosuppression of chemotherapy according to the timing of adminjstration

Absence of Visible immunosuppressive
visible immunosuppressive effect
effect
Discontinuous 51/57 (89.4 p. 100) 6/57 (10.6 p. 100)
chemotherapy
Continuous 9/27 (33.3 p. 100) 18/27 (66.6 p. 100)
chemotherapy -

Leukocyte transfusions enable the severe infections complicating the aplasias to
be overcome, in the same way as platelet transfusions can counteract hemorrhage
complicating aplasia, particularly due to thrombocytopenia (ScHWARZENBERG et al.,
1966; 1968). Leukocyte transfusions have an even greater advantage as they can
enable chemotherapy to be given to cytopenic patients and sometimes to obtain re-
missions (Table 4).

It is probable that under certain circumstances, the interval between cycles of
therapy can be shortened. PourLLart and Hoane Tur Huoneg (1973) have shown
that BCG and some other agents, in particular androgens, can induce stem cells in
the G, state to enter the cell cycle. Applying this to attempts to shorten the duration
of the time for haemopoietic restoration after a chemotherapy, we have seen that
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Lethal cost of first cycle:

Conventional ward:
10/200
Isolated unit:

0/50

Fig.5. A room of the aseptic unit of the Institut de Cancérologie et d’Immunogénétique.
The first cycle of intermittent chemotherapy caused no drug deaths in this unit, whilst they
occurred when it was given to patients in a conventional ward

BCG, has this effect in mice treated with 250 mg/kg of cyclophosphamide (CPM)
(Fig. 6 a) and in man given an intermittent chemotherapy regime (Fig. 6 b). In this
way, by shortening the intervals, the courses of treatment are brought closer together
and reduce the rise of the tumour cells between the courses.

3. The Antecedent Factor

A study of the reasons for hematological tolerance or intolerance during a clini-
cal trial of VM 26 (EORTC, 1972; MaTut, 1973) has given some useful clues. In
patients with initially cytologically normal looking bone marrow, we found that
the hypoplasias were more frequent when they had previously received radiotherapy
or chemotherapy and the aplasias (two of which were fatal) virtually only occurred
in patients who had radiochemotherapy in the past (Table 5).
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Table 4. Chemotherapy of acute leukemia made possible in patients with a neutrophil count
< 800/cmm owing to preventive protection by white blood cell and platelet transfusions.

No infectious complications in any patients

Complete Incomplete Total
remission remission failure
Acute Prednisone (100 mg/m2/day) 6 2
lymphoid  Vincristine (1.5 mg/m2/day)
leukemia Daunorubidomycine
(20 mg/m2/twice a week)
Cytosine arabinoside 1 1
(50 mg/m2/3h X 8 every 4th day)
Methotrexate (75 mg/m2/8h X 6) 2
Folinic acid (25 mg/M2/6h X 16)
Acute Prednisone + Vincristine 1
myeloid + Daunorubidomycine
leukemia + Methyl-gag (200 mg/m2/every 2nd day)
Daunorubidomycine 1
Acute Prednisone - Vincristine 1
monocytoid <+ Daunorubidomycine
leukemia Cytosine arabinoside 1
BCG:1mg/mice D+i
A CPM:250mg/kg Do

White cells % of the number at day o

_____ Experimental

/CPM:ZSOmg/kg Do

12 34 56 7 8 9 10 fdays

BCG MM Iscarif /d x 7days
VCR mg/d |4 LI 1 v
S5FU 1gr/d | W W w u
CPM 500mg/d | w w w W
Intervals "% gyeeks  B{ED sy 20T geeis 22y
— Clinical

Fig. 6. BCG accelerates haematological restoration in mice after cyclophosphamide (CPM)
administration and shortens the interval between cycles in an intermittent chemotherapy in
man combining vincristine (VCR), 5-fluoro-uracile (5 FU) and cyclophosphamide (CPM)
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Table 5. Influence of prior treatment hematologic tolerance to VM 26 in 60 new and
previously treated patients with hematosarcomas

Prior Number No Bone marrow
treatment of cases toxicity

Hypoplasia Aplasia

None 26 18 8 0
Chemotherapy 7 1 5 1
Radiotherapy 9 6 2 1
Chemotherapy 18 2 8 8*

and radiotherapy

@ Irreversible.

4. Logistic Factors

It is important to pay some attention to the logistics of patient management.
Thus a full account of past history of the patients’ illnesses and treatments is re-
quired. Systematic questionnaires should be used in place of traditional history taking
which the majority of physicians employ today. This approach is an intermediate
step to lead the doctor away from old semantics towards scientific methodology.

The pharmacokinetics of the various drugs and their combinations needs to be the
subject of extensive research, for it is only in this way their potentiations and anta-
gonisms will be discovered. Pharmacosimulation should be available as, in certain
genetic and pathological conditions, the effective drug concentration at a particular
time can be increased or decreased ten fold, and thereby the effect will be modified.

To protect the patient against the short term risks, which are essentially related
to bone marrow aplasia and immunosuppression, nursing in an aseptic unit may be
required. Table 6 and Figs. 7 and 8 show the value of aseptic units. However, they
should be more than just a room or an aseptic tent to show to the visitors. The unit’s
function is to support all patients who need aseptic environment.

To reach this objective we are now building, at Villejuif in the Hbpital Paul-
Brousse de 1’Assistance Publique, a Medical Service with a Microbiological Gradient.

Table 6. Efficiency of our isolated aseptic unit in preventing infectious complications.
Incidence of all infections and of lethal infections in patients suffering from complete aplasia
in acute leukemia

Conventional ward Isolated aseptic
unit
All infections 94/117 20/61
(80%0) (33%)
72 =75.0
Lethal infections ~ 20/117 4/61
(17%0) (6.5%0)

22 =376
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Fig. 7. Example of an aplastic patient who tolerated his pancytopenia while in the aseptic
unit but who died soon after he left the unit
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Fig. 8. Example of a patient who was tolerating his pancytopenia but died 6 days after a
patient with pseudomonas infection was introduced by mistake into an adjacent room

This service will consist of a floor with a conventional hospital environment, a floor
with a controlled microbiological flora and an aseptic floor. The microbiological
conditions of the aseptic floor will be the same as those in the unit we have been
running for the past 15 years (MATHE and FORESTIER, 1955).
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Needless to say, white cell and platelet transfusions need to be available 24 hours
a day and the oncological intensive care units should have access to banks of stored
white cells and platelets. These transfusions are so effective nowadays that the in-
dications for autologous or allogeneic bone marrow grafts (MATHE et al., 1971) are
disappearing.

In the logistic appraisal there are some factors, which unlike the preceding fac-
tors, have not been developed, but which have to be taken into consideration. The
attitude of the doctors or the regional health authorities who do not always send
their patients requiring intensive chemotherapy to specialised treatment services, but
treat them themselves because they will not admit that they lack the necessary ex-
pertise. The requirement in some countries of the physicians to publish and their
publications should give “good results”. This can lead to a choice of a population
of selected patients, choosing the optimum moment to stop the trial when the per-
centage of favourable results is still high, or a choice of a protocol which gives a
high percentage of remissions at the price of a high percentage of lethal complica-
tions. It will be very helpful if the editors of scientific journals insist that the lethal
toxic cost is given in the table of the overall effects of treatment, and a clear dis-
tinction is made between “complete” regression and “complete” remission (Table 7)
(MaTHE and WEINER, 1973).

In this way, the general practitioners who might be impressed by the high pro-
portion of success reported in certain publications might possibly be deterred from
prescribing a regimen which could be very dangerous for their patients.

It would be advantageous to agree upon diagnostic criteria, a nomenclature of
diseases and descriptions of the results of therapy that could be used in an identical
manner by different clinical groups and in different countries. A recent clinical trial
on the chemotherapy of acute myeloid leukaemia carried out by The Leukaemia and
Haematosarcoma Group of the EORTC (1973) indicates how this may work in
practice. In this trial, the diagnosis and the “complete remission” were checked by
a double blind method at the WHO Leukemia and Hematosarcoma Reference Centre.
This led to accepting a much lower percentage of patients as being in complete re-
mission than had been published previously.

There remains the serious factor of medical ethics of the clinical trial itself as it
can be the source of complications that are often fatal. I have discussed this in a
recent editorial (MATHE, 1973), emphasizing the role of compromise in the establish-
ment of the protocol. This compromise can result in some groups of physicians
giving doses higher than those which they could control the effects. Other groups
would give doses below the effective level and they would be able to control the
effects. This compromise can be satisfactory for normal patients, but is unsatisfactory
for cirrhotic patients and those who take barbiturates.

Finally, the Swiss trial (BRUNNER et al., 1971) in which patients with operable
lung cancer were treated by surgery with or without complimentary cyclophospha-
mide. During this trial, the patients given chemotherapy relapsed significantly earlier
than those operated alone. This trial went on for several years and raises the question
of when to stop such a trial. To help with the decisions, many centres have formed
ethical committees which, as present day doctors seem to be lacking in medical
ethics, should have some non-medical observers.
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