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ABSTRACT

Patients infected with HIV, including those with AIDS-related complex and AIDS, and failing treatment with
antiretroviral agents such as zidovudine, have been evaluated following addition of trichosanthin to the
antiretroviral agent regimen. This ribosomal inhibitory protein is specifically cytotoxic for HIV-infected
macrophages and lymphocytes. Ninety-three patients were treated with trichosanthin, using a schedule of
weekly, then monthly, intravenous injections of 1.2 mg of drug in combination with antiretroviral agents,
usually zidovudine. Side effects included myalgias, fevers, mild elevation in liver function tests, and mild-
moderate anaphylactic reactions, which respond well to therapy with steroids and/or benedryl. Reversible
mental status changes were noted in two patients, both receiving concomitant therapy with ddl.

Clinical responses to trichosanthin treatment were monitored primarily by changes in laboratory parame-
ters, particularly levels of CD4+ T lymphocytes. In the total population evaluated for efficacy (85 patients) there
was a significant increase in I 1)4 cell levels after initiation of trichosanthin therapy. A second analysis
performed on 72 patients measured the rate of change of CD4+ cells during therapy, using an "area under the
curve" analysis. During therapy there was a median increase of 1.2 cells/mm3/month. In patients in the top 25th
percentile, this increase was greater than 8.4 cells/mm3/month. In 59 of the 72 patients, responses could also be
monitored by comparing the rate of loss of CD4+ cell levels on antiretroviral agents (zidovudine or ddl) alone,
during the year prior to initiation of trichosanthin, to the rate of change when trichosanthin was added to the
treatment regimen. During the period before trichosanthin treatment (311 ±11.7 days) the median loss ofCD4+
cells was 6.91 cells/mnrVmonth. Addition of trichosanthin to the treatment regimen resulted in a median gain of
1.1 CD4+ cells/mnrVmonth.

INTRODUCTION viral replication, and can stabilize the CD4+ cell levels, but
chronically infected cells, especially those of the mononuclear

Human immunodeficiency virus (HIV) infection causes phagocytic cell lineage, may represent an intrinsic limitation to
chronic progressive depletion of CD4+ lymphocytes the clinical efficacy of nucleoside analogs such as zidovudine.6

(CD4+cells) and infection of macrophages resulting in acquired Severe toxicity, particularly involving the bone marrow, is
immune deficiency (AIDS). Currently zidovudine, an analog of associated with higher doses of zidovudine treatment and the
thymidine, is the primary antiviral drug used in the treatment of beneficial effects of the drug in AIDS patients diminish after
HIV infection,'2 although other agents with a similar mecha- prolonged therapy7; HIV strains resistant to zidovudine have
nism of action, such as dideoxyinosine (ddl), have been evalu- been observed in treated patients.8 These findings have
ated in clinical trials.3 5 These agents are effective in inhibiting prompted the search for alternative drugs for the treatment of

'Immunology, Inc., San Francisco, California 94108.
2Cancer Research Campaign Laboratories, University of Nottingham, Nottingham NG7 2RD, England.
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HIV infection, particularly agents with a different mechanism of
action.9

Trichosanthin, derived from the root tuber of Trichosanthes
kirilowii, belongs to a class of proteins including ricin,'0
momorcharins," and trichokirin,12 which inhibit ribosome
synthesis and are cytotoxic for a range of mammalian cells.
Pharmaceutical-grade trichosanthin has been used for many
years in China as an abortifacient, and as an anticancer agent for
choriocarcinoma.13 Trichosanthin inhibits HIV replication in
cultured T lymphoblastoid cells and is specifically cytotoxic for
infected monocyte/macrophages. '4 These properties have led to
its evaluation for the treatment of HIV-infected patients.I5, '6

Two phase I dose escalation studies using this agent in HIV-
infected patients have been reported. In the first, trichosanthin was

obtained from China, and 51 patients with advanced HIV disease
were removed from all other drugs and given three weekly injec-
tions of trichosanthin at doses ranging from 10 to 30 p,g/kg.'5
Dose-related side effects were similar to those seen with other
members of this class of compounds, and included reversible
hypoalbuminemia. The maximal tolerated dose was 30 p-g/kg per
dose, and was defined by severe reversible myalgia. A non-dose-
related side effect was mental status change presenting as reversible
dementia, which could progress to coma. This was associated with
CD4+ cell levels less than 50/mm3. The second study utilized
trichosanthin manufactured in the United States (GLQ 223), and
involved the treatment of 18 patients at doses of 5-36 p.g/kg as a

single intravenous injection.'6 Side effects were similar between
the two studies, and no evidence of bone marrow toxicity was

noted, suggesting that combination therapy with zidovudine and
trichosanthin would be well tolerated. In those patients with CD4+
cell levels over 50/mm3, who received three injections of drug, a

significant increase in CD4+ cell levels was noted.ls
In the study reported here, 93 patients were selected who had

been receiving a stable dose of antiretroviral agents for up to 3
years prior to initiation of study, and who had failed these drugs,
as manifest by decreases in CD4+ cell levels. These patients
remained on the same dose of zidovudine (or in few cases ddl),
and received trichosanthin ( 1.2 mg/dose) weekly, then monthly.
The response to trichosanthin treatment was primarily evaluated
by changes in CD4+ lymphocyte levels, using three different
methods of analysis. In 85 patients, CD4+ cell levels were

available at periods of time before and after trichosanthin treat-
ment, and these were compared with the rate of change in CD4+
cell levels. In 72 patients at least 2 CD4+ cell levels following
trichosanthin treatment were available, allowing additional evalua-
tion by rate of change of CD4+ cell levels, as analyzed by the area
under the curve formed by the CD4+ cell levels during trichosan-
thin therapy. In 59 patients CD4+ cell levels were also available
during the year prior to trichosanthin therapy as well as after
therapy. This permitted comparison of the rate of CD4+ cell
changes before and after therapy. The results indicate there was a

significant loss in CD4+ cell level prior to initiation of trichosan-
thin, and significant gain in the levels after its initiation.

SUBJECTS AND METHODS

Trichosanthin characteristics

Clinical-grade trichosanthin was obtained from the Shanghai
Institute ofOrganic Chemistry, provided as a crystalline product

dissolved in sterile distilled water, in ampoules containing 1 ml
of solution (1.2 mg/ml). The five lots used in the clinical studies
were tested by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and isoelectric focusing, which dem-
onstrated a pure protein product of characteristic molecular
weight and isoelectric point. '5 For clinical use, the appropriate
amount of trichosanthin was diluted into 500 ml of 5% dextrose
in sterile water just prior to administration.

Clinical protocol
This was a single-institution treatment protocol, performed on

an outpatient basis, with the clinical protocol approved by the
Project Inform Investigational Review Board. All patients gave
informed consent. Patients were between the ages of 18 and 65
years, diagnosed with HIV disease by positive serology, who
had been receiving either zidovudine or ddl for at least 1 year
prior to therapy, and who had failed these drugs. This was

manifest either by failure to stabilize CD4+ values, with CD4+
cell levels decreasing by 50 cells/mm3/year, or by significant
decreases in CD4+ cell levels on two sequential measurements

just prior to therapy. Trichosanthin was administered intrave-
nously (i.v.) at a dose of one ampoule per week, once a week for
2 weeks, then monthly, infused over a period of 2 hr. The
exception to this was the first group of 18 patients, who received
0.4-0.6 mg as the first dose, then full dose thereafter (intrapa-
tient dose escalation). In all patients, before the first infusion,
two test doses of 0.5 and 5 p.g in 1 ml of 5% dextrose in water
were administered as an intravenous bolus, with observation for
30 min between each test dose. All patients were intended to
receive at least three infusions and to have CD4+ cell levels
measured at least twice in addition to the baseline evaluation, but
maximum number of infusions were not specified. Trichosan-
thin would be expected to be synergistic with antiretroviral
agents, because, unlike antiretroviral agents,6 it is able to inhibit
HIV replication in chronically infected macrophages.14 There-
fore these agents were continued during treatment, and patients
remained on the same dose of zidovudine or ddl during the study
period. All patients with CD4+ cell levels less than 200/mm3
were receiving aerosolized pentamidine (300 mg each month);
some patients with CD4+ cells between 200 and 300/mm3 were
also receiving this therapy. Those patients who had an episode of
herpes simplex were receiving acyclovir (600 mg/day), and
remained on this therapy through the study period. Some
patients were receiving transfer factor, prepared as previously
described, and administered intramuscularly every 2 weeks
prior to study, as prophylaxis against viral infections,'7 and
some patients were receiving dextran sulfate (1800 mg/day)
during the prestudy period. In all cases both treatments were

discontinued at least 4 months prior to start of study.
To enter the study, patients must have had peripheral blood

CD4+ cell levels between 50 and 500 cells/mm3, and had to be
positive for HIV infection by serology. They must have had
granulocyte levels greater than 1000/mm3, platelet levels greater
than 100,000/mm3, a hemoglobin level greater than 8.5 g/ml,
with bilirubin less than 1.5 times normal, aspartate lysine
transaminase (SGOT) and aspartate serine transaminase (SGPT)
less than three times normal, and creatinine less than 1.5 mg/dl.
Pregnant or breast-feeding women or those not practicing birth
control were excluded from entry.

Prior to entering the study patients signed an informed
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consent, and history and physical examination, Karnofsky
score, 12-lead electrocardiogram (EKG), and chest X-ray were

performed. Additionally, nuclear magnetic resonance imaging
or computerized tomography of the brain, or neuropsychiatrie
testing, were required. Laboratory tests included a complete
blood count, urinalysis, serum chemistry panel, erythrocyte
sedimentation rate, ß2-microglobulin, p24 antigen and antibody
levels, all within 2 weeks of the first trichosanthin administra-
tion. Physical examination was repeated every 2-4 weeks, and
laboratory values at least once every 2 months.

Trichosanthin was administered in an outpatient setting.
Physicians were in attendance during its administration, with
vital signs recorded every 30 min during infusion and for 1 hr
thereafter. Patients were then discharged into the care of a

medically trained person, or informed layman, who performed
mental status tests every 4 hr for the next 60 hr. Those patients
with suspected mental status change occurring during this time
were given dexamethasone (8 mg every 4 hr) until symptoms
resolved, usually in the hospital. Physical examinations of all
patients were repeated by physicians 48 hr after infusion.

When allergic reactions occurred during therapy, patients
were treated with benedryl (25-mg i.v. bolus) and dexametha-
sone (8 mg i. v.) and the infusion was continued after resolution
of all symptoms (usually 15 min) with no further problems; for
subsequent infusions, such patients were premedicated with oral
benedryl and dexamethasone the night before infusion, then
every 4-8 hr until the morning after the next infusion.

Serum HIV p24
HIV p24 antigen was determined centrally using a Coulter

(Hialeah, FL) p24 antigen capture enzyme-linked immunosor-
bent assay (ELISA).1518 Serum p24 antigen is captured by
anti-p24 monoclonal antibody and detected by labeled poly-
clonal anti-p24 antibody. The detection limit of the assay is 7-10
pg/ml and test-to-test variation is 15%.

Serum anti-p24 antibody
Serum anti-p24 antibody was determined as previously de-

scribed18 by binding to recombinant p24 protein coupled to
microbeads. Antibody binding was then detected by reaction
with fluorescently labeled anti-human antibody and expressed as

fluorescence units.

ß2-microglobulin
The serum protein ß2-microglobulin was determined by an

ELISA using anti-ß2-microglobulin as capture antibody (Abbott
Laboratories, Abbott Park, IL).

Lymphocyte analysis
Peripheral blood was reacted with fluorochrome-labeled

monoclonal antibodies Leu2, -3, or -4, (Becton Dickinson,
Mountain View, CA), and following lysis of erythrocytes the
leukocytes were analyzed by two-color flow cytometry within
24 hr of collection.15

Patient populations
Ninety-three patients were analyzed for safety, meeting the

criteria of receiving at least one infusion of trichosanthin, and

being évaluable for 7 days afterward. Patients were followed for
at least 7 days after the last infusion, and any new abnormalities
on physical examination, or elevations greater than threefold on

laboratory parameters from baseline and above normal range,
during the 7-day period were recorded.

Patients were evaluated for efficacy by determining their
overall gain in CD4+ cells after initiation of trichosanthin.
Eighty-five patients met the criteria for this evaluation, having at
least one CD4+ cell level determination in addition to baseline.
In 72 patients at least two CD4+ cell level determinations in
addition to baseline values were available, permitting analysis of
the rate of change in CD4+ cell levels using the "area under the
curve" determination. Fifty-nine patients had CD4+ cell levels
evaluated for at least 1 year prior to beginning of therapy with
trichosanthin, while receiving zidovudine alone. It was possible
to calculate the change in cell levels prior to therapy in these
patients, which allowed comparison of the pretreatment change
with the posttreatment change. The CD4+ cell levels at initiation
of trichosanthin treatment in the above subgroups were compa-
rable, ranging from 230 ± 115 cells/mm3 to 236 ± 125
cells/mm3 (Table 1).

Calculation of area under curve

To obtain the rate of change of CD4+ cell level after initiation
of trichosanthin therapy, serial determinations were used, begin-
ning either from day 0 or from the most proximal CD4+
determination prior to start of therapy (which had to be no

greater than 90 days prior to the first infusion) and continued to
the final available determination. After calculating the area

under curve formed by these determinations, baseline was

subtracted, and the area was then divided by the period of
observation (days) to give a mean CD4+ cell level per day
(cells/mm3/day). The same method was used to calculate the
change in CD4+ cell levels during the year prior to trichosanthin
therapy.19
Statistical analysis

Statistical tests were performed using Statistical Package for
Social Sciences (SPSS, Inc., Chicago, IL). Analysis of posttri-
chosanthin changes in CD4+ cell levels indicated a nonnormal
distribution (Kolmogorov-Smirnov test). For this reason, me-

dian and quartile values were used to analyze this distribution,
rather than a mean and standard deviation. Similarly, for the 59
patients for whom pretrichosanthin rates of change of CD4+ cell
level were available, the differences between pre- and posttreat-
ment CD4+ rates of change were not normally distributed. A
nonparametric analysis (Wilcoxon signed rank sum test) was

therefore used to assess the statistical significance of this
comparison.

RESULTS

Demographics
The majority of the patients were male homosexual Cauca-

sians (Table 1). Most were asymptomatic although 17 had prior
illnesses defining them as having AIDS-related complex (ARC),
and 11 had AIDS. Patients who exited the study after receiving
fewer than three doses of trichosanthin did so for reasons other
than toxicity. The database was frozen August 20, 1990; at that
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Table 1. Demographics of Patients Treated with Trichosanthin

Patients assessed for efficacy by:
Total

population
Pre- and post-CD4^

cell level
Posttrichosanthin
CD4+ cell level

Pre- and posttreatment
CD4+ cell level

Number 93
Male 91
Caucasion 91
Mean age (SD) 37 (6.85)
Mean weight (SD) 74.89(10)
Clinical status

Asymptomatic 65
ARC 17
Hairy leukoplakia 5
Herpes zoster 5
Thrush 4
Chronic hepatitis B
Molluscum contagiosum
Lymphadenopathy
AIDS

AIDS dementia
Pneumocystis pneumonia
Kaposi's sarcoma 9

Mean CD4 cell level at start of 230
trichosanthin therapy:

(115)

85
83
83
37 (6.65)
74.5 (10)

60
15
5
4
3
1
1
1

10
1
1
8

233 (116)

72
70
70
37 (6.76)
75 (10)

52
13

5
3
2
1
1
1
7
1
1
5

230(119)

59
58
57
37
74.2

45
9
4

(6.63)
(8)

236 (125)

time all patients had had their last infusion within 90 days. The
mean CD4+ levels at the start of trichosanthin therapy were 230
± 115 cells/mm3. Most patients had CNS evaluation by MRI or

CT prior to entering the study, and all were negative, except for
two patients who had a past history of AIDS-related dementia
and showed atrophy on MRI, but no evidence of HIV encepha-
lopathy by MRI or clinical examination. There was no overall
difference between the demographics of the total number of
patients treated, and evaluated for safety (93 patients), and the
subgroups evaluated for change in CD4 cell levels after tricho-
santhin therapy (Table 1). The 34 patients who withdrew from
therapy after only 1 infusion did so for nonmedical reasons.

Trichosanthin treatment

Ninety-three patients were treated on this protocol. Eighty-
seven were failing zidovudine (AZT) at doses of 300-500
mg/day and remained on the same dose of this drug during
therapy; 6 were failing ddl at a dose of 250 mg twice daily and
also remained on this drug during trichosanthin therapy, except
for the two patients suffering from drug-related toxicity during
trichosanthin therapy who were then switched to zidovudine. All
were treated with at least one dose of trichosanthin, and received
follow-up care for at least 7 days; these patients are included in the
safety analysis. Most patients received a full ampoule (1.2 mg) of
trichosanthin for each dose, but 18 patients received an intrapatient
dose escalation, usually consisting of0.4-0.6 mg on the first dose,
0.8 mg on the second dose, and a full 1.2 mg for the doses
thereafter. These were the first patients entered onto the protocol.

Concomitant medications

Seventy-one patients received 4-6 infusions of trichosanthin
(mean, 4.9 ± 1.9); 22 received 7-10 infusions. In addition to the

antiretroviral agents, AZT and ddl, which all patients continued
to receive, 49 patients were receiving acyclovir because of
previous episodes of herpes simplex; all but 1 remained on this
therapy during trichosanthin infusions. Forty-four patients were

receiving aerosolized pentamidine monthly as prophylaxis
against Pneumocystis pneumonia; these patients also continued
this treatment during trichosanthin therapy.

Side effects
The 93 patients evaluated for side effects of trichosanthin

(Table 2) were evaluated for any laboratory or clinical abnor-
malities during the weekly or monthly infusions or within 7 days
after the last infusion. All patients developed myalgias and
arthralgias primarily of the upper trunk, hands, and arms, with
myalgia extending up into the neck. This was moderate in
intensity, appearing within 36 hr of infusion and lasting for 2-3
days. It was treated with nonsteroidal antiinflammatory agents;
hospitalization was never required. All patients developed fever
36-60 hr after the first infusion. These were also mild to
moderate in intensity, the highest level being 103°F. Both the
fevers and myalgias tended to decrease by the time of the third
and subsequent infusions. The principal laboratory changes
during therapy were in the liver function tests. Thirteen patients
had abnormalities in liver function tests; 6-7 of these patients
had entered the study with abnormally elevated values. This
increase occurred a mean of 68 days after the first infusion after
an average of three infusions, and returned to baseline in 47 to 51
days even though the trichosanthin infusions were continued for
an average of two additional infusions. In one additional patient
there was an elevation of the total serum bilirubin level, which
also returned to baseline during subsequent trichosanthin infu-
sions. This patient was documented to have developed hepatitis
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Table 2. Side Effects Associated with Trichosanthin Treatment

Laboratory test
Normal
range

Value at
baseline

Value at

peak/nadir

Days between first
infusion and
peak value

Days to return
to baseline

SGOT (g/dl)
SGPT (g/dl)
Alkaline phosphatase (g/dl)
Total bilirubin (g/dl)
LDH (g/dl)
Hemoglobin" (g/dl)
Platelets" (xlOOO/cm3)
Clinical

Anaphylactoid reactions
Mental status change
Myalgia

10
13

1
1
5
4
2

20
2d

93

3-45
3-50

30-128
0.1-1.5
90-225
12-15

140-440

N/A
N/A
N/A

47 ± 6
62 ± 18

61
0.6

172 ±41
11.8 ± 2
162 ±9

N/A
N/A
N/A

281 ± 104
242 ± 117

645
5.9
597

8.2 ±0.4
94 ± 7

N/A
N/A
N/A

68
68

37.
37.

31
12

68
98.5

37.
37,

129

67 ± 30
3-4 months

0-36 hr

47 ± 26
51 ± 30

30
31

43 ± 16
62 ± 2

N/Ac
24 hr

7 days
"Decreased below 10 g%.
"Decreased below 90,000/mm3.
cNo patient developed a second anaphylactoid reaction on retreatment. N/A, Not applicable.dBoth patients were receiving ddl.

A while on therapy. Two and 4 patients experienced a mild
reversible thrombocytopenia and anemia, respectively, and 20
patients developed non-life-threatening anaphylactoid reactions
during therapy. This reaction typically developed after the
fourth infusion, and presented as erythroderma, conjunctival
edema, and occasional upper airway wheezing without abnor-
malities in the lower airway. In most cases benedryl allowed
completion of the infusion and these patients were pretreated
with dexamethasone prior to the subsequent infusions; all
tolerated it well.

Mental status changes were seen in two of the six patients
receiving ddl as their concomitant antiviral agent. One of these
patients developed a mild syncopal episode during the first
infusion, and had three subsequent infusions without problems.
Another developed a grand mal seizure 36 hr after the first
infusion. He received six subsequent infusions without prob-
lems. Because seizures are a known side effect of ddl, the
patients were removed from ddl and restarted on zidovudine
prior to giving them additional infusions.

Three deaths occurred in the group of patients reported here.
One patient had Kaposi's sarcoma, and had received multiple
transfusions because of zidovudine toxicity, resulting in he-
molytic anemia. This death, of hemolytic anemia, occurred 50
days after the last infusion. A second patient died of Pneumo-

cystis pneumonia 187 days after the last infusion, and a third
died of bronchogenic carcinoma 180 days after the last infusion,
which on retrospective analysis of the chest X-ray taken at study
entry was present at start of study.

Changes in CD4+ cell levels

Comparing CD4+ cell levels at initiation of trichosanthin
treatment in 85 of the 93 patients with maximum values
posttreatment demonstrated an increase in the median CD4+ cell
levels (230 and 262, respectively, p < 0.001 by Wilcoxon
signed rank sum test). To define more clearly the rate of change
of CD4+ cell levels, 72 patients were analyzed using the area

under the curve procedure (AUC; Table 3). Patients were

gaining CD4+ cells after trichosanthin treatment (median gain,
1.19 cells/mm3/month): the top 25% were gaining more than
8.37 cells/mm3/month. The response to trichosanthin treatment
is also illustrated by analysis of 59 patients in whom it was

possible to determine the rate of change of CD4+ cell level
before and after treatment, using the AUC method (Table 3).
The distribution of posttrichosanthin therapy change in CD4+
cells in this subgroup is similar to that in the parent group of 72
patients; this similarity is also reflected by the quartile values for
the group and subgroup (Table 4).

Table 3. Influence of Trichosanthin Treatment on CD4+ Lymphocyte Level

Change in CD4+ cells/mm3/month

Patient population
Number of

patients
25th

percentile Median
75th

percentile
Evaluation after trichosanthin

only
Evaluation before and after

trichosanthin
Before
After

72

59
59

-5.60

-12.51
-4.44

+ 1.19

-6.91
+ 1.10

+8.37

-0.24
-8.34
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Table 4. Pretreatment Laboratory Parameters Related to Rate of Change of CD4"*
Trichosanthin Treatment (n = 80)

Means ofparameter within quartiles
according to rate of gain ofCD4+ cells

after trichosanthin treatment

Pretreatment
parameter

Number
ofpatients

Lowest
25% 25-50% 50-75%

Top
25%

'Baseline determination (most proximal value to initiation of therapy).

Cell Level after

p value
(analysis of variance)

Between
groups Linearity

CD4+ count" 72 252 233 195 236 0.534 0.504
CD8+ count" 72 960 860 833 700 0.252 0.050
p24 antigen (log)" 63 0.66 0.051 0.28 0.00 0.093 0.013
p24 antibody (log)" 57 1.76 2.01 2.20 3.01 0.096 0.020

In these 59 patients, during the monitoring period before
trichosanthin therapy (197 ± 84 days), the median change in
CD4+ cell level was a loss of 6.91 cells/mm3/month, and only
14 of the 59 patients had a stabilization of CD4+ cell level in the
pretrichosanthin-monitoring period. It should be noted that these
14 patients met the second of the entry criteria, having a

decreasing CD4+ cell level on two successive evaluations prior
to trichosanthin treatment. Analysis of the distribution of the
rates of change of CD4+ cell level prior to trichosanthin
treatment (Table 3) shows that 75% of the patients were losing
CD4+ cells faster than 0.24 cells/mm3/month, with a median
rate of change of —6.91 cells/mm3/month. In comparison, after
trichosanthin was added to the treatment regimen there was a

median gain of 1.10 cells/mm3/month, with 25% of the patients
gaining CD4+ cells faster than 8.34 cells/mm3/month. Twenty
patients received dexamethasone after 1 of the infusions because
of anaphylactoid reactions, and were pretreated with dexa-
methasone prior to subsequent infusions; 15 of them are in-
cluded in the 59 evaluated for efficacy. There is no indication
that the response of these patients differed from those not
receiving dexamethasone. Eight of the 15 had a net gain of
CD4+ cells and 7 had a net loss.

A paired comparison of the rates of change of CD4+ cells
before and after trichosanthin treatment in this group of 59
patients was tested for statistical significance by the nonpara-
metric Wilcoxon signed rank sum test, as the differences
between pre- and posttherapy rates were not normally distrib-
uted. The difference in rate of loss of CD4+ cells before and
after trichosanthin treatment was highly significant (p <

0.0001). In the top 25%, this represented a gain of more than 103
CD4+ cells/mm3/year. Overall, 47 of the 59 patients showed a

decreased rate of loss of CD4+ cells after trichosanthin treat-
ment.

Other laboratory parameters
The rate of change in CD4+ cell level after initiation of

trichosanthin treatment was compared with other laboratory
parameters at study entry. These included baseline CD4+ and
CD8+ cell levels, p24 antigen and antibody, sedimentation rate,
and ß2-microglobulin. Thus the patients were divided into
quartiles on the basis of their posttrichosanthin change in CD4+
cell level and the mean value for the baseline laboratory
measurements in these subgroups determined. The statistical

significance of these distributions was evaluated by an analysis
of variance. The results are summarized in Table 4.

There was no relationship between either the rate of change in
CD4+ cell level in the observation period before trichosanthin
therapy or the level of these cells at the start of therapy, to the
rate of change in CD4+ cell level after trichosanthin therapy.
This last finding is important, as it shows that patients losing
CD4+ cells at different rates before treatment respond equally
well to trichosanthin.

There was a positive correlation between low p24 antigen
levels and high p24 antibody levels at the start of therapy with
response to trichosanthin. There was no significant relationship
between pretreatment levels of ß2-microglobulin or the erythro-
cyte sedimentation rate (ESR) and subsequent response to
trichosanthin.

Changes in laboratory or clinical parameters
There was no significant change in other laboratory parame-

ters after trichosanthin therapy. There was little change in
disease-related status in any of the 93 patients treated. All
patients who were symptomatic at study entry remaind that way
at conclusion of study, and all patients who entered the study
with an AIDS diagnosis remained in that category. However, of
the 17 patients with a diagnosis of ARC at start of trichosanthin
therapy, 2 converted to AIDS during the therapy with trichosan-
thin. One of these developed MAI, and a second developed
Pneumocystis pneumonia.

DISCUSSION

In this phase II study, 93 patients who had persistent decreases
in CD4 + cell level while being treated with zidovidine or ddl had
monthly infusions of trichosanthin added to their regimen.
Response to this combined therapy was determined by assess-

ment of the changes in CD4+ cell levels, or rate of change of
CD4+ cell level during and after therapy. The change in CD4+
cell level was assessed primarily by determining the rate of
change using the area under the curve parameter. '9 Among the
72 patients in whom the rate of change in CD4+ cell level could
be assessed after initiation of trichosanthin there was a median
increase of 1.2 cells/mm3/month, and the 75th percentile pa-
tients gained 8.53 cells/mm3/month (Table 3). Because these
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patients were failing antiretroviral therapy prior to trichosanthin
this is encouraging, but the interpretation of such changes is
difficult in an uncontrolled study. Therefore the changes in
CD4+ cell levels among 59 patients during or after therapy was

compared to the changes in this parameter during the year just
prior to addition of trichosanthin to the antiretroviral regime
(Table 3). On antiretroviral drugs alone, patients were losing
CD4+ cells at a rate of 6.9 cells/mm3/month; the addition of
trichosanthin allowed this trend to reverse, with a gain of 1.1
cells/mm3/month. It is notable that posttreatment CD4+ values and
the rates of change of CD4+ values after therapy have a distinctly
nonnormal right-skewed distribution. In contrast, pretreatment
baseline CD4+ values and the rate of loss of CD4+ cells before
treatment have a symmetrical normal distribution. This implies that
there may be heterogeneity in the response to trichosanthin.

Grouping patients into quartiles on the basis of response to
trichosanthin allows assessment of the laboratory values on entry
that are predictive of best response. There was little difference in
the entry CD4+ values, but those patients showing best response to
trichosanthin were those with the lowest level of p24 antigen and
highest levels of p24 antibody, both of which are correlated with
good prognosis.20'21 Discriminate analysis was used to analyze
these pretreatment parameters in an attempt to identify patients
responding best to trichosanthin. Although classification into good
and bad responders was much better by this analysis than by
chance, the relationship of response to the pretreatment parameters
measured so far proved not to be strong enough to predict the
putative subpopulation responding best to trichosanthin (Robins
Byers and Baldwin, unpublished observations, 1993).

The dose of the drug—1.2 mg/patient—was predicted to be
the highest dose that would be tolerated in conjunction with ddl
and AZT. The principal toxicity of zidovudine is bone marrow

suppression. Pancreatitis and mental status deterioration are

associated with ddl. Trichosanthin has been associated with
myalgia, allergic reactions, and mental status change.1516 In
this combined study, all patients developed myalgias, and about
a quarter noted erythroderma and/or periorbital edema, usually
after the third or fourth infusion. None of these caused with-
drawal from the study; pretreatment with acetaminophen and
benedryl prior to subsequent infusions, or with dexamethasone
when reactions occurred during therapy, allowed uneventful
continuation of infusions. Two of six patients receiving ddl
developed reversible mental status changes, necessitating dis-
continuation of ddl during trichosanthin therapy. Overall the
combination produced no new or exaggerated side effects, and
higher doses should be tried.

Trichosanthin acts to suppress HIV replication in acutely
infected T lymphocytes,14 but its clinical value resides in its
effect on macrophages. A 3-hr exposure to trichosanthin will
inhibit viral replication in macrophages for 5 days, and produce
cell death 2-3 weeks later. Infection in these cells is noncyto-
pathic, and they can continue to produce virus for long periods of
time, thus serving as a substantial reservoir for HIV in vitro. The
dose used here—about 240 ng/ml of serum in a 70-kg patient
with 5 liters of blood—should provide substantial killing,
because the ID50 (50% infective dose) in the in vitro studies is 50
ng/ml.14 Although the pharmacokinetics of trichosanthin are

rapid (2-4 hr) the dose regimen should provide the 3-hr exposure
necessary to prevent reactivation for 5 days, and cause death of
infected cells 2-3 weeks later.

It was initially surprising that the main effect was an increase
in CD4+ cell levels, and not on the p24 antigen levels. If,
however, the principal target of trichosanthin was the infected
macrophages, this would be the expected outcome. Chronically
HIV-infected macrophages release a potent interleukin 1 (IL-1)
inhibitor that blocks proliferation of T cells by interfering with
production of IL-2.22 Inhibition of viral replication, and killing
of these cells, should release the block and allow normal T cell
proliferation. Because of the low number of patients entered into
the study with elevated p24 antigen levels, an effect on this
parameter would have to be large to be statistically significant.
Subsequent studies using larger numbers of such patients may
demonstrate clearing of viremia. Also, if the p24 antigen levels
are the result of synthesis by another cell population, such as T
lymphocytes, higher doses may be required to show viral
clearing.

CD4+ cell levels have been considered acceptable as an

indicator of response to drugs or disease progression.2325 Their
limitations have been highlighted by two similarly designed
studies, the results of one suggesting that they are not a relevant
prognostic indicator,26 the other indicating they are.27 An
assessment of the status of cellular immunity requires informa-
tion on both the number and the function of the cells, and the
conflicting data in the latter two studies may be partially due to
the fact that CD4+ cell levels provide only part of the picture.
This limitation must also apply to this study. However, the
marked increase in the cell levels during trichosanthin therapy in
patients who had failed antiretroviral agents indicates that larger
studies with higher doses can be expected to clear viremia and
possibly prolong survival.
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