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Dihydro-5-Azacytidine in Malignant Mesothelioma

A Phase Il Trial Demonstrating Activity Accompanied by Cardiac Toxicity
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BACKGROUND. Malignant mesothelioma is a disease that Is refractery to chemo-
therapy. Therefore, the objective of this multi-institutional, cooperative group
Phase I1 (rial was 10 determine the efficacy of dihydro-5-azacytidine {DHAC), a
pyrimidine analogue, in the treatment of malignant mesothelioma.

METHODS, Forty-one patients with histologically confirmed malignant mesotheli-
oma received 120-hour continueus infusions of DHAC (1,500 mg/m*/day every 21
days) until maximal response, intolerable toxicity, or disease progressior.
RESULTS. Onie patient had a complele response, two had objective parlial re-
sponses, and {our had regression of evaluable discase. The overall respunse rate
was 17%. The one complete responder remains without disease progression at 6
years. Chest pain and natisea were the most common toxicities. Supraventricular
tachycardia and pericardial effusion occuzred in 20% and 15% of patienls, respec-
tively. In most patlents, gastrointestinal effects were manageable. There was no
significant heinatologic toxicity.

CONGLUSIONS. In malignant mesothelioma, a disease that is relractory to chema.
therapy, dihydro-5-azacytidine has definite antitumor activity. Ils madest hemalo-
logic toxicity profile favors its use in combination with other agents. Caution re-
garding cardiac arrhythmias and pericardial elfusion is necessary. Cancer
1997;79:2237-42. © 1997 American Cancer Soclely.

KEYWORDS: malignant mesothelioma, chemetherapy, dihydroazacylidine, cardiac
toxicity.

Malignam mesothelioma is a lethal disease with a median survival
after diagnosis of only 6~ 15 months.! Patients with a guod perfor-
mance status, those able lo tolerate radical surgery, and those with
an epithelial histology survive longer."? However, few, if any, patients
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with this disease can be cured, even with radical surgery
and radfation. Responses to chemotherapy have been
seen in only a minority of cases and have not been
assoclated with prolonged sunvival. Most single agents
and combinations, when tested in adequate numbers
of patlents, produce responses in less than 20% of
cases.”™ Doxorubicin, clsplatin, mitomycin, and high
dose methotrexate® are among the most usefu! com-
pounds, but new agents are clearly needed.>*!
Dihydro-5-azacytidine (DHAC), a pyrimidine nu-
cleoside analog of cytidine, is Incorporated into DNA
and inhibits DNA methylation, an important step in
gene expression. DHAC also competes with cytidine
triphosphate for incorporation into RNA, [eading (o
ribosomal degradation and defective pratein synthe-
sis.!*"7 DHAC has activity agalnst Friend leukemia,
L1210 leukemtia, human MX-1 mammary xenograft,
mutine CD8F mammary tumor, and implanted colon
38 tumor.” Phase 1 studies showed aclivity in
[ymphoma and stable disease in two patients with me-
sothelioma!®” as well as an unusual dose-limiting tox-
icity Involving chest pain, apparently caused by chem-
ical pleuritis and serositis, Cytotoxic activity against
tumors on serosal surfaces was therefore hypothe-
sized, and the Cancer and Leukemia Group B (CALGB)
decided to test DHAC in mesothelioma, a tumor aris-
ing in serosal cavities. A preliminary report of these
data have appeared previously in abstract form.”®

METHODS

Patients

Eligibility criteria required that patients have histelogically
confirmed malignant mesothelioma that was unresect-
able and inappropriate for radiotherapy, Disease had to
be measurable in two peipendicutar dimensions or evalu-
able by one dimensional measure. Further criteria re-
quired were a CALGB performance score of 02 (less than
50% of waking hours in bed), life expectancy longer than
2 months, adequate nuttition, no prior chemotherapy,
recovery of at least 2 weeks since surgery and 4 weeks
since radiotherapy, granulocytes greater than 1800/mm®,
hemoglobin more than 10 gm/dl, bilirubin less than 1.5
times nonmal, and serum creatinine less than 1.8 mg!dL.
All patients provided written informed consent. Excluded
were patients with prior malignancies other than cura-
tively treated carcinotna in situ of the cervix or skin, any
serious medical or psychiatric history preventing in-
formed consent, or pregnancy. After cardiac complica-
tions were encountered early in the trial, cardiac disease
designated Grade 3 or worse according to New York Heart
Association criteria, arrhythiias requiring medication,
unstable angina, or myocardial infarction in the previous
6 months were added as exclusion crileria,

Therapy

DHAC was given by continuous 120-hour infusion at
1500 mg/m?/day every 21 days. Chest paln was treated
with oral or intravenous narcatics or In severe cases
by cessation of chemotherapy. Patienis were contin-
ued an therapy until disease progresston or intolerable
toxicity. Patients with rapid disease progression were
remioved from the study after one cycle, but otherwise
at least two cycles of therapy were given.

Pathology

Central pathology review was performed by two inde-
pendent expert pathologists (ILM.C. and Y.5.) using
previously published criteria.” In addition to routine
hematoxylin and eosin staining, studies of paraffin
embedded tumor included periodic acid-Schiff with
and without diastase, mucicarmine and colloidal iron
or alcian blue with and without iyaluronidase, Immu-
nochemistry for keratin, carcinoembryenic antigen
(CEA), and Leu M1 was routinely performed, and in
difficult cases immunostaining for 5-100 and desmin
was performed. Electron microscopy was available in
SOMe cases,

Response Evaluation

Complete response was defined as the disappearance
of all measurable or evaluable disease, signs, symp-
toms, and biochemical changes related to tumor for
mote than 4 weeks, during which no new lesions ap-
peated. Partial response was defined as a reduction of
greater than 50% in the sum of the products of tiwo
perpendicular diameters of all measurable lesions last-
ing more than 4 weeks, during which no new lesions
appeared or existing lesions became larger. Regression
of evaluable disease was defined as a definite decrease
in tumor size agreed on by two Independent investiga-
tors, with no new lesion appearing for more than 8
weeks. Disease was considered stable if no new lesjons
appeared for more than 8 weeks, there were was an
increase of less than 25% in the sum of the products of
diameters of measurable disease, and no clear change
occurred in evaluable tumor. Progression was the des-
ignation if new disease appeared or if there was defi-
nlte increase in evaluable disease or an increase of
more than 25% in measurable disease. Chest radio-
graphs and computed tomography scans of the chest
were obtained at baseline and after every two cycles
of therapy.

Data Audit

As part of the quality assurance program of the CALGB,
members of the Data Audit Commitiee make site visits
to all institutions at least once every 3 years. Cominittes
members verify compliance with federal regulations and
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TABLE |

Characleristics of Mesothelioma Patlents Who Respended to DHAC on CALGB Protocol 8833

Patient Site of primary Age Duration Cenira] pathology
10, tumor {yrs) {mos) review?

11940 Pleural 5] 76 No

41933 Pleural b 23 Yes: mesothelioma
12089 Pleural 4 I+ No

1213 Pleura| @ 7 Yes: mesothelioma
12438 Pleural €2 05 Yos: mesothelioma
2474 Pleural ] 54 No

13369 Pleural 50 5.4 Yes: mescthelioma

*This patiert &3 kad retoperinned and cervical ymph node mvelvement.
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FIGURE 1. (A) Survival duration of patients with mesothelioma after
treatment with dihydro-5-azacytiding is shown. (B) Time to tlinical faiture
after treatment with dihydro-5-azacytidine is shown.

protocol requirements, including eligibility, treatment,
tumor respoise, aid follow-up, in a sample of protocols
al each institution.® The medical records and radio-
graphs of a cohort of 9 patients (22%) enrolled in this
study were subjected to such on-site review.

Statistical Analysis
The Kaplan-Meier product limit method was used
to estimate survival duration and time-to-fallure

distributions. Survival duration was measured from
the date of study entry to the date of death or last
follow-up. Time to fallure was measured from the
date of study entry to the date of disease progres-
sion or death, whichever occurred first. Patlents
who were alive and disease frec were censored at
the last time they were known to be disease {ree.
The cutsff for updating information was March [,
1996.

RESULTS

Patient Characleristics

Forty-three patients were treated with a median of 2
and a range of 1-10 cycles of DHAC. Two patients
were determined to be ineligible on review. [neligible
Patient 43275 had received DHAC for only 4 days when
the treating physicians realized that the patient had a
preexisting atrial dysirhymia and was receiving di-
goxin. The DHAC was stopped and the patient was
withdrawn from the study. Maximal toxicity as a result
of the 4 days of DHAC was Grade 2 diarrhea and an-
orexia. Ineligible Patient 43623 had a performance sta-
tus of 3, had recently had a major surgical procedure,
and had a pericardial effusion secondary to mesotheli-
omia. After 1.5 days of DHAC, the patient's pericardial
effusion worsened (to Grade 4). DHAC treatment was
withdrawn, and 11 days later the patient began to re-
ceive cisplatin and interferon. This patient was consid-
ered Ineligible and unevaluable for toxicity, although
the warsening of the pericardial effusion may have
been DHAC-related (see below). Excluding those 2 pa-
tients left 41 remaining for analysis of response, sur-
vival, and toxicity. One patient is still belng followed
and has not had disease progression.

The median age of patients was 62 years (range,
24-82 years), and 66% were male. Fifty-six percent of
patients recalled definite exposure to asbestos, and
44% had symptoms {or less than 3 months. The epithe.
lial variant comprised 73% of cases. Thirty-nine pa-
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TABLE 2
Toxicity of Dihydro-5-Azacytidine: Percentage of Patlents Who Expertenced Fach Type and Grade

WHO grade ef toxicity
Type of toxdcity 0 Nane 1 Mild 2 Moderate 3 Severe 4 Lfe-threatening 5 Lethal
Chest pain 35 20 20 23 4 &
Nausealvomiting 18 30 3 20 0 0
Hepatic 8 20 1 3 il 0
Diatrhea b} 25 3 [ a il
Weight loss 43 % 2 0 0 1]
Stomatitis 169 0 0 0 0 ]
Dermatelogic b 10 il ! 0 0
Local 86 § § 0 | )
Alopecia B2} ] [ 0 0 1
Genitowrinary g0 13 8 0 1 ]
Neurologic, CNS W% & 3 0 0 0
Seuralogic, peripheral a3 o 3 0 0 0
Aergy Ly ¢ 0 0 0 Q
Fever without infeclion 33 2 26 0 0 9
Infection L 5 5 1] 0 0
Leukopenia 8 1 5 9 o 0
Granulocylopenis 50 19 0 0 G 4
Thrembocylopenla 35 ] ] 0 0 it
Anemla 35 8 43 15 0 0
Hemarrhage 169 ¢ 0 ] 0 i}
Cardiac 15 5] 15 13 10 3
Oter 7 135 12 r 2 ]

WIO: Wodd Elealth Orgardzation,

“Cardiac™ toxiciry nchodes armthmty, Grade 31834, Grade 4 (8%, and Grade 3 3%, ant Pericardial effusion, Grade 3 (8%1 2rd Gradz 4 (6%),

“Other * vty inchides hypertenyion’ and bav theophybing kevels”

tients presented with pleural involvement, whereds
two had peritoneat primary tumors. Five patients had
already received radiotherapy. Of the patients with ra-
diographic TNM staging information available, two-
thirds had T4 tumors, one-third had lymph node
involvement,® and one-third had dlstant metastases.
Radiologic assessment revealed that 18 patlents had
measurable disease and 23 had evaluable disease. Per-
formance status was 0 for 13 patlents, 1 for 22 patlents,
and 2 for 6 patients. The median platelet count at entry
was 420,0600/mm.® CEA levels were measured in 16
patients, and the median value was 0.7ng/mk (range,
0.1-1.5 ng/mL), which was consistent with previous
data indicating that the CEA is low or undetectable in
mesothelioma patients.’

Central pathologic review was completed in three-
quarters of cases. Probable or definite mesothelioma
was confirmed in all but one case, in which mesotheli-
oma was considered possible.

Response
There were Z partial responses and | complete re-
sponse among 18 patients with measurable disease

(16% objective response rate), whereas 4 of 23 pa-
tients with evaluable disease had regression. Table
1 describes the clinical characteristics of the seven
responding patients. Thus, the overall response rate
was 17% (7 of 41 patients, with a 95% confidence
interval of 7-32%). The median duration of re-
sponse was 7 months (range, 1-73-+ months). Four
of the seven responding patients underwent central
pathologic review, during which mesothelioma was
confirmed in all cases. Stable disease was observed
in 13 patients, progressive disease was observed in
16, and 5 were unevaluable. Of the unevaluable pa-
tients, four experienced early death from disease
{or possibly from drug in one case), whereas one
was unable to complete a full cycle of treatiment
because of nausea.

The median survival for the entire cohort was
6.7 months (95% confidence interval, 5.0-9.6
manths}, and 6 patients lived at least 24 months
past study entry. Figure 1A describes the overall
survival experience. Median time to failure was 2.2
months {Fig. I B}, and one patient continued to have
complete response 6 years after study entry,
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Toxicity

Chest pain occurring during the infusion and ending
with cessatlon of the infusion was the most frequent
serious toxicity (Table 2). Twenty percent of patients
had moderate pain, and 25% had severe pain that re-
quired parenteral morphine or cessation of therapy.
Gastrointestinal toxicity with nausea and emesis was
severe in 20% of patients, whereas mild-to-moderate
diarrhea was experienced by 30%. No patient had sto-
matitls. Dermatologic, genitourinary, and neurclogic
toxicity of mild-to-maoderate degree was reporied in a
few patients, as were rare elevations of blood pressure
or glucose, An otherwlse unexplained low theophylline
level, causing severe exacerbation of asthma, occurred
in one patient and was felt to be potentially life-threat-
ening. There were no definite allergic reactions, al-
though some modderate fevers not accompanied by ob-
vious infection were reported. No Grade 3—-4 hemato-
logic, leukocyte, or platelet toxicity was documented,
although most of the patients were anemic.

Cardiac toxicitles were observed in 56% of pa-
tients, including 5 severe episodes (13%}, 4 life-threat-
ening episodes (16%), and 1 lethal episode (3%). These
toxicities did not clinically correlate with the severity
of chest pain or with theé number of treatment cycles.
Supraventricular tachycardias occurred in 8 patients
(20%). All episodes rapldly converted to normal sinus
rhythm when standard therapies (including digoxin,
verapamil, quinidine, propranclol, or combinaticns)
were given. Three of the eight patients resumed DHAC
treatment without recurrence of the arrhythmia. In
three patients, hypotension or congestive failure was
considered life-threatening, In an otherwise unex-
plained episode, a patient died at home; this patient
had an 8-year histery of “palpitations” but was not
diagnosed with or treated for arrhythmias. During the
first cycle of DHAC, the patient experienced paroxys-
mal atrial fibrillation (PAT) and was treated with di-
goxin, The patient received two additional cycles of
DHAC uneventfully, but suddenly died while at home
one day after completing the third cycle. This patient
was eligible for the study, but the episode of PAT per-
haps should have lead to further cardiac evaluation,
Cardiac toxiclty had not been reported previously with
this agent. After the first few cases were reported, in-
vestigators were alerted to the danger of arthythmias,
and the eligibility criteria were changed to exclude
patients with cardiac arrhythmia requiring medica-
tion, unstable angina, or prior myocardial infarction
within 6 months.

Clinleally important pericardial effusions devel-
oped in 6 patients (15%} after 1-3 cycles of treatment.
In two cases, tamponade physiclogy developed, re-
spording to pericardiocentesis n one and to pericar-

dial window in the other. Pericardial fluid cytology was
negative in both cases. However, in these two cases
and in the others with effusions, there was radiologic
evidence of malignant disease in or adjacent to the
pericardiwm. Tachyarrhythmias complicated the move
severe episodes, Subsequent to these cases early in the
trlal, all patients were required to have echocardio-
grams at baseline, and no additional cases of tampon-
ade occurred.

Perforation of the myocardium at a site involved
by mesothelioma led to an early death for one patient.
Prior to death and autopsy, this patient had been re-
sponding at other sites of disease, but not for long
enough to have been considered a responder,

DISGUSSION

Objective documentation of response in the treatment
of mesothelioma patients Is often difficult, and the
response rtates to single agent chemotherapy are low.
Although Dhingra et al. obsetved no responses to
DHAC among 14 patients,”’ the 17% response rate ob-
served in this series suggests that DHAC is active
against malignant mesothelioma. One complete re-
sponse has been surprisingly durable. Vogler et al. also
reported that two patients with mesothelioma re-
sponded to the parent drug, 5-azacytidine*

The taxicity profile of DHAC is problematic and
yet potentially exploitable. Problems that arose in the
management of unexpecled cardiac toxicitles cut short
the treatment of some responding patients and may
have contribitted to some early deaths. Learning how
to manage such toxictties might therefore improve the
response rate and median survival, which in this study
were consistent with previous CALGB experience,™"?
The previously unreported cardiac and pericardial tox-
feities might have resulted from chemical irritation of
serosal surfaces, as is hypothesized for the origin of
chest pain. Maliguant jnvolvement of serosal surfaces
may also have contributed to these cardiac events,
cansidering that arrhythmias and pericardial effusions
have not been reported for patients with other malig-
nancies treated with DHAC. We could speculate that
a deaminase present in the blood and important for
clearing DHAC is decreased in serosal fluids by the
presence of maltgnancy, thus making it more difficult
to clear DHAC from the pericardial sac and thereby
resulting In more toxicity, Given that some responding
patients experienced cardiac toxicities, tumor necrosis
induced by DHAC could have caused irritation of the
eplcardial serosa. There was no convineing evidence
that myocardial ischemia was a cause of chest pain in
any patient or a cause of the deep T wave inversions
experienced by one patient.

Myelosuppression was not a dose-limiting toxicity
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in this protocol. Except in a few cases, nausea was also
tolerable, The minimal hematologic toxicity pattern of
DHAC, in addition to its demonsirated activity, make
it a reasonable agent for combination with myelosup-
pressive drugs that have activity against mesotheli-
oma. The CALGB therefore completed a Phase 11 trial
of DHAC plus cisplatin in the treatment of malignant
mesothelioma.* The response rate of the combination
appeared similar to that induced by DHAC alone, Fur-
ther studies of DHAC in combination with myelosup-
pressive agents could be conducted. Chahinian et al.¥
studied 5-azacytidine, the parent drug of DHAC, com-
bined with doxerubicin, and reported a response rate
of 22%. No other studies have examined DHAC or 5-
azacytidine in combination.

The CALGB intends te continue exploring the use
of single agents in the treatment of mesothejioma be-
cause there is still no agent with activity sufficient to
warrant use as a standard therapy.

REFERENCES

1. Antman KH, Shemnin R, Ryan L, Klegar K, Osteen R, Herooan
T. Malignant mesothelioma: prognostic variables in a regls-
try of 180 patients. The Dana-Farber Cancer Institule and
Brigham and Woinen's Hospital experience over two de-
cades, 1965195, J Clin Oncol 1988;8:147-53.

2, Chahinian AP, Antman K, Goutsou M, Corsan |, Suzuki Y,
Modeas C. Randomized phase 11 trial of cisplatin with mita-
inycin or doxorubicin for malignant mesothelioma by the
Cancer and Leukernia Group B. J Clin Oncol 1993;11:1559-
63,

3. Vogelzang NJ. Malignant mesothelioma: diagnostic and
management strategies for 1992, Semnin Oncol 1992;19:64-
TE

4. Vogelzang NJ, Weissinan LB, Heradon JE, Antman KH, Coo-
per MR, Corson JM, et al, Trimetrexate in malignant meso-
thelioma: a Cancer and Leukemia Group B Phase 1T study.
J Clinn Oncol 1994;12:1436-42.

3. Solheim OP, Saeter G, Finnanger AM, Stenwig AE. High-
dose methotrexate in the treatment of malignant mesotheti-
oma of the pleura, a phase 1l study. Brf Cancer 1992;65:956 -
60.

6. Raghavan D, Gianoutsos P. Bishap 1, Lee ], Young I, Corte

P, et al. Phase I trial of carboplatin in the management of

malignant mesothelioma. J Clin Qncol 1990;8:151 -4,

Vogelzang NI, Goutsou M, Corson JM, Suzuki Y, Greziano

5, Alsner [, et al. Carboplatin iy malignant mesothelioma: a

phase [f study of the Cancer and Leukemia Group B. Cancer

Chemather Pharmacal 1990;27:239-42.

8. Goey SH, Eggermont AM, Punt ClI, Bolhuis RLI1, Stoter G.
Intrapleural interleukin-2 in pleural mesothelioma: a phase
[-[1 study. Br J Cancer 1935;72:1283 ~8.

~1

10,

2.

13.

18.

19.

20.

21,

22,

23.

24,

Boutin C, Viallat JR, Van Zandwijk N, Douillard [T, Paillard
JC, Guerin JC, et al. Activity of intrapleural recombinani
gamma-intesferon in malignani moesothelioma. Cancer
1991;67:2033-7.

Ong ST, Vogelzang NJ. Chemotherapy in malignant pleural
mesatheliomar a review. J Clinr Qncol 1996;14:1007-17.

. Alberts AS, Falkson G, Geedhels L, Yorobiof DA, Van der

Merwe CA, Malignant pleural mesathelioma: a discase unal-
fected by current therapeutic maneuvers, J Clin Oncol
1988;6:527 -35.

Curl GA, Kelly JA, Fine RL. A phase [ and pharmacokinetic
study of dihydro-5-azacytidine (NSC 264880, Cancer fles
1585;45:3359-63.

Carr Bl Rahbar S, Doroshew JH, Fetal hemogiobin gene
activation in a phase H study of 5,6-dihydro-5-azacytidine
for bronchogenic carcinoma. Cancer Res 1987;47:4199-201.

. Traganes T, Staiano-Coico 1, Darzynkiewlcz Z, Melamed

MR. Effects of dihydra-5-azacyildine on cell survival and cell
cycle progression of cultured mammalian cells. Cancer Res
1981:41:780-9.

. Voytek P, Beisler JA, Abbasi MM, Wolpert-DeFilipes MK.

Comparative studies of the cytostatic action and metabolism
of S-azacylidine and 5.8-dihydroazacytidine. Cancer Res
1977;37:1956-61.

. Bheisler JA, Abbasi MM, Discell 1S, Dihydro-S-azacytidine hy-

drochloride: g biologically aclive and chemically stable ana-
log of 5-azacytidine, Cancer Treaf Rep 1874;60:1671 -4,

. Glover AB, Leyland-Jones BR, Chun HG, =t al. Azacitidine:

10 years later. Cancer Treat Repr 1987,71:737-46.

Harmen D, Vogelzang NJ, Roboz ), Geutsou M, Antinan X,
Mason-Coughlin KM, et al, for the Cancer and Acite Leuke-
mia Group B, Dihvdro-5-azacytidine (DHAC) in mallgnant
mesothelioma {meso) using serwm hyaluronic acid (SIA) as
a turmor marker: a phase I trial of the Cancer and Leukemia
Group B. Prac Amer Soc Clin Osnecel 1991 10:351.

Weiss RB. Vogelzang NJ, Peterson BA, Panasci LC, Gavigan
M, Sartell K, et al. A successful system of scientific data
audits for clintcal trials, JAMA 1993, 270:458~64.
Sugarbaker D], Strauss GM, Lymch 17, Richards W, Mentzer
81, Lee TH, Node status has proguostic significance in the
multimadaiity therapy of diffuse, malignant mesothelioma.
J Clin Oncel 1993;11:1172-8,

Dhingra HM, Murphy WE, Winn RJ, Raber MN, Hong WK
Phase Il trial of 5,6-dihydro-5-azacytidine in pleural malig-
nant mesothelioma. Invest New Driugs 1991;9:69-71.
Voglor WR, Arkun §, Velez-Garcia E. Phase 1 study of iwice
weekly S-azacytidine (NSC-102318). Cancer Chemotlter Rep
1974;5%:895-9,

Samuels B, Green M, Ilarmon D, Afsner 1, Herndon J,
Masan-Coughlin K, Vogelzang N. Dihydro-5-azacytidine
(DHAC) and clsplatin {DDP) in malignant mesothelioma.
Proc Amer Soc Clinic Oneol 1992;11:1470.

Chahinian AP, Pajak TF, Holland [T, Norion L, Ambinder
R0, Mundel EM. Diffluse malignant mesothelioma: prospec-
tive evaluation of 69 patients. A Intern Med 1982,96:746~
55.



