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Abstract Limited data have been reported regarding the

use of arsenic trioxide (ATO) in the treatment of patients

with relapsed or refractory malignant lymphoma; therefore,

the present phase II study evaluated the efficacy and toxi-

city of ATO in such patients. A total of 35 patients were

treated with ATO (0.25 mg/kg) infused for 1 h daily,

5 days a week, for a 6-week cycle. Patients were evaluated

for the efficacy and toxicity of this regimen. The primary

outcome evaluated was the overall response rate (ORR),

including the complete and partial response rates. The

secondary outcomes evaluated were the overall survival

(OS), progression-free survival (PFS), and toxicity. Tumor

response data were obtained from all 35 enrolled patients.

The ORR was 43 %, including complete responses in four

patients (11 %) and partial responses in 11 patients (31 %).

The median duration of response was 16 weeks (range

11–23 weeks). The median OS was 79 weeks (range

14–171 weeks), and the median PFS was 55 weeks (range

14–135 weeks). Grade I or II hematological toxicities were

the most commonly reported adverse events. The results of

this study appear promising for the treatment of relapsed or

refractory malignant lymphoma, with well-tolerated ATO

toxicity.
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Introduction

Patients with relapsed or refractory malignant non-Hodgkin

lymphoma (NHL) or Hodgkin lymphoma (HD), who are

unsuitable for high-dose chemotherapy or have relapsed

after such therapy, have a poor prognosis with currently

available salvage chemotherapy regimens [1, 2]. Therefore,

new approaches are required to improve the prognosis of

these patients.

Arsenic trioxide (ATO) has shown significant efficacy in

the treatment of acute promyelocytic leukemia [3–7], mul-

tiple myeloma [8–13], and myelodysplastic syndromes [14–

17]. Several preclinical studies have suggested efficacy of

ATO in the treatment of relapsed or refractory lymphoma

[18–21]. The mechanism of action of ATO is unclear, and it

may differ in different tumor types. In acute promyelocytic

leukemia, ATO at low doses appears to induce differen-

tiation of leukemic blasts [22]; in other malignancies, ATO at

high doses appears to cause cell death by inducing apoptosis

[22, 23]. ATO-induced apoptosis is a H2O2-mediated pro-

cess, and the sensitivity of tumor cells to ATO is correlated

with both intracellular levels of H2O2 and the activity of

enzymes involved in H2O2 metabolism, particularly catalase

and glutathione peroxidase [24, 25].

On the basis of data from preclinical studies of elapsed

or refractory lymphoma, we hypothesized that ATO would

be an effective treatment intervention. Herein, we report a

phase II study of ATO in patients with relapsed or re-

fractory malignant lymphoma.

Patients and methods

Between June 2008 and May 2011, consecutive patients

detected with refractory or relapsed primary malignant
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lymphoma at our hospital were enrolled into the study, if

they satisfied all the inclusion criteria. Patients’ aged

C18 years with biopsy-confirmed relapsed and refractory

classical NHL or HD for which further conventional che-

motherapy did not show any potential benefit were re-

cruited into the study. Patients were included only if they

also had an absolute neutrophil count [1000/lL, platelet

count [1.0 9 105/lL, creatinine level B1.5 mg/dL (or a

creatinine clearance rate [60 mL/min), and bilirubin level

\2 mg/mL and seronegativity for hepatitis B, hepatitis C,

and human immunodeficiency virus (HIV). Patients were

excluded if they were pregnant or breastfeeding, had a

history of seizures or active central nervous system disease

involvement, active second malignancy or active and un-

controlled infection (including HIV infection), or history of

ventricular dysrhythmias, significantly underlying cardiac

dysfunction.

This study was designed as a phase II single-center trial

of ATO in patients with relapsed or refractory lymphoma.

It was conducted at the Department of Hematology, Fourth

Affiliated Hospital of Harbin Medical University, Harbin,

China. The protocol was approved by the hospital’s Med-

ical Ethical Committee: All study patients signed an in-

formed consent form prior to participation in the study.

Patients were treated with ATO (0.25 mg/kg) infused

for 1 h daily, 5 days a week for a 6-week treatment cycle.

Cycles were repeated until there was evidence of a com-

plete response (CR), a partial response (PR), or stable

disease (SD) with two consecutive cycles; progressive

disease (PD); or no evidence of a response, unacceptable

toxicity, or a patient/physician preference for discontinua-

tion. Patients achieving only SD at reassessment were

considered ineligible for continued therapy.

Tumor response was determined according to the 2007

International Harmonization Project criteria for malignant

lymphoma by observing the results on computed tomogra-

phy and [18F] fluorodeoxyglucose–positron emission to-

mography scans [26]. Adverse events were graded according

to the Common Terminology Criteria for Adverse Events

(version 3.0).

The primary outcome evaluated was overall response rate

(ORR). The secondary outcomes evaluated were overall

survival (OS), progression-free survival (PFS), and toxicity.

Treatment failure was defined as SD, PD, or death from any

cause. The PFS was recorded from the start of treatment until

evidence of progression in patients with relapsed or refrac-

tory malignant lymphoma, who achieved PD or SD. The OS

was recorded from the beginning of treatment until death or

the last follow-up assessment. The duration of response was

recorded from the commencement of treatment until evi-

dence of disease progression was seen.

The Simon two-stage design was used to determine the

appropriate sample size [27]. Assuming a clinically

meaningful ORR of 30 %, an unacceptable response of

\10 %, and type I and type II errors of 10 %, three re-

sponses among the first 18 enrolled patients were required

to proceed to stage two. In stage two, seven responses of 35

patients were required to declare ATO an effective treat-

ment in relapsed or refractory malignant lymphoma. The

SPSS software package (version 17.0) was used for sta-

tistical analysis. The PFS and OS were estimated by using

Kaplan–Meier curves.

Results

Demographic characteristics at the time of enrollment in

the study are summarized in Table 1. Patients ranged in

age from 31 to 72 years, with a median age of 53 years. In

total, 35 patients were evaluated for tumor response after

each of the six treatment cycles. Fourteen of the 35 patients

had disease that had relapsed following previous che-

motherapy regimens; after ATO treatment, one patient

achieved CR, five patients showed PR, five patients showed

SD, and four patients showed PD. Twenty-one of the 35

patients had disease refractory to previous chemotherapy

regimens; after ATO treatment, three patients achieved CR,

six patients showed PR, six patients showed SD, and five

patients showed PD.

Tumor response data were obtained from all 35 enrolled

patients. The ORR was 43 %, including CR in four patients

(11 %) and PR in 11 patients (31 %). A total of 66 % of

patients achieved tumor reduction (Fig. 1). Considering all

Table 1 Patients demographic

characteristics
Patients 35

Sex

Males 19

Females 16

Age, years

Median 53

Range 31–72

No. of previous chemotherapy

Median 3

Range 1–9

Disease status at enrollment

Relapsed 14

Refractory 21

Histology

Burkitt’s 3

Follicular 7

Diffuse large B cell 5

Mantle cell 5

Nodular sclerosis 8

Mixed cellularity 7
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patients, the median OS was 79 weeks (range

14–171 weeks) (Fig. 2), the median duration of response

was 16 weeks (range 11–23 weeks), and the median PFS

was 55 weeks (range 14–135 weeks) (Fig. 3).

Observed adverse events are listed in Table 2. The most

common hematological toxicities were anemia, thrombo-

cytopenia, leucopenia, neutropenia, and hematological-re-

lated toxicity of neutropenic fever. The most common non-

hematological toxicities were fatigue, dyspnea, dizziness,

and pleural effusions. All these toxicities were assessed as

being acceptable (Table 2); most of them were classified as

grades I, II, or III.

Discussion

Effective salvage regimens for relapsed or refractory ma-

lignant lymphoma are clearly needed. In this study, we

evaluated the efficacy and toxicity of ATO, which is not

usually employed in first-line treatment regimens for ma-

lignant lymphoma. However, ATO has already demon-

strated a broad range of efficacy in the treatment of acute

promyelocytic leukemia [3–7], multiple myeloma [8–13],

and myelodysplastic syndromes [14–17].

ATO has been reported to be effective, most importantly

for the treatment of acute promyelocytic leukemia [5, 28–30].

Two small-scale trials of ATO in patients with relapsed acute

promyelocytic leukemia demonstrated CR rates of 92 and

100 % [28, 29]. In a recent publication examining the role of

ATO in the treatment of acute promyelocytic leukemia, 2-year

event-free survival rates were 97 % in the ATO-treated group

and 86 % in the standard chemotherapy group [5]. A 5-year

follow-up assessment of newly diagnosed patients with acute

promyelocytic leukemia who received single-agent ATO

treatment reported high rates of 5-year disease-free survival

and OS [66.7 % ± 4.0 % (mean ± standard error) and

64.4 % ± 4.0 %, respectively] [30].

Modest efficacy of ATO has been reported for the treat-

ment of multiple myeloma and myelodysplastic syndromes.

A recent study reported that patients in the treatment group

achieved hematological improvement (68.2 vs. 27.3 % in the

control group); PFS was longer in the treatment group than in

the control group (26 vs. 10 months), and the OS was also

longer in the treatment group than in the control group (36 vs.

16 months) [14]. Two other clinical trials demonstrated that

ATO had encouraging efficacy in patients with myelodys-

plastic syndromes; one study showed that hematological

improvement was noted in 34 % of low-risk patients and in

6 % of high-risk patients [31], while the other showed he-

matological response rates of 26 and 17 % in low-risk and

high-risk cohorts, respectively [32].

Preclinical studies have suggested ATO to be effective

in the treatment of relapsed or refractory lymphoma [33–

35]. One study reported that ATO activated glycogen

synthase kinase-3beta (via tyrosine-216 phosphorylation)

and Ikappa-B kinases alpha/beta (via serine-176/180

phosphorylation); both the activated kinases phosphory-

lated cyclin D1 at threonine-286, leading to its poly-ubiq-

uitination and degradation by the proteasome [33]. Two

other studies found that ATO could substantially inhibit

cell proliferation and induce apoptosis in B cell lymphoma

cell lines and primary cultures of lymphoma cells [34, 35].Fig. 1 Maximum tumor reduction

Fig. 2 Overall survival

Fig. 3 Progression-free survival
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Overall, the ATO treatment regimen was well tolerated

in patients with relapsed or refractory malignant lym-

phoma. Although hematological toxicity was common, no

serious adverse events were recorded, and other non-he-

matological toxicities were assessed as being acceptable.

Our results demonstrate that ATO has encouraging ef-

ficacy for the treatment of patients with relapsed or re-

fractory malignant lymphoma; future studies will further

define the therapeutic role of ATO in these patients.
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