
















Table 8 Clinical responses

Time to best

response

(months)

Pretreatment

Dose 9”Y-anti- % tumor volume

Patient” CD2O (mCi) Response remaining (g)

I 13.6 SD” 100 (86)

2 13.5 CR 0 (0)

3 13.7 PR 46 (30)

4 21.6 SD 100 (>500)
5 19.9 SD 62 (36)

6 22.2 PR 31 (20)

7 21.3 CR 0 (0)

8 31.1 CR 0 (0)

9 31.4 PR 38 (399)

10 32.6 PR 14 (11)

11 43.7 CR 0 (0)

12 41.6 PR II (9)

13 43.5 PR 21 (91)

14 42.9 CR 0 (0)

15 51.7 SD 39 (114)

16 53.0 SD 70 (77)

17 53.4 CR 0 (0)

18 52.9 PR 43 (105)

‘, Patients 1-4 were treated with Bl, and patients 5-18 were treated with IDEC-Y2B8.

“ SD, stable disease.
‘ Patients were retreated subsequently with -40 mCi �#{176}Y-anti-CD20 mAb (IDEC-Y2B8).
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Table 7 Blo od count nadirs (mean ± SD)

Dose

(mCi)

Pretreatm

WBC

ent counts

Platelets

WBC nadir Platelet nadir

Count Onset (wk) Duration (wk)” Count Onset (wk) Duration (wk)”

l3.6±0.l(N=3) 6.3±1.6 141±17 3.4±1.1 5.5±3.5 3.3±3.9 109±22 5.5±2.1 2.7±2.9

21.2±l.0(N=4) 3.6±1.0 260±122 1.6±0.6” 6.6±1.1 3.1±1.3 60±33 5.6±0.5 3.6±0.5

3l.7±0.8(N=3) 4.3±1.0 146±4 1.5±0.3’ 4.3±2.0 7.3±2.4 19±6” 4.7±0.3 5.3±1.8

42.9±0.9(N=4) 5.6± t.2 177±33 l.7±0.Y 5.1 ±0.5 3.8±2.0 40±29’ 4.8±0.9 3.5± 1.1

52.7±0.7(N=4) 3.9±0.8 235± 114 0.7±0.8k’ 3.9± 1.8 5.4± 1.7 13±7 “ 3.6± 1.2 5.1 ±2.3

“ Total time required for recovery of counts to pretreatment/normal levels, not the duration of time for which G-CSF and/or transfusion support

was required.

“ Two patients required G-CSF.

‘. Three patients required G-CSF.

(I Two patients required platelet transfusions, and two patients required PRBC transfusions.

‘, Three patients required G-CSF.

j Two patients required platelet transfusions.

C Four patients required G-CSF.
I, Four patients required platelet transfusions, and three patients required PRBC transfusions.

FFP
(months)

7

29+

5

6
24 +

8’

9’

12

3+’

7

12

12

3

9

2

2

6

5.5

of more than 50% in the total tumor size (sum of the product of

the longest two perpendicular tumor dimensions for all known

sites of disease), but because the percentage of tumor reduction

was only 20% based on the two sentinel lesions identified by CT

scan prior to therapy, the patient’s overall response was scored

as a minor response. The relatively poor responses of these two

patients may be due, in part, to their bulky disease and low

levels of CD2O expression on biopsied tumors (the lowest of any

of the patients treated, with 61 % and 64% reactivity, respec-

tively). In addition, one of these two patients was among the two

most heavily pretreated patients in the series, and known sites of

disease were visualized poorly in both of these patients, with no

known sites of disease imaged in one patient, and only two sites

of disease imaged poorly in the other patient. With the exception

of these patients, there was a general tendency for higher doses

to result in better clinical responses, but there was not a clear

dose-response relationship. Splenomegaly, tumor burden, and

overall tumor size (bulk) seem to be important determinants of

response, because patients with splenomegaly, large tumor bur-

dens, and bulky adenopathy tended to respond less well to

therapy than did patients without these attributes. There was a

positive correlation between the intensity of imaging of known

sites of disease with ‘ ‘ ‘In-anti-CD2O mAb and site-dependent

tumor responses following therapy with #{176}#{176}Y-anti-CD2O(data

not shown), although some tumors that were visualized poorly

responded well to therapy, and others that were well imaged

failed to respond. Two of the patients who had CRs had in-

volved BM prior to treatment, with negative marrow on biopsy

after obtaining a radiographic CR. Fourteen of the 18 patients

had better and/or longer responses to the RIT than they had had

with their most recent previous courses of chemotherapy (in-

eluding stable disease of longer duration). Eleven of the 18
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Fig. 4 Lymphangiogram of patient 7 before treatment (A) and 5 months after treatment (B), showing normalization of multiple previously enlarged

lymph nodes.

patients had better responses (more tumor reduction) following

RIT than they had had to prior chemotherapy. Examples of two

of the observed clinical responses are shown in Figs. 4 and 5.

Responses of the retreated patients are summarized in

Table 9. Two of the three patients retreated with -40 mCi

9#{176}Y-labeled antibody had subsequent PRs, and one is still on-

going at > 12 months. One patient had no significant response to

therapy, with PD 1 .5 months following treatment. It is important

to note that two of the three patients had larger tumor burdens prior

to therapy the second time than they had had prior to the first

treatment, and the patient who failed to respond to retreatment had

bulky disease and circulating tumor cells at the time of retreatment.

DISCUSSION

RIT is a promising new therapeutic modality for the treat-

ment of recurrent non-Hodgkin’s lymphoma. In the results re-

ported here, RIT with �50 mCi 90Y-anti-CD2O mAb resulted in

minimal nonhematological toxicity and durable clinical re-

sponses in patients with recurrent B-cell lymphoma. Doses of

�40 mCi 9#{176}Y-anti-CD 20 mAb were nonmyeloablative. The

preinfusion of unlabeled anti-CD2O mAb prior to administration

of ‘ ‘ ‘In-anti-CD2O mAb resulted in improved antibody biodis-

tribution primarily by decreasing splenic uptake and urinary

excretion while increasing the relative uptake in disease sites.

The results of the biodistribution studies reported here are

consistent with those of other investigators and demonstrate that

important determinants of antibody distribution include spleen

size (26, 32), preinfusion or coinfusion of unlabeled antibody

(12, 33), and tumor burden (12, 26). In this study, increasing

doses of unlabeled anti-CD2O mAb resulted in the imaging of a

higher proportion of known sites of disease, with visualization

of 92% of the known sites of disease with 2.5 mg/kg unlabeled

antibody. Preinfusion of unlabeled mAb also resulted in the

imaging of occult sites of disease in several of the patients

studied. The optimal dose of preinfused, unlabeled antibody,

however, has yet to be determined. Differences in the ability of

the two anti-CD2O antibodies (Bl and 2B8) to image known

sites of disease are most likely due to the heterogeneity in the

patient population in terms of spleen size, tumor burden, and

tumor bulk. These patient characteristics are probably much

more important determinants of anti-CD2O antibody biodistri-

bution than inherent characteristics of the two anti-CD2O anti-

bodies (e.g. , class and affinity) used; therefore, interpatient

variability would mask any antibody-dependent differences in

biodistribution following administration of equivalent doses of

the two antibodies (B 1 and 2B8; e.g., 1 mg/kg). Other imaging
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Fig. 5 CT scan images of patient 8 from two comparable levels before treatment (A and B) and 5 months after treatment (C and D). showing

resolution of a large mesenteric mass.

Patient

Dose

(m Ci)

Table 9 Clinical responses: retreated patients

“ SD, stable disease.

Pretreatment Time to best

c�- tumor volume response
Response remaining (g) (months)

6 42.9 PR 49 (52) 2 6.5

7 43.0 SD” 154 (250) 1.5

9 43.7 PR 38 (150) 5 15

FFP
(months)
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studies in patients with hematological cancers have resulted in a

rate of tumor visualization ranging from 72 to 100% ( 10, 1 1 , 34)

for disease sites larger than 2 cm ( 1 1 ). Improvements in biodis-

tribution of radiolabeled antibody following preadministration

of unlabeled antibody are presumably secondary, in part, to

decreased, nonspecific uptake of intact antibody molecules by

cells with Fe receptors within the reticuloendothelial system.

Antibody infusions were well tolerated, and nonhemato-

logical toxicity was minimal, with the exception of an infection

rate of 22% (33% including fever and neutropenia with no

sources) in patients following a single dose of 9#{176}Y-anti-CD2O

mAb. This rate of infection is lower than that of 47% reported

for high doses of ‘ � ‘ I-labeled anti-CD2O mAbs ( I 2) and is very

similar to that observed following treatment with multiple doses

of unlabeled, chimeric anti-CD2O (IDEC-C2B8) mAb ( 10 of 47

patients with any grade infection during or up to I month after

treatment) (48).

Myelotoxicity was dose limiting. and at the SO-mCi dose

level, all four patients had grade 4 hematological toxicity, and

two patients required PSC reinfusion. Important determinants of

toxicity included dose and BM reserve (prior cytotoxic therapy).

One of the eligibility criteria for study entry was that patients
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have <25% BM involvement at the time of BM harvest or PSC

collection. Most patients with recurrent lymphoma have more

extensive BM involvement and cannot meet this eligibility

criterion. Because half (9 of I 8) of the patients studied had

negative BM biopsies prior to therapy, it is difficult to comment

on the relationship between the extent of BM involvement and

subsequent myelotoxicity. Given the limited extent of BM in-

volvement in this selected patient population, BM involvement

did not seem to affect the subsequent grade of hematological

toxicity. Obviously, this observation is limited by the relatively

small patient numbers and the low level of BM involvement in

the patients studied. In the one patient we treated with 34% of

circulating tumor cells at the time of retreatment, localization of

radiolabeled antibody in the marrow contributed presumably to

her subsequent need for PSC reinfusion.

Important determinants of efficacy included dose, tumor

burden and bulk, and spleen size. The overall response rate in

this Phase I/Il study was 72%, with FFPs of3-29+ months. The

response rate for patients treated with nonmyeloablative doses

of �40 mCi was 78%. This is promising, considering the

relatively unfavorable antibody biodistributions that were ob-

tamed in some of the patients. Unlike patients treated in other

studies ( I 2), a favorable biodistribution based on predicted

tumor dosimetry or splenic update was not required prior to

therapy with #{176}#{176}Y-anti-CD2OmAb. Nevertheless, two patients

with massive splenomegaly had PRs. and 7 of 10 patients with

bulky disease �S cm in diameter had significant clinical re-

sponses (5 PRs and 2 CRs). These results compare favorably

with results of other nonmyeloablative RIT studies in patients

with recurrent B-cell lymphoma in which response rates have

ranged from S to 78% (mean, 58%; Ref. 9). Admittedly, it is

difficult to make direct comparisons from one study to another,

given that these studies have differed considerably in study

design, eligibility criteria, antibody and radionuclides used, an-

tibody and radionuclide doses, number of treatments, labeling

methods, doses of unlabeled antibody preinfused or coinfused,

and the biodistribution or dosimetry estimations required for ad-

ministration of a therapeutic dose of radiolabeled antibody (9).

It is interesting that, although higher doses of RIT have

tended to be more efficacious, there has not been a direct

correlation between tumor dosimetry and response in most

reported studies (9). Clearly, dose is only one of several deter-

minants of efficacy, which include antibody specificity, charac-

teristics of the targeted antigen, immunoconjugate stability, and

the other factors listed above. The relatively high response rate

reported here with a number of durable PRs and CRs is encour-

aging in this relatively unfavorable patient population. Although

caution should be exerted in the interpretation of these results,

given the relatively small numbers of patients, limited follow-

up, and predominance of patients with low-grade lymphoma

treated in this study, many patients have had remissions of

longer durations than achieved with previous chemotherapy.

These responses have been obtained with relatively low tumor

doses, most of which are considerably lower than doses usually

required to achieve similar responses using conventional frac-

tionated, high-dose rate, external beam radiation therapy. Other

investigators have reported similar, surprisingly good clinical

responses with low doses of administered radiolabeled mAbs

(10, 35-37) and low tumor doses (22). The apparent increased

relative efficacy of RIT compared with equivalent doses of

high-dose rate, external beam radiation therapy is probably

secondary to a number of factors, including an inverse dose rate

effect and radiation- and antibody-induced apoptosis (9, 38).

Although fractionated RIT has been reported to be less

toxic and more efficacious than single doses of RIT (39-43),

the results of retreatment in this study were somewhat disap-

pointing. Two of the three patients retreated with -40 mCi

90Y-labeled antibody had PRs, but the overall response rate was

lower than that observed in patients following single doses of

90Y-mAb, and toxicity was considerably greater. The decreased

efficacy and increased toxicity in the retreatment group are

probably secondary to their overall unfavorable status at the

time of retreatment, with two of the three patients having more

extensive and bulkier disease than they had prior to initial

therapy and one of the three patients having extensive BM

involvement at the time of retreatment.

It is possible that fractionated therapy with retreatment of

patients when they are in a relatively minimal disease state with

a stabilized minor response or PR may be more efficacious and

better tolerated. Selection of patients with a favorable biodistri-

bution as well as the use of higher doses of unlabeled antibody

(e.g., 2.5 mg/kg) may increase the efficacy of this therapy

further. A variety of approaches are being investigated to in-

crease the therapeutic efficacy and decrease the toxicity of RIT

(38, 44-47). Application of advances in the field may increase

further the therapeutic index of this promising new therapeutic

modality for the treatment of patients with recurrent non-

Hodgkin’s lymphoma.
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