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Rituximab monotherapy in splenic marginal zone
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Treatment of splenic marginal zone lymphoma (SMZL) is not
standardized due to the lack of prospective randomized trials.1-13

After our initial 2007 paper, we now present updated data on the
activity of rituximab as first-line treatment in a much larger series
of SMZL patients (n5 108) with a longer follow-up.7 Diagnosis was
established according to the World Health Organization and the
Splenic Lymphoma Study Group (SLSG) consensus criteria.14,15

The study was approved by the appropriate institutional review
boards. The simplified prognostic score as proposed by the
SLSG was calculated at the time of diagnosis and before treat-
ment initiation.16-18 Criteria for rituximab initiation were bulky/
symptomatic splenomegaly, cytopenias, B symptoms, and auto-
immune manifestations. Treatment included an induction phase
consisting of 6 weekly rituximab infusions (375 mg/m2). Res-
ponding patients either received rituximab maintenance every
2 months for 1 to 2 years or were followed up. Maintenance

therapy was decided upon the practice of the treating physi-
cian within the 3 participating centers. Response assessment
was scheduled at 2 months after the end of induction and
was based on the SLSG consensus criteria.15 In addition, the
term unconfirmed complete response (CRu) was used to de-
scribe a complete response (CR) but without bone marrow
reevaluation.

Freedom from progression (FFP) was defined as the time be-
tween rituximab initiation and disease progression. Deaths in
remission due to unrelated causes were censored. Overall sur-
vival (OS) was defined as the time between rituximab initiation
and death of any cause. Lymphoma-specific survival (LSS) was
defined as the time between rituximab initiation and disease-
related death. Maintenance vs no maintenance comparison was
restricted to rituximab induction responders.
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Patients’ characteristics at diagnosis are provided in Table 1.
Briefly, themedian age was 65 years (41-91); 48%weremen, and
the median spleen size was 20 cm (16-25 cm). Six percent had
B symptoms; 30% had anemia; and 17% had thrombocytopenia,
whereas 43% had elevated LDH. The median time from di-
agnosis to treatment initiation was 2 months (range, 0-203). The
vast majority of the patients (92/108, 85%) fulfilled the criteria
for treatment initiation (cytopenias [n 5 64], splenomegaly-
related symptoms [n 5 22], B symptoms [n 5 3], autoimmune
hemolytic anemia (AIHA) [n 5 1], pleural effusion [n 5 1], rapid
increase in lymphocyte counts [n 5 1]). In 16 patients (15%),
treatment was administered based on their preference after
detailed discussion.

Among 106 patients evaluable for response, the overall re-
sponse rate after the end of induction was 92% (98/106), in-
cluding 44% (47/106) CR, 21% (22/106) CRu, and 27% (29/106)
partial response (PR). Seven patients had stable disease (SD)

(7%), and a single patient (1%) did not complete induction due
to infusion-related reactions and rapidly developed progressive
disease (PD). Clinical resolution of splenomegaly and hemato-
logic response was observed at a median time of 4 (range, 1-48)
and 2 (range, 1-32) weeks, respectively.

Although maintenance was scheduled for responders only, it
was given in 2 additional patients with SD. Among 78 patients,
77/78, those who had completed maintenance, were evaluable
for final response assessment, whereas 50 (65%) and 27 (35%)
of them received maintenance for 1 and 2 years, respectively.
At the end of maintenance, 54/77 patients (70%) were in CR,
14/77 (18%) were in CRu, and 8/77 (10%) were in PR, whereas
1 patient with PR at the end of induction developed PD (Table 1).
Maintenance therapy improved the quality of response in 16/77
patients: 14/22 (64%) PRs achieved either CR (n 5 11) or CRu
(n 5 3), whereas both patients with SD achieved CR and PR.
All 38 induction CRs retained their CR status. Furthermore,

Table 1. Comparison of patients’ characteristics and response to rituximab induction among all patients (n 5 108),
between those who received maintenance or not (n 5 98), and between 1-y or 2-y maintenance (n 5 75)

No
maintenance* Maintenance*

Maintenance,
1 y†

Maintenance,
2 y†

Patient characteristics
All patients,

no. (%) No. % No. % P No.† % No.† % P

Age, median (range), y 65 (41-91)

Age ($70 y) 38/108 (35) 11/22 50 24/76 32 .11 17/48 35 7/27 26 .40

Sex (male) 52/108 (48) 11/22 50 36/76 47 .83 22/48 46 13/27 48 .85

B symptoms (yes) 7/108 (6) 1/22 5 5/76 7 .73 4/48 8 1/27 4 .44

LDH (elevated) 45/106 (43) 12/22 55 30/74 41 .25 24/47 51 6/26 23 .02

Hemoglobin (,10 g/dL) 32/100 (30) 10/22 46 21/75 28 .12 13/47 28 8/27 30 .46

Thrombocytopenia (,100 3 109/L) 18/104 (17) 6/22 27 10/75 13 .12 3/47 6 7/27 26 .018

Lymphocytes ($4 3 109/L) 45/104 (43) 7/20 35 33/75 44 .47 20/47 43 13/27 48 .64

Paraproteinemia 31/93 (34)‡ 7/17 41 23/68 34 .57 11/40 28 12/27 44 .15

Extrahilar lymphadenopathy (yes) 30/108 (28) 7/22 32 18/76 24 .44 12/48 25 5/22 19 .52

PS .0 12/108 (11) 3/22 14 9/76 12 .82 7/48 15 2/27 7 .36

Spleen size, median (range), cm 20 (16-25)

Spleen size (.20 cm) 36/105 (34) 6/20 30 24/75 32 .86 14/47 30 9/27 33 .75

HPLL/SLSG (group B/C) 64/104 (62) 16/22 73 42/73 58 .20 30/46 65 11/26 42 .059

Response to induction .48§ .027§

CR 47/106 (44) 9/22 41 38/76 50 NA 28/48 58 10/27 37 NA

CRu 22/106 (21) 7/22 32 15/76 20 NA 11/48 23 4/27 15 NA

PR 29/106 (27) 6/22 27 23/76 30 NA 9/48 19 13/27 48 NA

SD 7/106 (7) 0 0 0 0 NA 0 0 0 0 NA

PD 1/106 (1) 0 0 0 0 NA 0 0 0 0 NA

Nonevaluable 2/108 (—) 0 0 0 0 NA 0 0 0 0 NA

HPLL, hemoglobin, platelets, lactate dehydrogenase (LDH), lymphadenopathy; NA, not applicable; PS, performance status.

*The maintenance vs no maintenance comparison includes responders only (n 5 98). Two patients with SD after induction also received maintenance, but they are not included in this
comparison.

†The comparison between 1- vs 2-y maintenance includes 75/76 patients who received maintenance, excluding 1 patient who has not completed maintenance yet.

‡Immunoglobulin M 20/93 (22%), immunoglobulin G 10/93 (11%), immunoglobulin A 1/93 (1%).

§P value reflects the overall comparison across all categories.
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4/15 patients with postinduction CRu were reclassified as CR after
maintenance by BM examination.

After a median follow-up of 57 months (range, 0.23-172),
26 patients experienced relapse or progression and 9 died,
including 4 lymphoma-related deaths. The 5- and 10-year FFP
rates were 71% and 64%; the 5- and 10-year OS rates were
93% and85%, and the 5- and10-year LSS rateswere 99%and90%,
respectively (Figure 1A). The 5- and 10-year FFP rates according
to SLSG risk group were 81% and 81% for group A and 61% and
49% for groups B/C, respectively (P5 .049) . The corresponding
5- and 10-year OSs were 95% and 89% for group A and
91% and 81% for groups B/C, respectively (P 5 .79).

Thrombocytopenia ,100 3 109/L was the only baseline vari-
able associated with inferior FFP rates (75% vs 49% at 5 years,
P 5 .02). Among responders, the quality of response to in-
duction did not affect FFP rates: the 5-year FFP rates were
75%, 63%, and 61% for patients in CR, CRu, and PR, respectively
(P 5 .46).When the analysis was restricted to responders who
received rituximab maintenance, the 5-year FFP was again
similar among CR, CRu, and PR patients (77%, 89%, 67%,
P 5 .45).

Among the 98 responders to rituximab induction, 76 received
maintenance. Patients’ risk group, baseline characteristics, and
response after induction did not differ between those who
received maintenance or not (Table 1). Patients who received
1 vs 2 years of maintenance did not differ significantly in their
characteristics, except for a higher frequency of thrombocyto-
penia and PR to induction in those who received 2-year main-
tenance (Table 1). Maintenance therapy was associated with a
significantly better FFP rate: 5- and 9-year FFP rates were 79%
and 76% for patients who received maintenance vs 52% and
42% for those who did not (P 5 .0006; Figure 1B). There was no
difference in FFP between those who received maintenance for
1 vs 2 years (P 5 .90; Figure 1C). In order to further ensure the
reliability of the observation that maintenance was associated
with a significantly better FFP rate compared with observa-
tion only, we performed multivariate analysis, including also
thrombocytopenia and sex. These 3 covariates (male sex, absence
of thrombocytopenia, and rituximab maintenance) were inde-
pendent favorable prognostic factors: rituximab maintenance was
themost powerful with a hazard ratio (HR) of 0.18 (95% confidence
interval [CI], 0.07-0.46; P, .001), followed by platelets.1003 109/L
(HR 0.22, 95%CI, 0.08-0.59; P5 .003), and male sex (HR 0.35, 95%
CI, 0.13-0.92; P 5 .033). The addition of age, anemia, and el-
evated LDH did not modify the 3-variable model. Despite the
large difference in FFP rate, there was no difference in OS and
LSS rates: 10-year OS was 89% vs 92% (P5 .84) and the 10-year
LSS was 93% vs 100% (P 5 .50) for the maintenance vs no
maintenance comparison, respectively. A plateau in the FFP rate
beyond 6 to 7 years appeared to exist for patients who received
maintenance. Indeed, 33% of the patients (25/76) still remained
at risk for relapse/progression beyond 74 months with no addi-
tional events observed (Figure 1B). When analyzed according to
post–maintenance response, only 1 of these patients still had a
PR, whereas 3/25 and 21/25 patients had achieved CRu or CR,
respectively.

The results presented here confirm that rituximab is a highly
effective and splenectomy-sparing therapeutic strategy for
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Figure 1. Survival outcomes after rituximab monotherapy in SMZL patients.
(A) OS, LSS, and FFP for the total population of the 108 SMZL patients. (B) FFP
according to Maintenance. (C) FFP according to 1 or 2 years maintenance. PFS,
progression-free survival; pts, patients.
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SMZL. Responses to rituximab appear to be long lasting with a
10-year FFP exceeding 60%, with minimal toxicity. Mainte-
nance therapy further improved the quality of responses and
was associated with better FFP. As this was not a randomized
trial, the superiority of maintenance should be interpreted with
caution. This study carries the usual potential biases associated
with retrospective studies, while the numbers of patients re-
ceiving maintenance or not and the numbers of events are not
high enough to permit definite conclusions to be drawn. Based
on these data, we recommend rituximab monotherapy as the
first-line treatment of choice in SMZL. For the small proportion
of patients who do not respond to rituximab, splenectomy or
the addition of chemotherapy would be reasonable.19-25
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A universal solution for eliminating false positives in
myeloma due to therapeutic monoclonal
antibody interference
John R. Mills,1 Mindy C. Kohlhagen,1 Maria A. V. Willrich,1 Taxiarchis Kourelis,2 Angela Dispenzieri,1,2 and David L. Murray1
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Multiple myeloma (MM) is a malignant plasma cell disorder
resulting in expansion of clonal plasma cells that encode for a
unique monoclonal immunoglobulin (M-protein). The M-protein
is derived from recombination and somatic hypermutation
events occurring at both the heavy- and light-chain loci in the
precursor B cell. As a result, the M-protein has a distinct amino
acid sequence and corresponding molecular mass that can

serve as a patient-specific M-protein biomarker.1 The traditional
methods of M-protein detection, protein gel electrophoresis
and capillary electrophoresis, have limited resolution, impeding
their ability to separate multiple bands. This has resulted in the
inability to accurately stratify therapeutic responses for some
immunoglobulin G (IgG) k MM patients whose M-protein
comigrates with the monoclonal therapeutic antibody (t-mAb)
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Figure 1. Determining t-mAB fromM-protein by using unique parameters from liquid chromatography and mass measurements. Extracted ion chromatograph of the124
charge state for each t-mAb with the indicated retention time (left). Corresponding accurate molecular mass of each respective t-mAb (middle). Representative examples of
miRAMM results for patient samples with M-proteins comigrating with the indicated t-mAb (right).
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