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Background: This multicenter, phase II trial tested the tolerability and efficacy of lenalidomide plus rituximab in patients with
previously untreated follicular lymphoma (FL).

Patients and methods: Patients with grade 1–3a FL, stage 3–4 or bulky stage 2, FL international prognostic index (FLIPI) 0–2,
and no prior therapy were eligible to receive rituximab 375 mg/m2 weekly during cycle 1 and day 1 of cycles 4, 6, 8, and 10, plus
lenalidomide 20–25 mg on days 1–21 for twelve 28-day cycles. The primary objectives were to evaluate response rates
[complete (CR) and overall] and time to progression. Secondary objectives included toxicity, response according to
polymorphisms in FcgR2A and FcgR3A, and changes in circulating pro-angiogenic cells.

Results: From October 2010 to September 2011, 66 patients were enrolled. Median age was 53 years, 34 were female, 15 had
bulky disease, 21 were FLIPI 0-1, 43 FLIPI 2, and 2 FLIPI 3. One patient withdrew before receiving treatment. Fifty-one patients
completed 12 cycles of lenalidomide. Reasons for discontinuation included withdrawal (n¼ 6), adverse events (n¼ 6),
progression (n¼ 2). Grade 3–4 hematologic toxicity included neutropenia (21%), lymphopenia (9%), and thrombocytopenia
(2%), infection (11%), and rash (8%). Grade 1–2 toxicity included fatigue (78%), diarrhea (37%), rash (32%), and febrile
neutropenia in one patient. The overall response rate was 95%; the CR rate was 72% (95% confidence interval, 60% to 83%). With
a median follow-up of 5 years, the 2- and 5-year progression-free survival were 86% and 70%, respectively, and the 5-year overall
survival was 100%. There was no association between CR rate or PFS and FLIPI, histological grade, bulky disease, FcgR2A/FcgR3A
polymorphism, or change in circulating endothelial cell/hematopoietic progenitor cell.

Conclusion: Lenalidomide plus rituximab was associated with low rates of grade 3–4 toxicity, yielded a CR rate and PFS similar
to chemotherapy-based treatment and may represent a reasonable alternative to immunochemotherapy in previously
untreated FL.

ClinicalTrials.gov Identifier: NCT01145495.
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Introduction

Optimal frontline therapy for follicular lymphoma (FL) should

balance antitumor activity with tolerability. Remission durations

typically range from a few months to several years, depending on

the treatment period and intensity. Although longer treatment-

free intervals should be associated with better quality of life, the

relative increase in treatment-related toxicity required to achieve
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them might detract from patient experience. Beginning in 2004,

the Cancer and Leukemia Group B (CALGB; now part of the

Alliance for Clinical Trials in Oncology) initiated a series of clin-

ical trials with the aim of maximizing efficacy of rituximab-based

combinations in previously untreated patients. Each trial built on

the rituximab scheduled first used by the Swiss Group for Clinical

Cancer Research (SAKK), in which four weekly doses was fol-

lowed by four additional doses administered at the start of

months 4, 6, 8, and 10 [1]. The CALGB 50402 trial evaluated the

combination of extended dosing of rituximab plus the anti-CD80

antibody galiximab. The complete response rate and 3-year

progression-free survival (PFS) were 32% and 29%, respectively,

for patients with a high-risk FL international prognostic index

(FLIPI) score and 92% and 75%, respectively, for patients with

low-risk FLIPI. The CALGB 50701 trial demonstrated that the

combination of rituximab plus the anti-CD22 antibody epratu-

zumab produced similarly promising results, with a median PFS

of 3.5 years.

Lenalidomide is a potent derivative of thalidomide with im-

mune, antiangiogenic, and direct antilymphoma effects. A

randomized phase II trial of lenalidomide plus rituximab in re-

current FL demonstrated a 76.1% overall response (OR) rate

[39.1% complete response (CR); 37% partial response (PR)] in

patients receiving lenalidomide plus rituximab versus a 53.3%

OR rate (20% CR; 33.3% PR) in patients receiving lenalidomide

alone [2] with a doubling of the PFS. Based on these promising

results, the Cancer and Leukemia Group B (CALGB/Alliance)

50803 trial was conducted to test the safety and efficacy of lenali-

domide plus rituximab in previously untreated FL patients.

Patients and methods

This was an open-label, multicenter, phase II trial. All patients signed an
institutional review board-approved, protocol-specific informed consent
before enrollment.

Eligibility criteria

Patients with previously untreated, histologically confirmed FL (by cen-
tral review), World Health Organisation classification grade 1, 2, or 3a,
that was stage 3, 4, or bulky stage 2, based on local review were eligible for
this trial. Other inclusion criteria included measurable disease, age� 18
years, FLIPI 0-2, and Eastern Cooperative Oncology Group (ECOG) per-
formance status of 0–2. Required initial laboratory values included abso-
lute neutrophil count of �1000/ll, platelet count of�75 000/lL,
estimated creatinine clearance�30 ml/min, and serum bilirubin�2�
the institutional upper limit of normal. Key exclusion criteria included
prior systemic therapy for non-Hodgkin’s lymphoma, including chemo-
therapy or immunotherapy, corticosteroids within 2 weeks of study
entry, except for maintenance therapy for a non-malignant disease,
known CNS involvement by lymphoma, known Human Anti-Chimeric
Antibody positivity, and ongoing pregnancy (or nursing). Patients with
an autoimmune disorder who required active immunosuppression and
patients with history of erythema multiforme, toxic epidermal necrolysis,
Stevens–Johnson syndrome, or uncontrolled seizures were not eligible.

Study treatment

Lenalidomide was administered at the starting dose of 20 mg per day or-
ally on days 1–21, followed by 7 days of rest, every 28 days. For cycle 2 and
beyond, the dose was increased to 25 mg in patients who did not experi-
ence excess toxicity. Excess toxicity was defined as grade 3 or 4

nonhematologic toxicity. Patients received a total of twelve 28-day cycles
of lenalidomide, unless either rapid disease progression or unacceptable
toxicity was observed. Prophylactic aspirin or low-molecular weight hep-
arin were required for patients considered to be at high risk for a
thromboembolic event, unless otherwise contraindicated.

Rituximab 375 mg/m2 per dose was administered by intravenous infu-
sion for a total of eight doses. The first four doses (induction therapy)
were administered weekly on days 1, 8, 15, and 22, starting on day 1 of
lenalidomide. Subsequent rituximab doses (extended induction therapy)
were administered once per week (beginning 8 weeks after the last dose of
induction therapy) in weeks 13, 21, 29, and 37 (months 4, 6, 8, and 10,
respectively).

Patient evaluation

Patients were restaged by positron emission tomography-computed
tomography at weeks 10, 24, and 52, then every 4 months for 2 years, then
every 6 months until disease progression or for a maximum of 10 years
from study entry. Response to therapy was assessed per the 2007
International Working Group criteria [3]. A bone marrow biopsy was
required to confirm complete response in patients with marrow involve-
ment at baseline.

Correlative studies

Florescence-activated cell sorting analysis of circulating proangiogenic cell
populations was carried out (by JR) as described previously [4, 5].
Circulating endothelial cells (CECs), defined as CD45-CD146þ CD31þ

cells, circulating endothelial progenitor cells (EPCs), defined as CD45-/dim

VEGFR2þCD133þ cells, and circulating hematopoietic progenitor cells
(HPCs), defined as CD45þVEGFR1þCD133þ cells, were quantified by
florescence-activated cell sorting analysis at baseline study entry and at
week 52 following completion of study treatment. Nonviable cells were
excluded from analysis with SYTOX green cell viability stain. Evaluation of
levels of vascular endothelial growth factor (VEGF), VEGF-C, VEGF-D,
Tie-2, Flt-1, and basic fibroblast growth factor was carried out using Meso-
Scale Discovery Multiplex assays as described previously [6]. Evaluation
of FCGR3A and FCGR2A polymorphisms was evaluated as described
previously [7].

Statistical methods

The primary objectives of this study were to determine the response rates
(OR, CR) and time to progression. The primary outcome was the rate of
CR observed between trial entry and 12 months from enrollment. Based
on the observed CR rates in the CALGB 50402 study, a CR rate of at least
85% for FLIPI 0-1 and 67% for FLIPI 2 would be of strong interest,
whereas CR rates of <70% for FLIPI 0-1 and 47% for FLIPI 2, respect-
ively, would be considered too low. We used a single-stage design to ac-
crue 50 eligible and evaluable patients. The statistical testing was
stratified by risk level and conditioned on the number of patients from
each risk group. The conditional power is at least 85% and over 90% in
the wide range of patient numbers. Based on an expected prevalence rates
are 33% and 67% for low and intermediate risk groups, respectively (as
observed from CALGB 50402), the marginal type I error and power were
expected to be 0.078 and 0.915, respectively. The details of this method
are described by Jung et al. [8].

The observed CR rate and its 95% confidence interval was estimated
overall and for each FLIPI risk group using the exact method [9]. Time to
event variables, PFS, and overall survival (OS), were estimated using
Kaplan–Meier methods [10]. PFS was defined as the time from study
entry until progression or death, whichever occurred first. Patients were
censored at the last date known alive and progression free. OS was
defined as the time from study entry until death from any cause. Logistic
regression models were used to associate biomarkers with response after
adjusting for FLIPI. All data were collected, reviewed, and analyzed by the
Alliance Statistics and Data Center and study chairperson according to
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Alliance policies and procedures. Analyses were carried out on data col-
lected through 8 February 2017 using SAS version 9.4 (SAS Institute,
Cary, NC).

Results

From October 2010 to September 2011, 66 patients were enrolled

at 21 sites in the United States; one patient never received study

treatment after the baseline imaging revealed no hypermetabolic

activity (although this was not an eligibility requirement). Key

baseline characteristics of the patients are presented in Table 1.

Twenty-one patients were FLIPI 0-1, 43 patients were FLIPI 2.

Two patients were FLIPI 3 and should not have been eligible but

are included in this analysis.

Disposition

A total of 65 patients started treatment (supplementary Figure S1,

available at Annals of Oncology online). Fifty-one patients com-

pleted 12 cycles of lenalidomide (supplementary Figure S2, avail-

able at Annals of Oncology online). Reasons for not completing 12

cycles of lenalidomide were disease progression (n¼ 2; during

cycle 5 and during cycle 6), adverse event (n¼ 6), and refused add-

itional therapy (n¼ 6; 2 of these patients completed the full course

of rituximab despite not completing the lenalidomide). One of the

six patients listed adverse events as part of the reason for refusing

further therapy. Of the six patients who voluntarily withdrew, all

responded to therapy, including three with CRs. Both patients that

stopped due to disease progression achieved a PR.

Adverse events

Treatment-emergent adverse events grade 3 or greater that were

reported as at least possibly related are listed in Table 2.

Hematologic toxicity included grade 3–4 neutropenia in 21%

and grade 3–4 thrombocytopenia in 2%. Febrile neutropenia was

reported in only one patient (grade 2). Eighteen grade 1–2 infec-

tions (mostly sinopulmonary), six grade 3 infections, and no

grade 4 infections were reported. The most commonly reported

adverse event was fatigue: grade 1–2 and grade 3 fatigue were re-

ported in 51 and 4 patients, respectively, and was consistent

throughout treatment (supplementary Figure S3, available at

Annals of Oncology online). Grade 1–2 and grade 3 rash were

noted in 21 and 5 patients, respectively. Other common adverse

events included grade 1–2 diarrhea (24 patients), grade 1–2 con-

stipation (16 patients), and grade 1–2 nausea (16 patients).

Notably, grade 3 tumor lysis syndrome was reported in two pa-

tients and grade 3 serum sickness was reported in one patient.

Three grade 1–2 thrombotic/embolic events were reported. There

were no cases of other cancers reported.

Outcomes

Overall, 62/65 patients (95%) responded (Table 3). The CR rate

was 72% [95% confidence interval (CI), 60% to 83%; the P value

for the primary objective on CR rate was 0.002] [FLIPI 0-1 CR

rate was 71% (95% CI, 48% to 89%), FLIPI 2 CR rate was 73%

(95% CI, 57% to 85%)]. With a median follow-up time of

5.0 years (range, <1 to 6.1 years), 16 patients have progressed

(Figure 1), including seven patients with a best response of CR,

eight with a best response of PR, and one with a best response of

SD. The 2-, 3-, 4-, and 5-year PFS were 86% (95% CI, 75% to

93%), 81% (95% CI, 69% to 89%), 74% (95% CI, 61% to 86%),

and 72% (95% CI, 58% to 82%), respectively. There was no asso-

ciation between FLIPI and PFS (P¼ 0.23). There have been no

deaths reported.

Table 1. Patient characteristics (all patients)

Characteristic N 5 66

Age (years)
Median (min, max) 53 (32-79)
Sex

Male 32 (48%)
Female 34 (52%)

Performance score
ECOG/Zubrod ¼ 0 49 (74%)
ECOG/Zubrod ¼ 1 17 (26%)

Stage
Bulky stage 2 5 (8%)
Stage 3 27 (41%)
Stage 4 34 (51%)

B-symptoms
No 59 (89%)
Yes 5 (8%)
Unknown/not reported 2 (3%)

Grade
Grade 1 39 (59%)
Grade 2 21 (31.8%)
Grade 3a 4 (6%)
Unknown/not reported 2 (3%)

Number of nodal sites
�4 33 (50%)
>4 33 (50%)

FLIPI risk
Low 21 (32%)
Intermediate/higha 45 (68%)

Bulky diseaseb

No 50 (76%)
Yes 15 (23%)
Unknown 1 (1%)

FcgR polymorphismc

FCGR3A 158F 22 (37%)
FCGR3A 158 F/V 27 (46%)
FCGR3A 158V 10 (17%)
FCGR2A 131H 18 (31%)
FCGR2A 131 R/H 28 (47%)
FCGR2A 131R 13 (22%)

aTwo patients had FLIPI score> 2; following are their risk factors: age>
60 years, FL-Bulky stage 2, WHO class grade 3a, Hb> 12 and age> 60
years, FL-stage 4, >4 nodal sites.
bOf patients with bulky disease, five were Bulky stage 2, three were stage
3 and seven were stage 4; unknown was stage 3.
cFifty-nine consented patients with FcgR results.
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Angiogenic markers

A total of 28 paired samples (baseline and end of 52-week ther-

apy) were available for analysis of circulating pro-angiogenic cell

populations. Following treatment completion at week 52, levels

of both CECs and HPCs decreased significantly compared with

baseline. Specifically, mean CECs decreased from 566 (range, 0–

3990) to 96 (range, 0–1322) cells per ml (P¼ 0.02), mean HPCs

decreased from 247 (range, 0–960) to 106 (range, 7–1343) cells

per ml (P¼ 0.03), whereas mean EPCs remained stable. There

was no association between decrease in CEC/HPC and CR or

PFS. There were no significant changes from pre-treatment to

post-treatment in the levels of VEGF, VEGF-C, VEGF-D, Tie-2,

Flt-1, and basic fibroblast growth factor.

FcgR polymorphisms

Fifty-nine (91%) consented patients were included in the FCGR

polymorphism analysis. The FCGR polymorphisms are reported

in Table 1. The FCGR3A and FCGR2A genotypes had similar CR

rates (Cochran–Armitage trend test, P¼ 0.55 and P¼ 0.31, re-

spectively). The FCGR polymorphisms were not associated with

PFS.

Discussion

In this large, multicenter phase II study with 5 years of follow-up,

12 cycles of lenalidomide plus rituximab induced a high rate of

Table 2. Adverse events

Listing of grade 11 adverse events occurring in�10%
Max grade per patient per event

At least possibly related
Number of evaluable patients: 65

Grade of adverse event

1—Mild 2—Mod 3—Severe 4—LifeThr

n (%) n (%) n (%) n (%)

Hematologic adverse events
Lymphocyte count decreased 18 (28) 19 (29) 6 (9) 0 (0)
Neutrophil count decreased 17 (26) 5 (8) 10 (15) 4 (6)
Platelet count decreased 27 (42) 1 (2) 0 (0) 1 (2)
Anemia 25 (38) 0 (0) 0 (0) 0 (0)

Nonhematologic adverse events
Gastrointestinal

Diarrhea 22 (34) 2 (3) 1 (2) 0 (0)
Constipation 13 (20) 3 (5) 1 (2) 0 (0)
Nausea 11 (17) 5 (8) 0 (0) 0 (0)
Mucositis oral 3 (5) 5 (8) 0 (0) 0 (0)

General
Fatigue 34 (52) 17 (26) 4 (6) 0 (0)
Infusion-related reaction 11 (17) 13 (20) 0 (0) 0 (0)
Pain 4 (6) 5 (8) 1 (2) 1 (2)

Infections and infestations
Sinus/respiratory infection 0 (0) 11 (26) 1 (2) 0 (0)
Other infection 0 (0) 7 (11) 6 (9) (0)

Investigations
Alanine aminotransferase increased 25 (38) 3 (5) 1 (2) 0 (0)
Alkaline phosphatase increased 13 (20) 1 (2) 0 (0) 0 (0)
Aspartate aminotransferase increased 18 (28) 1 (2) 1 (2) 0 (0)
Blood bilirubin increased 7 (11) 2 (3) 1 (2) 0 (0)

Metabolic
Hyperglycemia 12 (18) 4 (6) 2 (3) 0 (0)
Hypocalcemia 7 (11) 1 (2) 1 (2) 0 (0)
Anorexia 6 (9) 1 (2) 0 (0) 0 (0)

Nervous system
Peripheral sensory neuropathy 9 14) 0 (0) 1 (2) 0 (0)
Headache 6 (9) 1 (2) 1 (2) 0 (0)

Skin and subcutaneous tissue
Rash maculo-papular 10 (15) 11 (17) 5 (8) 0 (0)
Pruritus 10 (15) 1 (2) 0 (0) 0 (0)
Dry skin 8 (12) 1 (2) 0 (0) 0 (0)
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complete responses in patients with FLIPI 0-2 FL. The study met

the primary endpoint, suggesting that the regimen is worthy of

further evaluation. The complete response rate appeared to be in-

dependent of FLIPI, unlike prior CALGB/Alliance studies with

rituximab/epratuzumab and rituximab/galiximab, suggesting

that the activity of lenalidomide-rituximab may not be a regimen

restricted only to low-risk patients. Additionally, lenalidomide

plus rituximab induced a high rate of durable responses, with

69% of patients in complete response at 30 months (FLASH30)

and a 5-year PFS of 70% [11]. These results are remarkably con-

sistent with a previously reported single-center study in which 50

FL patients, including 14 with high FLIPI scores, achieved an

87% CR rate and a 3-year PFS of 81% with a similar 12 cycle regi-

men [12]. By comparison, rituximab plus chemotherapy fol-

lowed by 2 years of rituximab maintenance yielded a 3-year PFS

of 74.9% in the PRIMA trial although that trial included 43% of

patients with FLIPI 3–5 [13]. Like other clinical trials, patients

treated in this study likely represent a selected patient population.

Moreover, the restriction in eligibility to low- and intermediate-

risk FLIPI scores, as well as the absence of requirement for ther-

apy in the inclusion criteria likely also biased results favorably.

The results of the phase III RELEVANCE trial, which compares

lenalidomide-rituximab to rituximab-chemotherapy in previ-

ously untreated FL, are eagerly awaited.

To date, no deaths have been reported, including in the 14% of

patients that progressed within the first 2 years of starting treat-

ment, and no second malignancies have been reported. Similar to

the single-center study, we found that grade 3–4 toxicity was rela-

tively modest. For example, the rate of grade 3–4 neutropenia

(21%) was roughly half to one-quarter that experienced by

patients treated with immunochemotherapy on a recent clinical

trial [14] although the rates of grade 3–4 infections were com-

parable. That said, about 20% of patients that started the study

did not complete all 12 cycles of planned therapy. Twelve patients

either voluntarily withdrew or stopped due to adverse events.

Low-grade side effects appeared particularly common with

the lenalidomide-rituximab combination. Grade 1–2 fatigue,

diarrhea, and rash were experienced by 78%, 37%, and 32%,

compared with roughly 40%, 20%, and 20% in patients treated

with immunochemotherapy. Additionally, given that the

lenalidomide-rituximab was administered for 1 year, it is likely

that the duration of these adverse events was longer than what

might be experienced by the typical patient receiving 4–6 months

of immunochemotherapy. On the other hand, the fact that

patients were followed closely for a longer period of time

may have resulted in detection of adverse events that might have

been missed with less frequent follow-up. In the event that

lenalidomide-rituximab and immunochemotherapy produce

similar efficacy outcomes, the selection of therapy may depend

on matching appropriate patients with toxicity profiles. In some
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Figure 1. Progression-free survival.

Table 3. Response

Best response FLIPI 0–1,
n 5 21

FLIPI 2–3,
n 5 44a

Overall
(N 5 65)

CR 15 (71%) 32 (73%) 47 (72%)
PR 5 (23%) 10 (23%) 15 (23%)
Stable 0 1 (2%) 1 (2%)
Not evaluated: AE 1 (5%) 1 (2%) 2 (2%)

aTwo patients had FLIPI Score >2, both achieved CR.
AE, adverse event; FLIPI, FL international prognostic index; CR, complete
response.
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ways, this is analogous to treatment decisions made by clinicians

on a daily basis as they select different chemotherapy regimens or

pursue more or less intensive therapy. In other ways, comparing

the tolerability of lenalidomide-rituximab and immunochemo-

therapy may not be straightforward. While most investigators (us

included) report the maximum severity of an adverse event, few

reports contain information regarding the duration of time spent

at each grade of each adverse event. For example, it might seem

obvious to select a treatment that produces grade 2 arthralgia

compared with grade 3 arthralgia until the time at each grade of

arthralgia is factored into the decision. Future trials should focus

on novel ways of evaluating the toxicity associated with chronic

therapies [15].

Neo-angiogenesis is important for lymphoma pathogenesis, by

promoting autocrine proliferation and survival of lymphoma

tumor cells via VEGF-VEGF receptor axis, and recruiting bone

marrow-derived hemangiogenesis, in the forms of proangiogenic

HPCs and EPCs, to support neovascular assembly and metasta-

sis.[16, 17] We explored the correlation between angiogenesis

biomarkers and clinical responses in a subset of our study pa-

tients. Although there was no change in the levels of

proangiogenic growth factors, the significant reduction of the

levels of circulating CECs and HSCs in response to therapy re-

flects a potential mechanism of action of lenalidomide-based

therapy, whereby persistent suppression of proangiogenic cells

may limit angiogenesis and contribute to clinical remission.

Additional tissue analysis of paired samples before and after treat-

ment might verify changes in the tumor vascular compartment,

and larger sample sizes would be needed to better define the prog-

nostic significance of these angiogenesis biomarkers.

FCGR polymorphisms have been reported to be associated

with response to single-agent rituximab in previously untreated

FL [7, 18] and OS following treatment with immunochemother-

apy [19] although other studies failed to reproduce the same re-

sults [20]. It is likely that multiple factors account for response to

rituximab, including tumor burden, tumor microenvironment,

and the combination with different agents. Our results suggest

that FCGR2A and 3 A polymorphisms are unlikely to play a major

role in determining response to lenalidomide-rituximab. This

study also highlights the challenges of identifying predictive bio-

markers for therapies with low failure rates. Future studies that

focus on higher risk populations may prove more fruitful.

Twelve cycles of lenalidomide and rituximab is clearly effica-

cious in patients with untreated FL low/intermediate FLIPI risk,

and it is associated with low rates of significant toxicity.

Lenalidomide appears to have pleotropic effects, including inhib-

ition of angiogenesis, and it may overcome the adverse prognosis

associated with poor-risk FCGR2A and 3 A polymorphisms.

Barring any unexpected results from the RELEVANCE trial,

lenalidomide-rituximab represents a reasonable alternative to

front-line immunochemotherapy in FL. In selecting a treatment,

clinicians will need to weigh the differences in administration,

duration of therapy, and tolerability, accepting that the compari-

son may not be as straightforward as comparing two chemother-

apy regimens. Future trials should incorporate attempts to

identify patient subgroups most likely to do well or experience

significant adverse events, and adverse events should be reported

in a way that better reflects the experience of patients receiving

continuous therapy.
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