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Summary

Lenalidomide maintenance therapy prolonged progression-free survival

(PFS) versus placebo in elderly patients with diffuse large B-cell lymphoma

(DLBCL) responding to induction chemotherapy in the phase 3 REMARC

study. This subpopulation analysis assessed the impact of lenalidomide

maintenance and treatment-emergent adverse events (TEAEs) on health-

related quality of life (HRQOL). Global health status (GHS), and physical

functioning and fatigue subscales were evaluated in patients who completed

the European Organisation for Research and Treatment of Cancer quality-

of-life questionnaire-C30 v3.0. The impact of TEAEs classified post hoc as

subjective (patients can feel) or observable (only measurable by physicians)

on dose reductions and discontinuations was assessed. Among 457 patients

(lenalidomide, n = 229; placebo, n = 228), mean (standard deviation) GHS

was similar between treatment arms [68�2 (20�7) Versus 72�0 (17�8)] at ran-
domisation and remained similar during maintenance. Patients receiving

lenalidomide experienced no meaningful changes in GHS, physical func-

tioning, or fatigue. Observable TEAEs were more common (81�1% Versus

66�3%) and more likely to lead to dose reductions, than subjective TEAEs

in both arms. PFS was superior in the lenalidomide arm regardless of dose

reduction. Lenalidomide maintenance prolonged PFS and did not nega-

tively impact HRQOL in patients with DLBCL despite TEAEs being more

common, when compared with placebo.
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Diffuse large B-cell lymphoma (DLBCL) is the most frequent

type of aggressive non-Hodgkin lymphoma (NHL) (Fried-

berg, 2011; Chiappella et al., 2017a) with incidence peaking

in the sixth decade of life (Chiappella et al., 2017b). The

combination regimen of rituximab, cyclophosphamide, dox-

orubicin, vincristine and prednisone (R-CHOP) is considered
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standard first-line therapy for patients with DLBCL and is

given with curative intent (Chiappella et al., 2017a,b; Davies,

2017). Patients with DLBCL who are event-free at 24 months

have a subsequent overall survival (OS) equivalent to that of

the age- and sex-matched general population (Maurer et al.,

2014). However, around one-third of patients relapse or

require retreatment within the first 24 months post first-line

induction (Maurer et al., 2014). This is associated with poor

outcome and a median survival after relapse or retreatment

of 10 months (McMillan et al., 2016). Effective salvage

options after failure of R-CHOP are limited, particularly for

elderly patients ineligible for autologous stem cell transplan-

tation (ASCT) (Nowakowski et al., 2016; Gisselbrecht & Van

Den Neste, 2018). Therefore, innovative strategies are needed

to optimise induction and to prevent or delay relapse after

R-CHOP without compromising the patient’s health-related

quality of life (HRQOL).

In the phase 3 REMARC study, patients were assigned to

a starting dose of 25 mg/day lenalidomide or placebo on

days 1–21 of 28-day cycles for 24 months. Lenalidomide

maintenance significantly prolonged progression-free survival

(PFS) compared with placebo in patients aged ≥60 years with

DLBCL who had achieved a response [complete response

(CR) or partial response (PR)] to R-CHOP induction ther-

apy [median PFS not reached Versus 58�9 months; hazard

ratio (HR) 0�708; 95% confidence interval (CI) 0�54–0�93;
P = 0�01] (Thieblemont et al., 2017). There was no difference

in OS between the treatment arms at a median follow-up of

52 months. In maintenance therapy, it is important to con-

sider not just efficacy measures but also HRQOL, toxicities

and tolerability of this treatment and manageability of treat-

ment-emergent adverse events (TEAEs). Previous studies

have shown limited impact of maintenance therapy for

DLBCL on HRQOL. Rituximab maintenance therapy signifi-

cantly reduced pain and symptom severity following ASCT,

but was not associated with the rapid post-transplant

improvements observed across all domains of HRQOL

(Heutte et al., 2011). The SIMONAL study also found no

difference in HRQOL between patients receiving rituximab-

containing regimens and those who did not (Mounier et al.,

2019).

In the REMARC study, the most common grade 3–4
TEAEs associated with lenalidomide maintenance were neu-

tropaenia (56% Versus 22% with placebo) and cutaneous

reactions (5% Versus 1%) (Thieblemont et al., 2017). These

TEAEs are often manageable with dose reductions; however,

some patients may need to discontinue treatment. In the

REMARC study, 61% of patients receiving lenalidomide and

41% of patients receiving placebo discontinued treatment

prematurely, although reasons for discontinuation were not

assessed in the primary analysis (Thieblemont et al., 2017).

Therefore, a subpopulation analysis was performed to assess

the impact of maintenance therapy and TEAEs on HRQOL

in patients who completed the European Organisation for

Research and Treatment of Cancer (EORTC) quality-of-life

questionnaire (QLQ)-C30. As the decision to adjust the dose

or discontinue treatment must balance the severity of the

TEAE and patient HRQOL against the need to continue

maintenance therapy for as long as possible to maximise sur-

vival outcomes, we also describe analyses from the REMARC

study that were conducted to understand the possible rela-

tionship between treatment dosing, reasons for dose reduc-

tions, and TEAEs. Furthermore, the impact of dose

reductions on PFS was studied.

Materials and methods

HRQOL analyses in the REMARC study

Details on the REMARC study design have been reported

elsewhere (Thieblemont et al., 2017). Briefly, REMARC

(NCT01122472) was a double-blinded, randomised, placebo-

controlled phase 3 trial conducted in nine countries (Aus-

tralia, Austria, Belgium, France, Israel, Poland, Portugal,

Spain and Switzerland) and was sponsored by the Lym-

phoma Academic Research Organization (LYSARC).

Health-related quality of life was a prespecified exploratory

endpoint of the REMARC study only evaluated in patients in

France or Belgium. Changes in HRQOL during maintenance

were assessed using the French-language or Dutch-language

paper version of the EORTC QLQ-C30 version 3.0, a vali-

dated and reliable instrument for cancer patients, including

patients with haematological malignancies (Aaronson et al.,

1993; Osborne et al., 2012). The HRQOL intention-to-treat

(ITT) population included all randomised patients from

French or Belgian study sites. The HRQOL-evaluable popula-

tion was defined as HRQOL ITT patients with an evaluable

QLQ-C30 questionnaire at randomisation and at least one

evaluable QLQ-C30 questionnaire at a postrandomisation

visit. A QLQ-C30 questionnaire was considered as evaluable

if at least the global health status (GHS) or quality-of-life

scale of the QLQ-C30 was completed.

Assessments were performed at randomisation (i.e. at the

start of maintenance treatment), at cycles 6, 12 and 21 of

maintenance treatment, at the end of the maintenance treat-

ment period (EOM, cycle 26), and at 1 year after the last

study treatment dose. QLQ-C30 questionnaires were posted

to patients after each study visit. The subscale of primary

interest was the GHS scale of the QLQ-C30 questionnaire.

The physical functioning and fatigue subscales were also eval-

uated. Post hoc analyses were conducted to determine the

impact of TEAEs on GHS.

Analysis of adverse events

Treatment-emergent adverse events were collected and

graded according to the National Cancer Institute Common

Terminology Criteria for Adverse Events (CTCAE) version

4.0. For the analysis of ‘subjective’ TEAEs [i.e. AEs that a

patient can feel (for example headache)] and ‘observable’

C. Thieblemont et al.

86 ª 2019 The Authors. British Journal of Haematology published by British Society for
Haematology and John Wiley & Sons Ltd

British Journal of Haematology, 2020, 189, 84–96

 13652141, 2020, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.16300 by C

ochrane France, W
iley O

nline L
ibrary on [27/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TEAEs [i.e. those that a patient was less likely to be aware of

(for example laboratory values)], AEs were categorised post

hoc based on the principles described to identify patient-re-

ported TEAEs that were included in the patient-reported

outcomes version of the CTCAE (PRO-CTCAE) (Basch

et al., 2014). TEAEs that a patient can feel were considered

to be subjective; TEAEs that a patient could not feel and

would only be measurable by a physician were considered to

be observable. The first author (CT) conducted a blind

review of subjective and observable TEAEs and identified

additional subjective TEAEs for inclusion. The complete list

of subjective and observable TEAEs is presented in Table SI.

Dose reductions

To evaluate whether GHS had an impact on dose reductions,

GHS was compared between patients with and without dose

reductions and treatment discontinuations. Subjective versus

observable TEAEs were evaluated to understand if these fac-

tors had an impact on dose reductions and treatment discon-

tinuations. Furthermore, the impact of dose reductions on

PFS was studied.

Statistical analyses

Health-related quality of life mean changes from randomisa-

tion were assessed at each postrandomisation visit and anal-

ysed using two-sided Wilcoxon signed-rank tests. Minimally

important difference (MID) is defined as the smallest change

in a treatment outcome that an individual patient would

identify as important or noticeable. This threshold for change

has been previously determined for the EORTC QLQ-30 as

10 points (Osoba et al., 1998; Cocks et al., 2011). Therefore,

the prespecified threshold for a clinically meaningful differ-

ence in HRQOL scores was defined as a MID of 10 points,

in accordance with these published thresholds (Osoba et al.,

1998; Cocks et al., 2011). Clinically meaningful changes from

baseline were determined by calculating the proportion of

patients reaching or exceeding the MID in each subscale at

each postbaseline visit. A linear mixed-effects model with

random intercept/slope was used to estimate the effect of

treatment on each of the QLQ-C30 subscales over time, as

well as differences in treatment effect between groups. We

compared QLQ-C30 compliance between the treatment

groups at each assessment visit using the two-sided Fisher’s

exact test. No imputation was performed for missing

HRQOL data; missing data were assumed to be missing at

random for both incomplete and missing forms. No multi-

plicity adjustments for inflation in Type I errors were made

to the exploratory statistical analyses. The impact of TEAEs

on rates of dose modifications and treatment discontinuation

was analysed using descriptive statistics unless otherwise

specified. The impact of dose modification on PFS was

assessed using a Cox model including treatment group and

dose reduction as time-dependent variables. First-degree

interaction between these two variables was tested; in the

final model, the interaction term was only kept if it was sta-

tistically significant. In addition, a subgroup analysis was run

using the Kaplan–Meier method. All statistical analyses were

performed using SAS� version 9.2 or higher (SAS Institute,

Cary, NC, USA).

Results

Participants

In the REMARC study, 650 patients were randomised to

receive lenalidomide maintenance (n = 323) or placebo

(n = 327) (Thieblemont et al., 2017). Median age was

69 years (range 58–80) in the lenalidomide arm and 68 years

(range 59–80) in the placebo arm, and 57% Versus 55% of

patients were male respectively. In the lenalidomide arm,

78% of patients had an Eastern Cooperative Oncology Group

(ECOG) performance status score of 2, versus 72% in the

placebo arm (Table I).

A total of 457 patients from France and Belgium (70�3%
of all patients) enrolled and were defined as the HRQOL

ITT population (lenalidomide, n = 229; placebo, n = 228)

(Figure S1). Of these patients, 263 (57�5%) provided

HRQOL questionnaires and met the QLQ-C30 compliance

criterion (lenalidomide, n = 136; placebo, n = 127) at ran-

domisation (defined as HRQOL-evaluable population).

While there was no evidence of differences in questionnaire

compliance rates between the treatment arms at all time

points, the number of patients in the HRQOL-evaluable

population decreased with successive time points. At cycle 6,

191 out of 338 patients still on the study remained in the

HRQOL-evaluable population, 151 out of 272 patients at

cycle 12, 113 out of 227 patients at cycle 21, 103 out of 166

patients at cycle 26 and 39 out of 73 patients at one year

after EOM (Figure S1). As patient numbers at one-year fol-

low-up were low, one-year follow-up was excluded from fur-

ther analyses. In post hoc analyses of the generalisability of

the HRQOL findings, key demographic and clinical charac-

teristics at randomisation and treatment outcomes did not

differ significantly between the compliant HRQOL group

and the non-HRQOL group (i.e. those from countries out-

side France and Belgium who never participated in the

HRQOL assessment). For example, there was no significant

difference in response between compliant HRQOL patients

and the non-HRQOL population (CR or PR 89�8% Versus

86�5% respectively; P = 0�248), suggesting that the HRQOL

results can be extrapolated to the wider REMARC popula-

tion. Within the HRQOL ITT population, compliant

HRQOL patients (i.e. patients from France and Belgium

who had ≥1 valid HRQOL assessment) were younger and

more frequently male than non-compliant HRQOL patients

(i.e. patients from France and Belgium who did not com-

plete HRQOL assessments). Duration of maintenance ther-

apy was significantly shorter for non-compliant patients
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(60% of compliant HRQOL patients received ≥18 cycles, ver-

sus 28% of non-compliant HRQOL patients; P < 0�0001).
The remaining disease characteristics did not differ

significantly between the two groups. Significant differences

between the two groups were found across all treatment out-

comes. Non-compliant HRQOL patients did worse than

compliant HRQOL patients in terms of PFS (median PFS

59�7 months Versus 72�9 months respectively; P = 0�0018)
and had poorer response (CR or PR 79�1% Versus 89�8%
respectively; P = 0�018).

Patient HRQOL during lenalidomide maintenance
therapy

Within the HRQOL ITT population, GHS at randomisation

was similar between patients receiving lenalidomide [median

GHS score (Q1, Q3), 66�7 (58�3, 83�3)] or placebo [75�0
(58�3, 83�3)] and remained similar during maintenance ther-

apy (Fig 1A). Patients receiving lenalidomide had no clini-

cally meaningful changes in GHS (Figure S2), physical

functioning, or fatigue (Figure S3A, B). Mean changes from

randomisation for all QLQ-C30 subscales over time are

shown in Table SII. Most of these did not exceed the MID of

�10 when compared with scores at randomisation, with the

exception of diarrhoea in the lenalidomide arm where the

subscale scores were +12�1 and +17�6 in cycles 12 and 21

respectively, and social functioning in the placebo arm where

the subscale score was +16�5 at EOM. While there was a

worsening in fatigue scores at cycle 21, this did not meet the

threshold for MID. The percentage of patients with worsen-

ing fatigue was also not significantly different between treat-

ment arms.

Impact of TEAEs and dose reductions on GHS

As previously reported (Thieblemont et al., 2017), among

645 patients in the REMARC trial safety population, 564

(87%) experienced ≥1 TEAE: 296 of 322 patients (92%) in

the lenalidomide arm and 268 of 323 patients (83%) in the

placebo arm. Grade 3–4 TEAEs occurred in 181 patients

(56�2%) in the lenalidomide arm and 72 patients (22�3%)

in the placebo arm. To assess the possible relationship

between TEAEs or dose reductions and patient-reported

HRQOL, changes in GHS scores in the HRQOL-evaluable

population were analysed according to occurrence of grade

3–4 TEAEs, grade 3–4 neutropaenia and dose reductions.

No significant differences were observed in GHS changes

from randomisation between patients who experienced any

grade 3–4 TEAE (n = 95) compared with those who did

not (n = 41). Changes in GHS score from baseline

remained within the MID threshold for patients with or

without grade 3–4 TEAEs (Fig 1B, C) and for those with or

without grade 3–4 neutropaenia in both treatment groups

throughout the study period (Fig 1D, E). Among patients

receiving lenalidomide who underwent dose reductions,

there was no clinically meaningful change in GHS during

the maintenance treatment period. Patients receiving

lenalidomide without dose reductions experienced a

Table I. Baseline characteristics of patients enrolled in the REMARC

study.

Characteristic

Lenalidomide

(n = 323)

Placebo

(n = 327) P value

Median age (range), years 69 (58–80) 68 (59–80) 0�25
Sex, n (%)

Male 183 (57) 180 (55) 0�68
Female 140 (43) 147 (45)

Histology, n (%)

DLBCL NOS 225 (70) 233 (71) 0�04
FL grade 3B 2 (1) 3 (1)

De novo transformed 31 (10) 16 (5)

Other 32 (10) 38 (12)

Central review missing 33 (10) 37 (11)

ECOG PS score, n (%)

0–1 252 (78) 237 (72) 0�16
≥2 65 (20) 80 (24)

Missing aaIPI score, n (%) 6 (2) 10 (3)

0–1 125 (39) 124 (38) 0�86
2–3 185 (57) 189 (58)

Missing 13 (4) 14 (4)

Extranodal sites

<1 160 (50) 167 (51) 0�70
1 163 (51) 160 (49)

Elevated LDH (>ULN), n (%)

No 118 (37) 116 (35) 0�77
Yes 193 (60) 199 (61)

Missing 12 (4) 12 (4)

Albumin, n (%)

≤35 g/l 91 (28) 91 (28) 0�73
35 g/l 172 (53) 183 (56)

Missing 60 (19) 53 (16)

CIRS score, n (%)

0–6 223 (69) 251 (77) —

≥7 100 (31) 76 (33)

R-CHOP induction cycles, n (%)

6 119 (37) 118 (36) —

8 204 (63) 208 (64)

Response to R-CHOP induction, n (%)

CR 251 (78) 244 (75) 0�25
PR 69 (21) 83 (25)

ORR 320 (99) 327 (100)

If PR, n (%)

Positive PET scan 41 (59) 43 (52) —

BM missing 26 (38) 36 (43)

aaIPI, age-adjusted International Prognostic Index; BM, bone mar-

row; CIRS, cumulative illness rating scale; CR, complete response;

DLBCL, diffuse large B-cell lymphoma; ECOG PS, Eastern Coopera-

tive Oncology Group performance status; FL, follicular lymphoma;

LDH, lactate dehydrogenase; NOS, not otherwise specified; ORR,

overall response rate; PET, positron emission tomography; PR, par-

tial response; R-CHOP, rituximab, cyclophosphamide, doxorubicin,

vincristine and prednisone; ULN, upper limit of normal.
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clinically meaningful reduction in GHS at cycle 21 only (Fig

1F). Patients receiving placebo who underwent dose reduc-

tions achieved a clinically meaningful increase in GHS at

cycle 12 only, while there was no clinically meaningful

change in GHS for patients receiving placebo without dose

reductions (Fig 1F).

TEAEs leading to dose reductions

Among 645 patients in the REMARC safety population, 212

of 322 patients (65�8%) in the lenalidomide arm had ≥1
TEAE leading to a dose reduction versus 103 of 323 patients

(31�9%) in the placebo arm (Table II). The median time to
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first onset of a TEAE leading to dose reduction did not differ

between the lenalidomide and placebo arms {1�2 months [in-

terquartile ratio (IQR) 0�4–2�8] Versus 1�2 months [IQR 0�5–
2�3]}. The median time to first onset of grade 3–4 TEAEs

leading to dose reduction was also similar [1�6 months (IQR

0�7–2�8) Versus 1�4 months (IQR 0�6–2�3)].
Events of grade 3–4 severity accounted for 69�7% and

53�6% of TEAEs leading to dose reduction in the lenalido-

mide and placebo arms respectively. The most common

TEAE leading to dose reductions was neutropaenia in the

lenalidomide (45�3%) and placebo (15�2%) arms (Table II).

Treatment-emergent adverse events continued to occur

even after dose reduction. Of 231 patients in the lenalido-

mide arm with a dose reduction, 88�7% experienced a TEAE

after dose reduction, while 68�9% of 135 patients in the pla-

cebo arm undergoing dose reduction experienced a TEAE

after dose reduction. The most frequent TEAEs occurring

after dose reductions in the lenalidomide and placebo arms

were neutropaenia (55�0% and 14�8% respectively) and infec-

tion (38�5% and 27�4% respectively) (Table SIII).

Subjective and observable TEAEs

Observable TEAEs were reported in 261 of 322 (81�1%)

lenalidomide-treated patients in the REMARC study versus

214 of 323 (66�3%) patients in the placebo arm (Table III).

Neutropaenia was the most frequent observable TEAE in

both the lenalidomide (56�2%) and placebo (21�4%) arms.

Subjective TEAEs were reported in 203 (63�0%) patients in

the lenalidomide-treated arm (63�0%) versus 151 patients

(46�7%) in the placebo arm (Table IV). The most frequent

subjective TEAE in both arms was bronchitis (11�5% Versus

6�8% respectively).

Observable TEAEs were more likely to lead to dose reduc-

tions than subjective TEAEs in both the lenalidomide arm

(54�3% Versus 26�4% respectively) and the placebo arm

(22�6% Versus 11�8% respectively) (Tables III and IV). The

most frequent observable TEAE leading to dose reductions

was neutropaenia in both the lenalidomide and placebo arms

(45�3% Versus 15�2% respectively) (Table III). The most fre-

quent subjective TEAE leading to dose reduction was rash in

the lenalidomide arm (4�3%) and peripheral neuropathy in

the placebo arm (2�5%) (Table IV).

Thrombotic events were analysed in more detail as a

TEAE of interest. In the REMARC study, nine patients in the

lenalidomide arm and four patients in the placebo arm had a

venous thromboembolism (VTE) (P = 0�17). Of these, six

patients (66�7%) in the lenalidomide arm and all four

patients in the placebo arm had received prophylaxis for

VTE. In the lenalidomide arm, the prophylaxis agent used

was aspirin in five patients, heparin or a related agent in four

patients and a vitamin-K antagonist in one patient (patients

could receive more than one prophylactic agent). In the pla-

cebo arm, three patients had used aspirin and two had used

heparin or a related agent; no patients used vitamin-K antag-

onists. One patient in the lenalidomide arm had an arterial

thromboembolism (ATE) and had received prophylaxis with

aspirin. No patients in the placebo arm had an ATE.

Table II. TEAEs leading to lenalidomide dose reductions among patients in the REMARC study.

Lenalidomide (n = 322) Placebo (n = 323)

Patients with ≥1 TEAE leading to dose reduction, n (%) 212 (65�8) 103 (31�9)
Median time to first onset of TEAE leading to dose reduction, days (IQR) 36�5 (15�0–85�0) 35�0 (14�0–71�0)
Median time to first onset of grade 3–4 TEAE leading to dose reductions, days (IQR) 50�0 (20�0–85�0) 43�0 (19�0–71�0)
Number of TEAEs leading to dose reductions 512 168

Grade 1, n (%) 46 (9�0) 33 (19�6)
Grade 2, n (%) 109 (21�3) 45 (26�8)
Grade 3, n (%) 275 (53�7) 60 (35�7)
Grade 4, n (%) 82 (16�0) 30 (17�9)

Most frequent causes of dose reductions,* n (%)

Neutropaenia 146 (45�3) 49 (15�2)
Leucopaenia 15 (4�7) 6 (1�9)
Rash 14 (4�3) 2 (0�6)
Decreased neutrophil count 13 (4�0) 5 (1�5)
Thrombocytopaenia 12 (3�7) 5 (1�5)
Asthenia 8 (2�5) 2 (0�6)
Peripheral neuropathy 8 (2�5) 8 (2�5)
Pruritus 8 (2�5) 2 (0�6)
Lymphopaenia 7 (2�2) 2 (0�6)
Diarrhoea 6 (1�9) 4 (1�2)
Decreased white blood cell count 6 (1�9) 0 (0)

IQR, interquartile range; TEAE, treatment-emergent adverse event.

*Top ten any grade TEAEs for the lenalidomide arm are shown.
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Impact of TEAEs on treatment exposure

Most patients in the REMARC study safety population

received a starting dose of 25 mg; however, only 24�5% in

the lenalidomide arm received 25 mg as the final prescribed

dose compared with 51�1% in the placebo arm. Median dose

intensity and median relative dose intensity during mainte-

nance were similar between treatment arms. However, the

median cumulative dose was lower in the lenalidomide arm

than in the placebo arm (3885 mg Versus 8190 mg), reflect-

ing the difference in the median duration of maintenance

treatment of 14�9 months (range 0�03–25�6) Versus

23�7 months (range 0�03–25�2) respectively, for lenalidomide

or placebo. Due to the potential impact of active treatment

on TEAEs and patient-reported outcomes, adherence was

evaluated. Most patients took 90–100% of the treatment cap-

sules in the lenalidomide and placebo arms (74�5% Versus

89�8% respectively).

Impact of dose reductions on PFS

In the REMARC study, PFS in the lenalidomide arm was

superior to PFS in the placebo arm, regardless of whether

the patient had a dose reduction (Fig 2). The HR for PFS

for lenalidomide versus placebo was 0�795 (95% CI 0�531–
1�190; P = 0�2632) in the 366 patients with a dose reduction

and 0�788 (95% CI 0�515–1�205; P = 0�2694) in the 279

patients without a dose reduction. The Cox model, which

included treatment and dose reduction as time-dependent

variables as well as the first-degree interaction term, showed

that the treatment–dose interaction was not statistically sig-

nificant (P = 0�9912). The final model was therefore run

with treatment and dose reduction as time-dependent vari-

ables but without the interaction term. No statistically signif-

icant differences were seen (HR 1�353, P = 0�2978),

suggesting that there was a treatment benefit regardless of

dose reduction.

Impact of patient characteristics at randomisation on
PFS

To assess the potential impact of patient baseline characteris-

tics on PFS, the International Prognostic Index (IPI) score at

baseline and number of cycles of induction R-CHOP

received were examined in post hoc analyses. Among patients

with an IPI score of 1–2 (n = 174), PFS was significantly

longer in patients receiving lenalidomide than in patients

receiving placebo (HR 0�307, 95% CI 0�141–0�668;
P = 0�0016). Among patients with an IPI score ≥3, there was

a trend towards improved PFS in patients receiving lenalido-

mide; however, this was not significant (HR 0�774, 95% CI

0�565–1�061; P = 0�1106) (Figure S4A). Among patients

receiving six versus eight cycles of R-CHOP induction ther-

apy, the difference in PFS between lenalidomide and placebo

was greater in patients receiving six cycles of R-CHOP (HR

0�615, 95% CI 0�369–1�023; P = 0�0587) than in patients

receiving eight cycles of R-CHOP (HR 0�791, 95% CI 0�566–
1�106; P = 0�1691) (Figure S4B), although these differences

were not statistically significant.

Discussion

In this subpopulation analysis from the REMARC study,

there were no indications that lenalidomide maintenance had

a negative impact on HRQOL in patients with DLBCL. GHS

was similar between the lenalidomide and placebo groups at

baseline and during maintenance. There was also no signifi-

cant change in GHS score from baseline for patients who

experienced any grade 3–4 TEAE, including grade 3–4

Table III. Overall observable TEAEs and observable TEAEs leading to dose reductions in patients receiving lenalidomide maintenance or placebo

in the REMARC study.

Observable TEAEs occurring in ≥2% of patients, n (%)

Lenalidomide (n = 322) Placebo (n = 323)

Total Leading to dose reduction Total Leading to dose reduction

Patients with ≥1 TEAE 261 (81�1) 175 (54�3) 214 (66�3) 73 (22�6)
Neutropaenia 181 (56�2) 146 (45�3) 69 (21�4) 49 (15�2)
Leucopaenia 68 (21�1) 15 (4�7) 29 (9�0) 6 (1�9)
Lymphopaenia 49 (15�2) 7 (2�2) 32 (9�9) 2 (0�6)
Drug administration error 34 (10�6) 0 (0) 27 (8�4) 0 (0)

Respiratory tract infection 20 (6�2) 2 (0�6) 8 (2�5) 0 (0)

Thrombocytopaenia 17 (5�3) 12 (3�7) 9 (2�8) 5 (1�5)
Decreased neutrophil count 16 (5�0) 13 (4�0) 5 (1�5) 5 (1�5)
Anaemia 10 (3�1) 3 (0�9) 5 (1�5) 0 (0)

Febrile neutropaenia 9 (2�8) 3 (0�9) 3 (0�9) 2 (0�6)
Atrial fibrillation 8 (2�5) 1 (0�3) 2 (0�6) 1 (0�3)
Decreased white blood cell count 7 (2�2) 6 (1�9) 1 (0�3) 0 (0)

TEAE, treatment-emergent adverse event.

Quality of Life in DLBCL Patients Receiving Lenalidomide
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neutropaenia. In the lenalidomide-treated patients, there

were no clinically meaningful changes from baseline in most

other QLQ-C30 HRQOL subscales, including physical func-

tioning and fatigue. Fatigue can have a profound effect on

patients’ HRQOL. In the SIMONAL study of long-term sur-

vivors of NHL, persistent fatigue was found to be a serious

long-term complication, reported by 62% of survivors (Mou-

nier et al., 2019). In contrast, only 7% of patients reported

fatigue in the REMARC study. The SIMONAL study showed

that increased fatigue was significantly correlated with

increased age, obesity and comorbidities, but was unrelated

to the initial therapy (CHOP-like, high-dose CHOP, or

ASCT) that the survivors had received (Mounier et al.,

2019). The REMARC study is one of the few longitudinal

studies of fatigue in NHL and importantly shows that main-

tenance therapy with lenalidomide does not increase the bur-

den of fatigue in patients, nor does it have an impact on

other key measures of HRQOL such as GHS and physical

functioning.

In the analysis of patients from the wider REMARC study,

observable TEAEs, especially neutropaenia, were more likely

to lead to dose reductions than subjective TEAEs, suggesting

that the decision to implement dose reductions was primarily

physician-led and that most TEAEs were not detrimental to

Table IV. Overall subjective TEAEs and subjective TEAEs leading to dose reductions in patients receiving lenalidomide maintenance or placebo

in the REMARC study.

Subjective TEAEs occurring in ≥1% of patients, n (%)

Lenalidomide (n = 322) Placebo (n = 323)

Total Leading to dose reduction Total Leading to dose reduction

Patients with ≥1 TEAE 203 (63�0) 85 (26�4) 151 (46�7) 38 (11�8)
Bronchitis 37 (11�5) 3 (0�9) 22 (6�8) 0 (0)

Rash 22 (6�8) 14 (4�3) 6 (1�9) 2 (0�6)
Respiratory tract infection 20 (6�2) 2 (0�6) 8 (2�5) 0 (0)

Pruritus 17 (5�3) 8 (2�5) 4 (1�2) 2 (0�6)
Peripheral neuropathy 15 (4�7) 8 (2�5) 15 (4�6) 8 (2�5)
Diarrhoea 13 (4�0) 6 (1�9) 5 (1�5) 4 (1�2)
Upper respiratory tract infection 13 (4�0) 2 (0�6) 10 (3�1) 0 (0)

Asthenia 12 (3�7) 8 (2�5) 5 (1�5) 2 (0�6)
Urinary tract infection 12 (3�7) 4 (1�2) 12 (3�7) 1 (0�3)
Nasopharyngitis 11 (3�4) 0 (0) 7 (2�2) 0 (0)

Rhinitis 9 (2�8) 0 (0) 6 (1�9) 0 (0)

Paraesthesia 7 (2�2) 2 (0�6) 5 (1�5) 2 (0�6)
Influenza 7 (2�2) 2 (0�6) 5 (1�5) 0 (0)

Fatigue 7 (2�2) 4 (1�2) 4 (1�2) 0 (0)

Pharyngitis 7 (2�2) 1 (0�3) 3 (0�9) 0 (0)

Pneumonia 7 (2�2) 3 (0�9) 3 (0�9) 2 (0�6)
Exfoliative rash 7 (2�2) 2 (0�6) 2 (0�6) 1 (0�3)
Herpes zoster 6 (1�9) 1 (0�3) 11 (3�4) 2 (0�6)
Cystitis 6 (1�9) 0 (0) 6 (1�9) 1 (0�3)
Sinusitis 6 (1�9) 0 (0) 6 (1�9) 0 (0)

Peripheral oedema 5 (1�6) 1 (0�3) 5 (1�5) 1 (0�3)
Dizziness 5 (1�6) 1 (0�3) 2 (0�6) 0 (0)

Dyspnoea 5 (1�6) 1 (0�3) 2 (0�6) 0 (0)

Muscle spasms 5 (1�6) 3 (0�9) 1 (0�3) 1 (0�3)
Cough 5 (1�6) 0 (0) 1 (0�3) 0 (0)

Tooth abscess 5 (1�6) 0 (0) 0 (0) 0 (0)

Back pain 4 (1�2) 3 (0�9) 5 (1�5) 1 (0�3)
Constipation 4 (1�2) 3 (0�9) 3 (0�9) 2 (0�6)
Vomiting 4 (1�2) 1 (0�3) 4 (1�2) 1 (0�3)
Nausea 4 (1�2) 2 (0�6) 4 (1�2) 3 (0�9)
Dyspepsia 4 (1�2) 3 (0�9) 1 (0�3) 1 (0�3)
Laryngitis 4 (1�2) 0 (0) 0 (0) 0 (0)

Headache 3 (0�9) 1 (0�3) 5 (1�5) 1 (0�3)
Depression 2 (0�6) 0 (0) 9 (2�8) 1 (0�3)
Vertigo 2 (0�6) 0 (0) 6 (1�9) 2 (0�6)
Cataract operation 0 (0) 0 (0) 7 (2�2) 0 (0)

TEAE, treatment-emergent adverse event.
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the patients’ overall HRQOL. The most frequent TEAE in

this analysis was neutropaenia, similar to previous studies of

lenalidomide maintenance therapy in multiple myeloma

(Attal et al., 2012; McCarthy et al., 2012; Palumbo et al.,

2012, 2014).

Rates of compliance to the HRQOL questionnaires of 58%

were achieved. This rate of compliance is within the range of

50–82% observed in other studies of HRQOL in lymphoma

(Holzner et al., 2004; Mols et al., 2007; Holland et al., 2016;

Oerlemans et al., 2017), albeit at the lower end of the scale.

In view of these low compliance rates to the HRQOL ques-

tionnaires, subjective and observable TEAEs were also

assessed by analysing the TEAE data collected using CTCAE

criteria to provide supportive patient-reported data. This

additional data analysis is in support of the preliminary data

from HRQOL analyses suggesting that lenalidomide mainte-

nance treatment has no or little effect on HRQOL. The

detailed collection of these subjective and observable TEAEs

included more frequent data collection than the HRQOL

questionnaire, which was collected only every six cycles.

As reported previously, PFS was higher for patients receiv-

ing lenalidomide maintenance therapy compared with

patients receiving placebo (Thieblemont et al., 2017). Inter-

estingly in the current analysis, there was a trend towards

improved PFS in patients undergoing dose reductions,

although the sample size was too small to draw definite con-

clusions. One speculation to explain this observation is that

tolerance to lenalidomide or placebo reflects bone marrow

reserve, possibly due to the effects of the R-CHOP

chemotherapy previously received. The observed trend

towards increased PFS in patients receiving six cycles of R-

CHOP followed by lenalidomide, compared with patients

receiving eight cycles of R-CHOP and lenalidomide, also sug-

gests that the extent of bone marrow exposure to chemother-

apy may contribute to patient outcomes. There was also a

trend towards increased PFS in patients with an IPI score of

1–2 compared with patients with an IPI score of ≥3, suggest-
ing that prognostic factors at diagnosis also contribute to

treatment outcomes. However, it is difficult to discern associ-

ations versus cause–effect observations.
The dose of lenalidomide used in the REMARC study

(25 mg/day) was higher than the maintenance dose used in

myeloma trials (typically 10–15 mg/day) (Cocks et al., 2011;

Attal et al., 2012; Palumbo et al., 2014). However, it is the

same as the dose used in a study of patients with multiple

myeloma randomised to maintenance treatment with 25 mg

or 5 mg of lenalidomide (Fenk et al., 2018). In that study,

the higher dose of lenalidomide was associated with superior

PFS but also with higher toxicity. The optimal maintenance

dose has not been established for patients with DLBCL, but

the higher starting dose used in REMARC may have con-

tributed to the need for dose reductions and possibly treat-

ment discontinuations, similar to that observed by Fenk

et al. (2018).

There are several limitations of this analysis that should be

considered. First, this was a post hoc analysis and therefore

hypothesis-generating only. Second, the results from this

study should be viewed in the context of patient numbers.

The number of patients completing all HRQOL assessments

varied between 50% and 63%, and the data may be subject

to bias because of the decreasing numbers of patients com-

pleting the HRQOL questionnaires at later time points in the

trial. Importantly, while there was a trend towards an

improvement in fatigue when patients discontinued treat-

ment, patient numbers were too small to draw a conclusion.

Third, these data may not be generalisable to the entire

patient population because of the localised collection of

HRQOL data in France and Belgium. Fourth, although this

study suggests that lenalidomide maintenance therapy and

TEAEs did not negatively impact patient HRQOL, the corre-

lation between timing of the TEAEs and HRQOL measure-

ments was not assessed. The correlation between HRQOL
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Meier; LEN, lenalidomide; NR, not reached;

PBO, placebo; PFS, progression-free survival.
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and observable TEAEs is also unknown. To our knowledge,

this is the first analysis that has proposed a correlation

between HRQOL and observable or subjective TEAEs. As

such, this correlation should be further validated in other

studies. Further, while growth factor use was permitted for

the treatment of neutropaenia, the potential effect of growth

factor therapy on neutropaenia and HRQOL was not

assessed. Finally, it is also important to note that as non-

compliant HRQOL patients had worse outcomes than com-

pliant HRQOL patients, potentially due to higher toxicity in

this group driving non-compliance, this informative censor-

ing may mean results are not generalisable to the whole

REMARC population. Non-compliance of patients to

HRQOL assessments has been recognised as a problem in

cancer clinical trials, and the difficulty of generalising find-

ings to a wider patient population has been identified as a

limitation of HRQOL analyses (Bernhard et al., 1998). Previ-

ous studies of patients with rectal cancer, asthma and depres-

sion have also suggested poorer outcomes are more likely for

non-compliant HRQOL patients (Kopp et al., 2003; M€akela

et al., 2013; Novick et al., 2014).

The REMARC study demonstrated that lenalidomide

maintenance therapy following chemotherapy in patients

with DLBCL prolongs PFS. The secondary analysis reported

in this article further demonstrated a trend towards higher

PFS in patients undergoing dose reductions than in those

who did not undergo dose reductions. While TEAEs were

the leading cause of early discontinuation of lenalidomide

maintenance therapy following chemotherapy, subjective

TEAEs occurred less frequently than observable TEAEs and

less frequently led to dose reductions. Lenalidomide mainte-

nance did not negatively impact patient HRQOL in three key

measures (GHS, fatigue and physical functioning). Taken

together, these data show that lenalidomide maintenance has

no appreciable effect on quality of life and that maintenance

therapy is tolerable and manageable. These data provide risk-

benefit information for clinical decision-making purposes.
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Supporting Information

Additional supporting information may be found online in

the Supporting Information section at the end of the article.

Fig S1. CONSORT diagram of patients included in the

REMARC study HRQOL analyses.

Fig S2. Mean change and SD from baseline in QLQ-C30

scores for GHS over time.

Fig S3. Mean change from baseline in QLQ-C30 scores

for physical functioning and fatigue over time.

Fig S4. PFS (central review) in patients with baseline IPI

score of 1–2 or ≥3 receiving lenalidomide or placebo, and

patients receiving six or eight cycles of induction R-CHOP

therapy and either lenalidomide or placebo.

Table SI. Subjective TEAEs and observable TEAEs.

Table SII. Mean change from baseline in QLQ-C30 scores

for all subscales over time.

Table SIII. TEAEs occurring after dose reduction (TEAEs

occurring in ≥2% of patients).
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