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Summary
Metronomic-chemotherapy (M-CHT) has been rarely assessed in non-Hodgkin-lymphoma (NHL). Therefore, in 2011
we started experimenting a new all-oral M-CHT schedule termed DEVEC (Deltacortene®, etoposide, vinorelbine,
cyclophosphamide, +/-Rituximab) in diffuse-large-B-cell lymphoma (DLBCL) patients. Methods Patients with stage
Ib-IV were enrolled as follows: 1) treatment-naïve, frail ≥65y, or unfit ≥85y; and 2) relapsed/refractory (R/R) ≥55y.
Data were prospectively collected from six Italian centres and compared for efficacy to two reference groups, treated
with established iv Rituximab-CHT in 1st and 2nd line respectively. Results from April-2011 to March-2018, 17/
51(33%) naïve, 21/51(41%) refractory and 13/51(25.5%) relapsed patients started DEVEC; 39/51(76.5%) were de-
novo DLBCL; 10/51(19.6%) transformed-DLBCL and 2/51(3.9%) unclassifiable-DLBCL/classical-Hodgkin-lympho-
ma. The median age was 85y (range=77-93) and 78y (range=57-91) in naïve and R/R respectively and overall the
DEVEC patients had very poor features compared to the reference. The rate of grade≥3 haematological-AEs was
43%(95CI=29-58%): G3-neutropenia was the most frequent; grade≥3 extra-haematological-AEs was 13.7%
(95%CI=5.4-25.9%), the most frequent was infection. One-year OS and PFS were 67% and 61% for naive, 60%
and 50% for reference-naïve respectively; Cox proportional hazard ratio (Cox-PH-ratio) for OS and PFS were 0.69
(95%CI=0.27-1.76;p=.441) and 0.68 (95%CI=0.28-1.62;p=.381) respectively. One-year OS and PFS were 48% and
39% in the R/R, 36% and 17% in the reference-R/R respectively; Cox-PH-ratio for OS and PFS, were 0.76
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(95%CI=0.42-1.40; p=.386) and 0.48 (95%CI=0.28-0.82; p=.007) respectively. Conclusion The favourable activity of
DEVEC compared to a real-life series and the convenience of an oral administration, may possibly lay the ground-
work for a paradigm-shift in the treatment of elderly DLBCL.

Keywords Diffuse large B-cell lymphoma . Elderly . Comprehensive geriatric assessment, CGA . Metronomic chemotherapy .

NHL . DLBCL . CHOP . Bendamustine . Gemox . Low-dose

Introduction

Choosing treatment for patients with diffuse large B-cell lym-
phoma (DLBCL), who are very elderly or frail, requires a
thorough evaluation of pros and cons, in almost each subject
[1–3] Furthermore, as many elderly patients need the avail-
ability of caregivers to receive in-hospital treatments, their
social condition may be a limiting factor in therapeutic
choices.

The largest prospective studies in the very elderly DLBCL,
were carried out by Peyrad and colleagues, who showed that
nearly 50% of patients ≥80y treated with CHOP administered
at 50% reduced dose (mini-CHOP) and anti-CD20 antibodies,
may achieve a long term PFS, with acceptable toxicity [4, 5].
In 2015, Tucci and collaborators [1] showed that frailty, ap-
praised through comprehensive geriatric assessment (CGA),
[6], is the most important prognostic factor in elderly with
DLBCL [7]. In 2018, Storti and co-workers, firstly published
the results of a trial that included only frail-elderly patients [8].
In recent years, other schedules have been proposed as a first-
line treatment in elderly with comorbidities or other frailty
factors [9–14]. Although all these protocols have somemerits,
there is still not a general agreement on the standard 1st line
treatment for elderly patients who are not fit [15, 16]

In non-fit elderly with relapse/refractory (R/R) DLBCL, R-
bendamustine [17, 18] R-Gemox [19] and R-DHAOX [20].,
are very popular schedules. However, the long-term efficacy
of chemotherapy, in this subset, is overall unsatisfactory.
Metronomic chemotherapy (M-CHT) - the frequent adminis-
tration of chemotherapeutic drug doses that maintain a low,
prolonged and active range of plasma concentrations and a
good toxicity profile [21] - has become an emergent treatment
modality in solid tumours [22]. Despite, few studies reported
on M-CHT in lymphoma, the scant data available, suggests
that M-CHT is active even in DLBCL [23–26]. Coleman and
co-workers, firstly devised an effective all-oral metronomic
schedule for non-Hodgkin lymphoma (NHL), based on cyclo-
phosphamide (CTX), etoposide (ETO), procarbazine and
prednisolone (PDN), +/- Rituximab (R) [23]. In 2011, we
devised a new all-oral metronomic schedule, called DEVEC,
which was based on the combination of PDN, CTX, ETO [27]
and vinorelbine (VRN). In fact, VRN has a significant single
agent activity in NHL [28, 29] and pre-clinical and clinical
studies have already shown the synergistic effect of CTX and

VRN in solid tumours, administered with a metronomic
schedule [30–38]. DEVEC was initially administered to R/R
DLBCL patients, considered unfit for standard in fusional (iv)
CHT schedules, which are designed on the concept of deliv-
ering the maximum-tolerated-dose (MTD-CHT). Later on, al-
so frail treatment-naïve (naïve) patients were treated with
DEVEC. The preliminary data of DEVEC activity were re-
cently published [39] and in this manuscript we will provide
evidence this schedule is effective in DLBCL and it compares
favourably with standard iv schedules. These results and the
convenience of an oral administration may possibly lay the
groundwork for a paradigm-shift in this difficult-to-treat sub-
set of NHL patients.

Methods

This is a multicentre, retrospective study involving six Italian
clinical centres. However, data of patients treated with
DEVEC were prospectively collected and compared for effi-
cacy, to subjects administered with established iv R-CHT
schedules. Only cases with a confirmed diagnosis of aggres-
sive large cell B-cell lymphomawere enrolled [40]. Therefore,
all the R/R subjects were re-biopsied before the starting of
treatment and 40/51(78.4%) cases were centrally reviewed
for histology. Whenever suitable biopsies were available, the
Hans’ algorithm was used to classify DLBCL and the cases
staining positive for MYC(>40%) and BCL2 (50%) or BCL6
(>40%) expression, were analysed by FISH for the genes split
signal. DEVEC foresaw an induction and a deescalated main-
tenance phase, both consisting of six cycles lasting 21-days,
followed by a chemo-free interval of 7-days (Fig. 1). During
the first cycle patients were monitored weekly with medical
examination, CBC and other blood test. In the event of toxic-
ity, CTX, ETO and VRN were suspended until recovery and
the following cycle was started at reduced doses. Only two
dose reduction were allowed during the induction (i.e. ETO 1-
7 days or ETO withdrawal) and maintenance phase ( i.e. CTX
1-7 days or CTX withdrawal) respectively (details in supple-
mentary data). Four doses of Rituximab (R) 375 mg/m2, were
scheduled only during the 1st induction cycle ( days 7, 14, 21,
28). Patients who had already received ≥5 doses of R within
the previous six months did not receive R. After, tapering ETO
to doses which allowed maintaining haematological values
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within established threshold, patients were examined every
28-days. Each new cycle should be initiated only if PMN
≥1.500, PLT ≥ 50.000 and haemoglobin (Hb) ≥ 9.5 gr/dL.
G-CSF and Erythropoietin were allowed only during the in-
duction cycles. During the first month 300mg OD of allopu-
rinol was administered and following it was tapered to main-
tain urate levels within normal ranges; Co-trimoxazole pro-
phylaxis was administered at the dose of 960mg 4-times a
week during both the induction and the maintenance phase.
LMWH and low-dose aspirin were administered to patients at
high and low-medium risk of thrombosis respectively.
Ciprofloxacin prophylaxis was started if PMN<1.0 x10e9. A
post maintenance-phase with VRN and a dose modification
schedule, tailored on individual toxicity were provided (Fig S-
1, Tables S-1,2,3). Adverse events were recoded basing on the
CATCAE v4.03 (https://www.eortc.be/services/doc/ctc/
CTCAE_4.03).

The subjects treated with DEVEC, were consecutive pa-
tients as follows: 1) treatment-naïve, frail by CGA [6] and
≥65y, or unfit and ≥85y; or 2) R/R ≥55y, considered not suit-
able for MTD-CHT. Refractory patients were defined as those
who did not respond to last chemotherapy or relapsed ≤12
months post-ASCT [41]. Subjects with a malabsorption syn-
drome, swallow dysfunctions, infected by HIVor with central
nervous system involvement, were excluded from the study.
Caregivers were required in very old or frail patients in order
to guarantee the proper administration of DEVEC. Restaging
was scheduled by computerized-tomography (CT) scan be-
tween the 2nd and 3rd induction-cycles, at the end of the in-
duction phase by FDG positron-emission CT-scan (CT-PET)
[42] and every six months thereafter. The data from patients
treated with DEVEC, in 1st or subsequent lines, were com-
pared to two reference groups consisting of 1) naïve patients
aged ≥80y and 2) R/R patients aged ≥65y, who started 1st and

a

b

c

Fig. 1 a,b,c The DEVEC metronomic schedule. ETO Etoposide; VRN Vinorelbine; CTX Cyclophosphamide; PDN Prednisolone
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2nd line treatment respectively, in the years 2013-2014. Data
of the reference patients were retrieved from the academic
database of the Lazio Region Lymphoma Network (www.
retelazio.net), The reference groups, represented a real-life pop-
ulation who was treated with established iv R-CHT schedules
(Table 1 and supplementary table S-5). References and patients
were all restaged at the end of treatment with CT-PETscan [42].
All the data were retrieved as of 31th December 2018.

Statistical analysis

The principal end-point of the study was the impact of M-
CHT in terms of overall (OS), progression free (PFS) and
failure free (FFS) survivals. OS was measured from the date
of treatment start until death from any cause or date of last
known contact for living patients. PFS was measured from the
date of treatment start to either the last follow-up or the occur-
rence of one of the following events: progression, relapse or
death from any cause. FFS was measured from date of treat-
ment start and to either the last follow-up or the occurrence of
one of the following events: lack of complete response (CR),
relapse after CR or death from any cause. Continuous vari-
ables were reported as the median and range. Formal compar-
isons were performed with the Mann–Whitney test.
Categorical variables were reported as absolute and proportion
frequencies, and they were compared with the □2 test or
Fisher’s exact test. Survival functions were estimated with
the Kaplan–Meier method. Statistical comparisons between
curves were performed with the log-rank test and the effect
of covariate was estimates by means of the Cox proportional
hazard (PH) regression analysis, with a confidence interval at

95% (95% CI). The comparative statistical tests was consid-
ered as significant if the two-sided p value was less than 0.05.
The statistical analysis was performed with Stata 14.2 soft-
ware (StataCorp LLC, College Station, USA).

Results

Patients features and cycles administered

From April 2011 to March 2018, 51 subjects started the
DEVEC schedule. Seventeen out of 51 (33%) were naïve and
34/51(67%) were R/R patients respectively. Thirty-six out of 51
(70.6%) were de-novo DLBCL; whereas 10/51(19.6%) were
transformed from low-grade B-cell lymphomas (T-NHL) and
2/51(3.9%) were unclassifiable lymphomas, with features inter-
mediate between DLBCL and classical Hodgkin lymphoma
(cHL/DLBCL), [40, 43]. The median age of the naïve patients
was 85y (range 77-93); 15/17 (88%)were frail, inasmuch as 14/
17 (82%) had stage III-IVand 13/17 (76%) had PS ≥2 (Table 1).
The median age of R/R patients was 78y (range=57-91), 17/34
(50%) were frail, 22/34 (65%) had undergone ≥2 lines of ther-
apies and 21/34 (62%) were refractory [41], (Table 1). R was
not administered to 26/51 (51%) patients: 23/34 (67.7%) were
R/R subjects, who had already received ≥5 R doses in the
previous 6 months, whilst 3/17 (17.7%) were home-bound
naïve patients, who did not have the chance to be accompanied
to the hospital to receive treatments. The median number of
cycles administered were 6 (range 1-43) and the total number
458 respectively (Table S-4 ).

Table 1 Features of Patients
treated with DEVEC and of
References

Naïve [n=47] R/R [n=69]

Factor DEVEC
n=17

Reference
n=30

p-
value

DEVEC
n=34

Reference
n=35

p-
value*

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

Median Age
(range)

85 (77-93) 83 (80-92) 0.498 78 (57-91) 72 (65-86) 0.002

Gender Female 5 (39) 14 (47) 0.743 13 (45) 19 (54) 0.616

PS-Ecog >1 13 (76) 9 (30) 0.003 14(41%) NA -

Stage III-IV 14 (82) 17 (57) 0.111 29 (85) 28 (80) 0.752

IPI 4-5 9 (60) 9 (30) 0.105 15 (44) 20 (60) 0.135
aFrail (CGA) 15 (88) NA* 17 (50) 0 <.001
bCHT lines ≥2 22 (65) 0 <.001
cRefractory - - 21 ( 62) 15 (43) 0.04

NA not assessed, IPI 4-5 international prognostic index score of 4 or 5, PS-Ecog performance status by Ecog scale
a CGA: comprehensive geriatric assessment as defined by Merli and co-workers [6]
b CHT-lines: lines of previous chemotherapy treatments
c Refractory as defined by Crump and co-workers [41]
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Safety & dose intensity

The safety analysis was available for all 51 patients and the
458 cycles. Thirty-one grade 3-4 haematological AEs were
reported in 22 patients (43%, 95%CI=29-58%) the most fre-
quent was grade 3 neutropenia with 19 events (Table 2).
Though not mandatory, 23/51 (49%) received at least two
doses G-CSF (median=4 doses; range 2-6) and 20/51 (41%)
patients received at least one dose of EPO 30.000 IU (medi-
an=4 doses; range1-7), while 3/51 (5.8%) required 1 or 2 units
of red blood cell transfusions. Severe haematological toxic-
ities (i.e. grade 4 cytopenia lasting for more than 6 days),
occurred in 3/51 (5.9%, 95%CI=1.2-16.2%) patients who
were heavily pre-treated or with bone marrow-involvement.
Seven grade ≥3 extra-haematological AEs (eeAE), were re-
ported in 7/51 patients (13.7%; 95%CI=5.4-25.9%). However
2/7 were not considered therapy-related: one cardiopath pa-
tient died of congestive heart failure, another R/R was diag-
nosed with colonic cancer. The most frequent therapy-related
eeAE was bacterial pneumonia in four subjects. Of these 1/4
died within 1 months, 2/4 following pneumonia, become bed-
bound and developed multi-organ-failure and died 4 and 9
months after treatment stop respectively, 1/4 discontinued
treatment because of progressive disease (PD). One patient
who was not on anti-thrombotic prophylaxis, had pulmonary
embolism and after recovery continued treatment’One patient

discontinued treatment after the 5th cycle in complete remis-
sion (CR), because of therapy-related chronic G2 diarrhoea
and started lenalidomide; one R/R patient discontinued
DEVEC because was diagnosed with colonic cancer; 7/8
(87%, 95%CI=47-100%) patients, who had grade≥3 infection
or neutropenic fever, were frail, with≥2 frail factors, Table S-
6). In the first 40 treated patients, ETO was reduced after the
occurrence of G≥3 haematological or eeAEs (Tables S-I,II,
III). Afterwards, patients who were frail or had received >1
line of chemotherapy or had marrow involvement started with
etoposide at a reduced dose (Fig S-1). Overall, 13/51 (25.5%,
95%CI=14.3-39.6%) and 4/51 (7.8%, 95%CI=2.2-18.9%)
had 1 and 2 dose reductions respectively. All AE of G≥3
related to treatment, occurred during the induction phase.
The dose intensity during induction cycles for ETO, CTX
and VRN were 81,9%, 100% and 100% respectively. The
direct cost of drugs included into the oral DEVEC schedule
was estimated 930 and 817 Euro (year 2017) for a single
induction and maintenance cycle, respectively.

Outcome & survival analyses

Outcome: the median follow-up, from treatment begin-
ning, was 24 months and 36 months for naïve
(range=10-39) and R/R (range=9-66), respectively. At
the time of analysis, 29 (56.8%, 95%CI=42.2-70.7%)

Table 2 Haematological and
extra-haematological adverse
events

a Toxicity - overall All grades Grade 3 Grade 4 Grade 5

n % n % n % n %

Anemia 21 41,1 3 5,9 0 0,0 0 0,0

Leukopenia 20 39,2 3 5,9 1 1,9 0 0,0

Neutropenia 30 49,0 19 37,2 3 5,9 0 0,0

Thrombocytopenia 1 1,9 1 1,9 0 0,0 0 0,0

Febrile neutropenia 4 7.8 4 7,8 0 0,0 0 0,0

Infections 6 11,7 2 3,9 1 1,9 1 1,9

Fever 2 1,9 0 0,0 0 0,0 0 0,0

Cardiac disorders 3 5,9 0 0,0 0 0,0 1b 1,9

Gastrointestinal disorders 4 7,8 0 0,0 0,0 1c 1,9

General disorders and administration site conditionsd 3 5,9 0 0,0 0 0,0 0 0,0

Hepatobiliary disorders 0 0,0 0 0,0 0 0,0 0 0,0

Metabolism and nutrition disorders 6 11,8 0 0,0 0 0,0 0 0,0

Nervous system disorders 2 3,90 0 0,0 0 0,0 0 0,0

Renal and urinary disorders 2 3,9 0 0,0 0 0,0 0 0,0

Skin and subcutaneous tissue disorders 5 9,8 0 0,0 0 0,0 0 0,0

Vascular disorders 2 3.9 0 0,0 1 1,9 0 0,0

a Reported on of the basis of the CATCAE V4.03
b Congestive heart failure in a cardiopath: it was not considered related to treatment
c Colonic cancer in a R/R patients: it was not considered related to treatment
d Asthenia; Laboratory Abnormalities
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patients had died: 22/51 (43%, 95%CI=30.1-58.7%) for
PD; 2/51 (3,9%, 95%CI=0.5-13.4%) for an adverse
event occurred within 30 days from last treatment ad-
ministration (heart failure=1 and pneumonia=1) and 4/51
(5.9%) for an adverse event occurred 4, 4, 5 and 9
months after treatment discontinuation (MOF=2, ictus
cerebri=1, and alcoholism-related=1). Only1/51 (1,9%)
deaths was considered directly -related to treatment tox-
icity (Table S-4). Although detailed toxicity data was
not available for the reference groups, 10/65 (15%,
95CI 4.4-26.5%) deaths were recorded due to an AE
and occurring within 30 days from the last treatment
administration. This data, compared favourably with on-
ly 2/51 (3,9, 95CI 4.8-13.5%) deaths in the DEVEC
treated group (p = 0.044).

Tumour shrinkage was recorded in 14/17 naïve (82.%,
95%CI=62-93) and 24/33 R/R (71.%, 95%CI=57-81) of 50
DEVEC patients who had at least one post-baseline efficacy
assessment (Fig. 2). At the end of the induction phase the CRR
was 65% and 38% in the naïve and R/R, 40% and 17% in the
reference-naïve and reference-R/R respectively (p=.217 and
p=.185)

Eight out of eleven (73%) R/R patients, who received R
achieved CR compared to only 4/23 (17%) who did not re-
ceive it (p=.014, Fig S-2, A-B S4 A-B). However, most R/R
patients treated with DEVEC were refractory and had already
received ≥2 lines of therapies. Notably, 11/21 (52%,
95%CI=30-74%) patients who were refractory, responded to
DEVEC (5 CR; 6 PR, Figure S-4) After the end of the induc-
tion, seven patients, who achieved CR, discontinued DEVEC.
Four out of 7 were naïve and three of these are still in CR at a
median time of 35 months (range=28-38), instead the fourth
naïve patient died of ictus cerebri 5 months after DEVEC
discontinuation; 3/7 were R/R and they have all relapsed at a
median time of 12 months (range 12-14; Fig. 2).

One-year OS, PFS and FFS were 67%, 61% and 55% for
DEVEC-naïve, 60% , 50% and 50% for reference-naïve re-
spectively; Cox proportional hazard ratio (Cox-PH-ratio) for
OS, PFS and FFS were 0.69 (95%CI=0.27-1.76; p=.441),
0.68 (95%CI=0.28-1.62; p=.381) and 0.69 (95%CI=0.29-
1.63; p=.392), respectively. One-year OS, PFS and FFS were
48%, 39% and 34% for the DEVEC-R/R, 36%,17% and 20%
for the reference-R/R respectively; Cox-PH-ratio for OS, PFS
and FFS were 0.76 (95%CI=0.42-1.40; p=.386), 0.48
(95%CI=0.28-0.82; p=.007) and 0.58 (95%CI=0.33-1.02;
p=.056) respectively (Fig. 3 and S-4). Worthy of note 10/35
(28.6%) R/R patients from the reference group, who received
DEVEC as a 3rd line, after failure of an iv schedule, were
excluded from both the overall and failure free survival anal-
yses. Patients who achieved CR at the end of the DEVEC
induction phase, had an estimated one-year PFS of 100%
compared to 10% in those who achieved PR (p<.0001; Fig
S-3)

Discussion

The results of this study show that DEVEC (Fig. 1), a new all-
oral-metronomic schedule devised with palliative intent, in-
duced CR and allowed long term remission in a proportion
of elderly and frail patients with both treatment-naïve and R/R
DLBCL. Furthermore, it compared favourably with two real-
life, reference groups of DLBCL patients treated with
established R-CHT schedules, in 1st and 2nd line respectively
(Table S-V, supplementary data). To our knowledge, this is the
largest published series of elderly DLBCL treated with a met-
ronomic schedule [23–26] Despite the naïve patients treated
with DEVEC were considered too frail for receiving iv CHT
schedules (Table I), 65% of them achieved a prolonged remis-
sion and none has yet relapsed after a median follow-up of 24
months (range 10-39, Fig. 2). Worthy of note, lasting CR was
achieved even in three subjects, who did not receive R, as they
were homebound, without caregivers who could accompany
them to receive in-hospital treatments.

Few published series so far, have addressed the outcome of
very elderly or frail DLBCL patients. In 2011, the Lysarc group
[4] reported in 149 patients ≥80y, after R-mini-CHOP, a CRR
of 62%, one-year OS and PFS of ~68% and ~60%, respectively.
In 2017, Shen and collaborators published the results of a trial
which enrolled 60 elderly patients with a median age of 75y,
who received R-GEMOX-14 for six cycles. The CRRwas 47%
and one-year PFS slightly above 60%, [14] . Although, as in
both studies, CGA was not carried out, the outcome of frail
subjects, could not be assessed. Conversely, in the Benda-
Frail trial, which enrolled only elderly-frail patients [8] it was
reported a CRR of 53% and a one-year PFS <50%. Worthy of
note, although direct comparison is not possible, the results of
DEVEC are similar to Rmini-CHOP, which is currently the
bench-mark for very elderly DLBCL patients [4].

Fig. 2 Swimmer-plot of 17 treatment-naive (a) and 34 Relapsed/
Refractory (b) diffuse large B-cell lymphoma patients treated with
DEVEC. On the left side of the figure are reported the code and the
histological diagnosis of patients: DLBCL diffuse large B-cell
lymphoma, GC germinal center type, non-GC non germinal center type
based on the Hans’ algorithm. IgM-se IgM secreting [43], T-MZL
aggressive large cell lymphoma transformed from marginal B-cell
lymphoma. T-FL aggressive large cell lymphoma transformed from
follicular lymphoma, T-CLL aggressive large cell lymphoma
transformed from chronic lymphocytic leukaemia. CHL/DLBCL
lymphoma with features classical Hodgkin and diffuse large B-cell
lymphoma [40]. DLBCL CD5+ diffuse large B-cell lymphoma CD5
postive. Death, is showed only for patients who died after a treatment-
related or unrelated adverse event. Patient #19 discontinued treatment in
CR due to chronic diarrhoea of gradeG2 and started lenalidomide. Patient
#20 after 2 months from treatment discontinuation showed unifocal
subcutaneous recurrence of lymphoma. She achieved again a lasting
CR after restarting the maintenance phase (cyclophosphamide,
vinorelbine, prednisolone for six cycles and then vinorelbine and
prednisolone)
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The R/R subjects treated with DEVEC had very poor prog-
nostic features compared to the reference group (Tables 1, S-
5). In addition, as the majority were refractory, only 32% of
them received R, compared to 94% of the reference patients
(Table S-5). Nonetheless, the outcome of DEVEC patients
compared favourably to the reference group (Fig. 3, S-2, S-
4). Worthy of note, our results, seem promising also when
compared to existing reports of R/R patients treated with
established iv regimens [ 18-19, 45] or lenalidomide [44,
45],. Furthermore, the Scholar-1 study [41] showed that stan-
dard iv schedule in refractory DLBCL allow a CRR of only
7%, whilst the CRR of refractory patients treated with
DEVEC was 23.8%.

In 2017, Zeng and co-workers [24] had already reported, in
a small randomized study, that an oral metronomic schedule
was more effective than MTD-CHT, in R/R DLBCL patients.
Subsequently, two studies gathering 11 and 21 patients respec-
tively, have shown good activity and low toxicity of a
trofosfamide-based M-CHT, +/-R in both naïve and R/R el-
derly subjects [25, 26]

DEVEC was devised empirically, with a combination of
drugs, which are known to be active also as single agents in
NHL [27–31, 38]. Its formulation was inspired by the PEP-C
schedule, which also contains ETO, CTX and PDN [23].
However, as ETO has significant short and long-term toxicities
[27], DEVEC was aimed at reducing the administration of this
drug. At this purpose, VRN an active drug in NHL [28, 29],
which is very well tolerated even in long-term administration,
was added at the lowest metronomic dose used in other malig-
nancies such as prostate [46], breast, and non-small cell lung
cancer [33, 37]. At odds with the majority of previous

metronomic schedules experimented in NHL [23–26] and solid
tumors [34–36], which foresaw a continuous administration of
M-CHT, DEVEC has short chemo-free breaks within subse-
quent cycles. This was devised to allow both haematological
recovery and to maintain a continuous exposure to different
drugs during the cycle, thus limiting the possibility of drug
resistance [21]. The administration of only four weekly doses
of R was planned to grant both a rapid increase of R concen-
tration to levels which are known to be clinically active [47] and
to reduce in-hospital treatment. In fact, lessen hospital admit-
tance is a relevant but often overlooked issue in devising anti-
cancer protocols for elderly patients. Several randomized trials
have already shown the substantial benefit of adding R to dif-
ferent chemotherapy schedules in improving both PFS and OS
in DLBCL patients. Therefore, we believe, but cannot yet
prove, that R may have increased also the efficacy of
DEVEC. Worthy of note, the anti-lymphoma activity shown
by DEVEC, despite only four doses of R were scheduled in-
stead of the 6-8 doses given in standard schedules [4, 8, 14, 18]
and observed even in those patients who did not receive it,
further highlights the potency of this M-CHT schedule.

Seven out of 23 (30.4%) subjects, who achieved CR, did
not proceed with the maintenance cycle after completing the
induction phase. The discontinuation was due to a physician’s
or patient’s decision as maintenance is not a common practice
in DLBCL. Worthy of note, the naïve patients who
discontinued are still in lasting CR, while all the R/R relapsed
within a year (Fig. 1a, b). Another R/R patient, who after two
months from the end treatment had a focal relapse was re-
sumed to lasting CR, by restarting maintenance cycles (Fig.
2b). These observations, possibly suggests that naïve patients

Fig. 3 Survival and Cox's regression analyses of Naive and Relapsed/
Refractory patients treated with DEVEC and standard infusional schedule.
Overall (a), Progression free (b) and Failure free (c) Survival analyses
by Kaplan-Meier plot with Log-rank test in Naïve and Relapsed/refractory

(R/R) patients. Cox regression in Overall (d), Progression free (e)
and Failure free (f) Survival in naïve and R/R patients. In OS and FFS
analyses ten patients of the reference groups were excluded as these sub-
jects, after the failure of R-chemotherapy, were treated with DEVEC
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may require a different approach and highlights the need for
more sensitive methods other than FDG-PET for modulating
the duration of M-CHT such as liquid biopsy [48].
Nonetheless, the achievement of a negative PET result at the
end of induction, was the most important factor for achieving
a lasting PFS in all patients (Figure S-3). Although limited
data on the histologic sub-types, were available, both
Germinal center (GC), non-GC type, and DLBCL trans-
formed from low-grade B-cell-lymphomas (T-DLBCL)
responded to DEVEC. Moreover, two patients with CHL/
DLBCL achieved a sustained remission (Fig. 2a, b).

The majority of treatment-related eeAEs of grade ≥3 were
infective and occurred almost all in very frail patients. Their
incidence was low and seem to compare to other studies in
very elderly or frail patients [4, 14, 49].. Haematological tox-
icity was overall mild, while relevant neutropenia ( i.e. ≥3,
lasting ≥ 6 days) or anaemia requiring RBC transfusion oc-
curred only in patients who were heavily pre-treated (>1
lines), or had marrow involvement or who were anaemic. As
a result of this experience, we strongly suggest assessing CGA
in elderly subjects before starting treatment and to begin
DEVEC with a reduced dose of etoposide in frail subjects,
in those who have marrow involvement or received >2 lines
of chemotherapy or have haemoglobin <100 gr/L (Fig S-1).
Surely, even if the DEVEC schedule was generally well tol-
erated, during the first cycles it is necessary to frequently
monitor patients’ compliance and haematological toxicities
to promptly adjust doses (Tables S-I,II,III). Furthermore,
anti-thrombotic prophylaxis should be given to all patients
who are receiving cycles containing ETO. Finally, a high
awareness about gastrointestinal symptoms as nausea,
vomiting and chronic diarrhoea, related to oral VRN, should
be due in case of persistence because drug discontinuation
may be necessary. Nonetheless, the DEVEC schedule was
very well tolerated overall and most patients evaluated as crit-
ical the chance of oral therapy.

We recognize this study has several limitations: mainly it
lacked a phase I and preclinical studies or a direct comparison.
In addition, quality of life was not investigated through a
questionnaire and CT-PET scan were not centrally reviewed.
Whilst in spite of its retrospective nature, the prospective col-
lection of the data may have reduced the impact of this bias.

It is conceivable that the unexpected efficacy of DEVEC in
DLBCL may be related to the very short chemo-free intervals
of this combination schedule of metronomic chemotherapies,
which possibly counteract the proliferative advantage of can-
cer cells [50] in high-proliferative tumors, such as DLBLC.
Indeed, aside the well-known effects on angiogenesis and im-
munity [22, 51], recently it has been highlighted also the direct
antiproliferative activity of chemotherapeutic drugs metro-
nomically administered, such as VRN, on different cancer
cells suggesting multiple mechanisms of action for this thera-
peutic approach [38, 52–54].

Although randomized studies are necessary to thoroughly
assess the advantages of oral-DEVEC over iv standard proto-
cols, this inexpensive schedule, looks very suited for elderly
or frail subjects who need to reduce individual toxicity with
tailored-treatments and to limit hospital admittance.
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