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Abstract

Purpose of Review This review describes the most relevant studies found in the scientific literature regarding metronomic
chemotherapy (MCT) in the geriatric oncology population to support its use as a feasible treatment of care in the frail elderly
patients.

Recent Findings Recent years have seen a reevaluation of cancer chemotherapeutic drugs and MCT is an emerging schedule
in phase II and III clinical trials.

Summary Ageing is one of the risk factors for the development of cancer, the incidence of whom increases dramatically in
people who live longer. To date, standard oncological protocols involve chemotherapeutic drugs in short cycles of therapy
at the maximum tolerated dose (MTD). Although these therapeutic regimens may be successful, they can cause important
adverse drug reactions, especially in elderly or frail patients. MCT is a different modality of delivery of chemotherapeutic
drugs (frequent low dose for prolonged time) and it looks at the overcoming of the limitations and disadvantages of MTD,
in particular the toxicity aspect. We reviewed the experience of clinicians who have used MCT in clinical trials enrolling

elderly patients with different cancer types.
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Introduction

Ageing is the main risk factor for cancer and for the com-
plications of cytotoxic chemotherapy, and this is one of the
reasons why the prognosis of many tumors worsens with
age [1]. This paper explores the tolerance and the effective-
ness of metronomic chemotherapy (MCT) in the older aged
person.

Metronomic Chemotherapy

There is no single definition of "elderly" person, but in gen-
eral, the most commonly used age threshold for identify-
ing elderly patients in subgroup analyses of clinical trials
is 65 years [2]. The available data suggest that metronomic
chemotherapy may be tolerable and effective also in the so
called "frail patients" whose functional status prevents the
use of chemotherapy in full doses. Although there is still
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no general agreement on the definition and assessment of
frailty, the American Medical Association has described as
"frail" the patients that present the most difficult and com-
plicated management issues for clinicians and other medical
professionals [3]. Frailty reflects a geriatric clinical condi-
tion characterized by severe vulnerability and inability to
maintain homeostasis in the face of stressors. This is mainly
due to the reduction in resilience due to limited physiologi-
cal reserves and impaired organ function. [4, 5].

To date, clinical management regimens in oncology
involve may chemotherapeutic drugs, alone or in combina-
tion with other agents, such as targeted therapies or immu-
notherapy. Systemic treatment may be used for locally
advanced or metastatic malignancies. Most chemotherapeu-
tic drugs are intended to be cytotoxic for fast-proliferating
cells and they are often administered intermittently at the
highest tolerable doses indicated with the term "maximum
tolerated dose" (MTD). These therapeutic regimens succeed
through the direct cytotoxicity of rapidly dividing tumor
cells, but at the same time they cause serious adverse drug
reactions, especially in elderly or frail patients [6, 7ee].

In recent years there has been a re-evaluation of
how chemotherapeutic drugs could be administered.
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“Metronomic Chemotherapy” (MCT) represents an emer-
gent trend in cancer chemotherapy drug delivery. The term
MCT is commonly used to describe the frequent and regular,
even on a daily schedule (at one tenth to one-third of MTD),
for extended time, without breaks [8ee]. As it has been noted
by Bocci and Kerbel, the definition of metronomic chemo-
therapy should include achievement of prolonged plasma
concentration of active drug levels thanks to the prolonged
administration of chemotherapy in low dose [8ee]. The con-
stant exposure of tumor cells to the drug has also an impact
on the tumor microenvironment. This includes suppression
of tumor angiogenesis and restoration of anti-tumor immune
response [9, 10].

Preclinical and clinical research has elucidated the mech-
anisms behind the antitumor activity in low-dose metro-
nomic chemotherapy regimens. The initial results suggested
that MCT was preferentially active on cycling endothelial
cells in the tumor’s vascular system, preventing neoplastic
angiogenesis. [11, 12]. Subsequently, it was demonstrated
that the mechanisms of action of MCT were multiple, and
thus MCT might be defined as “multi-targeted therapy”.
MCT is cytotoxic for neoplastic cells, is anti-angiogenic,
promotes immune response to the tumor, induces dormancy
and senescence of neoplastic cells, and may eradicate tumor
stem cells. (Fig. 1) [12, 13, 14, 15, 16].

Overall, MCT may offer many therapeutic advan-
tages when compared with conventional MTD schedules
(Table 1). These benefits are most likely in the treatment

of older people in terms of antitumor efficacy, toxicity, and
quality of life preservation [17]. Since MCT schedules are
generally built on oral administration of ¢ drugs, they ena-
ble old patients to self-administer the drugs at home for all
duration of treatment. The lower incidence of adverse drug
events also reduces the need of clinic visits and blood tests
[18-20].

In the beginning MCT has been confined to the palliative
setting. In the last decade, given its demonstrable clinical
activity MCT has been utilized more and more frequently
as front-line treatment for patients who are ineligible for
MTD therapy [21].

Although MCT has a good efficacy and it could be used
in cancer therapy to overcome the limitations and disad-
vantages of conventional chemotherapy, the MCT is not
completely free from adverse drug reactions (ADR). High-
grade toxic effects are infrequent but low-grade fatigue, mild
nausea and vomiting, mild to moderate anemia, neutropenia,
leukopenia, and lymphopenia, as well as drug-related toxic
events, have been documented [15, 22].

A recent study looked at the toxicity profile and adverse
drug reactions in geriatric cancer patients. A hundred
twenty-nine individuals, 65 years of age and older, who had
late-stage cancer, received MCT as front-line treatment.
The only demonstrable toxicity included grade 1 anemia.
No adverse drug interactions were detected. [23, 24e].

MCT has been tested in several clinical trials to explore
effectiveness and safety in geriatrics patients with different

MCT
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Fig. 1 Effects of metronomic chemotherapy (MCT) on cancer cells, immune and vascular system. CSC, cancer stem cell; HIF-1, hypoxia-induci-
ble factor-1; Treg, regularity T cell; TSP-1, thrombospondin-1; VEGF, vascular endothelial growth factor
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Table 1 Main characteristics of maximum tolerated dose (MTD) and metronomic chemotherapy (MCT)

MTD

MCT

Dose Maximum tolerated dose

Administration frequency Cycles, defined ranges

Pharmacokinetics High peaks in plasma drug concentration
Target Rapidly dividing cancer cells
Toxicity Severe or cumulative toxicity

Tumor Immunity
antitumor immunological response

Aim of the treatment Cancer eradication

Quality of life Reduction

Immunosuppressive activity with alteration of

Low dose empirically conceived (1/10 to 1/3 of MTD)
Frequent or continuous administration without interruption
Low plasma concentration but constant over time

Tumor cells, tumor stem cells and angiogenesis

Low toxicity

Anti-cancer immunity stimulation

Cancer control

Enhancement

types of tumors. In this mini review we describe and com-
ment the most relevant studies of the scientific literature
regarding MCT used for the most common cancers involv-
ing the geriatric population.

Metronomic Chemotherapy in Elderly Breast
Cancer Patients

Breast cancer is the most common cancer in older women
to be diagnosed and a major cause of deaths [25]. Unfor-
tunately, standard treatments are not always suitable for
elderly women, and undertreatment, may result in reduced
survival. For this reason, MCT may be a valid alternative in
this patient’s group (Table 2) [26, 27].

Several phase II trials studied oral vinorelbine (VNR) as
single agent or in combination with capecitabine in older
women with metastatic breast cancer. Clinical benefits were
obtained in the majority of patients and a number of com-
plete responses were achieved. No treatment related death
was reported, and the toxicity appeared manageable [28,
29e, 30-32].

Of special interest is the use of MCT with cyclophos-
phamide. Indeed, metronomic cyclophosphamide added to
trastuzumab plus pertuzumab (TP) combination resulted
in longer PFS (12.7 months) compared to TP administered
alone (5.6 months) in a phase II study of elderly patients
with HER2 + metastatic breast cancer, aged 65 to 70 [29e].

Bottini and colleagues conduced a randomized phase II
trial enrolling 144 elderly patients over 70 years of age and
not eligible for chemotherapy with endocrine-responsive
clinical. All patients had T2-4 NO-1 breast cancer and were
randomly assigned to receive either letrozole alone or letro-
zole plus metronomic cyclophosphamide as a preoperative
treatment for six months. The ORR for the letrozole alone-
treated group was 71.9% (95% CI 60.0-83.8%) whereas it
was 87.7% (95% CI1 78.6-96.2%) for the group treated with
letrozole plus metronomic cyclophosphamide. The combina-
tion therapy significantly reduced the histological expression

of vascular endothelial growth factor-A (VEGF-A) and
Ki67. Adverse events were similar in both groups [33].

The International Breast Cancer Study Group performed
the multinational randomized phase III clinical trial CASA
(Chemotherapy Adjuvant Study for women at advanced
age) to compare pegylated liposomal doxorubicin every
two weeks with MCT in women 66 and olde with operable,
non-endocrine responsive breast cancer [34]. MCT consisted
of daily cyclophosphamide (50 mg) and twice weekly oral
methotrexate (2.5 mg). The two regimens had comparable
activity, but MTC was associated with better quality of life
and cognitive function.

Metronomic Chemotherapy in Elderly
Prostate Cancer Patients

Prostate cancer is the second commonest cancer in men, and
its occurrence is steadily rising particularly in men over 65
[35]. The risk of metastatic disease at presentation increases
with age and is highest over age 80 [35, 36]. Prostate cancer
treatment is challenging because many chemotherapy regi-
mens are poorly tolerated by older patients [37]. Androgen
Deprivation Therapy, including Androgen Receptor Signal-
ing inhibitors (ARSi) such as abiraterone, apalutamide or
enzalutamide, is the gold standard in treating metastatic
castration resistant prostate cancer (mCRPC), in combi-
nation with either docetaxel chemotherapy (administered
three times weekly) and corticosteroids. Though docetaxel
is able to keep the tumor under control in many patients with
increased survival, its administration at the MTD is associ-
ated with short-and long-term adverse drug reactions such
as myelosuppression, mucositis, peripheral neuropathy MCT
is a safe and effective treatment option that has repeatedly
been tested in metastatic prostate cancer patients and might
also be considered even in condition where the use of ARSi
is not affordable (Table 3) [36-39].

In a retrospective study, 29 elderly patients aged 78 years
or older affected by CRPC with several comorbidities and
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geriatric syndromes, 65% of whom were described as
“frail”, received 50 mg daily of oral metronomic cyclo-
phosphamide in combination with celecoxib 200 mg twice
a day and 1 mg of dexamethasone for a period of 12 weeks.
The results showed that 18 patients (62%) had a decrease
in Prostate Specific Antigen (PSA) levels from 2 to 99%..
The median duration of PSA response was 8.6 months
(95% CI 7.6-9.6 months). After 27.3 months (95% CI
18.8-35.8 months) of observation, the average median PFS
and median OS were 7.7 months (95% CI 2.3-13.1 months)
and 19.7 months (95% CI 12.8-26.6 months), respectively
[40e]. Daily metronomic cyclophosphamide is renowned for
its antiangiogenic properties. In prostate cancer this activity
was confirmed with the study of pharmacodynamic mark-
ers such as plasma vascular endothelial growth factor levels
and vascular endothelial cadherin expression [41]. Further-
more, the cancer progression may be limited due to the abil-
ity of metronomic cyclophosphamide to promote immune
response to the tumor [42].

In a study involving 26 elderly and vulnerable patients
with mCRPC, Tralongo and co-workers compared effective-
ness and toxicity of weekly parenteral docetaxel and oral
metronomic VNR [43]. There was no statistical difference
between the two groups in terms of PFS at 6 months (57.1%
for patients receiving VNR versus 58.3% for those who
were treated with docetaxel), whereas the PFS for patients
treated with oral metronomic vinorelbine and docetaxel was
8.6 months (95% CI 7.1-9.4 months) and 8.2 months (95%
CI 6.9-9.3 months), respectively. Anemia was the most com-
mon side effect of both drugs whereas the prevalence of
vomiting (5% Grade 3 vs. 2%, respectively) was comparable
to that of patients receiving docetaxel.

Metronomic Chemotherapy in Elderly
Non-Small Cell Lung Cancer (NSCLC) Patients

Around 30-40% of new cases of advanced NSCLC are
detected in population older than 70 years and nearly 15%
of cases afflict people aged > 80 years. The vast majority of
these patients at the time of diagnosis, are inoperable [44,
45]. Based on the characteristics of the subjects and of the
disease, it can be opted between a curative or a palliative
approach.

To date, the European Society of Medical Oncology
defines monochemotherapy (generally with gemcitabine,
vinorelbine and docetaxel) and polychemotherapy (com-
monly vinorelbine plus cisplatin, but also chemotherapeutic
agents in combination with immunotherapy or target ther-
apy) the main therapeutic options available for these elderly
patients: polychemotherapy obtains the best results, but has
higher risk of toxicity, while single-agent therapy is better
tolerated by elderly subjects [46, 47].

@ Springer

In this context, MCT might be used as an alternative ther-
apeutic strategy for elderly and debilitated patients (Table 4)
[37]. Indeed, a growing amount of data from preclinical and
clinical research studies indicates that oral etoposide and
vinorelbine administered in metronomic regimens may be
the most promising therapeutic options for elderly patients
who are ineligible for MTD therapies [37, 48, 49].

VNR was the first compound investigated as metronomic
treatment in the elderly patients affected by NSCLC [47, 50].
Metronomic oral vinorelbine (MOV) is also listed by The
Geriatric Oncology Working Group of the Spanish Society
of Medical Oncology in its 2018 guidelines as an appropri-
ate alternative to handle elderly patients affected by NSCLC
[51].

Pasini and colleagues demonstrated that the use of MOV
resulted in important survival in the elderly or pre-treated
patients (mean age 81). Forty percent of these patients had
received two different treatment regimens prior to MOV.
They also assessed the blood concentration of the drugs and
found it stable for a long period of time. Mean VNR values
were 3.2 vs. 1.9 nM (P=0.012), and VNR +4-0O-deacetyl-
VNR (active metabolite of vinorelbine) were 7.5 vs. 3.7 nM,
respectively (P=0.032). To achieve a more constant sys-
temic exposure to VNR and avoid high peak values, single
doses were diminished from the traditional oral 50 mg to
20-30 mg and were given every two days without pause.
At the end of the study, the median length of therapy and
overall survival were 15 and 32.3 weeks, respectively [52].

Both safety and efficacy of MOV were also demon-
strated in a multicenter, global retrospective study from
270 patients, with a median age of 76. Patients received an
overall average of 6 cycles of MOV consisting of 50 mg,
40 mg, 30 mg, three times weekly continuously. The study
confirmed that MOV was safe in the first and subsequent
lines of treatment, with an interesting activity in long-term
disease stabilization without worsening its toxicity profile
[47].

In another study, 44 cases with median age of 77 years,
affected by NSCLC at IIIB or IV stage and at least one major
organ disfunction including renal, hepatic, or cardiac dis-
order, were enrolled between January and December 2016
[53e]. Patients were treated with 30 or 40 mg of oral metro-
nomic VNR thrice a week. VNR showed an improvement in
patient’s compliance (rate of 85%), defined by the consump-
tion of more than 75% of the recommended prescription; in
addition, VNR presented a satisfactory safety profile and
demonstrated efficacy in slowing cancer progression. The
DCR was 63%. In 36% of the individuals, there was evi-
dence of disease progression. Nine months was the median
PFES, while 12 months was the median overall survival (OS).
When comparing the two program types (30 vs. 40 mgx 3/
week), no statistically significant results (HR =1.1) were
identified. On the other hand, an HR of 0.72 (P =0.006)
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indicated a statistically significant difference in PFS depend-
ing on age (more or less than 75 years).

A multicenter retrospective study was conducted between
2016 and 2018 assessing MOV schedule in 19 cancer centers
in Portugal [48]. The researchers enrolled 293 patients, with
an average age of 76. Among these patients, 42% underwent
oral metronomic VNR as first-line therapy, with a follow-
up of 4 months. While 28% of patients had a progression
of the disease, 18% of patients experienced a response and
54% of subjects had stable disease. Only 5% of patients had
treatment discontinuation due to documented adverse events.

Metronomic Chemotherapy in Elderly
Non-Hodgkin Lymphomas Patients

MCT was studied in different forms of NHL including B and
T cell Lymphomas (Table 5).

The most common treatment of Large Cell B Cell Non-
Hodgkin lymphomas (NHL) includes the bination of chemo-
therapy (cyclophosphamide, doxorubicin, vincristine, and
prednisolone, CHOP) and the monoclonal antibody Rituxi-
mab [54]. This regimen has been studied in individuals 60
and older with high remission rate. Nonetheless vulnerable
and frail older patients may not tolerate this regimen, even
with the addition of hematopoietic growth factors. The ina-
bility to administer CHOP-rituximab in full doses has led to
lesser and shorter remissions. [55e, 56, 57¢¢]. MCT has been
explored as an alternative treatment in these patients [58].
The limited available data suggest that MCT with cyclo-
phosphamide, trofosfamide and etoposide, has significant
activity (Table 5) [59-62]. It is important to underline that
Peyrade et al. demonstrated that reduced doses of CHOP in
combination with rituximab or ofatumumab were active and
well tolerated in individual >80 [63, 64]. Any randomized
study of MCT in older and frail patients should include these
dose-reduced regimens of CHOP as standard treatment.

In 2008 Coleman et al. studied the activity of MCT with
PEP-C (cyclophosphamide, etoposide, procarbazine, and
prednisolone) in low grade lymphoma [62]. PEP-C therapy
yielded 36% CR and 33% PR. The treatment regimen was
generally well tolerated.

A randomized controlled phase II trial enrolling subjects
with aggressive B-cell subtypes showed that a fully oral
metronomic schedule built on cyclophosphamide, etoposide,
and prednisolone resulted in comparable response rates to
the standard treatment scheme [61]. This treatment sched-
ule was empirically designed as a palliative therapy using
a combination of drugs whose activity was already known
in NHL even in monotherapy i.e. (prednisone, etoposide,
vinorelbine, cyclophosphamide). Circulating endothelial
cells (CECs) and VEGF serum levels as possible biomarkers
for this therapeutic approach were two of the study's primary

@ Springer

endpoints. Serum levels of VEGF and number of CECs in
the metronomic group were considerably lower after two
treatment cycles than in the control group. (P <0.05). The
metronomic group's DCR (87.0%) was significantly higher
than the control group's (57.1%) after two treatment cycles.
The ORR and DCR (47.8 and 69.6%, respectively) were
greater in the metronomic-treated patients if compared to the
control group's (19.0 and 33.3, respectively) after 12 months
of therapy. PFS was significantly longer in the group treated
with MCT, whereas the toxicity was significantly reduced.
Patients in the metronomic arm had a median PFS of
14 months (95% CI: 11.2—16.7 months), whereas those in
the control arm had a median PFS of 7.5 months (95% CI:
4.9-10.1 months) with a P of 0.004 [61].

In 2011 it was demonstrated that a novel oral MCT
scheme known as DEVEC (Deltacortene®, etoposide,
vinorelbine, cyclophosphamide) could be safely admin-
istered in patients with DLBLC unfit for standard MTD
[57ee]. The DEVEC protocol involves consecutive cycles of
therapy with short drug-free breaks that allow hematologic
recovery and the maintenance of prolonged exposure to vari-
ous chemotherapeutic drugs throughout the cycle, thereby
preventing the appearance of chemoresistance. DEVEC has
been demonstrated to be effective for palliative treatment
of elderly patients with DLBCL by a multicentric retro-
spective study involving 6 Italian centers since March 2011
[65]. DEVEC was initially administered to 51 patients with
DLBCL not eligible for intravenous MTD chemotherapy
regimens, of whom 33% were treatment naive (mean age
85 years) and 67% were R/R (mean 78 years). The study’s
findings showed that DEVEC caused CRs and enabled long-
term remissions in both groups. While more clinical research
is required to properly assess the advantages of oral DEVEC
over conventional intravenous protocols, this low-cost pro-
gram appears to be ideal for elderly or fragile patients who
need to minimize hospitalization and reduce toxicity with
customized treatments.

A multicentric observational study gathered data from six
clinical centers using the oral DEVEC metronomic program
for the treatment of 22 elderly and frail patients (mean age
84.5 years) with DLBCL not considered suitable for treat-
ment with IV-CHEMO [66ee¢]. At the mid-term evaluation,
ORR and CRR were 77% and 32% respectively, while at the
end of the induction they were both 64%. OS and 24-month
event-free survival were both 54% (95% IC =32-72), while
disease free survival was 74% (95% IC =48-88%). Over-
all, severe treatment-related adverse events were recorded
in 27% of subjects (IC 95% = 14-33), and included three
febrile neutropenia, one urosepsis and two cases of pneumo-
nia. This observation positively underlines the tolerability
and activity of R-DEVEC. However, to avoid excessive tox-
icity, etoposide should be eliminated in the most debilitated
subjects, who may be safely treated with the combination
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Rituximab, VNR, cyclophosphamide and prednisolone
(R-DEVEC-light). Interestingly, 50% patients treated with
R-DEVEC-light reached CR and had prolonged remission
after maintenance cycles. Conversely, maintenance may not
be necessary in naive patients at treatment who reach CR
after six cycles of R-DEVEC [66ee].

Indeed, DEVEC oral metronomic schedule can also be
successfully used in elderly patients with T-cell lymphoma.
Four Italian clinical centers prospectively collected data on
17 elderly patients with peripheral T-cell lymphoma (PTCL)
treated with DEVEC metronomic scheme. Of these 29.4%
were treatment-naive (mean age 83 years), while the remain-
ing 70.6% were refractory to the treatment or relapsed (mean
age 71.5 years), but all were classified as frail [55¢]. The
metronomic schedule was planned with an induction phase
and a de-escalated maintenance phase, both consisting of 6
cycles lasting 28 days. In subjects who achieved less than
CR, maintenance cycles were administered alternating:
cyclophosphamide 50 mg for 14 days/etoposide 50 mg for
7 days and cyclophosphamide 50 mg for 14 days/ vinorel-
bine 30 mg three times a week 3 weeks yes/1 week no, until
progression or excessive toxicity. The oral DEVEC ther-
apy showed encouraging activity and acceptable toxicity:
hematologic treatment-related adverse events (TRAEs) were
recorded in 8 patients, the most frequent being G3 neutrope-
nia in 35% of subjects. A total of 23.5% of patients reported
non-hematologic TRAEs of grade > 3, while no treatment-
related deaths. Overall, the 47% of patients had etoposide
dose reductions. The median follow-up, from the start of
treatment, was 45 months (range 14—72). Tumor reduction
was seen in all (100%) naive patients (95% CI 55-100%)
and in 75% of RRs (95% CI 43-95%). At the end of the
induction phase, the ORR was 80 and 58% in the naive
and RR patients, respectively. CR was observed in 20% of
naive and 25% of RR subjects, respectively. The median
PFS and OS for naive patients were 20 (95% CI 0-43) and
46 months, respectively, whereas in RR individuals, PFS
was 11 months (95% CI 4.2—-17.8) and OS was 13 months
(95% CI 11.3-14.6).

In a retrospective, single-center observational study,
the safety and efficacy of TEPIP (including trofosfamide,
etoposide, procarbazine, idarubicine and prednisolone) were
evaluated in 12 elderly patients (median 70 years, exten-
sive disease and poor prognosis) with PTCL and treated
at Regensburg University Medical Center between 2010
and 2022 [67]. The endpoints were overall ORR and OS.
TEPIP was administered as an oral-only chemotherapy
regimen allowing completely outpatient treatment, includ-
ing: 50 mg of trofosfamide, 50 mg of etoposide, 100 mg of
procarbazine, and prednisolone at 100 mg on days 1 to 10,
which was reduced to 7 days in case of numerous pretreat-
ments or advanced age (> 65 years). The cycle was repeated
every 28 days provided the leukocyte count exceeded 3,000/

pl and continued until disease progression or adverse events
occurred. After an average of 2.5 TEPIP cycles (total of 83
cycles), ORR was 42%, CR 25% and OS averaged 185 days.
Any grade of adverse event occurred in 8 of 12 patients,
with four patients showing adverse events > CTCAE grade
3 (33%), and adverse events were mainly not hematologic.
Three patients, including one heavily pretreated patient with
relapse from high-dose chemotherapy and subsequent autol-
ogous stem cell transplantation achieved complete remis-
sion (25%) in response to TEPIP treatment. In addition, two
patients showed transient partial remissions of T-cell lym-
phoma lesions, and stable disease was observed in two other
patients. To sum up, all-oral TEPIP treatment conducted in
the outpatient setting has the potential for durable remis-
sions in heavily pretreated patients with advanced T-cell
lymphoma [67].

In a retrospective analysis, 25 elderly patients (mean age
68 years) with recurrent mantle cell non-Hodgkin's lym-
phoma (MCL) received metronomic RT-PEPC consisting
of prednisone (20 mg), etoposide (50 mg), procarbazine
(50 mg), and cyclophosphamide (50 mg) administered
orally on a continuous schedule also including administra-
tion (months 1-3) of rituximab 4 times a week, daily tha-
lidomide (50 mg) followed by maintenance thalidomide
(100 mg). Study endpoints included safety, efficacy, quality
of life and translational studies, including tumor angiogenic
phenotyping, VEGF and CECs [68]. RT-PEPC showed
significant and durable activity in MCL with manageable
toxicity and maintained good quality of life. At a median
follow-up of 38 months the 2-year PFS rate was 24% (95%
CI, 10%-56%) and the median PFS was 10 months (95% CI,
5-23 months), whereas the 2-year OS rate was 45% (95%
CL 28%-76%); the ORR was 73% (95% CI, 50%-89%), with
an CR/CRu rate of 32% and the PR rate was 41%. It has
also been observed a decrease of VEGF plasma levels and
a decreasing trend of CECs. Response (CR/PR) to treat-
ment with RT-PEPC was favorably associated with PFS
(HR, 0.13;95% CI, 0.04-0.48; P <0.002). The therapy was
generally well tolerated: nonhematologic toxicities were
mostly mild and comprised grade 1 or 2 events such as rash,
fatigue, diarrhea, cough, nausea, neuropathy, and dyspnea,
whereas hematologic toxicities included anemia as well as
other grade 3 or 4 events.

Metronomic Chemotherapy in Elderly
Patients With Different Tumor Types

From published data, it is possible to observe that MCT has
been successfully used in elderly patients also in other types
of cancer (Table 6).

In a phase II clinical trial, elderly melanoma patients
treated with metronomic cyclophosphamide demonstrated

@ Springer
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a response rate and survival values comparable to those
seen with traditional chemotherapy with dacarbazine [69].
The study included 10 women and 3 men, with a median
age of 80 years. During the first cycle (one month), patients
received a daily oral dose of 50 mg metronomic cyclophos-
phamide. In subsequent cycles, the dose was adjusted to
100 mg cyclophosphamide once daily for three weeks out
of four. One patient had a verified PR, whereas five cases
had confirmed SD (median duration: 10 months). Patients
with stage III and stage IV metastatic melanoma had OS in
the range of 6 to 36 months and 4 to 24 months, respectively
[69].

In a multicenter phase I trial, 16 elderly patients with
platinum-resistant recurrent epithelial ovarian cancer were
treated with pazopanib and metronomic cyclophosphamide
[70]. The study assessed the combination's best dose, and
tolerability. Cyclophosphamide 50 mg was taken orally
each day in association with 400—-800 mg of pazopanib. One
patient out of six experienced dose-limiting toxicity (DLT)
at dosage levels (DL) I and II. Two of the four patients at
DL III demonstrated DLT, leading to a 600 mg/day MTD
of pazopanib. 3 patients received treatment for at least
13 months, with a median of 6 (2-13) cycles being deliv-
ered. The median PFS was 8.35 months, while the median
OS was 24.95 months. The adverse events included leuko-
penia, tiredness, diarrhea, and elevated liver enzymes [70].

He and colleagues assessed the efficacy and safety of
capecitabine as a palliative treatment administered at a met-
ronomic dose of 1 mg per day to 45 elderly patients (mean
age 74.5 years) with advanced gastric cancer (including 33
men and 12 women) who had previously been treated with
fluoropyrimidine chemotherapy [71]. The 8-week DCR
of metronomic treatment was 51.1% (95% CI 25.7-67.8),
and 20.9% (95% CI 13.1-38.5) of the 43 evaluable patients
showed an overall response. Age, sex, weight loss, per-
formance status, the presence of liver, peritoneal, lymph
node or bone metastases, surgery, and response to previ-
ous first- or second-line chemotherapy did not significantly
alter the response rate. The study found that the median
time to progression (TTP) was 3.6 months (95% CI:
3.2-4.0 months) and the median OS was 7.6 months (95%
CI: 7.0-8.2 months). There were no grade IV toxicities, neu-
tropenic fever, or treatment-related fatalities, and only 13.3%
and 2.2% of patients, respectively, showed signs of grade II
neutropenia and thrombocytopenia [71].

In 2009, a case report described that the use of metro-
nomic capecitabine as a first line and maintenance treatment
for an elderly patient with advanced or metastatic colorectal
cancer [72]. The 82-year-old patient was treated with capecit-
abine (1250 mg/m?) twice a day for days 1 through 14, every
three weeks, for a total of 12 cycles. An additional 4 cycles
were then administered as maintenance therapy. After eight
cycles, the patient was in CR and capecitabine was continued
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as a maintenance medication. The disease was still in CR
at the time of the final follow-up, and the PFS was roughly
87 months. After two cycles, hepatic metastases decreased by
20% and vanished entirely after eight cycles. Interestingly, the
patient experienced hand-foot syndrome and mild, manageable
grade 1 leukopenia during the treatment, but there was no sign
of metastasis or recurrence [72].

Another interesting use of metronomic capecitabine was
reported in the case of an elderly man (66 years old) with
metastatic oral cancer. The patient had to stop maintenance
with cetuximab (250 mg/m? each week) but achieved pro-
longed disease control with daily metronomic capecitabine
(2,000 mg/day) [73]. In this subject, daily metronomic
capecitabine produced an extra 18 months of disease man-
agement without clinically significant side effects. The
patient only experienced low-grade stomatitis, he did not
have diarrhea or palmoplantar erythrodysesthesia. Further-
more, both body weight and oral food consumption did not
change during the course of the medication.

Between December 2014 and December 2017, a multi-
center randomized and controlled clinical trial conducted in
Thailand investigated whether MCT had a time-dependent
effect on the treatment of elderly individuals with acute mye-
loid leukemia who were unfit for standard chemotherapy
[74]. Random assignments were made to treat the included
patients with palliative care or MCT. Every three weeks
for four cycles, patients in the MCT arm received an oral
chemotherapy regimen consisting of 50 mg/m? of etoposide
for five days, 60 mg/m? of 6-mercaptopurine, and 40 mg/m?>
of prednisolone. At the conclusion of the trial, the MCT and
palliative therapy groups showed a median survival time of
130 (95% CI 64—-115) and 70 (95% CI 41-93) days, respec-
tively [74].

Metronomic trofosfamide was found to be safe in elderly
patients (mean age of 70 years) with metastatic soft tissue
sarcoma, in an open label, randomized, multicenter phase
II-controlled trial [75]. Patients who had not received treat-
ment before, were randomized in two arms: arm A received
doxorubicin 60 mg/m? for six cycles, which is the conven-
tional first-line treatment for metastatic soft tissue sarcoma,
and arm B received on days 1 through 7, 300 mg of oral
trofosfamide daily. The median follow-up period at the con-
clusion of data collection was 10.4 months (range 0.4-94.7)
for all patients and 18.4 months (range 3.8-94.7 months;
arm A, 26.0 months; arm B, 15.2 months) for patients who
survived [75].

Conclusions and Future Perspectives

The metronomic approach for the treatment of cancers has
clear advantages in terms of reduced adverse drug events,
possibility of oral administration, higher quality of life, and
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Table 7 Metronomic clinical studies currently recruiting also elderly patients found at clinicaltrials.gov
Clinicaltrials.gov id Type of study Tumor Schedule Age
NCT05554003 Phase II Neuroendocrine neoplasms (NENs) Metronomic oral temozolomide (60 mg/day > 18 years
continuously)
NCT04304352 Phase II Metastatic Breast Cancer Metronomic oral cyclophosphamide (50 mg/ 18 to 99 years
die) + capecitabine (500 mg thrice
daily) + vinorelbine (40 mg 3 times a week)
NCT04941885 Phase II Metastatic HER2 4 /HR + Breast Cancer Inetetamab + metronomic oral cyclophospha- 18 to 75 years
mide (50 mg/day) + aromatase inhibitor (once
a day orally)
NCT05462613 Phase II/IIl  Metastatic Colorectal Cancer Regorafenib + metronomic oral capecitabine > 18 years
(625 mg/m¥ twice daily) + metronomic
cyclophosphamide (50 mg/day for two
months) + aspirin (75 mg/day orally and daily
for two months) +bevacizumab (5 mg/Kg
every 2 weeks + FOLFIRI or FOLFOX
NCT06054906 Phase II Advanced Gastric Cancer Sintilimab + metronomic PLOF (paclitaxel > 18 years
60 mg/m’ + oxaliplatin 50 mg/m?+ 5-fluoro-
uracil 425 mg/m?)
NCTO05044117 Phase 11T Advanced Head and Neck Squamous Capecitabine (650 mg/m2) for 1 year 18 to 70 years
Cell Carcinoma
NCTO03561740 Phase III High Risk HER2 + Breast Cancer Metronomic capecitabine 18 to 70 years
NCT04350021 Phase 11 Metastatic Breast Cancer Metronomic capecitabine 500 mg times three, > 18 years
cyclophosphamide 50 mg once daily
NCT05063136 Phase I1I HR +/HER2- Primary Breast Cancer Metronomic capecitabine (500 mg/day for 18 to 70 years
1 year) + standard endocrine therapy (at least
5 years)
NCT05390476 Phase I1 Triple Negative Breast Cancer Tucidinostat + metronomic capecitabine 18 to 75 years

(500 mg orally three times a day)

low cost, making it widely used in elderly patients whose
treatment to date is unsatisfactory. In this review, we out-
lined clinical trials focused on evaluating MCT as a possible
therapeutic alternative in elderly and frail patients, unsuita-
ble for conventional treatment regimens, for the management
of various types of cancers, among others breast, prostate,
lung, and NH lymphomas.

Although the limitations of published clinical studies
must be taken into consideration, including the fact that most
of them are not randomized phase II clinical trials and were
conducted on a limited number of patients, MCT schemes
have proven to be well tolerated, to have a good safety profile
and an interesting anti-tumor activity in large percentages of
elderly patients enrolled in these studies.

Since MCT is based on oral intake of drugs, it can
encourage patient’s adherence to therapy, increasing their
quality of life, and diminishing the need for hospital stay,
with a consequent reduction in pharmaceutical expenditure.

Currently, as we can see in the Table 7, there are a num-
ber of experimental studies underway aimed at testing the
use of compounds metronomically administered, either in
single or in combination with target therapies well known
in clinical practice, for the treatment of a wide range of

cancer types, evaluating their efficacy in the adult popula-
tion, including the elderly.

It is desirable for the future, to develop initiatives to
extend cooperative clinical trials including only older
patients, with comorbidities and frailty, and to broaden the
variety of investigated tumor types, in order to support the
application of MCT as a possible standard of care in the
elderly patients, and not only limited to palliative intent.
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