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Background: We investigated the safety and efficacy of a combination of the oral
tyrosine kinase inhibitor, nintedanib (BIBF 1120) with oral cyclophosphamide in
patients with relapsed ovarian cancer.

Patients and Methods: Patients with relapsed ovarian, fallopian tube or primary
peritoneal cancer received oral cyclophosphamide (100mg o.d.) and were randomised
(1:1) to also have either oral nintedanib or placebo. The primary endpoint was overall
survival (OS). Secondary endpoints included progression free survival (PFS),
response rate, toxicity, and quality of life.

Results: 117 patients were randomised, 3 did not start trial treatment, median age 64
years. Forty-five (39%) had received >5 lines chemotherapy. 30% had received prior
bevacizumab. The median OS was 6.8 (nintedanib) versus 6.4 (placebo) months
(hazard ratio 1.08; 95% confidence interval 0.72-1.62; P = 0.72). The 6-month PFS
rate was 29.6% versus 22.8% (P=0.57). Grade 3/4 adverse events occurred in 64%
(nintedanib) versus 54% (placebo) of patients (P=0.28); the most frequent G3/4
toxicities were lymphopenia (18.6% nintedanib versus 16.4% placebo), diarrhoea
(13.6% versus 0%), neutropenia (11.9% versus 0%), fatigue (10.2% versus 9.1%),
and vomiting (10.2% versus 7.3%). Patients who had received prior bevacizumab
treatment had 52 days less time on treatment (P<0.01). 26 patients (23%) took oral
cyclophosphamide for >6 months. There were no differences in quality of life between
treatment arms.

Conclusions: This is the largest reported cohort of patients with relapsed ovarian
cancer treated with oral cyclophosphamide. Nintedanib did not improve outcomes

when added to oral cyclophosphamide. Although not significant, more patients than
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expected remained on treatment for >6 months. This may reflect a higher proportion
of patients with more indolent disease or the higher dose of cyclophosphamide used.
Clinical Trial Registration: Clinicaltrials.gov NCT01610869
Key words: late stage relapsed ovarian cancer, oral cyclophosphamide, nintedanib,
prior bevacizumab
Key Message/ Highlights:
¢ Nintedanib added to oral cyclophosphamide did not improve outcome in heavily
treated patients with relapsed ovarian cancer
e 36% of patients derived clinical benefit from cyclophosphamide (10% PR/CR
and 26% SD); 23% continued treatment at 6 months
e Oral cyclophosphamide 100mg daily is tolerable; adverse events were mostly

related to the companion antiangiogenic agent.

e Prolonged disease stabilisation was seen in 11 patients.

Introduction/ Background

Ovarian carcinoma (OC), encompassing fallopian tube and primary peritoneal
cancers, is the most common cause of gynaecological cancer death in the Western
world?. Patients with relapsed OC are very unlikely to be cured and should be
considered to have a chronic disease which will relapse and remit. Sequential
treatment strategies are employed to maximise quality and length of life, but ovarian
cancer will eventually become resistant to standard treatments. Non-toxic therapies
that are simple to administer are sought for patients at this stage. Alkylating agents
are not considered a routine option in the current management, but the efficacy of
agents such as cyclophosphamide and chlorambucil in OC is established and their

use predates that of platinum-based drugs.
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Angiogenesis has been shown to have a significant role in ovarian cancer.
Bevacizumab, a humanised monoclonal antibody targeting vascular endothelial
growth factor (VEGF), is approved for use in combination with and as maintenance
following chemotherapy in OC patients. Evidence supporting the use of bevacizumab
or the VEGFR inhibitor pazopanib with weekly paclitaxel in platinum resistant relapsed
OC is particularly compelling with a doubling of progression-free survival®>3. The
combination of bevacizumab and continuous metronomic oral cyclophosphamide
(doses lower than the maximum tolerated dose) has also been shown, in a number of
retrospective and single-arm studies, to have good therapeutic activity in relapsed
Oc4,5,6_

Cyclophosphamide is an alkylating agent; when given orally at metronomic doses it is
thought to have additional antiangiogenic properties, for example it has been shown
to have increased activity against endothelial cells, which, although derived from the
host stroma, generally proliferate rapidly in tumours’. Metronomic chemotherapy is
treatment given at lower than maximum tolerated doses and at short regular intervals
eg. daily, with no prolonged breaks. Such scheduling is thought to target angiogenesis
by obliterating proliferating endothelial cells and circulating endothelial cell precursors.
Additionally, metronomic cyclophosphamide has been shown in breast cancer to

reduce levels of serum VEGF, a key regulator of the process of angiogenesis®.

Several tyrosine kinase inhibitors exhibit antiangiogenic effects and have
demonstrated activity in recurrent OC %1011 Nintedanib is a potent, orally available
triple kinase inhibitor targeting VEGF receptors, platelet-derived and fibroblast growth
factor receptors (PDGFR/FGFR). The specific and simultaneous abrogation of these

pathways results in effective growth inhibition of both endothelial and, via PDGFR and
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FGFR, perivascular cells, which may be more effective than inhibition of endothelial
cell growth via the VEGF pathway alone. Signalling by FGFR has also been identified
as a possible escape mechanism for tumour angiogenesis when the VEGF pathway
is disrupted.

Although there are no specific preclinical studies of nintedanib with
cyclophosphamide, numerous preclinical and clinical studies support the assumption
that VEGF and PDGF are key targets for the management of OC. The combination
of antiangiogenics, such as bevacizumab or pazopanib with continuous metronomic
oral cyclophosphamide have been shown to have good therapeutic activity in relapsed

0C#58,

Here we sought to determine the tolerability and efficacy of a combination of oral
metronomic cyclophosphamide (OMC) with the anti-angiogenic nintedanib in heavily
pre-treated, relapsed OC patients. A dose of 100mg daily was chosen to explore the
value of a tolerable, maximal metronomic dose. Early studies of metronomic
cyclophosphamide have described outcomes from using a dose to maintain white
blood cell count >1.5 x 1091 ; the most common daily dose in 54 patients was identified
as 100-150mg daily?. Acceptability of this dose was confirmed in other reportst315;
in vitro studies of metronomic cyclophosphamide are generally 2-20 mg/kg (~140-
1400 mg for 70kg person)*®1’.  Finally, in breast cancer, classical CMF adjuvant
chemotherapy requires a dose of 80mg/m?, thus patients of standard height / weight
(BSA = 1.7 / 1.8m?), receive~130mg daily*®. Handiolas et al have reported 44%
response rate to OMC given as per CMF (50-150mg/day for the first 14 of every 28

days) in heavily pretreated ovarian cancer patients?!®,
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Materials / Methods °3*

Study population and eligibility criteria

Patients >18 years with histological confirmation of ovarian, fallopian tube or primary
peritoneal carcinoma, who had received > 2 lines of prior chemotherapy and were
considered to be platinum resistant or intolerant or unsuitable for further intravenous
chemotherapy were enrolled. Patients could have had a non-platinum agent as last
prior treatment as long as they had relapsed within 6 months of their last platinum and
within 6 months of completing their last chemotherapy. Use of prior bevacizumab was
permitted but prior cyclophosphamide or tyrosine kinase inhibitor treatments were not.

See supplementary data for full inclusion/exclusion criteria.

Randomisation and Treatment Schedule

We conducted a double-blind randomised controlled phase Il trial. Patients were
randomly allocated (1:1) to receive oral nintedanib or matching placebo continuously
until disease progression death or adverse events. Randomisation was performed
using an interactive web-based system, with stratified randomisation according to: age
(<60 and >60), previous lines of chemotherapy (<3 or >3) and previous bevacizumab
treatment (yes or no).

All patients were given OMC (100mg once daily), in cycles of 6 weeks. When the trial
began, the starting dose of nintedanib was 200mg twice daily. The Independent Data
Monitoring Committee examined SAEs and toxicity data from the initial 61 patients. As
aresult, a reduced starting dose of nintedanib/placebo to 150mg b.d was implemented
for future recruits. Dose reductions were allowed to a minimum of 100mg b.d.
nintedanib/placebo and 50mg o.d. OMC. See supplementary data, for full modification

schedule.
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Assessments

All patients had computed tomography (CT) of abdomen, pelvis and / or MRI with high
resolution CT imaging of the chest at baseline. Imaging was repeated every 12 weeks.
Patients were not required to have RECIST measurable disease for trial entry.
Haematology, biochemistry and toxicity were assessed every three weeks for the first
6 weeks then every 6 weeks. The first 12 patients (run-in safety cohort) were reviewed
every 3 weeks for 12 weeks. CA125 was measured at baseline then every 6 weeks.
Adverse events were categorised using NCI CTCAE v 4.1. Quality of life (QoL) was
assessed using EORTC QLQ-C30, OV28 and MOST Recent Symptoms

guestionnaires?.

Statistical considerations

The primary endpoint was overall survival (OS). A retrospective audit of patients
treated with OMC indicated a median OS of 5 months!3. We aimed to detect an
increase of 2 months using nintedanib, i.e. a median OS of 7 months (equivalent to a
hazard ratio (HR) of 0.71), consistent with the PFS reported for combination
bevacizumab/OMC®. With 80% power and one-sided 20% significance level, 56
patients per group were required (assuming 18 months of recruitment and 12 months
of follow-up); i.e. 112 patients in total (or 100 deaths). With 10% allowance for non-
compliance, recruitment of 124 patients was planned. Secondary efficacy endpoints
included progression-free survival (PFS), 6-month progression-free survival and
response rate. Both endpoints were based on RECIST 1.1 and GCIG CA125 criteria.
OS and PFS were examined using Kaplan-Meier plots and Cox regression. Response
rates were assessed where data were available. Adverse events were compared

using the maximum grade for each patient and each event type. QoL was compared
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using repeated measures modelling. The safety population was defined as all patients

who took at least one dose of OMC and nintedanib/placebo.

Patient demographics

A total of 117 patients were randomised (N=59 nintedanib, N=58 placebo) from 11
sites between August 2014 and October 2016 (Figure 1 CONSORT diagram). 3
patients in the placebo group did not start trial treatment. 59 and 55 patients received
at least one dose of nintedanib or placebo respectively and form the safety population.
Baseline/clinical characteristics are shown in Table 1. Median age was 64 years. The
median number of prior lines of chemotherapy was 4, with 38% (43 patients) having
received 3 lines or less, and 39% (45 patients) having received 5 lines or more. Most
patients had high grade serous tumours (87%). 31% patients had previously received
bevacizumab.

Treatment duration

Overall 85 (73%) of the 117 randomised patients completed 6 weeks (1 cycle) of
treatment. 29 patients who started the treatment (25%) stopped trial therapy prior to
this and 3 patients in the placebo group failed to start any study treatment. 26 patients
(23%) continued with OMC for more than 6 months (Figure 3 and Appendix Figure 2),
with eight (7%) patients continuing treatment for more than 11 months. One patient
was lost to follow-up after their week 6 visit. Overall treatment was stopped for the
following reasons: disease progression (68%), AEs (16%), withdrawal of consent
(5%), non-compliance (1%) and other reasons (11%).

Efficacy
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Median follow-up time was 1.6 years (interquartile range (IQR) 1.4-1.9 years). No
difference in OS: the median was 6.8 months for nintedanib and 6.4 months for
placebo (Figure 2A). The hazard ratio (HR) for nintedanib versus placebo was 1.03
(95%CI 0.69-1.55; p-value 0.87). However, 20.4% and 31.3% patients in the
nintedanib and placebo groups respectively were still alive at 12 months.

Median PFS was 2.9 months for nintedanib and 2.6 months for placebo (Figure 2B).
6 month PFS rates were 29.6% and 22.9% for nintedanib/placebo respectively, HR
0.91 (95%Cl 0.62-1.32; p-value 0.61).

Radiological RECIST (version 1.1) responses were seen in 11/114 (9.6%) patients, 1
complete response (CR),4 partial responses (PR) in the nintedanib group and 1 CR,
5 PR in the placebo group. 26.3% (30/114) of patients (17 nintedanib, 13 placebo) had
RECIST defined stable disease ie. no CR, PR or PD on the subsequent three-monthly
scan. Two patients, without RECIST evaluable disease, did not progress by CA125
GCIG criteria. 57/114 (50%) progressed on trial treatment according to RECIST, 4
patients (3.5%) progressed according to CA125 GCIG criteria alone (Appendix Table
1).

Hypothesis generating subgroup analyses were performed using the stratification
factors outlined in Table 2. A statistically significant interaction with the treatment was
found for PFS according to the number of previous lines of chemotherapy. The HR for
patients with <3 lines was 0.53 (95% CI 0.28-0.99) compared to 1.19 (95% CI 0.74-
1.92) for patients with >3 lines (interaction p=0.04). In the subgroup who had <3 lines
(n=43), the HR remained statistically significant after adjustment for age and previous
VEGF inhibitor treatment (adjusted HR=0.47, 95% CI 0.24-0.91; p=0.03) (Appendix

Fig 1).

10
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Median time on OMC was 82 days (IQR 43-155, mean 112) with a minimum of 3 days
and a maximum of 610 days (Fig 3). The population who had received prior
bevacizumab had shorter durations of treatment with OMC irrespective of
randomisation to nintedanib or placebo, by a mean of 52 days (p <0.01; Appendix

Figure 3).

Quality of life

111 patients completed QoL questionnaires at baseline, 80 patients at both baseline
and after 1 cycle of treatment (Appendix Tables 2 to 4). Scores were slightly higher in
the nintedanib versus placebo group for “hormonal/menopausal symptoms” and “other
chemotherapy side-effects” on the symptom scales of QLQ-OV28. There was no effect
of nintedanib on any of the functional scales of QLQ-C30 Global Health state or QLQ-
0OV28 between baseline and week 6. Equally there was no effect of nintedanib on any

the five scales of the MOST questionnaire.

Adverse events

Many adverse events (AEsS) represented symptoms commonly experienced by
patients with relapsed OC, a significant proportion occurring within the first 6 weeks.
Some AEs matched recognised side effects of nintedanib treatment. There was
insufficient toxicity to recommend halting recruitment after the first 12 patients,
however the IDMC examined the SAEs and toxicity data after 61 patients. They found
it difficult to determine the exact aetiology of the range of AEs reported in this larger
cohort but evaluating the spectrum of toxicity recommended reducing the dose of

nintedanib to 150mg b.d. for the remainder of the study. However, many of the 61

11
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patients, recruited prior to the IDMC review, did tolerate the higher 200mg b.d. dose;
they were allowed to continue at this dose, at the discretion of the treating investigator.
All grades of AE, according to NCI CTCAE v 4.1 criteria, are summarised in Appendix
Table 5. All patients except one (in the placebo group) experienced at least one event
of any grade. Grade 3/4 AEs (Table 3) occurred in 64% (38/59) nintedanib versus 54%
(30/55) placebo. Some of these represented worsening of pre-existing symptoms,
already been present at baseline, i.e. grade 1/2 events at randomisation becoming
grade 3/4 after starting the trial treatments. The most frequent grade 3/4 toxicities were
lymphopenia (20.3% vs.18.2%, nintedanib/placebo), diarrhoea (15.3% vs. 0%),
neutropenia (11.9% vs. 0%), fatigue (11.9% vs. 9.1%), and vomiting (10.2% vs. 7.3%).
Grade 1/2 toxicities occurred in 59/59 (100%) nintedanib versus 52/55 (94%) placebo,
with the most frequent being nausea (78.0% v 50.9%), vomiting (54.2% v 47.3%) and
diarrhoea (47.5% v 45.5%). After the dose of nintedanib was reduced to 150mg b.d.,
the incidence of toxicities was similar between the trial groups: grade 3/4 events 63%
(17/27) nintedanib versus 67% (18/27) placebo, with corresponding grade 1/2 events

for 100% (27/27) and 93% (25/27).

12
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Discussion.

Cyclophosphamide has been somewhat neglected since trials showed the superiority
of carboplatin/paclitaxel over cisplatin/cyclophosphamide?!. Yet in this trial, the largest
reported group treated with OMC to date, we show that OMC is tolerable in patients
with relapsed OC, despite numerous prior lines of therapy (39% had >5 lines). Indeed
the 6-month PFS rates of 29.6% and 22.9% for nintedanib/placebo respectively are
similar to those seen in a less heavily treated population (all £3 lines) who had weekly
paclitaxel alone??,

A slightly higher dose of OMC, 100mg daily, was used in our trial in contrast to many
other studies where 50mg per day has been used 4% 23, As previously described, this
higher dose was well tolerated with grade 3/4 toxicity limited to lymphopenia, fatigue
and abdominal pain in the control arm'?1518.19 Endorsement of the decision by the
IDMC to reduce the nintedanib dose is evident from the equivalent incidence of toxicity
in both arms for subsequently recruited patients (grade 3/4 events 63% nintedanib
versus 67% placebo, grade 1/2 events in 100% versus 93%). There was a 10% higher
overall incidence of toxicity seen in those treated with combination versus OMC alone
with the inclusion of the population treated prior to the IDMC decision (Table 3).
Despite this, overall 75% of the population completed 6 weeks of treatment and 23%

stayed on therapy for longer than 6 months.

Since our trial was designed, several other studies have explored the combination of
OMC with antiangiogenics in recurrent ovarian cancer. Barber et al report a 42%
response rate in heavily pretreated (median 6.5 prior lines) relapsed OC patients
receiving bevacizumab and OMC?4, Dinkic et al reported a median PFS and OS of 8.5

and 25 months respectively in a 16-patient Phase | dose-finding study of relapsed OC

13
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patients (median 2 prior lines) combining OMC and pazopanib?. Again the anti-
angiogenic component caused the most significant adverse events, leading to dose
limitation at 600mg for pazopanib.

Our trial is the first to explore the potential for nintedanib therapy in very heavily
pretreated (median of 4 prior lines, 39% > 5 lines) patients with recurrent OC. The
significantly longer PFS for nintedanib patients who had had < 3 prior lines of
chemotherapy corroborates other evidence that better outcomes are seen for
antiangiogenic therapies in less heavily pretreated patients>3. Taken as a whole,
cyclophosphamide-treated patients who had not received bevacizumab had a longer
duration of therapy (Appendix Figure 3). This may simply reflect the poorer overall
prognosis of those treated with bevacizumab in the UK.

However, the successful mechanisms of action of OMC may not be entirely
antiangiogenic. OMC has been shown to deplete T regulatory cells and restore effector
functions of T cells and natural killer cells 2627, Additionally, modulation of the
abnormal tumour vasculature by OMC may enhance an immune-supportive tumour
microenvironment eg. allowing accumulation of effector T cells, leading to prolonged
responses/disease stabilisation in small groups of patients?®2°. (Appendix Figure 3.)
This concept should be explored further.

A limitation of our trial is the lack of BRCA status because routine BRCA testing was
not available during recruitment to METRO-BIBF. However, Kummar et al. report no
benefit in adding the PARP inhibitor, veliparib, to OMC in the treatment of 72 relapsed
OC patients, despite 43% of this population having a known BRCA mutation (60%
BRCA unknown). They explored the association of BRCA, and other DNA repair

defects, with response to OMC and found no clear relationship3°.

14
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In summary, amongst a very heavily pretreated population of relapsed OC patients,
nintedanib did not improve clinical outcomes when combined with OMC. However, we
note that 36% of patients derived clinical benefit (10% PR/CR and 26% SD). In the
context of platinum resistant relapsed OC where women have received a median of 4
prior lines, the fact that 23% remained on treatment at 6 months is an indicator of
clinical benefit. Additionally, in this setting, where practical issues such as the number
of impending hospital visits and poor venous access become increasingly important
to maintain quality of life, OMC with 6 weekly monitoring could be considered an

appropriate therapeutic option.

15



356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386

387
388

METRO-BIBF nintedanib with oral cyclophosphamide in relapsed OC

Acknowledgements

We are grateful to all the patients who agreed to participate in this study. We thank all
participating sites and site staff; the Cancer Research UK and UCL Cancer Trials
Centre particularly Helen Christensen, Rachel Lillywhite and Kitty Chan for managing
and coordinating the trial; Cancer Research UK for endorsing the study; Boehringer
Ingelheim for supplying the nintedanib and placebo as well as providing funding for
trial associated costs. We would also like to acknowledge the support of the National
Institute for Health Research, through the National Cancer Research Institute
(particularly the Ovarian subgroup within the Gynaecological Cancer Clinical Studies
Group), and the charity OVACOME, which kindly reviewed the patient information.
JAL/AH acknowledge support from the University College London and University

College London Hospitals Biomedical Research Centre.

Funding: This trial was endorsed by Cancer Research UK (grant reference
C21279/A13359) and Boehringer Ingelheim, who provided nintedanib and placebo

free of charge as well as trial associated costs.

Conflicts of interest: Professor Marcia Hall reports grants and personal fees from
Clovis Oncology, BMS and Merck and personal fees from Roche, GSK/Tesaro, Astra
Zeneca, Boehringer Ingelheim and Amgen outside the submitted work.

Dr Susana Banerjee reports personal fees from Roche, AstraZeneca, GSK/Tesaro,
Clovis Oncology, Pharmamar, Seattle Genetics, Merck Serono, Amgen and
Genmab; grants from Astra Zeneca and GSK/Tesaro and travel support from
Nucana all outside the submitted work.

Dr Rosemary Lord reports personal fees from Tesaro and Astra Zeneca, outside the
submitted work

Dr Andrew Clamp has received research funding and personal fees from Astra
Zeneca, and personal fees from Clovis Oncology, Astra Zeneca, GSK/Tesaro, and
Roche outside the submitted work.

Dr Shibani Nicum reports grants and personal fees from Astra Zeneca and personal
fees from MSD, Roche, Abbvie, Clovis Oncology outside the submitted work.

16



389
390
391
392
393
394
395
396
397
398
399
400
401
402

METRO-BIBF nintedanib with oral cyclophosphamide in relapsed OC

Professor J Ledermann has received fees for Advisory Boards , lectures, symposia
from Boehringer Ingelheim, Astra Zeneca, MSD/Merck, Amgen, Artios, GSK/Tesaro,
Eisai. He has received research funding from MSD/Merck and AstraZeneca, all
outside the submitted work.

Dr Rebecca Bowen reports personal fees from Roche, AstraZeneca, GSK/Tesaro,
Clovis Oncology, Amgen, Celgene and Lily Oncology, outside the submitted work.
Dr Agniescka Michael reports personal fees from Roche, outside the submitted work.
Dr Ros Glasspool reports research funding from Boehringer Ingelheim for the NiCCC
clinical trial, further research funding from Lilly/Ignyta and personal fees from
AstraZeneca, MSD, Clovis, GSK/Tesaro, Immunogen and Sotio outside the
submitted work.

Professor Gordon Rustin reports personal fees from Abbvie, outside the submitted
work.

17



403

404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455

METRO-BIBF nintedanib with oral cyclophosphamide in relapsed OC

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;68(1):7-
30

Pujade-Lauraine E, Hilpert F, Weber B, et al. Bevacizumab combined with
chemotherapy for platinum resistant recurrent ovarian cancer:The AURELIA open-label
randomized phase Ill trial J Clin Oncol 2014;32:1302-1308

Pignata S, Lorusso D, Scambia G,et al Pazopanib plus weekly paclitaxel versus weekly
paclitaxel alone for platinum-resistant or platinum-refractory advanced ovarian cancer
(MITO 11): a randomised, open-label, phase 2 trial, Lancet Oncol. 2015;16:561-568.
Jurado J, Sanchez A et al. Combined oral cyclophosphamide and bevacizumab in
heavily pretreated ovarian cancer. Clin Trans Oncol 2008;10(9):583

Garcia A, Hirte H, et al. Phase Il clinical trial of bevacizumab and low-dose metronomic
cyclophosphamide in recurrent ovarian cancer: A trial of the California, Chicago, and
Princess Margaret Hospital Phase Il Consortia. J Clin. Onc. 2008;26:76-82
Sanchez-Munoz A, Mendiola C, Perez-Ruiz E, et al. Bevacizumab plus low-dose
metronomic oral cyclophosphamide in heavily pretreated patients with recurrent ovarian
cancer. Oncology 2010;79:98e104.

Bocci G, Nicolaou C et al. Protracted low-dose effects on human endothelial cell
proliferation and survival in vitro reveal a selective anti-angiogenic window for various
chemotherapeutic drugs. Cancer Res. 2002;62(23):6938-43.

Colleoni M, Rocca A, Sandria MT et al. Low dose oral methotrexate and
cyclophosphamide in metastatic breast cancer: antitumour activity and correlation with
vascular endothelial growth factor levels. Ann Oncol 2002;13:73-80

Matulonis U, Berlin S, Ivy P, et al: Cediranib, an oral inhibitor of vascular endothelial
growth factor receptor kinases, is an active drug in recurrent epithelial ovarian,
fallopian tube, and peritoneal cancer. J Clin Oncol 2009;27:5601-5606

Friedlander M, Hancock KC et al (2010). A phase Il open label study evaluating
pazopanib with recurrent ovarian cancer. Gyn Onc. 2010;119(1):32-7

Ledermann J, Hackshaw A, Kaye S,et al. Randomized Phase |l Placebo-Controlled
Trial of Maintenance Therapy Using the Oral Triple Angiokinase Inhibitor BIBF 1120
After Chemotherapy for Relapsed Ovarian Cancer. J Clin Onc 2011;29(28):3798-804
Guthrie D. The treatment of advanced cystadenocarcinoma of the ovary with
gestronol and continuous oral cyclophosphamide. Br J Obstet and Gynecol 1997;
86(7):497-500

Hall M, Rustin GJS. A retrospective review of low dose oral cyclophosphamide alone
and in combination with tamoxifen and prophylactic warfarin in heavily pretreated
ovarian cancer. 1JGC 2010 abstract no. 467

Watanabe Y, Etoh T, Koike E et al. Feasibility study of oral cyclophosphamide
salvage therapyfor the treatment of heavily pretreated patients with recurrentepithelial
ovarian cancer Int J Clin Oncol (2010) 15:468-471

Wong C-N, Wong C-N, Liu F-S. Continuous oral cyclophosphamide as salvage or
maintenance therapy in ovarian, primary peritoneal, and fallopian tube cancers: A
retrospective, single institute study. 2017 Taiwanese Journal of Obstetrics &
Gynecology 2017;56:302e305

Yap R, Veliceasa D, Emmenegger U, et al. Metronomic Low-Dose Chemotherapy
Boosts CD95-Dependent Antiangiogenic Effect of the Thrombospondin Peptide ABT-
510: A Complementation Antiangiogenic Strategy. 2005 Clin Cancer Res
2005;11(18): 6678-85

Emmenegger U, Francia G, Chow A, et al. Tumors That Acquire Resistance to Low-
Dose Metronomic Cyclophosphamide Retain Sensitivity to Maximum Tolerated Dose
Cyclophosphamide 2011 Neoplasia (2011) 13, 40-48

International Breast Cancer Study Group (IBCSG) Adjuvant Chemotherapy
Followed by Goserelin Versus Either Modality Alone for Premenopausal Lymph

18


javascript:;

456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497

498
499

500

501

METRO-BIBF nintedanib with oral cyclophosphamide in relapsed OC

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Node—Negative Breast Cancer: A Randomized Trial INCI: Journal of the National
Cancer Institute, Volume 95, Issue 24, 17 December 2003, Pages 1833-1846
Handolias D, Quinn M, Foo S, et al. Oral cyclophosphamide in recurrent ovarian
cancer. Asia Pac J Clin Oncol 2013 http://dx.doi.org/10.1111/ajco.12074

King M, Stockler M, O’Connell R et al. Measuring what matters MOST: validation of
the Measure of Ovarian Symptoms and Treatment, a patient-reported outcome
measure of symptom burden and impact of chemotherapy in recurrent ovarian cancer.
Quiality of Life Research 2018;27:59-74

McGuire W, Hoskins W, Brady M et al. Cyclophosphamide and cisplatin compared with
paclitaxel and cisplatin in patients with stage Ill and stage IV ovarian cancer. NEJM
1996;334(1):1-6

Poveda A, Selle F, Hilpert F et al. Bevacizumab combined with weekly paclitaxel,
lipsomoal doxorubicin or topotecan in platinum resistant recurrent ovarian cancer:
Analysis by chemotherapy cohort of the randomized phase IIl AURELIA trial. J Clin Onc
2015;33(32):3836-3838

Ferrandina G, Corrado G, Mascilini F et al. Metronomic oral cyclophosphamide (MOC)
in the salvage therapy of heavily treated recurrent ovarian cancer patients: a
retrospective, multicenter study BMC Cancer 2014;14:947

Barber E, Zsiros E, Lurain J et al. The combination of intravenous bevacizumab and
metronomic oral cyclophosphamide is an effective regimen for platinum-resistant
recurrent ovarian cancer. J Gynecol Oncol 2013;24(3):258-264

Dinkic C, Eichbaum M, Schmidt M et al. Pazopanib (GW786034) and
cyclophosphamide in patients with platinum-resistant, recurrent, pre-treated ovarian
cancer - Results of the PACOVAR-trial. Gynecologic Oncology 2017;146:279-284
Scurr M, Pembroke T, Bloom A, et al. Effect of Modified Vaccinia Ankara—5T4 and
Low-Dose Cyclophosphamide on Antitumor Immunity in Metastatic Colorectal Cancer
A Randomized Clinical Trial Clin Cancer Res. 2017 Nov 15;23(22):6771-6780. doi:
10.1158/1078-0432

Fukarama D, Kloepper J, Amoozgar Z,et al. Enhancing cancer immunotherapy using
antiangiogenics: Opportunities and challenges. Nature Reviews Clinical Oncology
2018;15: 325

Huang X, Zhang N, Lin X et al., Antitumor immunity of low-dose cyclophosphamide:
changes in T cells and cytokines TGF-beta and IL-10 in mice with colon-cancer liver
metastasis Gastroenterology Report, 8(1), 2020, 56-65

Madondo M, Quinn M, Plebanski M. Low dose cyclophosphamide: Mechanisms of T
cell modulation Cancer Treatment Reviews Volume 42, January 2016, Pages 3-9
Kummar S, Oza A, Fleming G et al., Randomised trial of oral cyclophosphamide and
veliparib in high-grade serous ovarian, primary peritoneal, or fallopian tube cancers, or
BRCA mutant ovarian cancer. Clin Cancer Res 2015 21(7) 1574- 82

19


http://dx.doi.org/10.1111/ajco.12074
https://www-sciencedirect-com.ezproxy.icr.ac.uk/science/journal/03057372
https://www-sciencedirect-com.ezproxy.icr.ac.uk/science/journal/03057372/42/supp/C

502

METRO-BIBF nintedanib with oral cyclophosphamide in relapsed OC

20



