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Abstract

Based on results of prior trials (TAGS, REGARD, RAINBOW), the combination of

ramucirumab beyond progression with TAS-102 (trifluridine/tipiracil) seems to be

promising in advanced esophagogastric adenocarcinoma (EGA). In this multicenter,

non-randomized, open-label, investigator-initiated pilot trial, ramucirumab-pretreated

patients with metastatic EGA received a maximum of 4 cycles of ramucirumab

(8 mg/kg i.v. on day 1 and 15, Q2W) plus TAS-102 (35 mg/m2 p.o. bid on day 1-5

and day 8-12; Q2W). Primary endpoint was tolerability and toxicity, defining a posi-

tive trial if the SAE rate according to CTCAE 5.0 will increase <30% (up to 55%) com-

pared to historical results from TAGS trial (SAE rate 43%). Secondary endpoints were

further evaluation of safety and assessment of efficacy according to tumor response

and overall and progression-free survival (OS/PFS). Twenty patients, 20% gastric and

80% GEJ cancers and 55% with ECOG 0 were enrolled. In total, nine SAEs were

reported in 25% [95% CI: 8.7-49.1] of the patients, all without relationship to the sys-

temic therapy. The median OS and PFS were 9.1 months [5.4-10.1] and 2.9 months

[1.7-4.8], respectively. In addition, a disease control rate of 45% was obtained. The

trial showed a favorable safety profile with a numerically lower incidence of SAEs for

the combination of ramucirumab with TAS-102 compared to historical TAGS trial.

Furthermore, the combination demonstrated efficacy in the beyond progression set-

ting and therefore warrants further evaluation in a randomized trial compared to

TAS-102 alone.

Abbreviations: (S)AE, (serious) adverse event; CI, confidence interval; CTCAE, Common Terminology Criteria for Adverse Events; ECOG, Eastern Cooperative Oncology Group; EGA,

esophagogastric adenocarcinoma; GEJ, gastroesophageal junction; ITT, intention-to-treat; OS, overall survival; PFS, progression-free survival; Ram, ramucirumab; SOC, standard of care;

TAS-102, trifluridine/tipiracil; VEGF(R), vascular endothelial growth factor (receptor).
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metastatic esophagogastric adenocarcinoma, ramucirumab, TAS-102, treatment beyond
progression

What's new?

This multicenter, non-randomized, open-label, investigator-initiated pilot trial evaluated the effi-

cacy of the combination of VEGFR-targeting antibody ramucirumab beyond progression with

TAS-102 (trifluridine/tipiracil) in advanced esophagogastric adenocarcinoma. The findings of the

RE-ExPEL pilot trial suggested that the combination was safe and well tolerated with promising

efficacy compared to historical TAS-102 monotherapy trial data. Beyond-progression treatment

may thus be feasible and could be a good option not only for patients with colorectal cancer but

also gastric cancer. The combination warrants further evaluation in a randomized trial.

1 | INTRODUCTION

Esophagogastric adenocarcinoma (EGA, comprising gastric cancer and

adenocarcinoma of the gastroesophageal junction [GEJ]) belong to

the most common malignancies worldwide, with an incidence of 2.75

cases per 100 000 adults per year. Furthermore, EGA is associated

with a high disease-related mortality resulting in a median 3-year sur-

vival of 26%.1 Patients with advanced and metastatic gastric cancer

are treated with chemotherapy regimens containing 5-fluorouracil

(5-FU) and related compounds, taxanes, platinum derivatives or irino-

tecan. A meta-analysis showed that combination chemotherapy in

addition to best supportive care improved overall survival, as well as

quality of life when compared to best supportive care alone and that

combination regimens were superior to single-agent chemotherapy.2

The vascular endothelial growth factor (VEGF) family is a key

mediator of angiogenesis and comprises five members (VEGF-A,B,C,D

and placenta growth factor [PGF]), which bind with different affinities

to three receptors (VEGFR1-3) expressed on vascular endothelial cells.

Up-regulation of VEGF by oncogene expression results in an “angio-
genic switch,” that is, formation of new vasculature in and around the

tumor allowing it to grow exponentially.3 Thus, using antiangiogenic

therapy is now a common form of treatment for various malignancies.

The human monoclonal antibody ramucirumab specifically binds to

VEGFR2 preventing its interaction with the VEGFR ligands VEGF-A,

VEGF-C and VEGF-D.4 Based on the results of the REGARD and the

RAINBOW trial ramucirumab was approved for the treatment of

patients with advanced or metastatic EGA after prior chemother-

apy.5,6 In other tumor entities the concept of maintenance therapy

with VEGF inhibition plus standard second-line chemotherapy beyond

disease progression had shown to be efficacious. Bevacizumab plus

standard second-line chemotherapy has shown clinical benefits in

patients with metastatic colorectal cancer in the TML study.7 Also, in

the RAISE study, survival in the same population for FOLFIRI in com-

bination with ramucirumab was demonstrated by continuation of

VEGF blockade beyond progression and was also well tolerated.8

Recently, the randomized, phase III TAGS trial showed that TAS-

102 plus best supportive care significantly increased overall and

progression-free survival (OS/PFS) compared to placebo plus best

supportive care in heavily pretreated (63% with ≥3 previous lines of

systemic therapy) EGA patients.9 These results led to the approval for

TAS-102 in metastatic gastric and GEJ adenocarcinoma previously

treated with at least two prior lines of chemotherapy in 2019.

The combination of VEGF-targeting drugs in combination with

chemotherapy demonstrated promising beyond progression-results in

metastatic colorectal cancer according to for example, RAISE-, TML-

or VELOUR- phase III trials.7,8,10 This provided a strong rationale to

conduct a study evaluating if VEGF-targeting in combination with

TAS-102 chemotherapy in patients with refractory metastasized gas-

tric or gastroesophageal junction cancer can improve efficacy and pre-

vent resistance. It was believed that a combination of TAS-102 and

ramucirumab can be safely administered in patients with gastric carci-

noma, and ramucirumab is efficacious beyond progression, since

VEGF-signaling blockade appears to be effective and very well toler-

ated in the refractory patients, in monotherapy as well in the combi-

nation therapies.

The purpose of the RE-ExPEL pilot trial was to investigate the tol-

erability, safety and benefit of ramucirumab beyond progression in

combination with a change of backbone from, for example, paclitaxel/

FOLFIRI + ramucirumab or ramucirumab mono to TAS-102

+ ramucirumab (Ram + TAS) in EGA.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

The RE-ExPEL/IKF-t028 trial was an investigator-initiated, interven-

tional, prospective, nonrandomized, open-label, multicenter single-

arm pilot study.

Eligible patients had histologically confirmed locally advanced or

metastatic adenocarcinoma of the gastroesophageal junction or the

stomach and showed disease progression during or within 4 to

6 weeks after the last dose of a ramucirumab-based second-line ther-

apy. Main eligibility criteria comprised: Patients aged ≥18 years; East-

ern Cooperative Oncology Group (ECOG) performance status ≤2;

adequate hematological, hepatic and renal function parameters. Main

exclusion criteria were: history of other malignancies not curatively

treated and without evidence of disease for more than 5 years, except
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for curatively treated basal cell carcinoma of the skin and in situ carci-

noma of the cervix; known brain metastases and chronic antiplatelet

therapy.

2.2 | Procedure

All enrolled patients received ramucirumab (8 mg/kg, i.v. on day 1 and

day 15 of a 28-day cycle) plus TAS-102 for a maximum of 4 cycles

(�4 months), whereat TAS-102 was prescribed and administered

within its label and according to clinical routine and thus represents

Standard of Care (SOC) treatment (35 mg/m2 p.o., twice daily on day

1-5 and day 8-12 of a 28-day cycle). Therapy was terminated prema-

turely for unacceptable toxicity, disease progression, death or at

patient's request.

Tumor assessment was performed according to clinical routine at

screening and every 8 weeks (±7 days) during the treatment phase as

well as every 12 weeks during follow-up until disease progression,

death or end of follow-up.

2.3 | Study objective and endpoints

The objective was to determine whether a combination of ramuciru-

mab plus TAS-102 shows good tolerability without safety issues

regarding the serious adverse event rate of any cause, and whether

the combination shows positive initial signals for efficacy. The primary

endpoint was tolerability defined by the rate of SAEs of any cause

according to CTCAE v5.0. Secondary endpoints were rate of

treatment-related AEs and SAEs as well as rate of grade ≥3 neutrope-

nia, anemia, leucopenia and/or thrombocytopenia. Efficacy secondary

endpoints were objective response rate defined as proportion of

patients showing complete or partial response, progression-free sur-

vival defined as time from enrollment to disease progression or death

of any cause, and overall survival defined as time from enrollment to

death of any cause.

2.4 | Statistical analysis

The statistical concept was mainly exploratory without formal sample

size calculation, focusing on calculating the expected 95% CI intervals

for the primary endpoint.

SAEs of any cause in the TAGS trial were reported in 43% in the

TAS-102 treated group.9 An increase of 30% compared to the SAE

rate of the TAS-102 treated group of the TAGS trial was considered

to be clinically meaningful and would result in a SAE rate of 55%.

With a sample size of 20 patients this yields an exact two-sided 95%

CI of 0.332 to 0.768 which was considered acceptable for an early

phase exploratory trial. Therefore 20 patients were enrolled.

The statistical evaluation was purely descriptive, and the primary

endpoint was not statistically evaluated. All parameters were evalu-

ated in descriptive manner, providing means, medians, interquartile

and total ranges, standard deviations and/or confidence intervals,

absolute and relative frequencies or Kaplan-Meier curves, as appropri-

ate for the respective data types. Event-related data like PFS and OS

were estimated by the product limit method, providing the numbers

of events and censored cases, median survival time along with its 95%

CI (if applicable). Incomplete time-to-event observations were handled

as censored measurements. Adverse events were graded according to

NCI CTCAE v5.0. The analyses were carried out using SAS software

program version 9.4.

3 | RESULTS

Between 28 October 2020 and 11 August 2021, 20 patients were

enrolled. Since all patients received at least one dose of ramucirumab

plus TAS-102, all were included in the intention-to-treat (ITT) as well

as the safety population. The median age was 56.5 years and 80% of

the patients were male. More than half of the patients had an ECOG

of 0 and the majority of patients had GEJ adenocarcinomas. All

patients showed metastatic disease, with lung and lymph node as

most prominent sites for metastases localization, and all received at

least two prior systemic treatment lines. Half of the patients had

received ramucirumab plus paclitaxel as last previous therapy

(Table 1).

Six (30%) patients completed the maximum study treatment of

4 cycles. Four of these patients received all planned 8 ramucirumab

and 80 corresponding TAS-102 administrations, one patient received

all planned 8 ramucirumab and 79 corresponding TAS-102 administra-

tions and one patient had only 6 ramucirumab applications within the

4 cycles (2 applications not performed). The major reason for prema-

ture discontinuation was disease progression (n = 12) followed by

patient decision (n = 2) (Figure 1A). Three patients missed at least one

dose of ramucirumab, two patients due to toxicity and one patient

due to an upcoming elective surgery. One patient received only ramu-

cirumab but no TAS-102 in cycle 2 due to a SAE.

A total amount of 103 AEs were recorded in this trial, most of

which were classified as grade 1 or 2 and only 12 had a grade ≥3. Out

of the 20 patients, 19 (95%) had at least one AE. The most frequent

AEs (incidence ≥20%) were anemia, increase of C-reactive protein,

fatigue, leukopenia, nausea, neutropenia, pain and thrombocytopenia.

Five out of 20 patients (25% [95% CI: 8.7-49.1]) experienced at least

one SAE. Overall, a total amount of nine SAEs were recorded, five of

them were grade ≥3. One fatal SAE occurred without relation to study

treatment (respiratory failure). Fifteen out of 20 patients (75%) had at

least one treatment-related AE, whereas treatment-related SAEs were

not reported during the trial. The majority of the adverse reactions

was related to TAS-102 only. Overall, eight patients (40%) experi-

enced at least one treatment-related AE with grade 3, almost all of

these were related to TAS-102 only, and none of the treatment-

related AEs was grade 4 or 5. Overall, three events were classified as

adverse event of special interest in relation to ramucirumab—

hypertension grade 2, proteinuria grade 1 and thrombosis V. subclavia

grade 2 (Table 2).
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For three patients no tumor response was assessed. Two patients

refused further tumor assessments after they had discontinued the treat-

ment at their own request before the first on-treatment imaging and for

one patient the investigator decided to skip the imaging due to clinical

signs of progression. Out of the analyzed 17 patients in the ITT popula-

tion, nine had stable disease as best overall response. The remaining

patients showed disease progression according to RECIST v1.1. (Table 1).

Four out of the 9 patients with stable disease showed disease progression

until the end of the study, whereas the median duration of disease stabili-

zation was 2.04 months (95% CI: 0.95-NE). The overall median follow-up

time was 6.7 months (0.4-10.4 months), and the median follow-up for

patients who were alive at the end of the study was 5.7 months

(0.4-9.6 months). The Kaplan-Meier estimation of the PFS and OS was

calculated from the date of subject enrolment based on 17 (85%) and

13 (65%) observed events, respectively, in the ITT population. The median

PFS time was 2.9 months (95% CI: [1.7-4.8]). The median OS time was

9.1 months (95% CI: [5.4-10.1]) and the 3-, 6- and 9-months survival rate

was 100%, 73% and 52%, respectively (Table 1, Figure 1B).

4 | DISCUSSION

The RE-ExPEL pilot trial was conducted to evaluate the safety and tol-

erability of a combination of ramucirumab with TAS-102 as treatment

beyond progression after second line ramucirumab-based SOC treat-

ment. In addition, the study should determine whether the combina-

tion shows positive signals regarding efficacy compared to historical

data of TAS-102 monotherapy according to the TAGS trial.

Overall, the majority of adverse events observed within the

RE-ExPEL pilot trial were grade 1 or 2. Grade 3 or worse

F IGURE 1 CONSORT diagram and Kaplan-Meier estimates. (A) All allocated patients included in the ITT population analysis set. The safety
population comprised all patients who received at least one dose of study treatment. (B) Progression-free and overall survival of the ITT
population.
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TABLE 2 Adverse events (whether related or not) assessed in the safety population (max. grade by patient and category).

Term Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Anemia 1 (5%) 4 (20%)a1,c3 1 (5%)

Anorexia 1 (5%)a 2 (10%)a1;c1

Ascites 1 (5%) 1 (5%)

Bronchitis 1 (5%)

Chills 1 (5%)

Cholangitis 1 (5%)

Cholestasis 1 (5%)

Constipation 1 (5%)c 1 (5%)c

Cough 1 (5%)

C-reactive protein increased 4 (20%)

Diarrhea 2 (10%)a1;c1 1 (5%)

Dysphagia 1 (5%) 1 (5%)

Dyspnea 1 (5%)

Edema limbs 1 (5%)b

Epistaxis 1 (5%)

Fatigue 4 (20%)a2;c1 2 (10%)c

Fever 2 (10%)#

Flu-like symptoms 1 (5%)

Hematuria 1 (5%)

Hypertension 1 (5%)b

Hypokalemia 1 (5%)

(sub)Ileus 1 (5%)

Infections

Bronchial 1 (5%)

Lung 1 (5%)

Mucosal 1 (5%)c

Salivary gland 1 (5%)

Unknown focus 1 (5%)

Urinary tract 1 (5%)

Insomnia 1 (5%)

Leukopenia 1 (5%)a 2 (10%)c1 3 (15%)c2

Malaise 1 (5%)a 1 (5%)

Nausea 1 (5%) 2 (10%)b1;c1 1 (5%)c

Neutropenia 1 (5%) 1 (5%)c 6 (30%)a1;c5

Pain 1 (5%) 5 (25%)

Poor tolerance 1 (5%)c

Port dislocation 1 (5%)

Proteinuria 1 (5%)b

Redness of port region 1 (5%)

Respiratory failure 1 (5%)

Thrombocytopenia 3 (15%)c 1 (5%)c

Thrombosis V. subclavia 1 (5%)b

Vomiting 2 (10%)b1;c1 1 (5%)c

Weight loss 1 (5%)

Worsening of enterothorax 1 (5%)

Worsening of general condition 2 (5%)

Worsening of tumor pain 1 (5%)

Note: AEs classified as serious are displayed in bold. AEs classified as of special interest are displayed in italics. a—at least possibly related to ramucirumab and TAS-
102; b—at least possibly related to ramucirumab; c—at least possibly related to TAS-102, enclosed number indicates the number of AEs that were classified as related,
if not all were related; #—for one of the two patients it was classified as serious.
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nonhematological as well as hematological adverse events were rare,

which was in line with the observations for TAS-102 monotherapy in

the TAGS trial.9 However, only 25% of the patients treated showed

an SAE. Thus, regarding the primary safety endpoint, our trial showed

a numerically lower SAE incidence compared to the historical data of

TAS-102 monotherapy in the TAGS trial (25% vs 43%).9 This numeri-

cally lower SAE-rate was potentially due to the efficacy of the combi-

nation treatment resulting in a lower rate of tumor-associated

complications. The combination treatment resulted in a disease con-

trol rate of 45%.

None of the assessable patients achieved complete or partial

response. The confirmatory phase III trials revealed only low objective

response rates for TAS-102 (4%) and ramucirumab (3%) monothera-

pies in previously treated advanced stage,5,9 thus the combination

was not expected to have a high response rate. Nevertheless, a dis-

ease control rate of 45% was reached with the combination. The

median overall survival for the combination of TAS-102 and ramuciru-

mab was 9.1 months (95% CI: [5.4-10.1]), and thus about 3.4 months

longer than what was previously achieved for TAS-102 (5.7 months

[4.8-5.2]) and ramucirumab (5.2 months [2.3-9.9]) monotherapies.5,9

Overall, with an increase of the median overall survival of about

3.4 months compared to historical data of TAS-102 monotherapy, the

efficacy signal can be regarded as promising. In addition, ramucirumab

plus TAS-102 showed a favorable safety profile in patients with

advanced EGA that progressed on prior ramucirumab-containing ther-

apy. Thus, in the context of the good tolerability and promising effi-

cacy the combination of ramucirumab and TAS-102 may result in a

longer stabilization of disease without further progression, and thus to

fewer tumor-associated symptoms and less impairment of quality of

life. Therefore, combination of ramucirumab plus TAS-102 warrants

further investigation in future clinical trials.

The implementation of checkpoint-inhibitors alone or in combina-

tion with chemotherapy has currently expanded the treatment land-

scape in patients with advanced esophagogastric adenocarcinoma in

first and second-line situation. The landscape will continue to evolve

after the recent approval of antibody-drug conjugates like trastuzumab-

deruxtecan.11-15 The integration of these new therapies early on in their

treatment course may help more patients to live longer in a good perfor-

mance status and possibly fit for receiving multiple lines of therapy. This

raises the question for the optimal sequence of therapies. Gastrointesti-

nal oncologists have learned a lot from beyond progression concepts

evaluated in colorectal cancer, for example, in the phase III TML- or

RAISE-trial.7,8 In addition, in patients with metastatic colorectal cancer

refractory to SOC-treatments, TAS-102 in combination with the VEGF-

inhibitor bevacizumab was more beneficial compared to TAS-102

monotherapy, with significant improvement in progression-free and

overall survival shown in a Danish phase II trial.16 These promising data

were recently confirmed by the latest results of the multinational phase

III SUNLIGHT trial,17 which supports the benefit of continued inhibition

of angiogenesis beyond progression and further encouraging the con-

cept of RE-ExPEL in gastric cancer.

Nevertheless, our study had several limitations. First, it was not

randomized and provided only a small sample size of patients.

Furthermore, it enrolled only European patients with advanced gastric

cancer and previous results of a meta-analysis showed better clinical

outcome for Western patients receiving antiangiogenic agents com-

pared to Asian patients (HR 0.79; 95% CI: 0.64-0.97 vs HR 0.96; 95%

CI: 0.72-1.28), although the interregional difference was not statisti-

cally significant.18 Therefore, the very promising antitumor activity in

our results is encouraging but requires confirmation in a larger, ran-

domized study.

To our knowledge, the RE-ExPEL pilot trial is the first to assess

the efficacy of the combination TAS-102 plus ramucirumab with a

pure beyond progression concept for patients with advanced gastric

cancer who were pretreated with ramucirumab. The promising results

of RE-ExPEL suggest that beyond progression treatment is feasible

and could be a good option not only for colorectal cancer but also for

patients with gastric cancer.
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