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Pevonedistat, a potent NEDD8-activating enzyme inhibitor, has shown preclinical promise in 
overcoming platinum resistance and enhancing antitumor activity. This phase I study investigated 
the recommended dose (RD) and tolerability of pevonedistat in combination with capecitabine 
plus oxaliplatin (CapeOX) as third-line or later treatment in patients with unresectable advanced or 
recurrent gastric cancer (AGC). The study included a dose-finding cohort for determining the RD and 
an expansion cohort for assessing the efficacy and safety at the RD. Twelve patients were enrolled 
between April 2019 and September 2021. Dose-limiting toxicities (DLTs), including grade 2/3 aspartate 
transaminase/alanine transaminase (AST/ALT) elevation and treatment delays, occurred in the initial 
2 patients at level 1 (20 mg/m2). After protocol amendment, no DLTs were observed at level 0 (15 mg/
m2), which was determined as the RD. Common adverse events were decreased platelet count (67%), 
nausea (58%), and AST/ALT elevation (58%). A partial response was achieved in 2 patients (17%) and 
disease control was achieved in 8 (67%). Median overall survival was 9.3 months and progression-free 
survival was 4.4 months. Pevonedistat plus CapeOX was well tolerated and showed promising efficacy 
as salvage-line chemotherapy for AGC.
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Gastric cancer ranks as the fifth most common cancer globally and the fifth leading cause of cancer-related 
mortality, with 968,784 new cases and 660,175 deaths recorded in 20221. Despite recent declines in mortality, 
gastric cancer still ranks third for cancer-related deaths in Japan2. Systemic chemotherapy is the standard 
treatment for unresectable advanced or recurrent gastric cancer (AGC) and is aimed at relieving symptoms 
and prolonging survival. However, the prognosis remains poor, with a reported median survival of around 
15 months3–6.

The Japanese treatment guideline for gastric cancer recommends irinotecan, nivolumab, and trifluridine/
tipiracil as third-line or later chemotherapy for HER2-negative AGC7–9 and trastuzumab deruxtecan as an 
additional option for HER2-positive AGC10. Nivolumab and trifluridine/tipiracil showed overall survival (OS) 
benefits in patients after failure of ≥ 2 chemotherapy regimens in the pivotal Phase III trials. However, the response 
rates were low (10% or less), and approximately half of the patients experienced disease progression as the best 
response, resulting in median progression-free survival (PFS) of only a few months. Therefore, development of 
more effective third-line treatments is necessary.

1Department of Gastrointestinal Medical Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-Ku, 
Tokyo 104-0045, Japan. 2Department of Gastroenterology, Cancer Institute Hospital of Japanese Foundation for 
Cancer Research, 3-8-31 Ariake, Koto-Ku, Tokyo 135-8550, Japan. 3Biostatistics Unit, Clinical and Translational 
Research Center, Keio University Hospital, Tokyo 160-0016, Japan. 4Laboratory of Clinical and Analytical Chemistry, 
National Institute of Biomedical Innovation, Health and Nutrition, Ibaraki, Osaka 567-0085, Japan. 5Laboratory 
of Proteomics for Drug Discovery, Center for Drug Design Research, National Institute of Biomedical Innovation, 
Health and Nutrition, Ibaraki, Osaka 567-0085, Japan. 6Department of Oncology and General Medicine, Institute of 
Medical Science, IMSUT Hospital, University of Tokyo, Tokyo 108-8639, Japan. email: hshouji@ncc.go.jp

OPEN

Scientific Reports |          (2026) 16:692 1| https://doi.org/10.1038/s41598-025-30367-w

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-30367-w&domain=pdf&date_stamp=2025-12-1


Neddylation is the process via which the ubiquitin-like protein NEDD8 (neural precursor cell expressed 
developmentally down-regulated protein 8) is conjugated to target proteins, and primarily activates the SCF 
complex (Skp, Cullin, F-box containing complex). This complex, which is activated in various cancers, regulates 
cell growth by degrading target proteins via the proteasome11–15. Inhibition of this pathway leads to accumulation 
of CDT1 (Cdc10-dependent transcript 1), which can cause over-replication of DNA and chromosomal 
instability16. Considering the importance of the NEDD8 pathway for the growth and survival of cancer cells, 
targeting of the NEDD8-activating enzyme (NAE) to disrupt proteasome-dependent protein degradation is a 
potential therapeutic approach in the treatment of cancer.

Pevonedistat (MLN4924, TAK-924) is a first-in-class NAE inhibitor that was initially developed for 
hematologic malignancies17–22. Preclinical studies have shown that pevonedistat also significantly suppresses 
the growth of gastric cancer cells23. Furthermore, pevonedistat may overcome oxaliplatin resistance by breaking 
down the protein complexes involved in DNA repair, which are essential for the resistance mechanism triggered 
by platinum-based agents24.

In Japan, S-1 is widely used in combination with oxaliplatin as the first-line treatment for AGC. S-1 and 
capecitabine are both classified as fluoropyrimidines, but have different mechanisms of action. In a Phase II 
trial of capecitabine plus cisplatin for patients with AGC and early relapse after adjuvant therapy with S-1, the 
response rate was 26.7%, suggesting that switching from a fluoropyrimidine to another drug provides some 
benefit25. It has been speculated that capecitabine in combination with oxaliplatin (CapeOX) could be a third-
line option for AGC if resistance to oxaliplatin can be overcome. Moreover, pevonedistat in combination with 
CapeOX can be expected to have synergistic efficacy for AGC that is refractory to platinum-based chemotherapy.

The primary objectives of this study were to determine the recommended dose (RD) and pharmacokinetics 
of pevonedistat when used in combination with CapeOX. The secondary objectives were to assess the efficacy 
of this combination in Japanese patients with AGC after failure of chemotherapy containing fluoropyrimidines, 
platinum, and a taxane. The exploratory objective was to investigate the relationship between the molecular 
biological profile of proteins and the therapeutic effect of this combination chemotherapy. CapeOX is widely 
accepted as a standard first-line regimen for patients with AGC due to its established efficacy and manageable 
safety profile. This combination is endorsed by major international guidelines, such as NCCN and ESMO, and 
is commonly utilized as the backbone therapy in clinical studies26,27. In the future, first-line combinations that 
include pevonedistat may become a viable approach.

Study design
This multicenter, open-label, Phase I study included a dose-finding cohort for determining the RD based on the 
incidence of dose-limiting toxicities (DLTs) and an expansion cohort for assessing efficacy and safety in patients 
receiving the RD. Exploratory translational research was performed in both cohorts. A standard “3 + 3” dose 
escalation design was used in the dose-finding cohort. After determination of the RD in this cohort, additional 
patients were enrolled into the expansion cohort until 10 patients received the RD of pevonedistat, including 
those in the dose-finding cohort.

The study was approved by the institutional review board of National Cancer Center and Cancer Institute 
Hospital of Japanese Foundation for Cancer Research, and conducted in accordance with all applicable 
regulatory requirements, Good Clinical Practice standards, and the Declaration of Helsinki. All patients 
provided written informed consent. The study was registered on 10/May/2019 in the Japan Registry of Clinical 
Trials (jRCT2031190020).

Patients
Inclusion criteria were as follows: age ≥ 20 years; Eastern Cooperative Oncology Group performance status of 0–1; 
unresectable or recurrent gastric or gastroesophageal junction adenocarcinoma; ≥ 1 measurable lesion as defined 
by the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.128; ≥ 2 prior lines of chemotherapy; 
refractory to or intolerant of fluoropyrimidines (5-fluorouracil, capecitabine, or S-1) and platinum (cisplatin 
or oxaliplatin) as first-line treatment and taxanes as second-line treatment; adequate hematologic, hepatic, and 
renal function; and no massive ascites extending to the upper abdomen beyond the pelvic cavity or requiring 
drainage. Major exclusion criteria included recent or concurrent malignancy (within the past 5 years, except for 
definitively cured early-stage tumors), evidence of central nervous system metastasis, intolerance to capecitabine 
or oxaliplatin, coagulation abnormalities (prothrombin time [PT] or activated partial thromboplastin time 
[aPTT] > 1.5 times the upper limit of normal [ULN]); and a left ventricular ejection fraction of < 50%.

Treatment
In both cohorts, the treatment schedule started with a single dose of pevonedistat as the lead-in phase which was 
followed by the combination phase, which consisted of triplet chemotherapy with pevonedistat, capecitabine, 
and oxaliplatin (Supplemental Fig.  1). In the lead-in phase, pevonedistat was administered as monotherapy 
on day 1, and an endoscopic biopsy was collected on day 2 for the translational research component. In the 
combination phase, the first cycle of combination chemotherapy was started on the same day in the following 
week to allow for a 7-day interval after the single dose of pevonedistat in the lead-in phase. In the combination 
phase, oxaliplatin (130 mg/m2) was administered on day 1, capecitabine (1000 mg/m2/day orally twice daily with 
an interval of approximately 12 h between doses) for 14 days, and pevonedistat on days 1, 3, and 5 of a 3-week 
cycle, which was continued until the patient met the criteria for discontinuation. The dose level in the dose-
finding phase is shown in Supplemental Fig. 2.
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DLT and the recommended dose
DLT was assessed from the first dose of pevonedistat in the lead-in phase until day 35 or the day of initiation of 
cycle 2, whichever came first. An adverse event for which a causal link with the protocol treatment could be ruled 
out was not regarded as DLT. DLT was defined as any of the following adverse events: (1) grade 4 neutropenia 
lasting for ≥ 7 days; (2) grade 3 febrile neutropenia; (3) grade 4 thrombocytopenia lasting for ≥ 7 days; (4) grade 
3 thrombocytopenia with bleeding; (5) platelet count < 10,000/mm3 at any time; (6) grade ≥ 3 PT or aPTT 
elevation in the absence of anticoagulation therapy; (7) grade ≥ 2 PT or aPTT elevation associated with clinically 
significant bleeding (e.g., in the central nervous system or gastrointestinal tract); (8) grade 4 non-hematologic 
toxicity (except for increased alkaline phosphatase, increased gamma-glutamyl transferase, hyperglycemia, 
hypercalcemia, hypocalcemia, hypernatremia, hyponatremia, hyperkalemia, hypokalemia, hypomagnesemia, 
hypophosphatemia, hypercholesterolemia, hypertriglyceridemia, and nausea/vomiting/diarrhea that improved 
to grade ≤ 2 within 72  h); (9) increased aspartate transaminase (AST) or increased alanine transaminase 
(ALT) > 5–20 × the ULN) lasting for ≥ 8 days; (10) elevations of transaminases (> 3–5 × the ULN) and bilirubin 
(> 1.5–3 × the ULN) lasting for ≥ 3 days between doses of pevonedistat; (11) any adverse event that caused the 
number of pevonedistat doses to be reduced to < 3 by day 15 in the first cycle or discontinuation; (12) any 
adverse event that caused a dose delay in cycle 2 for ≥ 21 days; (13) any adverse event that caused the relative 
dose intensity of capecitabine in cycle 1 to be reduced to < 60% of the planned dose; and (14) any adverse event 
that required discontinuation of the protocol treatment before cycle 2 because of adverse events other than (1) 
to (10). The RD was essentially the maximum dose at which DLT was observed in no more than 1 of 6 patients 
enrolled in the dose-escalation phase of the study. The RD was finally determined referring not only to the 
incidence of DLTs but also to all available information about the adverse events observed in the second or later 
cycles.

Assessments
Adverse events were evaluated according to the National Cancer Institute Common Terminology Criteria for 
Adverse Events, version 4.0. The objective response rate, OS, PFS, disease control rate, and change in tumor 
burden (percent change in the sum of target lesion diameters) over time assessed by the site investigators 
according to RECIST version 1.128.

Exploratory translational research
To compare the pharmacokinetics of pevonedistat in the lead-in phase (pevonedistat monotherapy) with those 
in the combination phase, 3-mL blood samples were collected from patients enrolled in the dose-finding cohort 
at the following time points: before and 2, 4, and 6 h after the pevonedistat dose on day 1, day 2 (24 h post-dose) 
and day 3 (48 h post-dose) during the lead-in phase and at the same time points during the combination phase 
in cycle 1. Plasma pevonedistat concentrations were measured using Good Laboratory Practice-validated liquid 
chromatography/tandem mass spectrometry methods at QPS Holdings (Newark, DE, USA).

Chromatin licensing and DNA replication factor 1 (CDT1) expression was evaluated by immunohistochemistry 
using the monoclonal antibody for CDT1 (ab202067; Abcam, Cambridge, UK). Tumor tissue samples were 
analyzed using the Oncomine Comprehensive Assay-Plus (OCA Plus; Sigma-Aldrich, Burlington, MA, USA) for 
detection of mutations and copy number variants in more than 500 genes (Thermo Fisher Scientific, Waltham, 
MA, USA).

Statistical analysis
Although this study was initially planned to enroll 10 patients in the expansion cohort, the protocol was 
amended such that patient enrollment was terminated after 10 patients had started the protocol treatment at the 
RD because of the decision by Takeda Pharmaceutical Company to discontinue the development of pevonedistat 
(date of decision: September 1, 2021).

The sample size of 10 patients at the RD was determined based on futility. The first stage of Simon’s two-stage 
design was used to calculate the probability of early termination assuming a threshold response rate of ≤ 10%, 
whereby the probability of a true response rate being ≤ 10% would be 0.74 when the number of responders is ≤ 1 
in the 10 patients.

The statistical analysis plan was developed and finalized before the database was locked. All statistical analyses 
were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Twelve patients were enrolled between August 28, 2019 and September 24, 2021 and received ≥ 1 dose of the 
study drug. The patient background characteristics are shown in Table 1. Median age was 67 years (range 37–75). 
Eight patients (66.7%) were male, 5 (41.7%) had an Eastern Cooperative Oncology Group performance status of 
1, 1 (8.3%) had gastroesophageal junction adenocarcinoma with Siewert type III, 10 (83.3%) had intestinal-type 
tumors, 4 (33.3%) had metastases in ≥ 2 organs, and 2 (16.7%) were HER2-positive. Two patents had previously 
received trastuzumab-containing chemotherapy, 10 had received ramucirumab-containing chemotherapy, 2 had 
received irinotecan, and 7 had received nivolumab.

DLTs and the maximum tolerated dose
Two patients were enrolled to receive pevonedistat 20 mg/m2 (dose level 1). These patients experienced grade ≥ 2 
elevations in ALT and AST during cycle 1, which led to a delay in starting cycle 2, so no further patients were 
enrolled for dose level 1. Thereafter, the protocol was amended to add lower dose levels of pevonedistat, namely, 
15 mg/m2 (level 0) and 10 mg/m2 (level -1) (Supplemental Figs. 2 and 3).
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Because no DLT was observed in the 6 patients enrolled at 15 mg/m2 (dose level 0), 4 patients were enrolled 
in the expansion cohort. Finally, the maximum tolerated dose of pevonedistat in combination with CapeOX was 
determined to be 15 mg/m2.

Safety
All 12 patients experienced ≥ 1 adverse event, and 7 (58.3%) experienced grade 3 adverse events (Table 
2). Common adverse events of any grade with an incidence of > 50% were decreased platelet count (66.7%), 
increased AST (58.3%), ALT (58.3%), decreased neutrophil count (58.3%), nausea (58.3%), anemia (58.3%), 
and anorexia (58.3%). Grade 3 drug-related adverse events with an incidence of > 20% were anemia (4 patients, 
33.3%) and increased AST (3 patients, 25.0%).

Treatment interruptions were required in the 2 patients who received pevonedistat at 20 mg/m2. Additionally, 
1 of these patients receiving pevonedistat at 20 mg/m2 required a dose reduction. Three serious adverse events 
(hematuria, n = 1; decreased appetite, n = 1; and abdominal abscess requiring discontinuation of the protocol 
treatment, n = 1) occurred at a pevonedistat dose of 15 mg/m2 (level 0) and were judged to be related to the 
protocol treatment. None of the adverse events were fatal.

Pharmacokinetics of pevonedistat
Eight patients in the dose-finding cohort (20 mg/m2, n = 2; 15 mg/m2, n = 6) were evaluable for pharmacokinetics. 
The plasma pevonedistat concentrations are shown in Fig. 1 and the pharmacokinetic parameters are summarized 
in Table 3. There was no appreciable difference in the pharmacokinetics of pevonedistat between monotherapy 
in the lead-in phase and combination therapy with CapeOX.

N = 12 %

Age, median 
(range) 67 (37–75)

Sex

 Male 8 66.7

 Female 4 33.3

Performance status

 0 7 58.3

 1 5 41.7

Disease status

 Stage IV 10 83.3

 Recurrence 2 16.7

Primary location

 Gastric 
adenocarcinoma 11 91.7

 Gastroesophageal 
junction 
adenocarcinoma

1 8.3

Histology

 Intestinal type 10 83.3

 Diffuse type 2 16.7

Number of metastatic sites

 1 ≥  8 66.7

 2 4 33.3

HER2 status

 Positive 2 8.1

 Negative 9 91.9

 Unknown 1 8.3

Previous chemotherapy regimens

 Trastuzumab
Yes 2 16.7

No 10 83.3

 Ramucirmab
Yes 10 83.3

No 2 16.7

 Irinotecan
Yes 2 16.7

No 10 83.3

 Nivolumab
Yes 7

No 5 40.5

Table 1.  Baseline patient characteristics.
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Efficacy
Details of the best response to treatment are summarized in Supplemental Table 1, and the waterfall plot is shown 
in Fig. 2. No patient obtained a complete response (CR), 2 achieved a partial response (PR), and 7 achieved stable 
disease (SD). The objective response rate (CR + PR) was 16.7% (95% confidence interval [CI] 2.09–48.41). The 
disease control rate (CR + PR + SD) was 75.0% (95% CI 42.81–94.51).

As of the data cut-off date (April 30, 2022), all 12 patients had experienced progression based on the 
investigator’s assessment or had died, with a median PFS of 4.41 months (95% CI 1.91–5.79). One patient was 
still alive at the data cut-off point and was censored. The median OS time was 9.33 months (95% CI 5.46–11.0) 
(Fig. 3).

Fig. 1.  Plasma concentrations of pevonedistat in the lead-in phase (pevonedistat alone) and in the second 
cycle of pevonedistat plus CapeOX combination therapy in 8 patients enrolled in the dose-finding cohort. 
The plasma concentrations of pevonedistat after administration were measured in 8 patients to compare the 
pharmacokinetics of pevonedistat when administered alone and when administered in combination with 
CapeOX.

 

Any grade (%) Grade 1 Grade 2 Grade 3 Grade 4 Grade 3/4 (%)

Platelet count decreased 8 (66.7) 2 6 2 0 2 (16.7)

AST increased 7 (58.3) 4 4 3 0 3 (25.0)

ALT increased 7 (58.3) 4 4 2 0 2 (16.7)

Neutrophil count decreased 7 (58.3) 0 6 2 0 2 (16.7)

Nausea 7 (58.3) 4 3 0 0 0 (0)

Anorexia 6 (50.0) 4 2 0 0 0 (0)

Anemia 5 (41.7) 0 1 4 0 4 (33.3)

Fatigue 4 (33.3) 4 3 0 0 0 (0)

Peripheral sensory neuropathy 4 (33.3) 3 0 1 0 1 (8.3)

Diarrhea 2 (16.7) 1 1 0 0 0 (0)

Malaise 2 (16.7) 0 2 0 0 0 (0)

Palmar-plantar erythrodysesthesia syndrome 2 (16.7) 1 1 0 0 0 (0)

Blood bilirubin increased 1 (8.3) 0 1 0 0 0 (0)

Abdominal abscess 1 (8.3) 0 0 1 0 1 (8.3)

Table 2.  Treatment-related adverse events. ALT alanine aminotransferase, AST aspartate aminotransferase.
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Change in CDT1 expression and genomic profile in endoscopic biopsy samples
Supplemental Table 2 shows the biomarker test results and treatment outcomes for each patient. 
Immunohistochemical evaluation of CDT1 levels was performed in all 12 patients. CDT1 expression was 
increased in 9 of the 12 post-treatment tumor biopsy samples (Fig. 4). No correlation was observed between 
increased CDT1 expression and treatment efficacy. Gene mutation analysis was performed using pre-treatment 
samples; however, no association was found between gene alterations, tumor mutational burden, and survival.

Discussion
Pevonedistat has been evaluated as monotherapy and in combination with other chemotherapy agents in 
various malignancies, but there have been no studies of pevonedistat in AGC. This is the first Phase I study of 
pevonedistat in combination with CapeOX as third-line or later treatment in patients with AGC. Although 2 
patients experienced increased transaminase levels as DLT at dose level 1 (20 mg/m2), no DLTs were observed 
in any of the 10 patients enrolled at dose level 0 (15 mg/m2). Therefore, the RD of pevonedistat when used 
in combination with CapeOX was estimated to be 15  mg/m2, which is lower than the RD of 20–25  mg/m2 
determined when pevonedistat was combined with chemotherapy in Phase II trials for other cancers29–32. In 
other clinical studies, NEDD8 inhibitors in combination with chemotherapy have caused liver dysfunction, 
manifesting as elevated liver enzymes such as AST and ALT. Hepatotoxicity has also been reported in the studies 
involving other NEDD8 inhibitors, particularly when used in combination with chemotherapy agents29,30,32–35. 
Furthermore, hepatic sinusoidal abnormalities, which are a type of veno-occlusive disease, have frequently been 
observed in patients receiving oxaliplatin36–39. There have also been occasional reports of hepatotoxicity with 

Fig. 2.  Water-fall plot showing the best percentage change in tumor size from baseline in individual patients. 
Each bar represents a single patient, with bars extending downward indicating reduction in tumor size and 
bars extending upwards indicating tumor growth. Patients who received pevonedistat at a dose of 20 mg/m2 
(level 1) are indicated in red and those who received 15 mg/m2 (level 0) are indicated in blue.

 

Parameter* Pevo (15 mg/m2) Pevo (20 mg/m2) Pevo (15 mg/m2) + CapeOX Pevo (20 mg/m2) + CapeOX

Cmax (ng/mL) 174.6 (74.7) 202.8 (54.9) 157.2 (99.7) 204.0 (2.89)

Tmax (hr) 1.08 (1.43) 0.75 (0.35) 0.75 (0.61) 2.25 (2.48)

AUC0-48 (ng hr/mL) 1121.8 (314.5) 1325.6 (313.2) 1255.9 (520.1) 1725.8 (496.1)

AUCinf (ng hr/mL) 1122.9 (314.5) 1326.3 (313.1) 1259.7 (521.4) 1726.6 (495.6)

T1/2 (hr) 0.401 (0.062) 0.382 (0.225) 0.320 (0.089) 0.331 (0.043)

Rac 1.119 (0.366) 1.385 (0.701)

Table 3.  Comparative pevonedistat pharmacokinetic (PK) parameters of Lead in (pevonedistat alone) 
and Cycle 2 (pevonedistat plus CapeOX) in 8 patients enrolled in the Dose Finding Part. *mean (standard 
deviation). CapeOX, capecitabine and oxaliplatin; Pevo, pevonedistat. AUC0-48 h/AUCinf area under the plasma 
concentration–time curve from time 0 to 48 h / extrapolated to infinity, Cmax observed maximum plasma 
concentration, Rac accumulation ratio of PK exposures at steady state compared with first dose over a dosing 
interval, Tmax time to Cmax, T1/2 terminal disposition phase half-life.
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capecitabine40–42. It has been speculated that overlap of the toxicities associated with pevonedistat, capecitabine, 
and oxaliplatin might result in the RD of pevonedistat being smaller when it is administered in combination 
with CapeOX. Treatment interruptions and dose reductions were observed at a pevonedistat dose of 20 mg/m2 
but not at 15 mg/m2. One patient discontinued the protocol treatment because of an abdominal abscess, and the 
remaining 9 patients were able to continue until disease progression. Therefore, pevonedistat at 15 mg/m2 in 
combination with CapeOX is considered feasible.

A previous study found that pevonedistat tended to reach a higher plasma concentration when it was 
administered in combination with carboplatin and paclitaxel than when it was administered as monotherapy30. 
However, in that study, historical pharmacokinetic data were used as the comparator for monotherapy, whereas 
our study compared the pharmacokinetics of pevonedistat administered as monotherapy (the lead-in cohort) 
with those when it was administered in combination with CapeOX (the combination cohort) in the same 
patients. Our results indicate that the pharmacokinetics of pevonedistat were not affected by combination with 
CapeOX.

The objective response rate when pevonedistat was administered in combination with CapeOX was 16.67% 
(95% CI 2.09–48.41), indicating that the predefined futility criteria (≤ 1/10) could be rejected. Median PFS was 
4.41 months (95% CI 1.91–5.79), median OS was 9.33 months (95% CI 5.46–11.0), and the disease control rate 
was 75%. Three agents, namely, irinotecan, nivolumab, and trifluridine/tipiracil, are available for third-line or 
later treatment of AGC. While these treatments are generally tolerable, they have limited efficacy, with response 
rates of around 10% and more than 50% of patients experiencing disease progression as their best response, 
resulting in a median PFS of only a few months9,43,44. The combination of pevonedistat and CapeOX as a third-
line or later treatment in this study yielded promising results comparable with those previously reported for 
oxaliplatin-based regimens used in salvage-line chemotherapy45–50.

Our post-treatment tumor biopsies showed both the presence of a pevinedistat-NEDD8 adduct and an 
increase in the cullin–RING ligase substrates NRF2 and CDT1. Immunohistochemistry revealed increased 
expression of CDT1 in 9 of 12 tumor biopsy samples on the day following a single dose of pevonedistat, which 
was thought to result from stabilization of the protein following the decrease in CDL activity in response to NAE 
inhibition by pevonedistat. The following 8 genes have been reported to be induced by pevonedistat through 
NAE inhibition: ATF3, GCLM, GSR, MAG1, NQO1, SLC7A11, SRXN1, and TXNRD120. Although these genes 
are considered to be pharmacodynamic markers of NAE inhibition, we did not find any association between 
gene mutations, tumor mutation burden, and efficacy. We are currently investigating molecular biological 
profiles related to the therapeutic effect of pevonedistat and CapeOX combination therapy using a proteome we 
have developed and deep phosphoproteome analysis51,52.

Fig. 3.  Results of efficacy (A) Spider plot of patients by dose level. (B) Swimmer plot of patients by dose level. 
(C, D) Kaplan–Meier estimates of PFS and OS. OS, overall survival; PFS, progression-free survival.
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Conclusion
Pevonedistat at a RD of 15 mg/m2 administered intravenously on days 1, 3, and 5 in combination with CapeOX 
was well tolerated in patients with AGC. CDT1 expression was increased in 9 of 12 patients (75%). Pevonedistat 
plus CapeOX shows promising efficacy as salvage-line chemotherapy in patients with AGC.

Data availability
All included data is available from the corresponding author on reasonable request.
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