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Background: CRLX101 is an investigational nanoparticle-drug conjugate with a camptothecin payload. 
Preclinical evidence indicated preferential uptake in tumors, and tumor xenograft models demonstrate 
superiority of CRLX101 over irinotecan. A pilot trial was conducted at recommended phase 2 dosing (RP2D) 
using the bimonthly schedule to assess preferential uptake of CRLX101 in tumor vs. adjacent normal tissue 
in endoscopically accessible tumors in chemotherapy-refractory gastroesophageal cancer. Results from the 
biopsies were previously reported and herein we present the clinical outcomes.
Methods: Patients initiated CRLX101 dosed at RP2D (15 mg/m2) on days 1 and 15 of a 28-day cycle. 
Detection of preferential CRLX101 tumor uptake was the primary endpoint and objective response rate 
(ORR) was a secondary endpoint. With a sample size of ten patients, the study had 90% power to detect ≥1 
responder if the true response rate is ≥21%.
Results: Between Dec. 2012 and Dec. 2014, ten patients with chemotherapy-refractory (median 2 prior 
lines of therapy, range 1–4) gastric adenocarcinoma were enrolled. The median time-to-progression was 
1.7 months. Best response was seen in one patient with stable disease (SD) for 8 cycles. Only ≥ grade 3 drug-
related toxicity occurred in one patient with grade 3 cardiac chest pain who was able to resume therapy after 
CRLX101 was reduced to 12 mg/m2.
Conclusions: Bimonthly CRLX101 demonstrated minimal activity with SD as best response in this heavily 
pretreated population. Future efforts with CRLX101 in gastric cancer should focus on combination and 
more dose-intensive strategies given its favorable toxicity profile and evidence of preferential tumor uptake.
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Introduction

Advanced gastroesophageal cancer remains a deadly disease 
with most historic studies showing a median overall survival 
(OS) of approximately 10 months (1-3). Current first line 

treatment for the majority of patients with gastric and 

gastroesophageal junction adenocarcinoma is predominated 

by platinum and fluoropyrimidine based doublet therapy (4). 

New options for second-line therapy have been limited 
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until the recent FDA-approval of the VEGFR2 monoclonal 
antibody inhibitor ramucirumab that was based on positive 
survival results from two phase III studies (5,6). Other 
agents for refractory disease include the camptothecin 
derivative irinotecan, which has demonstrated modest 
activity as second-line therapy in advanced gastroesophageal 
cancer with reported response rates of 0–15%, and median 
progression-free survival limited to approximately 2 months 
(7,8). As such, when refractory disease develops, new 
therapeutics are still needed to overcome drug resistance.

CRLX101 is an investigational nanoparticle drug conjugate 
(NDC) with a camptothecin payload (Figure 1) (10).  
The phase I first-in-human trial demonstrated a favorable 
safety profile and established 15 mg/m2 delivered 
intravenously every 2 weeks as the recommended phase 
2 dose (RP2D) (10). Preclinical evidence indicates 
preferential uptake in tumors vs. normal tissue, and several 
mouse cancer xenograft models have demonstrated superior 
antitumor activity of CRLX101 over irinotecan, including 
in gastroesophageal cancer (11-13). We subsequently 
conducted a pilot trial at the RP2D using the bimonthly 
schedule to assess preferential uptake of CRLX101 
in tumor vs. adjacent normal tissue in endoscopically 
accessible tumors in patients with chemotherapy-refractory 
gastroesophageal cancer (Clinicaltrials.gov registration 
NCT01612546). Data demonstrating preferential tumor vs. 
normal tissue uptake of CRLX101 for patients enrolled in 
this trial were previously published (9). Here we report on 
the clinical outcomes of the patients enrolled as pre-planned 
secondary analyses of the study.

Methods

This study was a single center pilot trial for patients 
refractory to at least one line of systemic therapy 
for advanced,  unresectable or metastat ic  gastr ic , 
gastroesophageal junction, or esophageal squamous cell or 
adenocarcinoma. Patients with human epidermal growth 
factor receptor 2 (HER2)-overexpressing adenocarcinoma 
were included in the trial provided they progressed on 
trastuzumab-containing therapy. Other eligibility criteria 
included age ≥18 years, ECOG performance status ≤2, and 
acceptable organ function defined on standard laboratory 
testing. Given the primary endpoint of the pilot study 
was to assess for preferential CRLX101 tumor uptake, 
patients were also required to have a primary tumor in 
place accessible for endoscopic biopsy of the tumor and 
adjacent normal tissue. All patients initiated CRLX101 at 

the RP2D of 15 mg/m2 delivered intravenously on days 1 
and 15 of a 28-day cycle with timepoints of tissue collection 
as per the Study Schema (Figure 2). Patients continued on 
therapy until disease progression or intolerant toxicity. 
Tumor responses were assessed using RECIST1.1 and 
toxicities were graded per NCI CTCAE version 4.03. Time 
to progression (TTP) was defined as length of time from 
start of CRLX101 therapy until evidence of radiographic 
progression by RECIST1.1 and/or disease-related 
symptomatic progression per investigator assessment. OS 
was defined as the length of time from start of CRLX101 
therapy until patient death due to any cause. While 
detection of preferential CRLX101 tumor uptake was the 
primary endpoint, with ten patients enrolled a secondary 
analysis could be performed with the study having 90% 
power to detect ≥1 responder if the true response rate is 
≥21%. The study received local IRB approval and was 
conducted in accordance with Good Clinical Practice 
Guidelines and the Declaration of Helsinki. All patients 
provided written informed consent prior to undergoing 
study-related procedures.

Results

Between Dec. 2012 and Dec. 2014, ten patients were 
enrolled with a median age of 64 years (range, 48–73 years) 
(Table 1). Patients all had adenocarcinoma histology with 
primary tumors located beyond the gastric cardia when 
assessed by endoscopy. Patients all had at least one line 
of platinum and fluoropyrimidine therapy with median 
number of prior cycles being 2. Only 1 patient harbored a 
HER2-overexpressing tumor and 3 patients had previous 
treatment with irinotecan-containing therapy. One 
patient received prior therapy with the VEGFR2 inhibitor 
ramucirumab. Best response by RECIST1.1 was stable 
disease in one patient who was on treatment for 8.7 months 
prior to stopping therapy for disease progression (Table 2). 
That patient had received only one previous line of therapy 
with docetaxel, cisplatin, and fluorouracil combination 
chemotherapy with a modified infusional schedule. The 
median TTP for the entire study population was 1.7 months  
(range, 0.6–8.7 months) and median OS was 5.5 months 
(range, 1.5–28.1 months) (Figure 3). At the time of final 
survival analysis all patients had expired.

Toxicities attributed to CRLX101 were predominately 
grade 1–2 as summarized in Table 3. Most common grade 
1–2 toxicities observed were fatigue, nausea, proteinuria, 
and anemia. Incidences of proteinuria were asymptomatic 
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and detected on protocol-mandated urinalysis collected 
prior to every dose of CRLX101. No adverse elevations 
in creatinine were detected to indicate nephrotoxicity and 
no patients developed any nephrotic range proteinuria. 
The only grade 3 event related to CRLX101 occurred 
in one patient with grade 3 cardiac chest pain. The 
patient’s electrocardiogram (EKG) at the time of the 
event demonstrated atrial fibrillation and the patient 

also had a history of paroxysmal atrial fibrillation. No 
ischemic changes were noted on EKG and cardiac enzymes 
monitoring did not indicate any evidence for myocardial 
infarction with the event. After resolution of the chest 
pain and control of atrial fibrillation with beta-blockers, 
discussion was had within the study team to allow the 
patient to resume therapy with CRLX101 reduced to a 
dose of 12 mg/m2. With the dose reduction the patient 

Figure 1 CRLX101 is a novel nanoparticle drug conjugate (NDC) that contains a cyclodextrin-containing polymer (CDP) conjugated to 
camptothecin (CPT) that self assembles into 20 to 40 nm diameter nanoparticles. Adapted from Clark et al. (9).

Figure 2 Study schema indicating timepoints of pre- and post-treatment biopsies with initiation of CRLX101 therapy. GEJ, 
gastroesophageal junction; RECIST, response evaluation criteria in solid tumors.
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Table 1 Patient characteristics 

Patient 
sequence 

Gender Age (years) ECOG PS Histology (Lauren classification) Prior therapy [no. lines]

01 M 48 0 Adenocarcinoma (intestinal) mDCF [1] 

02 F 63 1 Adenocarcinoma (diffuse) EOX, mDCF [2] 

03 F 68 1 Adenocarcinoma (diffuse) mDCF, FOLFOX [2] 

04 M 63 1 Adenocarcinoma (intestinal) EOX, ELF [2] 

05 M 55 0 Adenocarcinoma (intestinal) mDCF [1] 

06 F 69 1 Adenocarcinoma (intestinal) mDCF, FOLFOX [2] 

07 M 66 0 Adenocarcinoma (intestinal) Paclitaxel/carboplatin/capecitabine [1] 

08 F 65 1 Adenocarcinoma (intestinal) EOX, FOLFIRI, docetaxel/cisplatin [3] 

09* F 73 0 Adenocarcinoma (intestinal) FOLFOX/trastuzumab, docetaxel/trastuzumab, 
irinotecan/trastuzumab [3] 

10 F 50 1 Adenocarcinoma (diffuse) mDCF, FOLFOX, FOLFIRI, paclitaxel/ramucirumab [4] 

*, only patient with tumor HER2 overexpression. mDCF, modified docetaxel/cisplatin/fluorouracil; EOX, epirubicin/oxaliplatin/capecitabine; 
FOLFOX, folinic acid/fluorouracil/oxaliplatin; ELF, etoposide/leucovorin/fluorouracil; FOLFIRI, folinic acid/fluorouracil/irinotecan; HER2, 
human epidermal growth factor receptor 2; ECOG PS, ECOG performance status; M, man; F, female.

Table 2 Best response, time to progression (TTP), and survival

Patient 
sequence 

Best response 
TTP  

(months) 
Survival  
(months)

01 Stable disease 8.7 28.1

02 Progression 2.0 5.2

03 Progression 3.1 5.7

04 Progression 1.9 19.3

05 Progression 1.8 13.0

06 Progression 1.3 2.7

07 Progression 1.6 3.5

08 Progression 1.4 3.4

09 Progression 1.6 5.9

10 Progression 0.6 1.5

Figure 3 Kaplan-Meier plots for (A) time-to-progression and (B) 
overall survival.

did not experience any recurrence of drug-related toxicity. 
Dose reductions were required for one other patient with 
persisting grade 2 cystitis through 2 cycles manifesting as 
complaints of urinary urgency and frequency interfering 
with instrumental activities of daily living (e.g., driving and 
shopping). With the onset of cycle 7, the patient’s dose was 
reduced to 12 mg/m2. Symptoms of grade 2 cystitis recurred 
such that the patient required a dose reduction to 9 mg/m2  
with the onset of cycle 8 after which cystitis improved to 

Time to progression

P
er

ce
nt

 w
ith

ou
t p

ro
gr

es
si

on

Overall survival

Months

Months

0               2               4               6               8              10

0            5           10           15          20          25          30

100

75

50

25

0

100

75

50

25

0

P
er

ce
nt

 s
ur

vi
va

l

A

B



966 Chao et al. CRLX101 in refractory gastroesophageal cancer

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2017;8(6):962-969jgo.amegroups.com

grade 1. Throughout the episodes of grade 2 cystitis the 
only hematuria ever recorded was microscopic on urinalysis, 
and symptoms were manageable with phenazopyridine and 
solifenacin pharmacologic interventions.

Discussion

Bimonthly CRLX101 demonstrated minimal activity in 
this heavily pre-treated advanced gastric cancer patient 
population in which median OS was 5.5 months. The 
single patient who had stable disease as best response for  
8.7 months prior to developing radiographic metastatic 
disease progression did not have viable tumor tissue on 
endoscopic pre- and post-treatment biopsies despite 

satisfying the eligibility criterion of having a known 
primary tumor in place. As such, exploratory analyses to 
examine molecular factors which may have accounted for 
this patient’s benefit from CRLX101 therapy compared 
to the remaining patients enrolled were not possible. The 
median time-to-progression of 1.7 months for the overall 
study population is in line with a median progression-free 
survival of 2.3 and 2.5 months observed in two phase III 
studies with second-line irinotecan (7,8). Both studies 
also exhibited very low objective response rates (ORRs) 
of 0% and 13.6%. The more recent French Intergroup 
FFCD 0307 trial also demonstrated a low 13.7% ORR 
with combination irinotecan, fluorouracil, leucovorin 
therapy (FOLFIRI) as second-line cross-over treatment 
after patients received upfront epirubicin, cisplatin, and 
capecitabine (ECX) (14). Interestingly, when FOLFIRI was 
moved up into the frontline setting, the ORR improved 
to 37.8% while subsequent cross-over to second-line 
ECX only yielded an ORR of 10.1%. This trial further 
highlights the challenge of drug resistance that develops 
in gastric cancer which appears to be universal regardless 
of choice of first-line cytotoxic chemotherapy utilized. We 
were able to demonstrate that CRLX101 exhibits evidence 
of preferential uptake of drug into patient gastric tumor 
tissue as well as evidence of downregulation of putative 
drug targets such as carbonic anhydrase IX and HIF-1α (9). 
Consistent with the lack of non-tumor tissue camptothecin 
uptake, CRLX101 demonstrated a favorable toxicity profile. 
Persisting grade 2 cystitis did occur in the one patient that 
achieved stable disease as best response. With employment 
of appropriate dose reductions currently utilized across all 
ongoing CRLX101 trials, the patient was able to continue 
on with protocol therapy until disease progression. The 
cystitis profile still compares favorably to historic studies 
with native camptothecin in which severe hemorrhagic 
cystitis halted further development of this agent despite 
evidence of anti-tumor activity (15,16). 

B imonthly  CRLX101 monotherapy ,  however , 
demonstrated minimal activity in this trial. Several 
possibilities could explain the lack of efficacy. CRLX101 
accumulation could be less in human tumors than what 
had been observed previously in preclinical mouse 
xenograft models, consistent with what was observed in 
the gastric pharmacodynamic study, though the assay was 
not quantitative (9). Second, mechanisms of resistance to 
camptothecin and its derivatives likely could be present 
contributing to the lack of anti-tumor activity. Potential 
possibilities reported in the literature predominantly 

Table 3 Incidence of treatment-related adverse events

No. adverse events Grade 1–2 Grade 3* 

Non-hematologic

Fatigue 5 0 

Nausea 3 0 

Proteinuria 3 0 

Hematuria 2 0 

Vomiting 1 0 

Diarrhea 1 0 

Infusion reaction 1 0 

Pruritus 1 0 

Myalgia 1 0 

Cystitis 1 0 

Cough 1 0 

Hypertension 1 0 

Alk Phos elevation 1 0 

AST elevation 1 0 

Cardiac chest pain 0 1

Hematologic

Anemia 3 0 

Leukopenia 2 0 

Neutropenia 2 0 

Lymphopenia 1 0 

Thrombocytopenia 1 0 

*, no grade 4 or 5 toxicities were observed. Alk Phos, alkaline 
phosphatase; AST, aspartate aminotransferase.
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derived from cell line models include increased drug efflux, 
Topo I resistance mutations, improved repair of irinotecan-
induced DNA damage, and activation of anti-apoptotic  
NF-κB signaling (17). Finally, biweekly CRLX101 
monotherapy may not be sufficient in this setting. More 
frequent dosing and/or combination therapy may be 
necessary to obtain better antitumor activity to overcome 
primary and secondary drug resistance mechanisms.

Future efforts with CRLX101 in advanced gastric cancer 
should thus focus on alternative dosing and combinatorial 
drug strategies. Recently, CRLX101 monotherapy was 
tested on a more dose-intensive schedule (18). In this 
study, the RP2D was the same as the bimonthly schedule of  
15 mg/m2 though given weekly. Tolerability of CRLX101 
remained acceptable, and moreover evidence of objective 
responses in renal cell carcinoma and gastrointestinal 
malignancies were seen including a patient with rectal cancer 
refractory to irinotecan therapy. Based on these results, 
a phase I study is ongoing combining weekly CRLX101 
in combination with fluorouracil/leucovorin/oxaliplatin 
combination chemotherapy (modified FOLFOX6) in 
advanced solid tumors including gastrointestinal cancers 
(Clinicaltrials.gov NCT02648711). Phase II studies of the 
triplet combination of irinotecan/fluorouracil/oxaliplatin 
(FOLFOXIRI or FOLFIRINOX) have demonstrated 
promising ORRs of >60% as first-line therapy for 
advanced gastric cancer (19-21). As such, the combination 
of CRLX101 with mFOLFOX6 could be promising in 
gastroesophageal cancer patients. Other combinatorial 
opportunities include poly(ADP-ribose) polymerase (PARP) 
inhibitors potentiating the activity of Topo I inhibitors 
which have led to phase I studies combining irinotecan with 
PARP inhibitors in solid tumors (22,23). However, these 
studies to date have reported significant gastrointestinal 
and hematologic toxicities limiting PARP inhibitor and 
chemotherapy combinations to RP2D lower than their 
established monotherapy prescribing. Such was the 
approach utilized in the recently reported phase III GOLD 
trial in which olaparib was dosed at 100 mg twice daily, as 
opposed to its approved monotherapy dosing of 400 mg, 
in combination with weekly paclitaxel for the second-line 
treatment of patients with advanced or metastatic gastric 
cancer (24). Low tumor levels of the DNA damage response 
protein ataxia-telangiectasia mutated (ATM) as measured 
by immunohistochemistry (IHC) appeared promising 
as a biomarker of response to olaparib in the initial 
randomized phase II trial, and validated preclinical gastric 
cancer cell line findings (25). The phase III GOLD trial 

demonstrated numerical improvement in OS for both the 
entire study population and the preplanned subset analysis 
of patients with ATM low expression by IHC. However, 
neither group met the study’s predefined boundary for 
statistical significance to conclude that the addition of 
olaparib to paclitaxel can meaningfully improve survival 
in chemotherapy-refractory gastric cancer. The favorable 
toxicity profile of CRLX101 may thus serve as a more 
attractive partner to PARP inhibitors and permit higher 
drug dosing to improve the therapeutic index in ATM low 
expressing gastric cancers.

Lastly, preferential tumor uptake of CLX101 may 
promote selective release of tumor antigens into the tumor 
microenvironment that may augment immuno-oncology 
drug approaches. Chemotherapy is commonly associated 
with immunosuppressive toxicities, though it is also 
increasingly recognized that chemotherapy can promote 
tumor immunity through induction of immunogenic cell 
death (26). The lack of any observed grade 3 or higher 
leukopenia or lymphopenia in our patient cohort supports 
that CRLX101 may leverage chemotherapeutic drug 
responses in favor of anti-tumor immunogenicity. Immune 
checkpoint inhibitors are currently undergoing large scale 
phase III investigation in all lines of therapy in advanced 
gastric cancer, after small patient cohorts in earlier phase 
studies demonstrated promising evidence of clinical activity 
with programmed death-1 (PD-1) inhibitors (27-29).  
However, durable objective responses to immune 
checkpoint inhibitors as monotherapy are still confined 
to a limited proportion of patients. This is exemplified 
by the recent reporting of the phase III ONO-4538-12 
study, which in the context of a randomized, placebo-
controlled trial, assigned 330 advanced gastric cancer 
patients refractory to at least two chemotherapy regimens 
to nivolumab monotherapy (30). The study met its primary 
endpoint of improving OS in comparison to placebo, 
though ORR was 11.2% and median OS was still limited to 
5.32 months for the nivolumab-treated patient population. 
Biomarker analyses were ongoing at the study’s initial 
reporting, but exemplified observations that the majority 
of an unselected patient population do not achieve durable 
responses. As such, combinatorial immuno-oncology 
strategies are predominating the next wave of clinical trials. 
Efforts focusing on preclinical investigation into patient-
derived xenograft mouse models with humanized immune 
systems may help ascertain if CRLX101 can increase tumor 
immune cell infiltration. Such evidence would support future 
trials combining CRLX101 and immuno-oncology agents.
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