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Research Article

Introduction

Colorectal cancer is the third most common malignant dis-
ease and the second leading cause of death worldwide.1 
Approximately 20% of patients with colorectal cancer are 
initially diagnosed with synchronous metastatic conditions, 
and 80% of these patients have unresectable metastases 
that require palliative systemic chemotherapy.2 The current 

standard first-line palliative systemic chemotherapy for 
metastatic colorectal cancer is FOLFIRI (folinic acid, bolus/
continuous fluorouracil, and irinotecan) and FOLFOX 
(folinic acid, bolus/continuous fluorouracil, and oxaliplatin) 
plus target agents, including bevacizumab or cetuximab. 
Despite the recent development of cytotoxic chemotherapy 
and targeted agents for the treatment of metastatic colorec-
tal cancer, the survival outcomes are still poor. Based on the 
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Abstract
Background: Colorectal cancer is the third most common malignant disease and the second leading cause of death 
worldwide. Previous studies showed improved bioavailability and cytotoxicity of ginsenoside-modified nanostructured 
lipid carrier containing curcumin (G-NLC) in human colon cancer cell lines. This study aimed to evaluate the safety 
and tolerability with long-term survival rates in patients with colorectal cancer with unresectable metastases after 
treatment with first-line bevacizumab/FOLFIRI (folinic acid, bolus/continuous fluorouracil, and irinotecan) in combination 
with a dietary supplement of G-NLC. Methods: This study was a prospective, observational, single-group analysis. The 
enrolled patients had colorectal cancer with unresectable metastases and were administered bevacizumab and FOLFIRI in 
combination with daily oral G-NLC as first-line treatment. Overall survival, progression-free survival, tumor response, and 
adverse events were evaluated. Results: A total of 44 patients were enrolled between 2015 and 2019. The median age 
was 65 (range 45-81) years and the sex ratio was 31:13 (male:female). The primary tumor locations were the colon (31 
patients) and rectum (13 patients). The metastatic sites included, liver only (n = 20), lung only (n = 6), both liver and lung 
(n = 12), and others (n = 6). The median duration of curcumin supply was 7.9 (range 0.9-16.6) months. The most common 
grade 3 or higher adverse events were neutropenia (n = 15, 34.1%), followed by nausea (n = 4, 9.1%) and vomiting (n = 4, 
9.1%). Within the median follow-up period of 22.8 months, the median overall survival was 30.7 months, and the median 
progression-free survival was 12.8 months. None of the patients achieved complete response (CR); however, 9 patients 
showed partial response (PR), and 3 patients underwent conversion surgery. Conclusions: Bevacizumab/FOLFIRI with 
G-NLC as first-line chemotherapy in patients with colorectal cancer with unresectable metastases presented comparable 
long-term survival outcomes with acceptable toxicity outcomes. Additional randomized controlled studies are needed to 
establish definitive conclusions regarding this new regimen for metastatic colorectal cancer.
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Aide et Recherche en Cancérologie (ARCAD) database, the 
median overall survival (OS) and the median progression-
free survival (PFS) were only 16.4  and 7.9 months, respec-
tively, in patients with metastatic colorectal cancer who 
were treated with systemic chemotherapy but did not 
undergo tumor resection.3 This implies that patients with 
unresectable metastatic colorectal cancer have poor sur-
vival outcomes despite receiving standard palliative chemo-
therapy. Furthermore, current chemotherapy is often 
associated with various adverse events, including neutrope-
nia, diarrhea, nausea, vomiting, and gastrointestinal hemor-
rhage or perforation.4,5 Therefore, there is an increasing 
interest in combination therapies that reduce toxicity and 
enhance the effectiveness of chemotherapeutic agents, 
thereby improving patients’ quality of life and survival rate.

Curcumin is a polyphenolic antioxidant derived from 
Curcuma longa, which is known as turmeric in English-
speaking countries.6 It has been widely used as a dietary 
supplement and flavoring in foods in Southeast Asia. Since 
curcumin has shown low inherent toxicity and various phar-
macological effects, including antioxidant, anticancer, and 
anti-inflammatory activities,7 it has increased interest as a 
complementary agent for chemoprevention. A recent study 
reported that curcumin-loaded liquid crystalline lipid 
nanoparticles were efficiently taken up by human colon 
cells and presented markedly enhanced anticancer activity.8 
Furthermore, our previous studies showed improving bio-
availability and cytotoxicity of ginsenoside-modified nano-
structured lipid carrier containing curcumin (G-NLC) in 
human colon cancer cell lines.9,10 Based on these potential 
therapeutic effects, this study aimed to evaluate long-term 
survival rates, tolerability and safety in colorectal cancer 
patients with unresectable metastases after treatment with 
first-line bevacizumab/FOLFIRI in combination with a 
dietary supplement of G-NLC.

Methods

Patient Selection

This study was a prospective, observational, single-group 
analysis. The enrolled patients had colorectal cancer with 
unresectable metastases and were treated with bevacizumab/
FOLFIRI in combination with daily oral curcumin-
containing supplement as first-line therapy after signing 
an informed consent. Patient enrollment was conducted 

between 2015 and 2019 at Gachon University Gil Medical 
Center, a tertiary referral hospital in Incheon, South Korea. 
The detailed inclusion criteria were as follows: age 
≥20 years; histologically confirmed adenocarcinoma of the 
colon or rectum; patients with primary colon or rectal cancer 
and unresectable metastatic lesions; patients with no primary 
cancer-related symptoms; Eastern Cooperative Oncology 
Group (ECOG) performance status between 0 and 2; and 
appropriate organ functions (hepatic transaminases <5 times 
the normal range; bilirubin <2 times the normal range; serum 
creatinine <1.5 times the normal range; thrombocyte 
>100 000/μL; neutrophil >1500/μL). The exclusion crite-
ria were as follows: colorectal cancer other than adenocar-
cinoma; patients who received adjuvant chemotherapy 
within the past 6 months; patients who received chemo-
therapy for metastatic colorectal cancer; patients planning 
to undergo curative surgery for metastatic lesions; patients 
with peritoneal carcinomatosis; patients with primary 
tumor-related complications; patients with chronic hepa-
titis or cirrhosis; and patients with another malignant 
tumor during the past 5 years. Institutional Review Board 
approval was obtained from the ethics committee of the 
same hospital from which the patients were enrolled 
(approval no. GAIRB2015-87), and the trial was regis-
tered at ClinicalTrials.gov (identifier: NCT02439385).

Treatment and Curcumin-Containing 
Supplement

The patients were treated with bevacizumab and FOLFIRI 
(treatment cycle every 14 days: bevacizumab 5 mg/kg on 
day 1, irinotecan 180 mg/m2 on day 1, leucovorin 200 mg/m2 
on days 1 and 2, 5-fluorouracil bolus 400 mg/m2 on days 
1 and 2, and 5-fluorouracil infusion 1200 mg/m2 on days 1 
and 2) as first-line treatment. A curcumin delivery system 
(Aju Pharm, Korea), that is, G-NLC, was prepared as per our 
previous study11 using the conventional melt emulsification 
technique. It mainly contained curcumin 100 mg, partially 
hydrolyzed ginsenoside 500 mg, phospholipid 2000 mg, 
and glycerin fatty acid ester 200 mg per bottle of 30 mL. 
The patients ingested the contents of a bottle twice a day 
after meals during first-line chemotherapy. Follow-up 
assessment was performed every 3 months using serum 
tumor markers and chest and abdominopelvic computed 
tomography.
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Study Endpoints and Statistical Analysis

The primary endpoint was to evaluate the PFS of the 
enrolled patients. PFS was defined as the time from initial 
treatment with first-line chemotherapy and curcumin sup-
plementation to disease progression or death. The second-
ary endpoints included OS, the best overall response rate 
(ORR), and adverse events. OS was defined as the time 
from the initial treatment with first-line chemotherapy and 
curcumin supplementation to death due to any cause. The 
best ORR was defined as the proportion of patients who 
achieved a partial or complete response to the treatment, 
which was the best record until disease progression or 
death. Tumor response was determined using Response 
Evaluation Criteria in Solid Tumors (RECIST) criteria 
version 1.1.12 Adverse events were recorded based on the 
Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0.13 Survival analysis was performed 
using the Kaplan–Meier method with IBM SPSS Statistics 
23 for Windows (IBM SPSS Inc., Chicago, IL, USA).

Results

Patient Demographics

A total of 44 patients were enrolled in this study. The median 
age was 65 (range 45-81) years. Thirty-one male patients 
(70.5%) and 13 female patients (29.5%) were included. The 
primary tumor location was the colon in 31 patients and the 
rectum in 13 patients. The metastatic sites included: liver 
only (n = 20), lung only (n = 6), both liver and lung (n = 12), 
and others (n = 6). At the time of first-line chemotherapy 
with curcumin, 32 patients (72.7%) had synchronous metas-
tases and 12 (27.3%) had recurrent disease. The patients 
who underwent resection of the primary tumor in cases of 
synchronous metastases were 30 in 32 patients (93.8%). 
There were 23 patients with wild-type K-RAS and 18 
patients with K-RAS mutations. The median duration of 
curcumin supply was 7.9 (range 0.9-16.6) months. Baseline 
patient demographics are shown in Table 1.

Adverse Events

Table 2 shows the outcomes of adverse events. The most 
common adverse events were neutropenia (n = 21, 47.7%), 
followed by anemia (n = 17, 38.6%) and nausea (n = 13, 
29.5%). Regarding serious adverse events, there were 2 
(4.5%) grade 3 febrile neutropenia and 1 (2.3%) grade 3 
gastrointestinal bleeding. The most common grade 3 or 
higher adverse events were neutropenia (n = 15, 34.1%), 
followed by nausea (n = 4, 9.1%) and vomiting (n = 4, 9.1%). 
Anemia, diarrhea, and stomatitis were grade 2 or less. 
Constipation, peripheral neuropathy, and alopecia presented 
as only grade 1.

Tumor Response Rates

None of the patients achieved complete response (CR); 
however, 9 patients showed partial response (PR). The best 
ORR rate was 20% (9/44). Three patients underwent con-
version surgeries in the PR group, with a conversion rate of 
6.8%. Nineteen patients showed stable disease (SD), and 16 
patients had progressive disease (PD). The disease control 
rate (CR + PR + SD) was 63.6% (28/44). The response 
rates are shown in Table 3.

Table 1. Baseline Patient Demographics.

Variables Patients (n = 44)

Age, years 65 (45-81)
Sex
 Male 31 (70.5)
 Female 13 (29.5)
BMI, kg/m2 23.3 (17.2-30.5)
ASA score
 1 7 (15.9)
 2 35 (79.5)
 Unknown 2 (4.5)
Underlying disease
 Diabetes 7 (15.9)
 Pulmonary disease 7 (15.9)
 Cardiovascular disease 25 (56.8)
Primary tumor site
 Colon 31 (70.5)
 Rectum 13 (29.5)
Metastatic site
 Liver only 20 (45.5)
 Lung only 6 (13.6)
 Liver and lung 12 (27.3)
 Others 6 (13.6)
Metastatic status on first-line chemotherapy
 Synchronous 32 (72.7)
 Metachronous 12 (27.3)
Resection of primary tumora

 Yes 30 (93.8)
 No 2 (6.2)
K-RAS status
 Wild-type 23 (52.3)
 Mutant-type 18 (40.9)
 Unknown 3 (6.8)
MSI status
 MSS 38 (86.4)
 MSI-L 2 (4.5)
 Unknown 4 (9.1)
Duration of curcumin supply, months 7.9 (0.9-16.6)

Continuous variables are listed as medians (range), and categorical 
variables are presented as n (%).
Abbreviations: BMI, body mass index; ASA, American Society of 
Anesthesiologist.
aAmong 32 synchronous metastatic patients.
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Survival Rates

Within the median follow-up periods of 22.8 months, the 
median PFS was 12.8 months (95% confidence interval 
[CI], 10.6-15.1). The 1 and 2-year PFS rates were 57.1% 
and 8.0%, respectively (Figure 1). The median OS was 
30.7 months (95% CI, 20.0-41.3). The 1 and 2-year OS rates 
were 87.4% and 63.6%, respectively (Figure 2). The most 
common disease progression site was the liver (n = 16, 
36%), followed by the lungs (n = 11, 25%). Six (14%) 
patients showed no disease progression during the follow-
up period (Figure 3).

Discussion

We investigated the tolerability and safety with long-term 
survival rates of bevacizumab/FOLFIRI with oral curcumin 
nanoformulations as a first-line treatment for unresectable 
metastatic colorectal cancer. There have been numerous 

studies regarding the anticancer effect of curcumin nanofor-
mulations in colorectal cancer, showing suppressed tumor 
growth, antiproliferative activity, and enhanced cytotoxic 
effects.14 However, these were mostly designed as in vitro 
or animal model studies. In human clinical research, several 
studies have reported the potential therapeutic benefits of 
curcumin in combination with chemotherapy in other 
malignancies, including breast, pancreatic, and prostate 
cancer.15-17 Although a number of clinical studies have sug-
gested that curcumin has anticancer effects with low toxic-
ity, there is still a lack of long-term survival results of 
treatment in combination with curcumin and standard che-
motherapy in patients with metastatic colorectal cancer. To 
the best of our knowledge, this is the first clinical study con-
ducted using a combination of bevacizumab/FOLFIRI and 
oral curcumin nanoformulations for unresectable metastatic 
colorectal cancer.

A recently published randomized phase II trial evaluated 
the efficacy of curcumin supplementation via survival out-
comes for patients with metastatic colorectal cancer, includ-
ing oral curcumin combined with FOLFOX (with or without 
bevacizumab) chemotherapy (CUFOX).18 In the trial, com-
paring CUFOX (n = 18) with FOLFOX (n = 9), the median 
PFS was 171 days for FOLFOX and 291 days for CUFOX 
(hazard ratio: 0.571, 95% CI: 0.24-1.36; P = .2), and the 
median OS was 200 days for FOLFOX and 502 days 
for CUFOX (hazard ratio: 0.339, 95% CI: 0.141-0.815; 
P = .016). In our study, we obtained a median PFS of 
12.8 months, and a median OS of 30.7 months. Although 
bevacizumab/FOLFIRI was similar PFS outcomes to beva-
cizumab/FOLFOX,19 the PFS of 12.8 months in our study 
was better than 291 days in CUFOX study. However, the 
CUFOX cohort had 4 (22.2%) patients with peritoneal 

Table 2. Adverse Events.

Adverse events

CTCAE

Patients (n = 44)

Grade 1 Grade 2 Grade 3 Grade 4

Neutropenia 1 (2.3) 5 (11.4) 8 (18.2) 7 (15.9)
Febrile neutropenia 0 0 2 (4.5) 0
Anemia 12 (27.3) 5 (11.4) 0 0
Thrombocytopenia 0 0 0 0
Nausea 7 (15.9) 2 (4.5) 4 (9.1) 0
Vomiting 5 (11.4) 2 (4.5) 4 (9.1) 0
Diarrhea 3 (6.8) 2 (4.5) 0 0
Constipation 1 (2.3) 0 0 0
Peripheral neuropathy 3 (6.8) 0 0 0
Stomatitis 4 (9.1) 2 (4.5) 0 0
Alopecia 1 (2.3) 0 0 0
Gastrointestinal bleeding 0 0 1 (2.3) 0

Categorical variables are listed as n (%).
Abbreviation: CTCAE, Common Terminology Criteria for Adverse Events ver 4.0.

Table 3. Tumor Response Rate.

Response No. (%) 95% CI

Complete response (CR) 0 —
Partial response (PR)a 9 (20.5) 9.1-31.8
Stable disease (SD) 19 (43.2) 29.5-59.1
Progressive disease (PD) 16 (36.4) 22.7-52.3
Overall responseb 9 (20.5) 9.1-31.8
Disease controlc 28 (63.6) 50.0-79.5

Abbreviation: CI, confidence interval.
aThree patients underwent conversion surgery in the PR group.
bComplete response and partial response (CR + PR).
cOverall response and stable disease (CR + PR + SD).



Jeon et al 5

metastases, which are often associated with poor survival 
outcomes,20 and only 8 (44.4%) patients received bevaci-
zumab. In addition, the forms of the curcumin supplements 

were different. In the CUFOX study, the patients ingested a 
daily dose of 2 g of pure curcumin; meanwhile, in our study, 
the patients ingested a daily dose of 0.2 g of curcumin with 
ginsenoside modified lipid nanoformulation. The above dif-
ferences may influence survival outcomes; however, the 
impact of these differences is not clear.

The representative randomized controlled trials regard-
ing oncologic outcomes of first line chemotherapy using 
bevacizumab/FOLFIRI for patients with metastatic colorec-
tal cancer were the WJOG4407G study in Japan19 and the 
FIRE-3 study (AIO KRK-0306) in Germany.5,21 The 
WJOG4407G study showed that, among 197 patients with 
metastatic colorectal cancer who were treated with bevaci-
zumab/FOLFIRI, the median OS was 31.4 months (95% CI, 
27.6-36.4) and the median PFS was 12.1 months (95% CI, 
11.0-13.8).19 These results are comparable to our results. 
The FIRE-3 trial was conducted only for patients with 
K-RAS exon 2 wild-type metastatic colorectal cancer. The 
final long-term survival outcomes were reported in 2021, 
with a median OS of 25.6 months (95% CI, 23.2-28.8) and 
a median PFS of 10.4 months (95% CI, 9.8-11.7) for 201 
patients.21 The subgroup analysis of the AIO KRK-0306 
study for patients with the K-RAS mutation showed that the 
median OS was 18.7 months, and the median PFS was 
8.9 months for 45 patients.22 Compared with the aforemen-
tioned German studies, our results showed better survival 
rates.

Despite its anticancer properties, oral bioavailability of 
curcumin is poor. This poor bioavailability of curcumin is 

Figure 1. Progression-free survival of metastatic colorectal 
cancer patients treated with bevacizumab, FOLFIRI, and 
ginsenoside-modified nanostructured lipid carrier containing 
curcumin.

Figure 2. Overall survival of metastatic colorectal cancer 
patients treated with bevacizumab, FOLFIRI, and ginsenoside-
modified nanostructured lipid carrier containing curcumin.

Figure 3. Site of cancer progression in metastatic colorectal 
cancer patients treated with bevacizumab, FOLFIRI, and 
ginsenoside-modified nanostructured lipid carrier containing 
curcumin.
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due to its low water solubility, poor gastrointestinal tract 
absorption, rapid metabolism, and excretion.23 These issues 
have led to the development of curcumin nanoformulation 
technologies, such as solid lipid nanoparticles, liposomes, 
micelles, polymeric nanoparticles, nanostructure lipid carri-
ers, and phospholipid complexes, which were developed to 
improve curcumin delivery.14,24,25 In our previous study, we 
reported that curcumin-containing nanostructure lipid carri-
ers with ginsenoside modification improved curcumin solu-
bility, chemical stability, and cytotoxicity in colon cancer 
cells.9,10 We hypothesized that the enhanced bioavailability 
of curcumin in the G-NLC formulation would result in good 
long-term survival rates in the current study. However, this 
was not confirmed, since the evidence was insufficient to 
clarify the correlation between curcumin and survival ben-
efits. There were no data on curcumin plasma levels in the 
enrolled patients and no comparative control group in this 
study. Therefore, further studies are necessary to confirm 
our results.

Chemotherapy is often associated with various toxici-
ties. FOLFIRI plus target agents or FOLFOX with target 
agents are the usual anticancer drugs for metastatic colorec-
tal cancer. FOLFIRI has a stronger relationship with gas-
trointestinal toxicities and alopecia than FOLFOX, whereas 
peripheral sensory neuropathy is more severe in FOLFOX 
than in FOLFIRI.19 In addition, bevacizumab has side 
effects, including gastrointestinal hemorrhage, perforation, 
and thromboembolism. In our study, there were no other 
specific adverse events, and the toxicity outcomes associ-
ated with FOLFIRI and bevacizumab were reduced. 
Curcumin is not associated with severe toxicity; instead, 
several in vivo studies have reported that curcumin has a 
protective role in testicular tissue and heart tissue against 
irinotecan-induced damage.26,27 Compared with the WJOG 
randomized study, 9% patients had severe diarrhea above 
grade 3 and 3% patients had severe mucositis above 
grade 319; meanwhile, our results did not show a grade 3 
or greater level of severe diarrhea and mucositis. As a 
result, patients’ compliance with chemotherapy may be 
improved with curcumin. In terms of low toxicity and 
enhanced anticancer properties, curcumin may be associ-
ated with improved survival rates and quality of life bene-
fits when combined with current chemotherapeutic agents 
for patients with metastatic colorectal cancer.

Our study has certain limitations. First, it was a single-
arm study with a small population. Although we obtained 
good long-term survival rates, the survival benefit is not 
clear since there was no comparative control group. Also, 
we did not assess the plasma levels of curcumin. 
Additionally, all enrolled patients were administered beva-
cizumab despite including patients with K-RAS wild-type 
mutation. Current guidelines recommend that patients 
with left-sided colon cancer with RAS wild-type be treated 
with FOLFIRI or FOLFOX with cetuximab as first-line 

chemotherapy. At the time of this study, cetuximab was not 
covered by the national health insurance in South Korea. 
Therefore, it is necessary to research a refined cohort based 
on the current guidelines. Despite the above limitations, this 
study is noteworthy since it is the first study on the long-
term survival rates of the patients who had unresectable 
metastatic colorectal cancer treated with curcumin com-
bined with bevacizumab/FOLFIRI chemotherapy.

Conclusions

Bevacizumab/FOLFIRI with G-NLC as first-line chemo-
therapy in colorectal cancer patients with unresectable 
metastases was associated with acceptable safety and toler-
ability with comparable long-term survival rates. Additional 
randomized controlled studies are needed to draw definite 
conclusions regarding this new regimen for metastatic 
colorectal cancer.
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