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ABSTRACT

Translating curcumin into clinical practice for treatment of metastatic colorectal

cancer: the CUFOX trial - Chinenye Oluchi Obiageri Iwuji

Palliative treatment of metastatic colorectal cancer provides an overall median survival
rate of approximately 21 months, with response rates of less than 60%. Curcumin is a
low molecular weight polyphenol derived from the spice turmeric that inhibits
carcinogenesis in vitro and in vivo via multi-targeted mechanisms. A clinical study was
established investigating the safety and feasibility of administering curcumin with
standard oxaliplatin-based chemotherapy in patients with metastatic colorectal cancer
and in parallel biomarker analysis was conducted to identify potential biomarkers of
efficacy and toxicity.

Methods: Phase | was a dose escalation phase using the traditional escalation rule
(3+3+3) design to establish the maximum target dose of curcumin. Phase lla was an
open-labelled, two-armed, randomised controlled feasibility trial. Patients received
standard oxaliplatin and 5-FU chemotherapy with or without the maximum target dose
of curcumin established in Phase I. Biomarker studies were conducted involving
measurement of miR-122, curcumin/curcuminoids and DNA platination in patient
plasma samples, and proteomic analysis of treated explant media from patient-derived
colorectal liver metastasis.

Results: Phase | dose escalation was successfully completed with thirteen patients
receiving curcumin plus standard oxaliplatin-based chemotherapy up to the target dose
of 2 grams daily with no significant issues identified with toxicity or feasibility.
Eighteen patients had been recruited into Phase lla at the time of this report with no
notable safety concerns. Changes in miRNA and curcumin/curcuminoid levels were
successfully measured in patient plasma samples. Explant culture analysis showed
proteins involved in apoptosis, angiogenesis and inflammation/immune response were
selectively upregulated following treatment with CUFOX.

Conclusion: Addition of curcumin to standard FOLFOX chemotherapy up to a dose
of 2 grams daily has shown good tolerability, feasibility and no safety concerns across
Phase | and lla of this study. Potential biomarkers for future investigation have been
identified.
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1. Introduction

1.1. Epidemiology

Colorectal cancer (CRC) is the fourth most common form of cancer in the UK after
breast, lung and prostate cancer (excluding non-melanoma skin cancer) with over
40,000 new cases diagnosed each year™. The lifetime risk of developing CRC has
increased for both men and women in the UK® leading to increased attention on the
management of this disease. Management of colorectal cancer has significantly
improved over the past 40 years, however current standard treatment of metastatic
colorectal cancer using FOLFOX chemotherapy with or without biological agents still
only has a response rates of less than 60% (47% - 54%)®®. Furthermore, 50% of
patients treated with curative intent will develop recurrent disease®. Efforts to improve
outcomes for CRC are aimed not only at improving patient care in terms of optimising
management and patient quality of life, but also in encouraging research in areas such as

chemoprevention, early detection, tailor-made treatments and improving survival.

Factors including age and economic development contribute to colorectal cancer
incidence. Developed countries lead in incidence with 60% of CRC cases being
diagnosed in the West®, whilst 86% of diagnoses are made in patients over age 60.
The distribution between the genders is equal until age 50, after which the rates become
higher in men. In comparison to 1975, the lifetime risk has increased from 3.5% to

6.9% in men, and from 3.9% to 5.4% in women®,

In 2012, there were 16,187 deaths from CRC in the UK. It is the second most
common cause of cancer deaths in the UK. Fortunately this mortality rate has been
consistently decreasing over the last 40 years across sexes and age groups. The 5-year
survival rate for colon cancer in men has almost doubled since the 1970s from 22% to
50%, and in women from 23% to 51%. The same improvement is seen in rectal cancers
(men: 25% to 51%; women: 27% to 55%). This improvement in outcome has been
attributed to multiple factors including earlier detection, improved diagnostic
techniques, more public awareness and better treatment. The bowel cancer screening
program initially started in England in 2006 and has now been implemented throughout
the UK. In England, this screening program has been shown to reduce the risk of dying

from bowel cancer by 25%.
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Another determining factor in a patient’s prognosis is the presence of metastatic disease.
The 5-year survival for patients diagnosed with early stage disease (Dukes A disease -
not invading the bowel wall) is 93% compared to 7% in patients diagnosed with
widespread metastases (Dukes D stage)®. Twenty-five per cent of patients diagnosed
with CRC present with metastatic disease®. The liver is the primary site for disease
metastasis with almost 50% of patients having liver metastases either at primary

diagnosis or with disease recurrence®.

1.2. Aetiology and Risk Factors
The causes of CRC appear to be a combination of inherited susceptibility and
environmental factors, ranging from diet and body habitus to family history.

1.2.1. Lifestyle

More than half of the cases of CRC diagnosed in the UK are thought to be linked to diet
and environmental factors™®. A higher incidence is particularly linked to the western
diet, where populations also tend to have greater proportions of obesity and lower levels
of exercise ™. Diets that are high in fibre reduce the risk of CRC. Research also
suggests that garlic, milk and calcium probably have a protective effect, whilst there is

12 There is

convincing evidence that red and processed meat increase the risk of CRC
limited evidence that vegetables, fruit and dietary vitamin D may also reduce the risk of

bowel cancer.

The risk of CRC is greater in overweight and obese individuals, particularly men.
Overweight men (body mass index/BMI 25 — 29.9kg/m?) have a 23% greater risk of
colon cancer compared to healthy men (BMI < 25). The risk increases further to 53% in
obese men (BMI > 30 kg/m?)*®. Physical activity, on the other hand, has been shown
to lower the risk of colon cancer by up to 24%%.

intake have also been linked to an increased risk of CRC. Data for the UK in 2010

Both cigarette smoking and alcohol

suggests that 11% of bowel cancers were linked to alcohol and 8% to cigarette

smoking™©.

1.2.2. Family history

Family history contributes to 25% of CRCs™"

. This is either by inherited syndromes
(e.g. familial adenomatous polyposis or hereditary nonpolyposis colorectal cancer) or
by familial colorectal cancers where families have an increased incidence of CRC but

no identifiable hereditary syndrome.
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Approximately 5% of CRCs are associated with the genetic predisposition syndromes:
familial adenomatous polyposis (FAP) and hereditary nonpolyposis colorectal cancer
(HNPCC; also called Lynch syndrome)®. FAP is an autosomal dominant inherited
disorder caused by a mutation in the adenomatous polyposis coli (APC) gene. This
results in numerous adenomatous polyps developing in the colon, particularly the
epithelium of the large bowel. Initially these polyps are benign, but then undergo
malignant transformation into colon cancer. If left untreated, almost all FAP patients
develop CRC by age 40 years™®. Nonetheless, only 1% of CRCs are caused by this

syndrome®?.

Hereditary nonpolyposis colorectal cancer causes an estimated 1-4% of CRCs. This
autosomal dominant inherited condition is caused by inherited mutations affecting DNA
mismatch repair. The lifetime risk for HNPCC patients developing colon cancer is
almost 85% (13), with approximately 91% of men and 69% of women being affected by
age 70%Y. HNPCC also increases the lifetime risk of developing endometrial, gastric,

biliary tract, urinary tract, and ovarian cancers®®?.

Twenty per cent of CRCs are due to hereditary factors not associated with genetic

(18)

syndromes i.e. familial colorectal cancer Having a first-degree relative with CRC

doubles the risk of CRC and increases the risk of colorectal adenomas by 70% 2.
This risk is further increased if the relative is younger than 45 years old or if more than

one first-degree relative is affected.

1.2.3. Medical history

Ulcerative colitis and Crohn’s disease are both forms of inflammatory bowel disease
that increase the risk of CRC. In ulcerative colitis patients, this risk increases from 2%
after 10 years of colitis to 8% after 20 years and 18% after 30 years®). Crohn’s disease

increases the risk of CRC to almost 3 times that of the general population®®.

Other medical conditions linked to an increased risk of CRC include type Il diabetes

mellitus, human papillomavirus (HPV) infection and previous radiation exposure®"29.

1.3. Pathogenesis
Tumorigenesis of colorectal carcinomas is the result of an accumulation of genetic
alterations leading to the transformation of normal colonic epithelium into a colon

adenocarcinoma. The two pathways thought to direct this process are the adenomatous
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polyposis coli (APC) pathway (adenoma-carcinoma sequence) and the DNA mismatch

pathway.

Mutation and inactivation of the tumour suppressor APC gene occurs in the APC
pathway, accounting for 80% of colorectal carcinomas. The subsequent chromosomal
instability produces a stepwise progression from epithelial proliferation to malignant
carcinoma via the accumulation of mutations in tumour suppressor genes and oncogenes
(Fig 1.1).

DNA
- 12p K-ras 18q DCC gene Other
alteration . . ;
mutation mutation alterations
5q APC 17p p53
mutation/loss mutation/loss

Normal Hyperproli- Early Intermediate Late - -

epithelium feration — adenoma adenoma adenoma Carcinoma Metastasis

Figure1.1  Multistep model of carcinogenesis (adapted from Fearon®®). APC —
adenomatous polyposis coli; K-ras - V-Ki-ras2 Kirsten rat sarcoma viral oncogene
homolog; DCC — deleted in colorectal cancer gene

The genes identified as playing key roles in this process include:

APC gene mutation/loss (chromosome 5qg21): the APC gene is responsible for
degradation of p-catenin®; APC loss or mutation usually occurs early in the adenoma-
carcinoma sequence. This event results in accumulation of B-catenin, which stimulates

cell hyperproliferation.

K-ras® gene mutation (chromosome 12p12): mutation of this oncogene stimulates
growth and inhibits apoptosis via the MAP (mitogen-activated protein) kinase pathway.

The K-ras mutation is present in 35% - 45% of colorectal cancers®?.

DCC?® gene mutation (chromosome 18q): encodes a transmembrane protein involved

in cell growth and apoptosis. This gene is deleted in >70% of colorectal carcinomas®®.

p53 gene deletion (chromosome 17p): p53 tumour suppressor plays a key role in
conserving genomic stability via regulation of the cell cycle and induction of apoptosis.
Its deletion occurs late in the carcinogenesis pathway and is seen in 75% of colorectal

carcinomas®,

Z Kirsten rat sarcoma 2 viral oncogene homologue
® Deleted in colorectal cancer

Chinenye lwuji Chapter 1 - Introduction



Although the genetic alterations tend to occur at characteristic points in the pathway,
variations in this pattern have been seen. The accumulation of at least four to five of
these mutations is thought to be the key factor for the development of malignancy,
rather than the actual sequence in which the mutations occur.

In the DNA mismatch pathway mutations occur in DNA mismatch repair genes (MMR
genes e.g. MSH2, MSH6, MLH1, PMS1, PMS2*) leading to tumour development and
progression. MSH2 and MLH1 are the predominant MMR gene mutations identified in
colorectal cancer. The resultant microsatellite instability produces an accumulation of
mutations in genes associated with regulation of proliferation and apoptosis such as the
BAX, type Il TGF-B receptor and insulin-like growth factor receptor Il genes.
Colorectal cancers occurring secondary to this pathway (~15%) have a better prognosis

©4)_ Trials have also shown that MMR status can be used

compared to the APC pathway
as a predictor of response to chemotherapy given after primary surgery in the curative
setting (adjuvant chemotherapy). The aim of adjuvant chemotherapy is to reduce the
risk of cancer recurrence. Patients with MMR-proficient tumours gain a significant
survival benefit with adjuvant chemotherapy, whereas patients with MMR-deficient

(34-36)

tumours experience no benefit Therefore adjuvant chemotherapy is not

recommended for MMR-deficient tumours, particularly in stage Il disease.

1.4. Staging
The staging of colorectal cancer is vital in determining the treatment and prognosis of
patients. There are two main forms of staging colorectal cancer: the American Joint

Committee on Cancer (AJCC) or TNM staging, and the Dukes classification system.

The TNM staging system is the most commonly used, where T represents tumour
invasion of the bowel wall (T — T4), N represents lymph node involvement (No — N»),
and M represents disease metastases (Mo — M;)®”. The Dukes classification system
essentially uses the same parameters and ranges from Dukes A (localized disease) to
Dukes D (metastatic disease)®®. The TNM or Dukes classification can be used to
define the stage group of the disease. Stages for colorectal cancer range from Stage | to
IV (Table 1.1).

* MMR — mismatch repair; MSH2 - MutS protein homolog 2; MSH6 - MutS protein homolog 6; MLH1 -
MutL homolog 1; PMS1 - postmeiotic segregation increased 1; PMS2 - postmeiotic segregation increased
2; BAX - BCL2-Associated X Protein; TGF-B — Transforming growth factor beta

5
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Table 1.1 — Staging of colorectal cancer (Adapted from 39y

Stage

0
(Carcinoma in situ or intramucosal carcinoma)

The tumour does not extend beyond the colorectal mucosa.

|
The tumour invades through the muscularis mucosa into the submucosa (T1) or
into the muscularis propria (T2). There is no lymph node involvement (NO) or

distant metastasis (MO).

1A
The tumour extends through the muscularis propria into the serosa (or visceral
peritoneum) (T3) but does not invade surrounding organs. There is no lymph

node involvement (NO) or distant metastasis (MO).

1B
The tumour has penetrated through the serosa but does not involve surrounding
tissues or organs (T4a). There is no lymph node involvement (NO) or distant

metastasis (M0).

Ic
The tumour has penetrated through the bowel wall and is attached to or has grown
into nearby tissues or organs (T4b). There is no lymph node involvement (NO) or

distant metastasis (MO0).
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T1

T2

T3

T4a

T4b
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NO
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Stage

A
T1 — T2 disease with metastasis to 1 to 3 regional lymph nodes (N1), or T1
disease with metastasis in 4 to 6 regional lymph nodes (N2a). There are no distant

metastases.

1B
T3 — T4a disease with metastasis to 1 to 3 regional lymph nodes (N1), or T2 - T3
disease with metastasis to 4 to 6 regional lymph nodes (N2a), or T1 — 2 disease
with metastasis to 7 or more regional lymph nodes (N2b). There are no distant

metastases.

lnic
T4a disease with metastasis to 4 to 6 regional lymph nodes, or T3 — T4a disease
with metastasis to 7 or more regional lymph nodes, or T4b disease with any lymph

node metastasis. There are no distant metastases.

IVA
Any T, any N with metastasis to 1 distant organ or site e.g. liver, lung, ovary or

non-regional lymph node (M1a).

IVB
Any T, any N with metastasis to more than one distant organ or the peritoneum
(M1b).
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1.5. Treatment of localized colorectal cancer

Surgery is the definitive treatment for localized colorectal cancer (Stages | — I11) and the
only curative option. For a curative resection, the entire primary tumour must be
excised as well as its lymphatic drainage and a surrounding margin of normal tissue.
Total mesorectal excision is recommended for rectal tumours where patients are able to
tolerate radical surgery. This reduces the local recurrence rate and improves

survival®4b,

Preoperative chemoradiotherapy or short course radiotherapy is also
recommended for rectal tumours. Preoperative chemoradiotherapy is useful for
downsizing locally advanced tumours and is also more beneficial and less toxic than

(42)

post-operative chemoradiotherapy Colonic tumours may be resected by open or

laparoscopic colectomy with similar survivals.

The prognosis following surgical resection alone is generally good in early stage
disease. The 5-year survival is 85% - 95% for stage | disease, 60 — 80% for stage Il
disease and 30 — 60% for stage 11l disease”. Adjuvant chemotherapy is required
following surgery in stage III and ‘high-risk’®> stage Il disease. Results from the
MOSAIC (Multicentre International Study of Oxaliplatin/5-Fluorouracil/Leucovorin in
the Adjuvant Treatment of Colon Cancer) trial showed that 5-FU/leucovorin with
oxaliplatin (FOLFOX chemotherapy regimen, discussed below) significantly increases
disease-free survival, reduces the risk of disease recurrence, and in stage Il disease, it
also improves overall survival®?. Capecitabine with oxaliplatin or as a single agent
may also be used as adjuvant treatment. Trials have not shown any benefit for the use

of irinotecan as adjuvant treatment“>*".

1.6. Treatment of metastatic disease

1.6.1. Curative treatment of metastatic disease

Twenty-five per cent of patients diagnosed with colorectal cancer present with
metastatic disease®®. The liver is the primary site for disease metastasis with almost
50% of patients having liver metastases either at primary diagnosis or with disease
recurrence®. Surgical resection, where possible, is the only potentially curative option
in locally recurrent disease or metastatic disease localised to the liver- or lung-only.

Only 10% - 15% of patients with liver metastases are considered suitable for curative

® High-risk stage 11 disease is defined as having one of the following characteristics: less than 12 lymph
nodes sampled, poorly differentiated tumour, vascular/lymphatic/perineural invasion, obstruction or
perforation at presentation and pT4 stage.

8

Chinenye lwuji Chapter 1 - Introduction



resection of liver metastases®®. This is dependent on the number of lesions,
intrahepatic locations of lesions, vascular involvement, absent or limited extrahepatic
disease and potential functional hepatic reserve. The post-operative mortality is
relatively low at 2.8%, with a 5-year survival rate of approximately 30%“?. The 5-year

survival for patients following resection of lung metastases is 25% to 35% 7.

Perioperative chemotherapy with FOLFOX has been shown to improve progression free
survival by 7 - 8% at 3 years in patients with resectable liver metastases®”. Adjuvant
FOLFOX should also be considered in cases where no pre-operative chemotherapy was
administered. Liver metastases that are initially unresectable may become resectable
after downsizing with neoadjuvant treatment. Resection rates are improved in up to
40% of patients with initially unresectable metastases following treatment with
FOLFOX or FOLFIRI chemotherapy®®. Addition of the targeted agent cetuximab (see
Section 1.6.6) has been shown to further improve response rates and RO resection rates
for hepatic metastases in mMCRC®*2.

The majority of patients, however, are not suitable for surgery and receive palliative
treatment using multi-agent chemotherapy with or without biological agents. Currently,
the drugs licensed for first line treatment of metastatic colorectal cancer are 5-
fluorouracil, capecitabine, raltitrexed, irinotecan, oxaliplatin, bevacizumab, cetuximab

and panitumumab.

1.6.2. 5-Fluorouracil, capecitabine and ralitrexed

5-Fluorouracil (5-FU) is a cytotoxic fluoropyrimidine used in the treatment of colorectal
cancer. 5-FU produces its cytotoxic effect via the actions of its three metabolites: 1) 5-
5-fluoro-2’-deoxyuridine-5’-O-monophosphate (F-dUMP), 2) fluorouridine
triphosphate (FUTP), and 3) fluorodeoxyuridine triphosphate (F-dUTP). F-dUMP
inhibits DNA synthesis by targeting the enzyme thymidylate synthase. Thymidylate
synthase (TS) metabolises the conversion of deoxyuridine monophosphate (dUMP) to
thymidine monophosphate (dTMP) for thymidine production during DNA synthesis. F-
dUMP irreversibly inhibits this enzyme and results in thymidine depletion®®. 5-FUTP
mimics the RNA nucleotide uridine triphosphate (UTP). During nucleic acid
replication 5-FUTP becomes incorporated instead of UTP and inhibits the synthesis of

ribosomal and messenger RNA®Y.  F-dUTP similarly becomes incorporated into
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cellular DNA during DNA synthesis®®. Together these mechanisms act to inhibit
replication of malignant cells (Fig 1.2).

Bolus 5-FU was used for 20 years (~1975 — 1995) as the first chemotherapeutic agent to
improve survival in metastatic colorectal cancer (MCRC). However, partial responses
were seen in less than 18% of patients and complete responses in fewer than 8%,
Median survival was less than 10 months®®. The addition of folinic acid (leucovorin)
to 5-FU stabilises the binding of 5-FU to TS and improves response rates to 20-25%.
Tumour response rates were also significantly improved by giving infusional (22%) as
opposed to bolus 5-FU (14%)®".

FUH, Dihydropyrimidine
5-FU catabolism * ~ ~dehydrogenase P
~ Inhibits
5-FU [—>| F-dumMP | ———]
F-UMP dUMP dTMP
v Ribonucleotide v
F-UDP reductase | F-dUDP
DNA
v Inhibits synthesis
A 4
F-UTP
F-dUTP
Inhibits
RNA

synthesis
Figure 1.2 5-Fluorouracil Mechanism of Action (Adapted from ©%)
5-FU - 5-fluorouracil F-dUDP - fluorodeoxyuridine diphosphate
TS - Thymidylate synthase F-dUTP - fluorodeoxyuridine triphosphate
dUMP - deox_yu_rldlne monophosphate F-UH, - dihydro-5-fluorouracil
dTMP - thymidine monophosphate F-UMP - fluorouridine monophosphate
F-dUMP - 5-5-fluoro-2’-deoxyuridine-5’-O- F-UDP - fluororuridine diphosphate
monophosphate F-UTP - fluorouridine triphosphate

Capecitabine is an oral fluoropyrimidine that is also used in the treatment of mCRC.
This prodrug is converted to its active metabolite by the enzyme thymidine
phosphorylase, which is found in higher concentrations in tumours and the liver

10
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compared to normal tissue. Phase 111 trials show that although capecitabine has a higher
response rate compared to 5-FU/leucovorin (26% vs. 17%), there is no significant

difference in progression free survival or overall survival®®.

The main dose-limiting toxicities of 5-FU are myelosuppression and mucositis. More
rarely, 5-FU has been associated with dermatitis, conjunctivitis, ataxia and

cardiotoxicity®?

. Diarrhoea, nausea, vomiting and hand-foot syndrome are seen more
frequently with Capecitabine, but less myelosuppression and stomatitis compared with

5-FU®.

Dihydropyrimidine dehydrogenase (DPD) is a pyrimidine catabolic enzyme encoded by
the DYPD® gene. It catalyses the initial and rate-limiting step in the catabolism of 5-FU
(See Fig 1.2). Over 80% of 5-FU and capecitabine standard doses are deactivated by
DPD®Y. DPD deficiency is associated with severe toxicity after administration of 5-
FU, increasing the drug half-life and resulting in excess 5-FU accumulation. True DPD
deficiency is a rare occurrence estimated to affect approximately 0.5% of caucasions,
whereas 3% to 5% have variations in the DPYD gene causing partial deficiency®?. The
primary toxicity associated with this deficiency is grade IV neutropenia’ ©2.
Furthermore, onset of toxicity occurs significantly earlier in patients with reduced DPD
activity compared to those with normal activity®”. The IVS14+1G>A mutation is the
most commonly reported DPYD variant and has been detected in 24% to 28% of

patients experiencing severe 5-FU toxicity®?.

Therefore DPD deficiency is an
important pharmacogenetic syndrome affecting the use of 5-FU in the treatment of

patients with colorectal cancer.

Raltitrexed, like 5-FU, is an inhibitor of thymidylate synthase (TS), and acts by
inhibiting the binding of TS to its folate cofactor®. Treatment with ralitrexed
compared to 5-FU produced no significant difference in overall survival, progression-
free survival or response rates®®® however it is associated with a reduced
cardiotoxicity risk compared to 5-FU®®. Ralitrexed is therefore licensed as an
alternative to 5-FU in treatment of metastatic colorectal cancer where 5-FU is not

tolerated, or in patients at risk of cardiotoxicity©®.

® DYPD gene — dihydropyrimidine dehydrogenase gene
" Neutrophils < 500/mm®
11
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1.6.3. Irinotecan

In the 1990s, irinotecan emerged as the second chemotherapeutic agent shown to
improve patient survival in mCRC. Irinotecan (7-ethyl-10-[4-(I-piperidino)-I-
piperidino]carbonyloxy- camptothecin, CPT-11, Camptosar) is a semi-Synthetic
derivative of the topoisomerase | inhibitor camptothecin. It binds to and stabilises
DNA/topoisomerase adducts, which prevents DNA unwinding during replication and
causes single-strand breaks. This results in the inhibition of DNA replication and

transcription.

Clinical trials showed that single agent irinotecan produces similar responses to 5-
FU/leucovorin when used as 1% line treatment in mCRC®. Irinotecan also
significantly improved survival compared to 5-FU and best supportive care as 2™ line
treatment in patients who had progressed following previous treatment with 5-FU72).
The main toxicities were neutropenia, diarrhoea, fatigue, nausea and vomiting. The
addition of irinotecan to 5-FU/leucovorin significantly improves response rate (39% vs.
21%), progression-free survival (7.0 vs. 4.3 months) and overall survival (median: 14.8
vs. 12.6 months)"?.  Although this combination resulted in more Grade 3 (severe)
diarrhoea, incidence of Grade 4 (life-threatening) diarrhoea was similar to that seen with
5-FU/leucovorin.  Severe mucositis, neutropenia and neutropenic fever were less

common with irinotecan plus 5-FU/leucovorin.

Although the FOLFIRI regimen (irinotecan dose 180mg/m? with infusional 5-FU) is
licensed as 1% and 2" line treatment for mCRC, NICE guidelines recommend the use of
irinotecan as a single agent (350mg/m?) or in combination with 5-FU for 2" line
treatment of mMCRC®®. Irinotecan may also be given in combination with Capecitabine
(XELIRI regimen — irinotecan 250mg/m? on Day 1 with capecitabine 1000mg/m? twice

daily).

1.6.4. Oxaliplatin

Oxaliplatin (oxalato(trans-L-1,2-diaminocyclohexane)platinum) (See Fig 1.3) is a third-
generation DNA-alkylating platinum derivative that is the only platinum compound to
have shown clinical activity in colorectal cancer. It differs from cisplatin and

carboplatin by possessing the 1,2 diaminocyclohexane-containing carrier ligand.

12
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1,2 Diaminocyclohexane
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Figure 1.3 Chemical structures of cisplatin, carboplatin, oxaliplatin and reactive
form of oxaliplatin, DACH-PtCl, (Adapted from ™ and ¥). DACH-PtCl, -
Dichloro(1,2-diaminocyclohexane)platinum(1l)

1.6.4.1. Pharmacology

Oxaliplatin undergoes non-enzymatic transformation in plasma to produce reactive
compounds, including the dichloro(DACH)-platinum complex™.  The dichloro-
(DACH)platinum compounds enter the cell nucleus where they bind a nitrogen atom
(N7) of guanine, or less preferentially, adenine to form DNA monofunctional adducts.
These subsequently form diadducts by reacting with a second nucleophile to form
crosslinks".  Oxaliplatin primarily forms DNA intra-strand crosslinks between two
nucleobases of a single DNA strand. It also induces DNA inter-strand and DNA-
protein crosslinks, but these appear to be less significant in terms of cytotoxic effects’®.
Formation of DNA cross-links inhibit DNA replication and transcription, leading to
induction of the apoptotic pathway via caspase 3 activation, Bax translocation and

cytochrome C release’”.

Although DNA adducts are formed more rapidly with cisplatin, oxaliplatin has been
shown to be a more potent cytotoxic agent compared to both cisplatin and carboplatin.
This is thought to be because the DACH-platinum adducts are more bulky leading to
conformational distortions that make their structure distinct from that of cisplatin and

carboplatin adducts and more effective in preventing DNA synthesis. The mismatch

13
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repair pathway (MMR) is a key mechanism for cellular sensitivity to cisplatin and
carboplatin. This system is responsible for recognising base-to-base mismatches
caused by cisplatin and carboplatin DNA adducts and activates downstream signalling
pathways resulting in apoptosis™®. In colorectal cancer, there is failure of the MMR
system leading to genetic instability and resistance to carboplatin and cisplatint®"®.
However, the MMR complex has a poor affinity for oxaliplatin adducts due to their
altered conformation’®. Therefore, the deficiency of the MMR pathway does not affect
the function of oxaliplatin and enables it to be effective in colorectal cancer®?.

Oxaliplatin exerts its antitumour activity by undergoing rapid nonenzymatic
biotransformation to release free platinum species into the plasma. The unbound
platinum is eliminated via a triphasic process consisting of two short phases with half-
lives of 0.43 hours (t%2a) and 16.8 hours (t'2p3), and long terminal phase with a half-life
of 391 hours (t%4y)®. Oxaliplatin reaches its steady-state concentration during the first
cycle of treatment. There is no significant accumulation of platinum in blood cells or
plasma ultrafiltrate. Inter- and intra-patient variability in platinum exposure is moderate
to low. Oxaliplatin binds rapidly and irreversibly to plasma proteins and erythrocytes.
Clearance of platinum from the plasma is via covalent binding to tissues and renal
excretion. The platinum is eliminated predominantly by renal clearance, with 54% of
platinum being excreted in the urine. Renal clearance correlates with the glomerular
filtration rate and platinum clearance is reduced in patients with moderate renal

impairment. Nonetheless, there is no marked increase in drug toxicity®.

1.6.4.2. Therapeutic effects

As a single agent, oxaliplatin has shown response rates of 20% as 1* line treatment and
10% as 2™ line treatment in patients who have previously been treated with 5-FU®.
Clinical trials showed addition of oxaliplatin to 5-FU/folinic acid regimens resulted in
more than double the response rates compared to 5-FU/folinic acid alone in 1% line
treatment, from 16 — 22% up to 48.3 — 53%®Y. Response rates were also improved to
45% in 2™ line treatment®’. Randomised controlled trials comparing 5-FU/leucovorin
to 5-FU/leucovorin with oxaliplatin showed progression free survival improved by over
2 months (6.1 to 8.7 months) with the addition of oxaliplatin®®. However, there

appears to be no significant improvement in median overall survival.
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The FOLFOX4 regimen consists of oxaliplatin (85mg/m?) with infusional 5-
FU/leucovorin (5-FU 400mg/m? bolus then 600mg/m? infusion, leucovorin 200mg/m?).
This regimen was compared with IFL (irinotecan 125mg/m?, 5-FU 500 mg/m? bolus
and leucovorin 20mg/m?) as 1% line treatment for patients with mCRC. Results showed
the FOLFOX4 regimen improved response rates (31% to 45%), progression free
survival (6.9 months to 8.7months), and overall survival (15.0 months to 19.5 months)

compared to IFL®®.

However, it is important to acknowledge that IFL is a bolus
regimen as opposed to the infusional regimen of FOLFIRI that is known to be optimal.
Subsequently two studies compared FOLFOX to FOLFIRI as 1% line treatment in
mCRC“®®). Both these studies found that there was no significant difference in
response rates, progression-free survival and overall survival between the two regimens.
The GERCOR (Groupe Cooperateur Multidisciplinaire en Oncologie) study allowed
cross-over between the two arms upon progression on first-line therapy. Both treatment
sequences showed prolonged survival and similar efficacy®. The main difference
between treatment arms was in toxicity. The main dose limiting toxicity with
oxaliplatin is peripheral sensory neuropathy. Severe neutropenia was also more
common with FOLFOX. However, in comparison with irinotecan-based treatments,
FOLFOX showed lower rates of severe nausea, vomiting, diarrhoea, febrile neutropenia
and dehydration®). The NICE guidelines recommend the use of FOLFOX as 1% line

treatment for metastatic colorectal cancer®®,

UHL® currently uses the FOLFOX6 chemotherapy regimen. This differs from
FOLFOX 4 in that higher doses of oxaliplatin (85 — 100 mg/m®) may be given and

therefore the leucovorin dose is increased from 200 mg/m? to 400 mg/m®. The 5-FU

infusional dose also differs at 2400 to 3000 mg/m? infused over 46 hours in FOLFOX®,

(20)

compared to 600 mg/m? for 22 hours on two consecutive days“?. Studies comparing

these two regimens in patients with chemotherapy-refractory disease showed FOLFOX6

to have a slightly higher response rate of 27% compared to 19% in 5-FU refractory

disease, and 15% compared to 9.9% in FOLFIRI-refractory disease®”

(88)

. The toxicity
profiles are similar for the two regimens The main advantage appears to be the
convenience of the FOLFOX6 regimen. This allows outpatient treatment with only one
hospital visit every two weeks compared to the two hospital visits required for

FOLFOX4®9,

& University Hospitals of Leicester NHS trust
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Phase 111 trials substituting capecitabine (XELOX) for 5-FU as 1% line treatment of
mCRC have shown no significant difference in response rate, progression-free survival
or overall survival between the two regimens®®).  Therefore XELOX can be
considered a suitable substitute for FOLFOX.

1.6.4.3. Toxicity

The grade 3 or 4 toxicities that occur with oxaliplatin monotherapy include
neurotoxicity, nausea, vomiting, diarrhoea, mucositis, thrombocytopenia and
neutropenia®.  The severity of oxaliplatin-related myelotoxicity is dose-related,
occurring at 85 — 135 mg/m?  Myelosuppression is more common with oxaliplatin
compared to cisplatin, however, despite Grade 3 — 4 neutropenia occurring frequently,
there is only a 4% incidence of neutropenic sepsis. The gastrointestinal side-effects
are usually of mild or moderate severity. Alopecia is rare, whilst nephrotoxicity and
ototoxicity are not associated with oxaliplatin.

Neurotoxicity tends to be the principal dose-limiting toxicity with this treatment. It may
present as an acute, early-onset peripheral neuropathy characterized by cold-induced
paraesthesia, dysethesia, or allodynia affecting the extremities, lip and
oropharyngolaryngeal area. It can begin during the oxaliplatin infusion or up to 2 days
afterwards, then resolves within a few hours or days. The symptoms frequently reoccur
with subsequent oxaliplatin doses and may be associated with jaw tightness, cramps,

fasciculations and other forms of muscular hypersensitivity©?

. This acute oxaliplatin-
induced neuropathy occurs in up to 85% of patients®". It is thought to be caused by the
oxaliplatin metabolite, oxalate, altering voltage-gated sodium channels by causing
changes in current and chelating calcium and magnesium®. Chronic oxaliplatin-
induced neuropathy occurs in 10 — 15% of patients, usually developing when the total
cumulative dose of oxaliplatin reaches approximately 800mg/m?. This is thought to be
due to platinum compounds accumulating in the dorsal root ganglia, resulting in
neuronal atrophy and mitochondrial dysfunction®®. It usually manifests as a sensory
peripheral neuropathy affecting the extremities and causing a reduction in distal
sensations, sensory ataxia, deficit in fine sensory-motor coordination and
proprioception. The symptoms persist between cycles and frequently accumulate to the
extent that patients may become limited in the ability to perform activities of daily

living. On cessation of oxaliplatin, over 80% of patients will recover from symptoms
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within 3 — 4 months, and less than 5% of patients are left with irreversible
symptoms(">#Y. Over 60% of patients require dose reduction or cessation of oxaliplatin
prior to completing 12 cycles of chemotherapy due to chronic oxaliplatin-induced

peripheral neuropathy®®.

The two main approaches that have been studied in the prevention or treatment of
oxaliplatin-induced peripheral neuropathy are intermittent oxaliplatin dosing and
administering neuromodulatory agents. Intermittent oxaliplatin dosing consisting of the
‘stop-and-go’ strategy was investigated in a number of trials including OPTIMOXI,
OPTIMOX2, CONcePT, and MACRO. Overall, these trials showed that as long as
maintenance treatment is provided, stop-and-go oxaliplatin treatment shows potential as
a means of reducing neurotoxicity, however the optimal regimen and timing for
oxaliplatin reintroduction is yet to be determined®®®_ The neuromodulatory agents
investigated have included calcium/magnesium infusions, carbamazepine, and
xaliproden. These have all failed to produce consistent significant improvements in

peripheral neuropathy(90'95v99v1°°)_

Smaller studies investigating glutathione, glutamine,
and N-acetylcysteine have all shown benefits in reducing neurotoxicity, however larger

trials will be required to confirm these result.

1.6.4.4. DNA platination
Clinical studies with platinum-based cytotoxic agents have shown that drug-DNA

adduct levels in surrogate tissues are associated with tumour response and toxicity™®"

108 " Although drug-DNA adduct measurements are two- to five-times higher in tumour
biopsies“®?, measurement of platinum-DNA adduct levels in peripheral blood cells
remains more predictive of tumour response to platinum-based therapy than previous
treatment with platinum-based drugs, disease stage, histological type and tumour
(101)

grading DNA-platinum adduct levels have shown a significant correlation with
prolonged disease-free survival, and treatment outcome in patients with head-and-neck
carcinoma and non-small cell cancer, showing potential as a biomarker for patient
response to platinum-based treatment!%>%_ For germ cell tumours, however, high
DNA-adduct levels did not predict a favourable treatment outcome®.  This
discrepancy has been credited to issues including method of adduct measurement,

concurrent medication and tumour type®®?.
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In relation to oxaliplatin, a study measuring oxaliplatin-DNA adducts in peripheral
blood lymphocytes across a variety of malignancies demonstrated significantly higher
levels of adducts after 24 and 48 hours in patients who responsed to treaments
compared to non-responders“®®. Similarly, the oxaliplatin-DNA adduct levels have

been reported as a good indicator for patients’ exposure to oxaliplatin(log).

1.6.5. Bevacizumab

Bevacizumab is a humanized monoclonal antibody that targets vascular endothelial
growth factor (VEGF), which is the main angiogenic factor in CRC. VEGF is an anti-
apoptotic, pro-angiogenic cytokine that is associated with increased CRC metastasis,
increased incidence of disease recurrence and poor prognosis®”.  Bevacizumab
prevents VEGF from binding with receptors on vascular endothelial cells. This results
in inhibition of angiogenesis, regression of VEGF-dependent vessels and normalization
of blood vessel structure, thus improving delivery of chemotherapeutic agents to the

tumour*®,

Clinical trials have shown that addition of bevacizumab to standard chemotherapy
significantly improves outcomes in the treatment of mMCRC. A randomized phase Il
trial comparing IFL to IFL plus bevacizumab as 1% line treatment for colorectal cancer
showed significant improvements in median survival (15.6 months vs. 20.3 months),
progression-free survival (6.2 months versus 10.6 months) and response rate (34.8% vs.
44.8%)™. Bevacizumab added to oxaliplatin-based chemotherapy (XELOX or
FOLFOX4) as 1% line treatment of mCRC resulted in significantly improved
progression-free survival (9.4 vs. 8.0 months). However, the increase in median overall
survival was not statistically significant (19.9 vs. 21.3 months)®. As 2" line treatment,
bevacizumab and FOLFOX4 significantly increased median survival by 2 months (10.8
to 12.9 months), and progression-free survival by almost 3 months (4.7 vs. 7.3 months).
The overall response rate was 22.7% for bevacizumab and FOLFOX compared to 8.6%
for FOLFOX only™?).

Bevacizumab has also been shown to significantly improve response rates in colorectal
cancer with liver metastases“*®. The addition of bevacizumab to chemotherapy
regimens significantly reduced the percentage of pathologically viable tumour cells
from 45.3% in regimens consisting of 5FU+Oxaliplatin only to 32.9% with

bevacizumab (p = 0.02). Measurement of tumour viability is an important factor to
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consider in assessing responses to chemotherapy and biological agents such as
bevacizumab. Radiological methods alone are often unable to distinguish between
areas of viable tumour and areas of fibrotic replacement caused by effective treatment.
The use of bevacizumab in the treatment of malignant gliomas has particularly
highlighted this, due to the phenomenon of pseudoprogression. Pseudoprogression is a
non-tumoural increase in the size of a lesion that can be mistaken for disease
progression. Although pseudoprogression has been reported primarily with
bevacizumab use in malignant gliomas™* and not in colorectal cancer, it is nonetheless
essential that careful review of both pathological and clinical responses should be taken

into consideration when evaluating treatment efficacy.

The adverse effects associated with bevacizumab commonly include hypertension
(Grade 3), proteinuria, delayed wound healing, and less frequently, gastrointestinal
perforation, increased incidence of arterial thromboembolic events and cardiac

ischaemia™*®.

Bevacizumab in combination with 5-FU/FA based chemotherapy is currently licensed
in the UK as treatment for mCRC.

1.6.6. Cetuximab and panitumumab

Cetuximab and panitumumab target the epidermal growth factor receptor (EGFR)
signalling pathway. This pathway regulates cell differentiation, proliferation, migration,
angiogenesis and apoptosis but is deregulated in malignant cells. Up-regulation of
EGFR expression occurs in 60% to 80% of colorectal cancers and is related to more

aggressive disease and poor prOQnosis(“G'l”).

Cetuximab is a chimeric 1gG1 monoclonal antibody to EGFR. Its high affinity for the
epidermal growth factor receptor enables it to competitively bind and inhibit the ligand-
induced phosphorylation of EGFR™®.  This binding also stimulates antibody-
dependent cell-mediated cytotoxicity. Cetuximab affects the signaling pathway at the
surface of the cell membrane, therefore its efficacy can be disrupted by mutations that
promote activation of the pathway downstream of the EGFR. In particular, the mutation
status of the K-ras has been shown to significantly impact treatment outcomes with

cetuximab.
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K-ras is a member of the ras (rat sarcoma) proto-oncogene family, which consists of
small (21 kDa) GTP-binding proteins. K-ras is located in the internal plasma
membrane. It has GTPase activity that enables it to convert GTP to GDP when
activated. Once the conversion to GDP has occurred, K-ras returns to an inactive state.
Mutations within the K-ras gene make the protein resistant to inactivation via the action
of regulatory GTP-ase activating proteins. This constitutive activation renders EGFR
inhibitors ineffective®. The K-ras mutation is found in 30% - 60% of colorectal
adenocarcinomas®®?. At least 90% of the K-ras mutations are found in codons 12 and
13 of exon 2 of the K-ras gene™®Y. Initially it was thought that the absence of this
mutation in codons 12 and 13 of exon 2 was sufficient for positive responses to
cetuximab treatment (See Fig 1.4). However, it has now been established that the
presence of other RAS mutations (K-ras exons 3/4 and N-ras exons 1/2/3/4) can also

5122123 Therefore evidence

predict resistance to anti-EGFR monoclonal antibodie
suggests that extended RAS testing should be undertaken to indentify patients who are

most likely to benefit from treatment with these agents.

EGF-receptor antibodies
inhibit ligand binding
and activation of the
intracellular signal
cascade

Figure 1.4 K-ras and EGFR pathway (from ®?Y). K-ras - V-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog; EGFR — epithelial growth factor receptor.
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The CRYSTAL study was a phase Il study investigating the benefit of adding
cetuximab to FOLFIRI as 1% line treatment for mCRC. Results showed that for patients
with K-ras and RAS wild-type, the addition of cetuximab improved response rate,
progression-free survival and RO resection rate in patients with mCRC compared to
FOLFIRI alone®?*'?). The OPUS trial similarly showed that the addition of cetuximab
to FOLFOX as 1% line treatment for patients with mCRC significantly improved
progression-free survival and response rates in patients with K-ras wild-type
tumours“?®. Subsequent reanalysis of these results with extended RAS testing showed
that patients with mutation in K-ras and N-ras exons 2 — 4, gained no benefit from
treatment with cetuximab and may suffer detrimental effects™?”). Unfortunately, these
results were not confirmed by the COIN (Addition of Cetuximab to Oxaliplatin-based
First-line Combination Chemotherapy for Treatment of Advanced Colorectal Cancer)
trial, a phase Il trial that investigated the addition of cetuximab to oxaliplatin-based
combination chemotherapy as 1% line treatment for mCRC. Although the addition of
cetuximab improved the response rate, there was no improvement in progression-free

(128) " These results mean

survival or overall survival, even in K-ras wild-type patients
that cetuximab plus oxaliplatin-based chemotherapy is not recommended as 1% line

palliative treatment for mCRC.

The addition of cetuximab to both oxaliplatin-based and irinotecan-based combination
therapy improves the resection of liver metastases, including RO resections**?. Single
agent cetuximab has also a 12% response rate in patients with disease refractory to
fluoropyrimidines, irinotecan and oxaliplatin®®. In combination with irinotecan-based
chemotherapy, cetuximab improves response rates, progression-free survival and

overall survival as 3" line treatment of mCRC®*3Y),

NICE guidelines recommend the use of cetuximab for 1% line treatment in mMCRC only

in cases where all the following criteria are fulfilled**?:

e The primary tumour has been resected or is potentially operable,
e Metastatic disease is confined to the liver and is unresectable
e The primary tumour can be resected and the liver metastases become resectable

after treatment with cetuximab.
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Panitumumab is a recombinant, fully human 1gG2 monoclonal antibody against EGFR.
Phase 111 trials confirm that panitumumab improves progression-free survival compared
to best supportive care in chemotherapy refractory mCRC**®. The PRIME study
(Randomized phase Il trial of panitumumab with infusional fluorouracil, leucovorin
and oxaliplatin (FOLFOX4) versus FOLFOX alone) initially showed that as 1% line
treatment for mCRC, panitumumab improved progression-free survival compared to
FOLFOX in patients with wild-type K-ras, but no significant difference in overall
survival was found™?®. Further retrospective extended RAS analysis demonstrated a
significant improvement in both progression-free survival and overall survival in the
subgroup of patients who had no RAS mutations®®?. As 2" line treatment,
panitumumab with FOLFIRI improved progression-free survival but not overall
survival in K-ras wild-type patients with mCRC refractory to fluoropyrimidine

treatment®3®.

Panitumumab is currently licensed as monotherapy for treatment of EGFR-expressing
mCRC with K-ras wild-type after failure of treatment with fluoropyrimidine, irinotecan
and oxaliplatin. However, NICE guidelines do not recommend the use of Panitumumab

in this setting.

The K-ras gene has played a substantial role as a biomarker for responses to cetuximab
and panitumumab. Not only do patients with wild-type K-ras significantly benefit from
treatment with cetuximab and panitumumab in contrast to those with the K-ras
mutation, the K-ras mutation resulted in no improvement and occasionally worse
outcomes. Results from the OPUS study showed that treatment of K-ras mutant
tumours with FOLFOX-cetuximab significantly reduced response rates (34% vs. 53%;
odds ratio 0.459, p = 0.0290) and progression-free survival compared to patients who
received FOLFOX alone (5.5 months vs. 8.6 months, hazard ratio 1.720, p =
0.0192)*%) . Therefore K-ras mutational status is a highly predictive selection criterion
for treatment of MCRC with EGFR inhibitors.

1.6.7. Cancer drugs fund

The Cancer Drugs Fund (CDF) was set up by the government in October 2010 to
improve access to cancer drugs that were not routinely available on the NHS. These
drugs were generally agents that were either awaiting appraisal, or had been appraised

by NICE but not approved for routine NHS use because they did not meet the required
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clinical and/or cost-effectiveness criteria. It was initially commissioned to continue
until March 2014, but was subsequently extended until March 2016. By 2014/15,1 in5
cancer patients starting new treatment were using drugs supported by the CDF (Ref
Report — Investigation into the Cancer Drugs Fund, National Audit Office,
Department of Health and NHS England, Session 2015 — 2016, 17 September
2015).

Patients received access to drugs such as Bevacizumab and Cetuximab via the CDF.
From April 2013 — March 2015, 19% of patients using the fund were provided access to
Bevacizumab. Patients at University Hospitals of Leicester (UHL) receiving first-line
treatment for metastatic colorectal cancer were able to access Bevacizumab via the CDF
from the onset of the CUFOX study. Cetuximab plus FOLFIRI as first line treatment
for metastatic colorectal cancer became available at UHL after September 2012. From
this point, FOLFIRI plus Cetuximab became the recommended first-line treatment for
patients found to have K-ras wild-type mCRC.

1.7. Curcumin

1.7.1. Background
Curcumin is derived from turmeric (Curcuma longa), a rhizomatous plant found in

southern and south eastern tropical Asia™*®.

This perennial herb is a member of the
ginger family and has a wide range of functions in Asian communities. The average
Indian diet is thought to contain a daily intake of 2 to 2.5 grams of turmeric. Based on
the curcumin content of 3 — 5% in the dry rhizome, this is the equivalent of

approximately 60 to 100 mg of curcumin daily**"

. Turmeric is also used as a dietary
pigment, a preservative, and in the textile and pharmaceutical industries. Its use in
Asian medicine dates back to at least the second millennium BC. Ancient Hindu texts,
including the Ayurveda, have described its various uses“®*®. Its medicinal properties
include treatment for wounds, inflammation, biliary disorders, anorexia, cardiovascular

disease, hepatic disorders, rheumatism, sinusitis and tumours.

Curcuminoids are phenolic compounds derived from turmeric by ethanol extraction.
Curcumin [1,7-bis-(4-hydroxy-3methoxyphenyl)-1,6-heptadiene-3,5-dione] is a low
molecular weight polyphenol and is the most active constituent of turmeric®*®. Vogel

and Pellatier first described the structure of curcumin as C,1H5006 in 18159, 1n 1910
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Lampe et al identified it as a diferuloylmethane, and this was confirmed by chemical
synthesis in 1913™9. 1t is a bright yellow crystalline powder that is responsible for the
colour of turmeric and curry powder. Curcumin is used internationally as a colouring
agent in various foods (e.g. cheese, mustards, spices, yoghurts, soups and cereals) and
carries the food additive number E100. It is also available in an encapsulated form as a
health food supplement.

Over the past few decades, there have been numerous studies showing the benefit of
curcumin as an antioxidant, anti-inflammatory, and cancer chemopreventive agent.
Research also indicates that curcumin may have potential as a chemotherapeutic agent.
The characteristics of curcumin and the research conducted so far will be discussed in

more detail.

1.7.2. Physical and chemical properties

Extracted curcumin powder contains approximately 75% curcumin (molecular
weight/MW 368.87), 10% - 20% demethoxycurcumin (DMC; MW 338) and less than
5% bisdemethoxycurcumin (bDMC; MW 308)**Y. BDMC is thought to convert to

DMC which then becomes curcumin®? (See Fig 1.5). Curcumin is highly

O O

Ae
OH

photosensitive and has a melting point of 183°C.
l Bisdemethoxycurcumin

<8
HO
<5%
o o (<5%)
MOCHS
HO OH

l Demethoxycurcumin
OCHj, (10% - 20%)

HO OH
g L
= OCHs
O O

Curcumin
(~75%)

Figure 1.5 Curcuma longa and curcuminoids (Adapted from ®3%)
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Curcumin is a lipophilic molecule that is soluble in acetone, ethanol and
dimethylsulfoxide, but relatively insoluble in water. It consists of two aromatic rings
linked by two unsaturated carbonyl groups, with hydrogen-bonding of the central OH
group providing the stability for the molecule. Curcumin has the biochemical properties
to act as a free-radical scavenger and anti-oxidant as mechanisms of preventing cell
damage. Under alkaline conditions curcumin is very unstable and degrades in less than
30 minutes to trans-6-(4’hydroxy-3’methoxyphenyl)-2,4-dioxo-5-hexanal, ferulic acid,
feruloylmethane and vanillin®™®. The rate of decomposition is significantly slower
under acidic conditions, with less than 20% of the total curcumin being degraded at 1

hour!44

. This accounts for curcumin’s stability in the gastrointestinal tract where the
pH is 1 — 6. Curcumin degradation appears to be completely inhibited in the presence
of foetal calf serum or human blood, or by adding antioxidants (e.g. ascorbic acid, N-
acetylcysteine or glutathione). In cell culture medium containing 10% foetal calf serum
or in human blood, less than 20% of the total curcumin is degraded in 1 hour compared
to 90% within 30 minutes in serum-free medium®*. Curcumin is also photosensitive

and should be protected from light to avoid degradation.

1.7.3. Anti-inflammatory effects

Curcumin has been shown to have potent anti-inflammatory effects, primarily due to its
inhibition of COX-2 expression and the resultant reduction in prostaglandin synthesis.
COX-2 expression can be induced by cytokines, growth factors, hormones, oncogenes
and tumour promoters. Overexpression of COX-2 promotes tumour growth by
inhibiting apoptosis and disrupting cell adhesion properties**®, and is observed in a
variety of tumours including colon, rectum, breast, head and neck, lung, pancreas,
stomach and prostate**®. Studies have shown that inhibition or genetic knock-out of
COX-2 in mice with a germline knock-out mutation of the APC tumour suppressor
gene, and in rats exposed to azoxymethane (colon carcinogen), significantly inhibited

the development of colonic tumours®*”.

Curcumin has been shown to inhibit COX-2 gene expression in oral and colon epithelial
cells in vitro®®. At a concentration of 20 pM, curcumin significantly reduced
chemically induced PGE2 production in colon cells to pre-induction levels®?.
Curcumin’s inhibition of COX-2 is thought to be at the transcriptional level, as opposed

to inhibiting the enzyme’s catalytic activity. COX-2 induction is mediated by the
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transcription factor nuclear factor kappa B (NF-kB). NF-kB release and resultant
nuclear translocation occurs following the phosphorylation of IkB (inhibitor of kappa B)
by NF-«kB-inducing kinase (NIK) and IkB kinases (IKKga and B). Curcumin, like
aspirin, acts by preventing IkB phosphorylation by the NIK/IKK signalling pathway and
inhibits NF-kB release™®. Therefore the use of curcumin should reinstate cellular
apoptosis. This was confirmed by research showing that the use of curcumin in rats
exposed to azoxymethane increased the percentage of apoptotic cells and decreased

tumour incidence by 50%%%.

1.7.4. Pro-apoptotic effects

Curcumin has a stimulatory effect on both the intrinsic and extrinsic apoptotic
pathways. The intrinsic (mitochondrial) pathway involves p53 regulation of the pro-
apoptotic protein Bax. This protein inhibits the anti-apoptotic protein Bcl-2 and enables
release of cytochrome c. Cytochrome c enables the initiation of the caspase cascade
that leads to cell death. Curcumin upregulates p53 expression by increasing Bax
expression and thus stimulates the release of cytochrome ¢®?. It also inhibits the

(153)

expression of Bcl-2 in breast cancer cell lines*™™”. Apoptosis was increased in breast

cancer cell lines treated with curcumin, associated with an increase in p53, raised p53

DNA binding and Bax expression®*

. The extrinsic (death receptor) pathway is
triggered by “death activators” (e.g. TNF™-¢ and Fas ligand) binding to and activating
to their cell surface receptors. The activated receptors stimulate the caspase cascade via
activation of caspase 8. A melanoma study showed that curcumin promotes aggregation
of Fas receptors and increases caspase 8 levels, which stimulates apoptosis™®.
Curcumin has been shown to stimulate caspase-3-induced apoptosis in hepatic cancer

cell lines*®®)

1.7.5. Effects on angiogenesis and metastasis

Curcumin has demonstrated anti-angiogenic activity in vitro and in vivo by inhibiting
pro-angiogenic growth factors, enzymes and inflammatory mediators associated with
neovascularisation including basic fibroblast growth factor (bFGF), VEGF,
angiopoetin-1 and 2 (AP-1 and AP-2), COX-2, matrix metalloproteinase-9 (MMP-9)
and NF-kB®®".  Hepatocellular carcinoma cells treated with curcumin showed

decreased tumour neocapillary density compared to untreated cells, with reduced levels

° IKK — Ixp kinase
1% Tumour necrosis factor
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of angiogenic biomarkers COX-2 and VEGF™®. There is also evidence that curcumin
affects intracellular adhesion molecules (e.g. p-catenin, E-cadherin and APC) that are

involved in tumour growth and metastasis™**?.

The effects of curcumin on NF-xB could also be significant as NF-kB over-expression
is associated with drug-resistance. A number of chemotherapy agents (e.g. paclitaxel,
doxorubicin, oxaliplatin) interact with this pathway, therefore its inhibition by curcumin
could result in enhanced cytotoxic effects®?.

1.7.6. Curcumin and cancer stem cells

According to the cancer stem cell hypothesis, tumour initiating cells (TIC) are a
subpopulation of highly tumourigenic cells with stem cell-like phenotypes that are
responsible for tumour formation. These cells have the capacity for self-renewal,
differentiation, invasion and metastasis*®>. They are thought to have a higher degree of
innate or acquired chemo-resistance and failure to eradicate these cells results in disease
recurrence. Resistance to cisplatin and paclitaxel in breast cancer®® and gemcitabine in
pancreatic cancer have been attributed to TICs**®.  Curcumin inhibits the Notch,
hedgehog and Wnt signalling pathways that are associated with TICs"®*1%)  \wnt
signalling has been significantly reduced after curcumin administration in both normal
and malignant breast stem cells without causing toxicity in differentiated cells®®®.
Chemoresistant (FOLFOX-surviving) HCT-116 or HT-29 colon cancer cells also
responded with marked decreases in TICs after treatment with curcumin either as a
single agent or in combination with FOLFOX®". Therefore curcumin could have a

useful influence in preventing chemoresistance.

1.7.7. Antioxidant activity

The chemical structure of curcumin provides it with antioxidant activity. It is able to
inhibit lipid peroxidation and neutralize lipid free radicals™®®. In vitro and in vivo data
in rats demonstrate curcumin’s ability to scavenge reactive oxygen species (ROS)
produced by macrophages®®. Inducible nitric oxide synthetase (iNOS) is an enzyme
induced in macrophages in response to oxidative stress. It generates large volumes of
nitric oxide (NO) that can react with superoxide radicals and produce toxic
peroxynitrite.  Curcumin reduces the activation of ROS by downregulating INOS

activity in macrophages“™.
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1.7.8. Preclinical studies

1.7.8.1. Preclinical pharmacokinetics

Preclinical and clinical studies show curcumin to have limited systemic

(138171171 stydies of oral curcumin administered to rats demonstrated

bioavailability
that the vast majority was excreted in faeces with 60 - 66% of the given dose being
absorbed and approximately one-third not being systemically metabolised®’®. Both
intravenous and intraperitoneal doses were excreted in bile with over 50% of the
intravenous dose excreted within 5 hours“”®. Preclinical work with isolated human
hepatocytes or liver or gut microsomes and further studies of oral administration of
curcumin in rats suggests very rapid metabolism of curcumin, which occurs in a matter
of minutes. Plasma levels of curcumin in the rat studies were low, with higher levels of
curcumin metabolites™*®). Traces of curcumin are also found at low concentrations in
the rat liver and kidneys, suggesting there is some uptake in organs distal to the
intestine™’?. Therefore it appears that curcumin has low systemic bioavailability, with
oral doses being metabolised in the intestine while absorbed curcumin is excreted in the

bile following rapid first-pass metabolism®*%.

The chemotherapeutic potential of curcumin has been demonstrated in a number of in

vivo studies performed using murine models (see Table 1.2).
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Table 1.2 - Examples of pre-clinical studies reporting mechanisms of action and
efficacy of curcumin in cancer. 8-0x0-dG - 8-Oxo-2'-deoxyguanosine; AP-1 —
Activator protein 1; APC — adenomatous polyposis coli; COX-2 — cyclooxygenase-2;
IBD — Inflammatory bowel disease; MG - 3-(2-deoxy-B-di-erythro-pentafuranosyl)-
pyr[1,2-a]-purin-10(3H)one; MAPK - Mitogen-Activated Protein Kinases; NF-kfp -
Nuclear factor kappa B; NO — Nitric oxide; SLJ/J - Swiss Jim Lambert J; TRAMP -
Transgenic Adenocarcinoma of the Mouse Prostate; TNF-a — Tumour necrosis factor o

Cancer Model Curcumin Observations Ref
dose
Colon cancer | Male Rat 0.6% Augments inhibitory effect of ur)
curcumin celecoxib on tumour growth
+ celecoxib
(=0.4g/kg)
Colon APC Min Mouse 2% Lifetime curcumin reduced ur)
Adenoma N =4 per group (4vs 14 | (=1.2g/kg) COX-2 expression, 8-0xo0-dG and
wks curcumin) 4vs 14 weeks | M1G
Short-term feeding did not affect
total adenoma number or COX-2
expression, but decreased M;G
Prostate Female TRAMP mice 2% Decreased tumour formation ure)
N =9 controls vs 12 (=1.2g/kg) Increased apoptosis
cancer 10-16 weeks Decreased proliferation
Squamous Female nude mouse 50-250 umol | Xenograft tumour growth urmn
cell xenograft Topical paste | inhibition by curcumin paste
carcinoma N =12 curcumin vs 5 3 weeks

controls

Breast cancer

Female Foxn1™™ mice,

0.65 curcumin

Inhibition of tumour growth and

I78)

N = 8 controls and 8 for 6 weeks angiogenesis. Downregulation of
curcumin NF- « B regulated expression of
cyclin D1, PECAM-1, and p65.
Pancreatic Nude mice, Sprague 40 mg/kg IV, | Reduction in tumour size and ue)
cancer Dawley, 3 times/week | angiogenesis attributed to

N =5 per group
(curcumin vs liposomes
vs saline)

inhibition of NF-kB mechanisms.
No toxicity.

Lung cancer | CD-1 female nude mice, | 50mg/2.5ml/k | Dose dependent suppression of 50
N =4 per group g Stat3 phosphorylation and
(curcumin for 3vs 9 intraperitoneal | reduced cell proliferation.
days vs control) injections,
Cervical Female Swiss albino Curcumin 25 | Curcumin enhances tumour anti- | #%9
cancer mice. mg/kg i.p. proliferative effect of paclitaxel
N = 12 per group Paclitaxel 10 by downregulation of Akt/AP-
(curcumin vs paclitaxel | mg/kg 1/MAPK and NFKB.
vs curcumin+paclitaxel)
Glioma U87-derived xenografts | 30, 60, 120 Anti-proliferative effect on U8z
female nude mice. mg/kg i.p. tumour xenografts. Decreased
daily for 30 endothelial cell migration and
days tube formation, Decreased matrix

metalloprotease activity.

Dietary effects of curcumin have also been demonstrated in Min/+ mouse models of
human familial APC where it has been shown to inhibit the development of

adenomas™™.  The rate of adenoma formation was reduced by 39% and 40%
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respectively with diets containing 0.2% and 0.5% curcumin respectively. This indicates
chemopreventive potential for human inherited colorectal cancer. Data from this study
suggests that a daily dose of 1.6 g of oral curcumin would be required for a response in
humans. Lifetime administration of curcumin to APC ™™ mice downregulates COX-2
transcription by 66% and reduces levels of DNA adducts, the pyrimidopurinone adduct
of deoxyguanosine (M;dG) and 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxo-dG) by

39% and 24% respectively™®.

1.7.8.2. Curcumin and chemotherapy

In vitro and in vivo studies have shown that curcumin is able to enhance the cytotoxic

effects of chemotherapy and inhibit chemoresistance3#%)

. One such study, conducted
in Leicester, compared the antiproliferative effects of oxaliplatin and curcumin, as
single agents and in combination, on colorectal cancer cell lines*®®. The combination
of oxaliplatin and curcumin produced increased efficacy compared to either of the
single agents in both p53wt (HCT116 — p53 wild type) and p53mutant (HT29) cell
lines. Both single agents induced apoptosis, but there was a 16-fold increase in p53
induction with agents combined. Likewise, in HCT116 p53wt and p53 cell lines,
addition of curcumin enhanced the cytotoxic effects of oxaliplatin in overcoming
chemoresistance, irrespective of p53 status, both in vitro and in vivo, without altering
oxaliplatin’s ability to form DNA-platinum adducts®®). Therefore the addition of
curcumin to oxaliplatin may constitute a multitargeted approach, where curcumin and
oxaliplatin operate using independent mechanisms of action. The p53 wild type cell
lines were more sensitive, suggesting that p53 upregulation does have some influence
on response. Translation of the combination to an in vivo setting resulted in a decreased
tumour volume compared to control, oxaliplatin and curcumin alone, accompanied by
decreased immunoreactivity in the pro-proliferation markers Ki-67 and Notch-1 and a
4.4-fold increase in the apoptosis marker caspase-3. These heightened effects have
been associated with curcumin inhibiting EGFR and IGF-1R (insulin-like growth factor

1 (IGF-1) receptor) signalling pathways®?.

1.7.8.3. Curcumin and neuropathy

In vitro and in vivo studies suggest that curcumin use may be beneficial in alleviating

(186,187)

peripheral neuropathy Oral curcumin was shown to reduce the neuropathy
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(187 " Further studies in

phenotype in the Trembler-J mouse model for human neuropathy
diabetic mice also showed that chronic treatment with curcumin had an antinociceptive
effect, with significantly reduced thermal hyperalgesia and hot-plate latencies™®®.
These results indicate that curcumin may potentially alleviate dose-related peripheral
sensory neuropathy, which is one of the dose-limiting toxicities experienced with

oxaliplatin chemotherapy.
1.7.9. Clinical studies

1.7.9.1. Bioavailability of curcumin

Clinical studies have investigated the pharmacokinetics of curcumin in humans. A
phase | study was performed in Leicester where doses of 0.45 g to 3.6 g daily of
curcumin were administered to 15 patients with advanced colorectal cancer refractory to

standard chemotherapy™®?.

The 3.6 g daily dose resulted in detectable levels of
curcumin and its conjugates in plasma and urine samples. The lower doses did not
produce significant detection of curcumin or its metabolites in the urine samples. This
suggests that curcumin is not preferentially excreted by the kidneys. Renal function
appears to have no effect on curcumin metabolism, whilst there is evidence to suggest
that curcumin could improve renal function®®®. Other trials have shown only trace
levels of curcumin in serum following oral doses of less than 2 g daily. Oral
administration of 4 g and 8 g of curcumin daily have produced serum levels of 0.51 uM

and 1.77 uM respectively™®?.

Oral doses of up to 12 g daily have been given to
patients, resulting in peak plasma concentrations at 1 to 2 hours after loading, and

trough levels at 12 hours™™.

Further studies administered doses of 0.45 g to 3.6 g oral curcumin daily for 7 days to
patients prior to surgery for colorectal cancer or liver metastasis secondary to colorectal
cancer®>1%)  The colorectal patients who received 3.6 g daily showed concentrations
of 12.7 + 5.7 nmol/g in normal and 7.7 + 1.8 nmol/g in malignant colorectal tissues®?.
There were metabolites (curcumin sulphate and curcumin glucuronide) found in the
intestinal tissue and trace levels of curcumin in peripheral circulation. Topical levels
were detected on the mucosa for several days after ingestion, which is noteworthy
because the therapeutic effects of curcumin might involve both topical and systemic

a77)

activity The patients with liver metastases showed low nanomolar levels of
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curcumin and its conjugates in peripheral blood samples and no parent compound in the
liver tissue. Only trace levels of curcuminoids were detected in the liver®®®. Therefore
3.6 g daily of oral curcumin results in sufficient levels in colorectal tissue to produce a
pharmacological effect, however there is negligible distribution in tissues distant to the
gut. Evidence from a clinical trial on patients with pancreatic cancer does suggest that
despite its poor bioavailability and limited evidence of its presence at the target site,
curcumin may still exert a clinical effect on organs distal to the intestine®®".
Nonetheless the question remains as to what dose of curcumin is required to produce a
pharmacologically and clinically efficacious level of curcumin in tissues outside the
gastrointestinal tract.
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Table 1.3 - Summary of completed phase I and Il clinical trials reporting pharmacodynamics and pharmacokinetics of curcumin
C3-complex (n=10) and other similar curcumin formulations (n=20). 5-HETE - 5-hydroxy-eicosatetraenoic acid; BAX - BCL2-
Associated X Protein; BCL2 - B-cell lymphoma 2; CRC — colorectal cancer; ESR — erythrocyte sedimentation rate; GST - glutathione S-
transferase; HDL — high density lipoprotein cholesterol; IL-1 — interleukin 1B; IL-4 — interleukin 4; MG - 3-(2-deoxy-B-di-erythro-
pentafuranosyl)-pyr[1,2-a]-purin-10(3H)one; PD — Pharmacodynamics; PGE — Prostaglandin E; PK — Pharmacokinetics; SUSAR -
Suspected unexpected serious adverse reaction; VEGF - Vascular endothelial growth factor

Year | Country | Trial design, study group | Curcumin regimen | Observations Ref
and size
1992 | India Phase | 500 mg /day Raises HDL, lowers overall cholesterol 11% and peroxidises 33%. %)
N=10 one week Tolerated.
Healthy volunteers
2001 | UK Phase | Up to 4 g/day Well tolerated. No toxicity. %)
N=15 curcuma extract No curcumin or metabolites found in blood or urine but in faeces.
Colorectal cancer 4 months 440 mg caused maximal (59%) reduction in GST activity.
Pharmacokinetic Some efficacy noted after 2-4 months of treatment.
Pharmacodynamic
2001 | Taiwan Phase | 0.5-12 g/day Tolerated up to 8 g when drug became too bulky. No toxicity up to this dose. s
N=25 3 months Not found in urine. Plasma peak 1-2 hours.
Various pre-malignancies Plasma peaks; 4 g curcumin/0.51 pmol, 6 9/6.33 pmol, 8 g /1.77 pmol.
Tolerability No SUSARs reported.
Pharmacokinetics
2004 | UK Phase | 450-3600 mg/day Doses of curcumin required to furnish hepatic levels sufficient to exert 53
N=12 1 week pharmacological activity are probably not feasible in humans.
Colorectal liver metastases | C3-complex No parent compound in liver. Curcuminoids in liver only at 3.6 g.
Pharmacokinetic No change in DNA adducts. Not found in urine.
Pharmacodynamic Trace in serum at highest dose, Increase in M;G adduct levels post-treatment
perhaps due to surgery.
2004 | UK Phase | 0.45 — 3.6 g/day Low systemic bioavailability. Recommend 3.6 g minimum. No toxicity, mild s
N=15 4 months diarrhoea. 3.6 g inhibits PGE2 in leucocytes. M;G and GST not affected.
Healthy volunteers C3-complex 3.6 g generates detectable parent compound and conjugates in plasma and urine
Biomarker study (expressed as adducts/107 nucleotides).
2005 | USA Phase | 360 mg 4x /day Tolerated. usn
N=5 2 months Reduced symptoms.
Inflammatory bowel Reduced inflammatory markers.
disease No PK/PD data. No toxicities reported.
33
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Year | Country | Trial design, study group | Curcumin regimen | Observations Ref
and size

2005 | UK Phase | 450-3600 mg/day COX-2 not reduced in CRC tumour. %)
N=12 1 week Decreases M;G.
Colorectal cancer C3-complex Dose up to 3.6 g safe and is probably minimum required for efficacy.
Pharmacokinetic Negligible distribution outside the gut; 12.5 nmol/g in normal mucosa, 7.7 nmol/g
Pharmacodynamic in malignant tissue.

2005 | India Phase | 500 mg/day Reduced inflammation (ESR) %)
N=20 + 5 mg piperine Increase glutathione synthesis.
Tropical pancreatitis 6 weeks No change in pain.
Efficacy 100% compliance, no adverse events.

2006 | Japan Phase 11 2 g per day with Safe medication for maintaining remission in patients with quiescent ulcerative %)
N=43 with control arm mesalazine colitis
Ulcerative colitis 6 months

2006 | USA Phase | 500-12000 mg/day | 30% (7 of 24 subjects) experienced minimal toxicity. Tolerance of curcumin in 200)
N=24 14 days high single oral doses appears to be excellent. 7 grade | adverse events.
Healthy volunteers C3-complex No curcumin in serum in doses up to 8000 mg. Traces found in serum at doses
Dose escalation above 10000 mg /50 ng/mL and 12000 mg/57.6 ng/mL in 2 patients.

2007 | USA Phase |1 8 g/day, initially 8 Feasibility and tolerability demonstrated. No treatment-related toxic effects. el
N=25 weeks then Possible efficacy despite low bioavailability. Peak curcumin 41 ng/mL. Plasma
Pancreatic cancer until progression peaks of curcumin released from conjugate forms ranged from 0 to 125 ng/mL at
Feasibility C3-complex 2 hours.

2008 | USA Phase | 6 pts 10 g/day Only 1 patient had detectable free curcumin. @D
N=12 6 pts 12 g/day Peak serum 35 pg/ml.
Healthy volunteers 72hr assay t1/2 3 hr and 6 hr for 10 g and 12 g respectively. Tmax 10 hr.
PK and PD C3-complex No adverse events above grade | were reported.

2010 | Israel Phase II 8 g/day Feasible, Safe, possible efficacy. @02
N=17 + gemcitabine 8 g is a large dose to administer and can cause abdominal pains. Dose reduction to
Pancreatic cancer 4 weeks 4 g favourable. 30% stopped due to abdominal pains.
Feasibility C3-complex Increase in serum cytokines. No PK data.

2011 | USA Phase Ila 2or4gfor30days | 25 of 41 participants (61%) had grade-1 and -2 toxicity, primarily gastrointestinal | %
Colon cancer screening C3-complex disturbances. Decrease aberrant crypt foci number, PGE2 concentrations did not
N=41 change significantly. Curcumin also did not reduce 5-HETE concentrations

2011 | China Phase | 360 mg TDS 10— | Up-regulation of p53. Weight gain in patients taking curcumin. Increase in BAX, | **¥

Colon cancer
N = 63, with controls

30 days

decrease in BCI-2. No toxicities reported.

Chinenye lwuji

34
Chapter 1 - Introduction




Year | Country | Trial design, study group | Curcumin regimen | Observations Ref
and size
2011 | Iran Phase 11 500 mg turmeric 3 x | No adverse events @0s)
Type 2 diabetic daily (66.3 mg
nephropathy curcumin), 2 months
N =20 + 20 controls
2012 | Iran Phase 11 1 g curcumin daily | Increased antioxidant enzyme activity, alleviates pruritic symptoms and improves | “™
Sulfur mustard-induced for 4 weeks + 5mg | quality of life scores.
pruritis Bioperine 6 participants did not complete study due to gastrointestinal side effects.
N =46 + N = 50 controls
2012 | USA Pilot study 500 mg curcumin Curcumin provided significant improvement in patients with active rheumatoid @on
Rheumatoid arthritis twice daily +/- arthritis and was not associated with any adverse events. Curcumin safe and well
N=15 per group diclofenac tolerated
2012 | Australia | Phase Il 4 g curcumin daily | Free light chain ratio decreased in both patient groups suggestive of better ©08)
Monoclonal gammopathy for 3 months prognosis. 1 patient withdrew at 4 g dose. No safety issues reported.
of undetermined followed by 3 month
significance (MGUS), N= placebo cross-over.
19 Optional 8 g
Multiple myeloma, N=17 extension study for
further 3 months.
2012 | UK Pilot study 2.35 g curcuminoids | Measurement of curcumin in plasma and colorectal tissues. All biopsies saw @09
Colon cancer daily for 14 days levels of 18.85+/-6.8 g/g tissue.
N=28 prior to surgical 13 adverse events (grades 1-2) attributable to curcumin in 6 patients. Abdominal
resection. pain, bloating, diarrhoea, dyspepsia, flatulence, nausea, vomiting.
C3-complex
2013 | USA Phase II 2 g curcumin, 3 x Significantly fewer curcumin-treated patients exhibited moist desquamation. @)
Breast cancer — radiation daily. No adverse events reported.
induced dermatitis
N=15 + N=15 controls
2013 | USA Phase 11 6 g/day. 7 days per | 4 complete PSA responses and 13 partial responses observed. @

Castration resistant prostate
cancer.

Combination with
docetaxel.

N=30

docetaxel cycle
beginning 4 days
prior and ending 2
days post.

No adverse events were attributable to curcuminoids.
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Year | Country | Trial design, study group | Curcumin regimen | Observations Ref
and size
2014 | Brazil Phase |1 Curcumin solution at | Decrease in gingival bleeding index, but no improvement in plaque formation @)
Gingival plaque reduction 1.5 mg/mL + compared to standard care. No adverse events reported
in combination with photodynamic
photodynamic therapy, vs therapy. 1 x weekly
chlorhexidine varnish. N = | for 4 weeks.
45
2015 Randomised, double blind, | Curcumin taken for | Curcumin influences markers associated with ant-depressant mechanisms of @)
placebo-controlled study 8 weeks at 500 mg action, No adverse events reported
investigating the potential twice daily
of peripheral biomarkers to
predict treatment response
and antidepressant
mechanisms of change. N =
50
2015 | Iran Phase 11 open labelled trial. | 200 mg curcumin Curcumin/piperine co-administration significantly improves treatment efficacy in | ©*¥
Compared (C3 complex) +10 | alleviation of symptoms of depression. No adverse events reported.
curcumin/piperine with mg piperine, daily
standard anti-depressant for 6 weeks
medication. N = 111
2014 Randomised, double-blind, | 500 mg curcumin Evidence for efficacy observed 4 — 8 weeks following end of intervention. No \e15)
placebo-controlled study, twice daily for 8 adverse events reported.
assessing efficacy of weeks.
curcumin in major
depressive disorder. N = 56
2014 | Iran Randomised, double blind, | 500 mg curcumin + | Curcuminoids showed significant nociceptive effect in osteoarthritis. No 115)
placebo-controlled study, 5 mg bioperine 3 x significant adverse effects were reported. AEs reported were of a mild
investigating curcumin for | daily for 6 weeks. gastrointestinal nature, and were not significantly increased in frequency
knee osteoarthritis. N = 40 compared to placebo control.
2014 | Iran Randomised, double blind, | 2 x 500 mg Curcumin decreased circulating IL-1/3, IL-4 and VEGF. Seven participants @0

placebo-controlled study,
investigating curcumin for
effects on serum cytokines
in obese individuals. N =
37

curcumin +5mg
bioperine for 30
days, 2 week wash-
out and then cross-
over to placebo or
intervention
accordingly.

withdrew due to adverse events consisting of: constipation, bloating and increased
frequency of urination.
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Year | Country | Trial design, study group | Curcumin regimen | Observations Ref
and size

2014 | Thailand | Double blind randomised 1.2 g ibuprofen vs Curcuma extracts were as efficacious at pain reduction and functional 18]
controlled trial assessing 1.5 g curcuma improvement as ibuprofen. Dyspepsia and nausea rates were higher in the
efficacy of curcuma extra extracts daily for 4 ibuprofen group, whereas the occurrence of loose stools was higher in the
vs ibuprofen in pain relief weeks. curcuma group.
for knee osteoarthritis. N =
367

2015 | ltaly Phase 111, single-dose, Topical Curcumin downregulated T-cell mediated inflammation. One adverse event of @19

randomized,
double-blind, placebo-
controlled clinical trial in
patients with chronic
plaque psoriasis, using
Meriva. N = 63

methylprednisolone
aceponate 0.1%
plus 2 g per day of
Meriva (2 tablets of
500 mg, twice daily)
(arm 1) or topical
methylprednisolone
aceponate 0.1%
ointment plus
matching placebo

diarrhoea was reported.
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1.7.9.2. Curcumin dosing for pharmacological effect

Dosing of curcumin remains a challenge due to its poor absorption, rapid metabolism
and low systemic bioavailability. Clinical studies have required oral doses ranging from
4 g to 8 g daily to achieve serum levels necessary for efficacy. In vivo studies suggest
1.6 g oral curcumin daily might be sufficient to exert a biological effect in humans,

4 Conversion of pre-

producing a colonic mucosal concentration of 0.1 umol/g
clinical data to human dosing is complex. Trials giving 2 g oral curcumin daily
detected trace levels of curcumin in human serum, whilst curcuminoids were detected in

(193)

hepatic tissue after a 1 week course of 3.6 g curcumin daily*™. Thus it appears that a

minimum dose of 2 — 4 g is required for a pharmacological effect, particularly in organs

t189199)  There is

distal to the gut*®®. Compliance rates at this dose range are excellen
the risk that higher doses, with the possibility of larger capsule size and number, would
reduce compliance. Despite concerns about increased adverse effects, trials have shown
tolerance to, and feasibility of oral doses of 8 g for three months®™®, 4 g for four
months*®1%) and 5 g for 5 months®>>. Optimal peak plasma levels would be achieved
if curcumin was ingested as a single daily dose. If, however, it becomes evident that the
topical effect is more beneficial against luminal disease, divided doses may prove

equally effective®).

1.7.9.3. Clinical trials with curcumin

Curcumin has shown promising results in phase | trials investigating its anticancer
effects. Curcumin was used as topical treatment in patients with oral cancers and
leukoplakia. Ten per cent of the 62 participants showed a reduction in lesion size,
whilst 70% of patients noted drying of their lesions®??. In colorectal cancer, two phase
| studies investigated the effect of oral curcumin given in doses of 0.36 g to 1.80 g

(189.223) |

daily, and 0.45 g to 3.6 g daily for 4 months in patients with advanced diseas n

the first trial, 5 out of the 15 participants demonstrated radiologically stable disease for

2-4 months of treatment, and a significant decrease in carcinoembryonic antigen (CEA)

@2 Two participants in the second trial experienced

(189)

was noted in another patient

radiologically stable disease for up to 4 months

Curcumin has been combined with docetaxel chemotherapy in a phase |1 trial of patients

with advanced and metastatic breast cancer®®. The maximum tolerated dose in this
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study was 8 g oral curcumin daily. Fourteen patients were recruited with eight having
disease measurable according to RECIST criteria. Five of these patients demonstrated a
partial response to treatment and three showed stable disease, with no reports of disease
progression. One of these patients, who had initially been classed as having inoperable
disease, had no residual tumour after 6 cycles of treatment and subsequently underwent

a mammectomy.

A number of phase Il trials have investigated the use of curcumin in patients with

(194,202,225)

pancreatic cance A study enrolling 21 patients with gemcitabine-resistant

pancreatic cancer administered 8 g oral curcumin daily in combination with

gemcitabine-based chemotherapy®@?®

. The phase I arm of this study established 8 g as
the recommended dose for phase Il investigations. No dose-limiting toxicities were
observed and the median compliance rate was 100%. A second phase Il study recruited
17 patients with advanced pancreatic cancer, again using 8 g oral curcumin daily in

combination with gemcitabine®®?

. Of the 11 evaluable patients, one (9%) had a partial
response, 4 (36%) had stable disease, and 6 (55%) experienced disease progression.
Median time to progression was 2 and a half months (range 1 — 12 months) with a
median overall survival of 5 months (range 1 — 24 months). This study reported low
compliance rates with the 8 g dose when taken with gemcitabine. Curcumin has also
shown biological activity when used as a single agent in patients with advanced
pancreatic cancer®”. Despite showing poor oral bioavailability, a curcumin dose of 8 g
daily resulted in one of the 21 patients evaluated having stable disease for over 18
months. A second patient experienced 73% tumour regression, however this response

was short-lived, lasting only 1 month. No toxicities were reported in this study.
1.7.9.4. Toxicity

Preclinical studies of curcumin have revealed no significant toxicity. In vivo studies
were conducted in rats where doses of up to 5 g/kg were administered orally and
produced no apparent toxic effects®?®. Almost 40 clinical trials recruiting over 800
participants have been conducted using curcumin with little discernible toxicity (Table
1.4)%_ gide-effects tend to be gastrointestinal and dose-related, with symptoms
improving after dose reduction. These typically include loose stools, abdominal
bloating, reflux and abdominal discomfort. No toxicities were reported in a trial where
up to 8 g daily of oral curcumin was administered to patients with pre-invasive
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malignant or high risk pre-malignant conditions for 3 months®?.  Similarly, minimal
side-effects were reported in patients with advanced colorectal cancer given doses of up
to 3.6 g oral curcumin daily for up to 4 months“®?. The two adverse events reported
were of diarrhoea (US National Cancer Institute (NCI) grades 1 or 2) in one patient
consuming 0.45 g daily after one month of treatment, and a second patient taking 3.6 ¢
daily after 4 months. Nausea (NCI toxicity grade 2) was reported in one patient taking
0.9 g curcumin daily, however this resolved spontaneously with the patient continuing
treatment. Elevated serum alkaline phosphatase levels were noted in four patients (2
patients — NCI grade 1, 2 patients — NCI grade 2), which may be related to curcumin.
Three patients also experienced a 150% rise in serum lactate dehydrogenase compared
to pre-treatment values. However, it remains unclear whether these abnormal blood
results were due to curcumin toxicity or disease progression. No effect on biochemical
and haematological parameters has been attributed to curcumin.

The main limiting factor with curcumin dose escalation is the volume of capsules
required to deliver doses greater than 8 g orally. One trial studying the safety of
curcumin in healthy volunteers administered single oral doses of curcumin escalating
from 0.5 g to 12 g®*?. Adverse effects (NCI grade 1), including diarrhoea, headache,
rash and yellowish stool, were experienced in 7 of the 24 participants. The maximum
tolerated dose of curcumin was not established because participants were unable to

tolerate the volume of tablets required for doses greater than 12 g.
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Table 1.4 - Summary of clinical studies reporting chemotherapy used in combination with curcumin C3 complex (n=3) and similar oral

curcumin formulations (case report), including toxicities observed.

Year Cancer Country Study size Dose of curcumin | Agent in Combination Observations Ref
2008 Pancreas Israel Phase 11 8 g daily Gemcitabine Feasible, safe, possible efficacy. 8 gisa | “*?
n=17 4 weeks lot to take and gives abdominal pains.
C3-complex Reduces to 4 g.
2009 Colon with liver | Germany Case report 5 g daily FOLFOX, interrupted at | 50% reduction in tumour size. @20)
metastasis n=1 5 months 3rd cycle Curcumin tolerated.
2010 Breast France Phase | 500 mg-8g for 1 Docetaxel Feasible, safe, possible efficacy. Most | @*¥
n=14 week, 3 weekly patients observed biological and or
C3-complex clinical improvements. Possibly dose
limiting toxicity due to curcumin, 2
patients with grade 111 diarrhoea.
2011 Pancreas Japan Phase /11 8 g daily Gemcitabine 8 g per day accepted as a tolerable dose | %)
N=21 C3-complex of curcumin. No patients withdrew from
the study. No toxicities attributable to
curcumin. Early survival data —no
significant difference.
2013 Prostate USA Phase II 69 daily Docetaxel 4 complete PSA responses and 13 @
N=30 partial responses observed. No adverse
events were attributable to
curcuminoids
2015 Bowel UK Phase | dose 0.5 — 2 g daily FOLFOX Eleven of twelve participants (91.7%) @2
escalation showed stable disease or partial
N=12 response to treatment after 6 cycles of
chemotherapy. The most common
curcumin-induced side effects were
constipation (25.0%), dry mouth
(16.7%) and flatulence (16.7%). All
adverse events reported were grade 2 or
less.
41
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1.8. Biomarkers

A biomarker is a biological characteristic that may be molecular, anatomical,
physiological or biochemical in nature, which is objectively measured and evaluated as
an indicator of normal biological processes, pathological processes, or pharmacological
responses to therapeutic interventions. The roles of biomarkers include:

e Detecting a specific disease as early as possible — diagnostic biomarker (PSA —
prostate cancer)

e Assessing the risk of developing a disease — susceptibility/risk biomarker
(BRCA 1 — breast cancer)

e Predict evolution of a disease (indolent vs. aggressive) — prognostic biomarker
(HER2 — breast cancer)

e Predict response or toxicity to a particular therapy — predictive biomarker (e.g.
Dihydropyrimidine dehydrogenase (DPD) deficiency and fluoropyrimidines in

gastrointestinal cancer)

The potential benefit of biomarkers has been highlighted by examples such as the
discovery of the role of human epidermal growth factor receptor (HER)-2/neu oncogene
as a predictive and prognostic biomarker in breast cancer, and EGFR-status for
treatment of non-small cell lung cancer. In colorectal cancer K-ras mutational status
has played a vital role as a predictive biomarker for response to treatment with
cetuximab and panitumumab (See Section 1.6.6). Similarly, decreased DPD activity
detected in peripheral blood mononuclear cells can act as a predictive biomarker for

toxicity to 5-FU chemotherapy (See Section 1.6.2).

Nonetheless, there remains a paucity of known or validated biomarkers for detection,
treatment, follow-up and targeted therapy in cancer. Linking biomarker studies to drug
development could be a key step in identifying patient populations that would benefit
the most from new treatments and possibly also identify gauges for monitoring patient

compliance.

1.8.1. Proteomics
A proteome is the entire complement of proteins expressed by a genome, cell, tissue or
organism at a given time and under defined conditions. This set of proteins will vary

with time and particular circumstances such as the environmental stresses encountered
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by the organism. Proteomics is a large-scale characterization of a specific proteome,
including assessment of variations in protein content and abundance as a means of
characterizing cellular processes. This information can then be utilized in the
identification of biomarkers of disease, prognosis and therapeutic effects of medication.
Validating biomarkers of efficacy can be problematic in the absence of target tissues to
use as comparators. In cancer studies, proteomics provides a means of interrogating a
variety of biospecimens for cancer-related proteins, providing a substitute for biopsy
tissue that is rarely available. These studies enable comparison of protein levels under
variable conditions as a means to identify biomarkers for particular cellular processes

involved in cancer development, progression and therapeutic intervention.

The discovery of a biomarker for therapeutic efficacy does not necessarily result in a
successful clinical outcome ®®®. One reason for this the inability of the laboratory
model to mimic the biological processes that take place within the patient. In particular,
there is increasing appreciation of the impact of the tumour microenvironment on

(229,230)

cellular functions including proliferation, differentiation and morphology . Using

tissue from patients to build ex vivo models can provide a setting for drug analysis that

is more akin to the clinical disease 2231232

Proteomics studies have been conducted investigating biomarkers for therapeutic
intervention in colorectal cancer. One such study analysed tissue from primary
colorectal tumours and liver metastases from 17 patients®®. Because obtaining
biological material from metastatic lesions is often less feasible, this study aimed to
evaluate whether proteomic analysis of biological material from the primary tumour
could be used to predict the outcome in liver metastatases. This study identified 5768
discrete proteins, 5 of which predicted histopathological response to fluorouracil-based
chemotherapy regimens. In particular, immunohistochemistry was used to validate the
flavin adenine dinucleotide (FAD) binding protein, NAD(P)H:quinone acceptor
oxidoreductase 1 (NQO1). Expression of this protein in the primary tumour is
predictive of response to neoadjuvant chemotherapy in liver metastases, whilst
inhibition of NQO1 at genetic and functional levels improves chemosensitivity.
Another study explored the alterations in protein secretion secondary to stimulation and
inhibition of the EGFR pathway in colorectal cancer cells to identify a biomarker of

(234)

cetuximab therapy This study used 3D spheroids from colorectal cancer cells to

generate secretomes with a drug-sensitivity profile that matched patients with colorectal
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cancer. Based on their findings, they concluded that sensitivity to cetuximab and
inhibition of the EGFR pathway was associated with over-secretion of phosphorylated-
EGFR (pEGFR). This was validated by comparison with plasma samples from patients.
Thus measurement of circulating pEGFR levels could potentially serve as a biomarker

for tumour response to cetuximab.

Overall, results from these studies show that proteomic sequencing in colorectal cancer
is a feasible method for detecting biomarkers of therapeutic response. Furthermore, the
use of patient samples in analysis could offer a more clinically relevant predictive
model.

1.8.2. MicroRNA

MicroRNAs (miRNAs) are small non-protein-coding RNA molecules (containing
approximately 22 nucleotides) that regulate gene expression and play an important role
in oncogenesis. MIRNAs have a variety of roles in processes including development,
differentiation, cell proliferation, apoptosis and stress responses®®. Studies have
shown that miRNA expression is distinctly altered in colorectal cancer®®, with
miRNAs playing a part in all stages of colorectal cancer initiation, progression and
metastases. MIRNAs are able to demonstrate either oncogenic and tumour suppressive

functions depending on the environment in which they are expressed (See Table 1.5).
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Table 1.5 - Oncogenic and tumour suppressor miRNAs in colon cancer and their
target genes (adapted from 39)

miRNA Oncogene vs miRNA targets
tumour suppressor
miR-17-92 cluster Oncogene E2F1
Oncogene PDCD4, PTEN, RECK, NFIB, TPM1,
miR-21 SPRY2,RHOB, TIMP3, maspin, CDC25a,
TIAM1, MSH2
miR-95 Oncogene SNX1
miR-135a/b Oncogene APC
miR-155 Oncogene MLH1, MSH2, MSH6
miR-499 Oncogene FOXO4, PDCD4
let-7 Tumour suppressor K-RAS
miR-29 Tumour suppressor MMP2, DNMT3A/B
miR-30a Tumour suppressor DTL
miR-34a Tumour suppressor FRA1, SIRT1, MYC, BCL2
miR-101 Tumour suppressor COX2
miR-137 Tumour suppressor CDC42
miR-143 Tumour suppressor K-RAS, DNMT3A, ERK5
miR-145 Tumour suppressor | IRS-1, c-Myc, YES1, STAT1, OCT4, SOX2,
KLF4, FLI1
miR-342 Tumour suppressor DNMT1
miR-365 Tumour suppressor CCND1, BCL-2
miR-451 Tumour suppressor MIF
miR-675 Tumour suppressor RB

A number of studies have investigated the use of miRNAs as potential biomarkers for
diagnosis, prognosis and disease response in colorectal cancer. Circulating miRNA
levels can be detected in blood serum or plasma to identify patients with colorectal
cancer®”. miR-92, for example, has higher expression in colorectal cancer patients
compared to healthy patients and can distinguish between these groups with 65-70%

specificity and 82-89% sensitivity@"(®®),

Furthermore, circulating miR-92 levels
decrease following surgical resection of colorectal tumours. Thus monitoring miR-92
levels can be used in conjunction with markers such as CEA to augment screening
accuracy or monitor for disease recurrence. Similarly miR-141 and miR-21 have been
considered as markers of prognosis in colorectal cancer. miR-141 is elevated in
metastatic colorectal cancer and associated with poor prognosis®®. miR-21 is an
oncogenic MiIRNA that is over-expressed in several malignancies®®. Over-expression
of this miIRNA has been linked with worse survival and therapeutic outcomes,
regardless of the disease stage®?. In particular, elevated miR-21 expression has been
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shown to induce resistance to 5-FU in cancer cell lines by inhibiting the DNA mismatch
repair gene MutS homolog 2 (MSH2)®Y. In this context, miR-21 can also be used to
identify microsatellite instability in colorectal cancer patients. Equally, miRNA
expression patterns may prove useful in classifying other phenotypic subgroups (K-ras
mutation, and TP53 status) that influence therapeutic response.

1.8.2.1. miRNA-122

miR-122 (miRNA-122) is a microRNA expressed abundantly and almost exclusively in
hepatocytes. It constitutes up to 70% of the hepatic miRNA population®?. miR-122
has been investigated for its potential as a biomarker for liver damage in human and
murine studies, particularly with alcohol-,viral- and chemical-induced (e.g.
acetaminophen and D-galactosamine) liver injury 43240249 Cuyrrently, liver injury or
disease is most commonly assessed using ‘liver function tests’. The most specific
marker of hepatocellular injury in these tests is alanine aminotransferase (ALT) which
is a cytoplasmic enzyme most commonly found in hepatocytes. In previous studies,
ALT measurements have been used as a standard for comparison to establish miR-122’s

(243,244)

feasibility for use as a biomarker of liver damage miR-122 levels have been

shown to significantly correlate with ALT levels in alcohol-, viral-, and chemical-

induced acute liver injury®*® ),

However significant increases in miR-122 were
identified earlier and at lower doses of drugs (e.g. acetaminophen) compared with
ALT®®_ Moreover miR-122 changes showed greater specificity for liver injury
compared to ALT, correlated with liver histologic staging and may be detectable before
the onset of microscopically detectable changes in liver cells®®). These findings
suggest that miR-122 would be at least an equally reliable biomarker and possibly
supplement information provided by standard liver function tests in monitoring

potential liver toxicity related to curcumin use.

As an oncological biomarker, the majority of research into miR-122 has been conducted
in the setting of hepatocellular carcinoma (HCC). It is thought to play a tumour-
suppressive role in this cancer and has been shown to be frequently down-regulated in
HCC and HCC cell lines ®*®. miR-122 has also been shown to play a key role in
pathways intimately associated with carcinogenic progression (e.g. ADAM10, SRF, and
the PI3K/Akt/mTOR/p70S6K) and thus affect non-hepatic cancers *”. More recently,
it has become apparent that miR-122 may also play in important role in colorectal

cancer, particularly in the context of chemoresistance. miR-122 expression is
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significantly downregulated in 5-FU resistant cell lines®*®, corroborating its role as a
tumour suppressor gene.  Conversely, overexpression of miR-122 significantly
increased 5-FU-induced cell cytotoxicity in both 5-FU-sensitive and -resistant cell lines.
The mechanism of action for this is thought to be miR-122’s direct inhibition of
pyruvate kinase type M2 (PKM2). PKM2 is an isoenzyme of pyruvate kinase that is
involved in aerobic glycolysis and tumour cell growth®®. PKM2 overexpression has
been demonstrated in colon cancer cells and is associated with advanced stage and
metastatic disease®*®),

1.9. Study objectives

Pre-clinical and early clinical trials suggest that curcumin has potential to be a
beneficial and well-tolerated adjunct to standard chemotherapy in the treatment of
metastatic colorectal cancer. Thus far, no trials have been conducted to confirm that
addition of curcumin to standard chemotherapy in patients with metastatic colorectal
cancer is safe and well-tolerated. Likewise, data to identify potential biomarkers of
efficacy and toxicity is limited, but nonetheless essential to predict and measure
treatment outcomes. This trial aims to address these issues and provide a foundation for
future trials to confirm whether addition of curcumin to standard chemotherapy results

in improved patient outcomes.
1.9.1 Hypothesis

The combination of oral curcumin with first-line Oxaliplatin-based chemotherapy will
be a safe and tolerable regimen for long-term administration to patients with metastatic

colorectal cancer.

1.9.1. Primary objective
- To establish the safety, tolerability and feasibility of administering oral
curcumin at increasing doses escalating to 4 capsules (2 g) during standard

FOLFOX chemotherapy for palliation of colorectal liver metastases.

1.9.2. Secondary objectives
- To collect blood samples for future translational work including identification of
putative biomarkers of efficacy and toxicity.
- To observe any changes to the neuropathic side-effects of chemotherapy.

- To observe potential for efficacy in terms of disease response and survival.
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2. Methods
2.1. Clinical methods

2.1.1. Ethical approval

This trial was conducted following ethical approval from the Nottingham Research
Ethics Committee (REC) 1 (REC reference number 11/EM/0263 — 25/08/11) and
University Hospitals of Leicester NHS Trust (UHL) Research and Development (R&D)
approval (25/10/11). It was sponsored by the University of Leicester (UNOLE225).
The trial consists of a phase | dose escalation study followed by an open-labelled phase

lla two arm-randomised controlled trial.

2.1.2. Study population

The target population were patients presenting with a histological diagnosis of
metastatic colorectal cancer who were suitable for palliative FOLFOX-based
chemotherapy. The main inclusion criteria also required patients to have disease
measurable by RECIST 1.1 (Response Evaluation Criteria in Solid Tumours version
1.1), be aged above 18 years with the ability to give informed consent, an ECOG
(Eastern Cooperative Oncology Group) performance status of at least 1 and a life
expectancy estimated as greater than 12 weeks. Patients were identified via oncology
multidisciplinary team meetings and specialist referrals, and then reviewed in oncology
outpatient clinics. The trial was discussed with eligible patients who were also given
information sheets regarding the trial. Written consent was obtained from participants

prior to enrolment into the trial.

The phase | study uses the traditional escalation rule (TER or 3+3+3) design, where
patients are recruited in tiers of 3 participants. This requires the recruitment of a
minimum of 9 and a maximum of 18 patients. The phase lla study aims to recruit 33
participants in total — with 22 participants randomised to the FOLFOX and curcumin
arm, and 11 participants in the FOLFOX only arm. As this is the first study
administering this regimen in humans, there is no data available upon which to base
power calculations. The sample size is comparable to that used in similar studies and
will provide adequate data with which to power future studies, within a realistic time

frame.
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2.1.3. Phase |

Recruitment for the phase | study began in February 2012. The first tier of participants
were recruited to receive 500 mg (1 capsule) of oral curcumin (C3-complex — 500 mg
capsules) daily. The three participants started their curcumin doses 7 days before their
scheduled chemotherapy. Their chemotherapy treatment was subsequently commenced
once no dose-limiting toxicities (DLTSs) were recorded during the preceding 7 days of
curcumin.  The FOLFOX-based chemotherapy consists of 2-weekly cycles of
chemotherapy given to a maximum of 12 cycles or until withdrawal from the trial.
(Where CAPOX chemotherapy is used, this consists of eight 3-weekly cycles of
treatment.) Once the first tier of patients had no DLTs at 7 days after completing two
cycles of chemotherapy, a further 3 patients could be recruited to the next escalation
dose of 1 g (2 capsules) daily.

The same procedure was observed prior to escalation to 2 g (4 capsules) daily. In the
event of DLTs occurring at a given dose, another 3 patients were recruited at that dose.
If 2 of 6 participants suffer DLTSs at a given dose, de-escalation occurred. The phase Ila
study began recruitment after 3 participants from phase | had reached 7 days after

completion of two cycles of FOLFOX at the maximum target dose (MTD).

2.1.4. Phase lla

Participants in the phase Ila randomised controlled trial were randomised to receive
either Oxaliplatin-based chemotherapy and the MPD of daily oral curcumin (22
participants) as per the finding of phase I, or standard treatment only with no curcumin
(11 participants). For the randomisatin process, an electronic random number generator
was used to assign consecutive numbers from 1 to 33 to either treatment group 1,
combination therapy or group 2, chemotherapy only. These numbers corresponded to
patients’ trial identity numbers. Each trial ID number and its treatment group was
placed in a sealed envelope. Both the researcher and the patient were blinded at the
point of recruitment. Once the consent form had been signed, the randomisation

envelope was opened to reveal which treatment group the patient had been allocated to.

Patients in the FOLFOX and curcumin arm began taking curcumin 7 days before
chemotherapy, and then commenced their first cycle of chemotherapy providing there

were no DLTs.
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2.1.5. Trial schema

Phase | Dose Escalation study

PARTICIPANTS

Minimum 9 patients with histological diagnosis of metastatic
colorectal cancer and disease measurable by RECIST 1.1
attending oncology clinic prior to FOLFOX chemotherapy.
Patient information sheet provided.

Pre-chemotherapy appointment followed by completion of
consent, baseline evaluations with clinical and research samples
obtained and provision of trial questionnaires.

CURCUMIN TOLERABILITY/SAFETY

3 participants commence daily curcumin 7 days prior to FOLFOX
for acclimatisation period.

Pre-trial, QLQ-C30 and neurotoxicity questionnaires completed.
28 day pill diary commenced to report symptoms and capsule
experience. Research samples taken before 1* cycle.

v

CURCUMIN TOLERABILITY/SAFETY WITH FOLFOX

FOLFOX commenced, curcumin continued for duration.

If 3 consecutive patients successfully complete 2 cycles of
FOLFOX with curcumin without dose-limiting toxicity (DLT) due to
curcumin, then 3 new patients will be recruited to the next dose.
If DLT, a further 3 participants will be recruited at the same dose.
If DLT in 2 out of 6 participants then the dose is de-escalated.

A

ESCALATION
1>2->4

capsules

v

MAXIMUM TARGET DOSE (MTD) ESTABLISHED:
COMMENCE PHASE lla

3 patients completing 2 cycles of FOLFOX with curcumin at MTD.
MTD will be used for patients recruited to Phase lla.

Phase | participants will continue in the trial for 12 cycles of
FOLFOX and receive CT scans for up to 4 years. CT scans,
guestionnaires, clinical and research sampling will be conducted.

v

CONTINUING THERAPY

Participants will continue to take curcumin at their scheduled dose
for up to 12 cycles of chemotherapy as tolerated. Real-time
adverse event reporting, blood sampling, questionnaires and CT
schedule will be identical to that of phase lla (next page).
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Phase lla: Two-arm study of safety, feasibility and tolerability

PARTICIPANTS

33 additional patients with metastatic colorectal cancer and disease
measurable by RECIST 1.1 attending oncology clinic prior to FOLFOX
chemotherapy will be recruited. Patient information sheet provided.
Pre-chemotherapy appointment followed by completion of consent, baseline
evaluations with clinical and research samples obtained and provision of trial
questionnaires. Participant randomised to trial arm.

v v
FOLFOX and CURCUMIN: n =22 FOLFOX Only: n = 11 Participants
FOLFOX + CURCUMIN FOLFOX

Commence daily oral curcumin 7 days prior
to FOLFOX for acclimatisation period. Baseline QLQ-C30, curcumin and
Baseline QLQ-C30, curcumin and neurotoxicity questionnaires completed.
neurotoxicity questionnaires completed. 28 day pill diary commenced to report
28 day pill diary commenced to report symptoms.

symptoms and capsule experience.

| |
v

COMMENCE CHEMOTHERAPY: 1°' CYCLE (SAME SCHEDULE FOR PHASE I)

Research and clinical blood samples taken before 1* cycle chemotherapy.
Diaries checked to confirm safety. QLQ-C30 and neurotoxicity questionnaires returned.

'

22 AND 3"%Y CYCLES OF CHEMOTHERAPY

Research and clinical blood samples are taken before 2" and 3" cycle of therapy.
Diaries checked to confirm safety. Pill diaries completed day 28 and returned before or at 3" cycle.
Neurotoxicity questionnaire completed before or at 2" cycle.

y

CONTINUING THERAPY

Real-time adverse event reporting. Seen by clinic and nursing staff before each cycle.
Clinical blood samples prior to each cycle are processed and monitored through therapy unit.
Neurotoxicity questionnaire completed before or at each even numbered cycle.

CT scan at 3 and 6 months.

y

PARTICIPANTS COMPLETING 12 CYCLES OR WITHDRAWING PROTOCOL THERAPY

QLQ-C30, neurotoxicity and curcumin experience questionnaires will be completed.
Research blood samples. AE form completion.
CT scans 3,6,9,12,15,18,21,24,30,36,42 and 48 months (as per standard care).
And “Off-trial” CT for participants withdrawing within 28 days of scheduled scan.

51
Chinenye lwuji Chapter 2 — Methods



2.1.6. Baseline evaluation

The baseline evaluation for each participant included a complete physical examination,
measurement of body weight, height, baseline observations (temperature, blood
pressure, heart rate), 12-lead electrocardiogram and assessment of ECOG performance
status. Urine samples were also obtained from patients due to start on Bevacizumab to
rule-out proteinuria and for pregnancy testing in pre-menopausal females. The standard
pre-chemotherapy blood samples (full blood count, urea and electrolytes, liver function
tests) were obtained from patients at their screening visit and prior to each cycle of
chemotherapy. CEA was measured at baseline and will be repeated on a 12-weekly
basis (Table 2.1).

2.1.7. Duration of treatment

A full course of standard chemotherapy for metastatic colorectal cancer consists of 24
weeks (6 months) of treatment. With FOLFOX chemotherapy, this consisted of twelve
2-weekly cycles of chemotherapy. For patients receiving CAPOX, this would require
eight 3-weekly cycles of treatment, however none of the study patients at the point of
writing this thesis required CAPOX chemotherapy. Curcumin was taken over the
duration of treatment until cessation of chemotherapy. In the event of postponement of
chemotherapy treatment, patients continued to take their curcumin capsules inbetween

cycles.

The criteria for cessation of treatment prior to completion of the full 24 weeks of

chemotherapy were:

A serious, non-resolving adverse event or any intercurrent illness that

compromised the patients ability to tolerate further chemotherapy

e The patient requested withdrawal from the study

e The investigator determined that withdrawal from the study was in the best
interest of the patient

e Disease progression was recorded whilst on active treatment, indicating that an

alternative form of treatment was required.

Disease progression was determined using RECIST 1.1 criteria to assess the size of
target lesions. Progressive disease was defined as an increase of at least 20% in the sum

of diameters of the target lesions, with that sum demonstrating an absolute increase of at
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least 5 mm. Similarly the appearance of one or more new lesions on the CT scan

signified progression.

Finally, patients who showed clinical deterioration consistent

with known symptoms and signs of their disease, in the absence of radiological

evidence or alternative pathology as a causative factor, were classed as demonstrating

clinical disease progression.

Table 2.1 Schedule of Tests and Procedures

Observation Screening Week 1/ Week 3/ Week 5/ Week 24/

Pre- curcumin Before 2" Before 3™ | After Cycle 12
curcumin loading cycle cycle or withdrawal
Informed consent* X
EORTC QLQ-C30 X X
Curcumin questionnaire X X
Medical history X
Physical examination X
Weight, temperature, blood X X X
pressure, pulse
ECOG performance status X
12-lead Electrocardiogram X
Haematology,zllver function, X Performed as routine prior to each cycle of FOLFOX
renal function
Urine sample (preghancy X
test for female patients)
Tumour assessment® Day -28 to 3 monthly CT scan to 24 months.
0 6 monthly CT 24 to 48 months when appropriate

Serum CEA? X 3 monthly CEA until CT scans end
Symptom diary X Daily for first 4 weeks |
Neurotoxicity questionnaire X Questionnaire every 2 cycles, after cycle 12 or withdrawal
Blood samples for
curcumin, platinum and X X X X x4
biomarker analysis
FOLFOX treatment® Up to 12 cycles, at 2 week intervals
Survival Continuously monitored once protocol therapy has ended®
1. Can be obtained at any point prior to start of trial.

Patients on FOLFOX chemotherapy will routinely have these blood tests done prior to each cycle.
Baseline assessment of disease (CT/MRI of chest, abdomen and pelvis) must be done within 28 days
and should be repeated every six cycles (12 weeks) during FOLFOX and then 3 monthly to 24

Research samples after final cycle should be as close to 14 days as possible, but more than 7 and can

FOLFOX will be up to 12 cycles (approximately 24 weeks). Central line is placed prior to

2.
3.
months and 6 monthly to 48 months.
¥ be arranged to coincide with the next clinic appointment.
> chemotherapy by trained staff.
6.

Chinenye lwuji

Direct patient involvement in the trial will cease after curcumin has completed. Patient episodes
following this will be confined to follow-up CT scans. Patients will remain in the standard care
pathway.
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2.1.8. Monitoring of toxicity, quality of life and compliance

On commencing the study, patients were issued with a 28-day pill diary to record their
compliance with taking curcumin and record any symptoms or significant experiences.
Neurotoxicity was monitored by participants completing neurotoxicity questionnaires at
baseline and then at every even numbered cycle. Participants were also given quality of
life (EORTC QLQ-C30) and curcumin questionnaires for completion at baseline and
after 12 cycles of chemotherapy or withdrawal from the study. Baseline CT scans were
performed within 4 weeks of recruitment and repeated 3-monthly, as per standard care.

The EORTC quality of life questionnaire is a 30-item questionnaire designed to assess
the quality of life of cancer patients. It uses both multi-item scales and single-item
measures to assess factors including physical functioning, social functioning, symptoms
such as pain, and fatigue, as well as overall quality of life. The questionnaire content
consists of five functional scales, three symptom scales, a global health status/quality of
life scale and six single items. Each scale or single-item measure has a score ranging
from 0 to 100, with the higher scores representing a higher response level. The scores
for each of the scales was determined by firstly calculating the average of the items (1)
contributing to the scale, known as the raw score. Linear transformation was then used
to standardise the raw score, giving scores ranging from 0 to 100. Therefore the score

(S) for each scale was obtained as follows:

RawsScore (RS) = (I, + I, + ...+ I)/n

Linear transformation to obtain score (S):

Functional scales: S = [1 - {BRS=1)| x 100
range

Symptom scales/items: S = {(RS — 1)/ range™} x 100
Global health status/QoL: S = {(RS — 1)/ range} x 100

With the functional and global health status scoring, a higher score represents a better
level of functioning or quality of life. With the symptom scale, a higher score signifies

worse symptoms.

Patients were reviewed in oncology outpatient clinics prior to each cycle of

chemotherapy. Any reported toxicities were assessed using the National Cancer

1 Range is the difference between the maximum and minimum possible values of RS.
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Institute Common Terminology Criteria for Adverse Events 4.0 (NCI CTC AE 4.0).
Patients were issued with new supplies of curcumin every 3" cycle. At this point, any
curcumin tablets remaining from their previous prescription were returned to pharmacy

and counted.

2.1.9. Blood collection

Peripheral blood samples were obtained from patients either by venepuncture or via
central venous access using aseptic techniques. Samples for standard pre-chemotherapy
blood tests were taken using an EDTA tube for full blood count and a brown-topped
tube for biochemistry and tumour markers. In addition to this, a further three blood
samples were obtained. Two 7.5 mL samples (15 mL total) were collected in lithium-
heparin tubes for curcumin/curcuminoid levels and biomarker studies. One 9 mL

sample was collected in a serum Z tube for analysis of circulating miRNA.

Standard blood tests were taken at the screening visit (prior to commencing curcumin)
and then prior to each cycle of chemotherapy. The standard pre-chemotherapy samples
were sent to the Pathology Department at Leicester Royal Infirmary for analysis. Trial

blood samples were taken from participants at the following time points:

- Screening visit (Baseline)

- Immediately before their 1% cycle of chemotherapy, after 1 week of taking
curcumin only (Curcumin)

- Immediately before their 2™ cycle of chemotherapy, having completed at least 3
weeks of curcumin and 2 weeks after their 1% cycle of chemotherapy (Post #1)

- Immediately before their 3" cycle of chemotherapy, having completed at least 5
weeks of curcumin and 2 weeks after their 2" cycle of chemotherapy (Post #2)

- At their end of trial visit. This was arranged to be more than 7 days post-
treatment and as close to 14 days as possible. Patients were instructed to stop
taking their curcumin on the day their 5-FU pumps were disconnected (i.e. 2

days after commencing cycle) (End of Tx).

The trial blood samples were stored immediately on ice, in a covered ice-box for
transport to the laboratory. These samples were processed within one hour of

collection.
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2.1.10. Trial outcome measures

Primary outcome measures:

- Phase I: Completion of dose escalation in 3 consecutive participants at 4
capsules or MTD of curcumin in combination with FOLFOX without adverse
effects attributable to curcumin one week after two cycles of chemotherapy.

- Phase Il: Completion of 12 cycles of chemotherapy (including dose reductions)
or withdrawal from therapy by the target population.

- Suspected unexpected serious adverse reaction or serious adverse drug reaction
attributable to curcumin

- Disease progression on CT scan
Secondary outcome measures:

- Improvement in progression free survival (PFS), objective response rate (ORR)
and overall survival (OS) from enrolment to death as assessed by RECIST 1.1

- Improvement in neurotoxicity scores

- Analysis of blood for biomarker studies

- Analysis of blood for curcumin/curcuminoid levels

Curcumin will be discontinued when chemotherapy is withdrawn or completed.
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2.2. Laboratory methods

2.2.1. Materials

Chemicals
Acetic acid
Acetone (HPLC grade)
Acetonitrile

Ammonium bicarbonate

Applied Biosystems Tagman miRNA

Reverse Trascription Kit
Curcumin C3-complex
Deoxycholic acid
Dimethyl sulfoxide

DL-Dithiothreitol (DTT, ultragrade)

Ethanol 96 — 100%

Ficoll Paque PLUS

Foetal calf serum

Formic acid

HPLC gradient grade water
lodoacetamide (1AA, ultragrade)
Methanol (HPLC grade)
Millicell cell culture inserts
miRNeasy mini kit

Nitric acid, Aristar
Nuclease-free water, Ambion
Ortho-phosphoric acid
Oxaliplatin (Eloxatin)

Pierce BCA protein assay kit
Phosphate buffer solution tablets
Protein assay reagent
ProteoMiner sequential elution kit
QlAamp DNA blood MIDI kit
QIlAzol lysis reagent

RPMI 1640 Media

Chinenye lwuji

Supplier

Fisher Scientific
Fisher Scientific
Fisher Scientific
Sigma

Thermo Scientific

Sabinsa

Sigma

Sigma

Sigma

Fisher Scientific
GE Healthcare
GE Healthcare
Fisher Scientific
Fisher Scientific
Sigma

Fisher Scientific
Fisher Scientific
QIAGEN

Merck

Thermo Scientific
Fisher Scientific
Sanofi-Aventis synthelab
Thermo Scientific
Oxoid

BioRad

BioRad

QIAGEN
QIAGEN

GE Healthcare
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Sequencing grade modified trypsin Promega

Trypsin Promega
Water (HPLC grade) Fisher Scientific

2.2.2. Addresses of Suppliers

BioRad, Hertfordshire, UK

Fisher Scientific, Loughborough, UK
GE Healthcare, Buckingham, UK
Gibco-BRL (Invitrogen life technologies), Paisley, UK
Merck Group, Darmstadt, Germany
Nova Laboratories Ltd, Leicester, UK
Oxoid, Hampshire, UK

Promega, Southampton, UK
QIAGEN, West Sussex, UK

Sabinsa, Langen, Germany
Sanofi-Aventis Synthelab, Surrey, UK
Sarstedt, Numbrecht, Germany
Sigma-Aldrich, Dorset, UK

Thermo Scientific, Loughborough, UK
Waters, Elstree, UK
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2.2.3. Plasma separation

One 7.5 mL lithium-heparin sample was used for plasma separation. On arrival at the
laboratory, samples were centrifuged as soon as possible at 3300 x g at 4°C for 10
minutes. This formed a superficial layer of plasma that was immediately aliquoted into

500 uL aliquots. The samples were stored in the freezer at -80°C until future use.

2.2.4. Peripheral blood lymphocyte extraction

One 7.5 mL lithium heparin sample was used for peripheral blood lymphocyte (PBL)
extraction. PBL extraction was performed using density centrifuging with Ficoll-
PaqueTM PLUS (FPP). This procedure was carried out in a class | hood at room

temperature, using methods based on the manufacturer’s instructions.

In brief, the anticoagulant-treated blood was mixed with an equal volume of RPMI 1640
media. 3.7 mL of the 1:1 blood/RPMI mixture was carefully layered upon 3 mL of FFP
in 15 mL falcon tubes. The samples were centrifuged at 381 x g for 40 minutes at 18°C
using a centrifuge with a swing-out rotor. Differential migration resulted in a layer of
lymphocytes between the FPP and plasma that was then aspirated off with a Pasteur
pipette. The aspirate was washed and centrifuged twice in RPMI 1640 media. The cells
were suspended in 1 mL of RPMI/10% DMSO/20% FCS (DMSO -
dimethylsulphoxide; FCS - foetal calf serum). The lymphocyte count was obtained
using a haemocytometer. The sample was then stored at -80°C for future DNA

extraction.
2.2.5. DNA analysis

2.2.5.1. DNA extraction

The platinum concentration in DNA extracted from patients’ lymphocytes (PBLs) was
measured to establish potential variance in DNA platination following curcumin
treatment. This was to ensure that the addition of curcumin did not affect the efficacy
of oxaliplatin in forming DNA platinum adducts. Genomic DNA extraction from the
PBLs was performed using QlAamp DNA blood MIDI extraction kits (QIAGEN), as

per the manufacturer’s instructions.

The PBLs, previously frozen in 1 mL RPMI/10% DMSO/20% FCS at -80°C, were
equilibrated to room temperature and centrifuged. The resultant pellet was resuspended

in 1 mL of phosphate buffered saline (PBS) (pH 7.2). The sample was mixed with

59
Chinenye lwuji Chapter 2 — Methods



QIAGEN Protease and Buffer AL then incubated at 70°C for cell lysis. The sample was
centrifuged with ethanol and then washed twice using buffer solutions provided in the
QlAamp MIDI kit. The sample was transferred onto the QlAamp Midi column
provided and placed in a 15 mL centrifuge tube then centrifuged at 1850 x g for 3
minutes. Having discarded the filtrate, the sample was centrifuged with Buffer AW1 at
4500 x g for 3 minutes, then Buffer AW?2 at 4500 x g for 15 minutes.

After discarding the filtrate, 200 pL Buffer AE was added to the QlAamp Midi column,
then incubated at room temperature for 5 minutes. The column was centrifuged at 4500
x g for 2 minutes. To maximise DNA vyield, a further 600 uL Buffer AE was added to
the column, incubated and then centrifuged as previously. DNA concentrations were
obtained using the Nanodrop spectrophotometer (Thermo Fisher Scientific Inc,
Hertfordshire, United Kingdom). The samples were stored at -80°C until final analysis
of DNA platination.

2.2.5.2. DNA platinum content analysis

All the Phase | samples were reconstituted to a final DNA concentration of 10 pug/mL in
500 pL 3% Aristar nitric acid (Merck, Darmstad, Germany) diluted with Buffer AE.
DNA was also extracted from healthy volunteers in order to estimate what baseline
platinum levels would be. 1 transported these samples to the Department of Earth
Sciences, University of Durham and carried out DNA platinum analysis (under
supervision of Dr C. Ottley). Platinum levels were measured on a Thermo Scientific X-
Series 2 ICP-MS using a standard cross-flow nebulizer and Scott-type double-pass
spray chamber. Samples were administered using a peristaltic pump into a standard
cross-flow nebulizer fitted to the double-pass spray chamber. The nebulizer gas flow
rates were between 0.8 to 1 L/min and optimized to maintain production of cerium
oxide (CeO™) equal to or less than 3% of the total Ce” signal. Because Ce” is prone to
oxide formation, it was used for measurement of oxide formation for monitoring

elemental interference.

Platinum standards of 100, 500, 1000 and 2000 ppt were prepared from a 1000 ppm
stock solution. These standards were run pre- and post-samples to rule out instrumental
drift. Similarly, the 500 ppt standard was re-run at intervals between samples to check
for instrumental drift. As a result of alteration in the standard measurements during the
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experiment, the standard curve plotted at the end of all measurements was used to
determine platinum concentrations. Three platinum isotopes were monitored — **Pt
(32.97% abundance), '*°Pt (33.83% abundance) and °°Pt (25.24% abundance).
Monitoring the differences between the levels of these isotopes provided a check for
possible isobaric errors or interference. The concentrations measured for each platinum
(Pt) isotope correlated with expected values based on abundance (within analytical
error), therefore potential interferences were deemed negligible. The values of the three
platinum isotopes were averaged to calculate the samples’ platinum concentration.
Where values for procedural blanks were significant, these were subtracted from
platinum concentrations to correct the value. Hafnium forms oxide species (}"®Hf'°0
and '°Hf'°0) which cause isobaric interference when measuring platinum levels.
Measured hafnium oxide levels in the DNA solutions were too low to significantly
impact on Pt measurements and therefore it was not necessary to correct for hafnium

oxide.

The platinum measurements obtained were used to calculate the number of platinum

atoms per nucleotide using the following formulae:

Number of Pt atoms per litre

Pt leotide =
per MUCteotiae = Number of nucleotides per litre

Pt x 0.000001
195.078

No of Pt atoms per litre = ( ) X Avogadros constant!?

No of nucleotides per litre

(DNA concentration X 0.001

307.61 ) X Avogadros constant

2.2.5.3. Statistical analysis — DNA platination

Statistical analysis of data was conducted using IBM SPSS Statistics 22. The difference
in platinum per nucleotide readings between treatments, tiers and the interaction
between the treatment and tiers was analysed using a mixed design analysis of variance

(mixed design ANOVA, with Bonferroni’s post hoc test) model.

12 Where Pt = platinum, Avogadro’s constant = 6.02214129 x 10%* mol™, 195.078 = atomic mass of
platinum
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2.2.6. Analysis of circulating tumour miRNA

Circulating tumour miRNA profiling was performed to assess the use of miRNA as a
potential biomarker. A 9 mL blood sample was collected in a serum Z tube. The
sample was left to clot at room temperature for 20 — 30 minutes then centrifuged at
2600 x g for 20 minutes. The separated upper serum layer was then aliquoted in 1 mL
volumes into cryovial tubes and stored at -80°C. 1 transported these serum samples to
the Department of Pharmacology and Therapeutics, University of Liverpool where |
analysed them for miRNA content (under supervision of Dr P. Starkey-Lewis
laboratory).

2.2.6.1. miRNA extraction

For miRNA extraction, 40 pL of each serum sample was made up to 200 pL with
nuclease free water. The samples were vortexed with 700 uL Qiazol reagent (3 x 5
seconds) and incubated at room temperature for nucleo-protein disruption. After adding
140 pL chloroform, the samples were shaken vigorously for 15 seconds then
centrifuged at 12,000 x g for 15 minutes at 4°C. The resultant supernatant was loaded
into the Qiacube system (robotic workstation) for automated completion of miRNA

extraction and purification. The eluted samples were frozen overnight at -80°C.

2.2.6.2. miRNA reverse transcription

The samples were thawed on ice prior to use the following day. miRNA reverse
transcription was performed (Applied Biosystems Tagman miRNA Reverse
Trascription Kit) using an miRNA-122 primer and let-7d as the control primer. Each 15
uL reverse transcription reaction consisted of 12.25 pL of master mix, 0.75 pL of
primer and 2 pL of eluted sample. Sufficient master-mix was prepared for the required
number of reactions plus 10% to account for pipetting. The master-mix components

were prepared as follows:

62
Chinenye lwuji Chapter 2 — Methods



Component Master-Mix volume per 15 pL (pL)
Nuclease-free water 941
100 mM dNTPs (with dTTP) 0.15
10X Reverse transcription buffer 1.50
RNase Inhibitor, 20 U/uL 0.19
MultiScribe™ Reverse Transcriptase, 50 U/pL*™ 1.00
Total volume 13.00

A separate master-mix was prepared for the control samples as follows:

Component Master-Mix volume per 15 pL (uL)
Nuclease-free water 12.16
100 mM dNTPs (with dTTP) 0.15
10X Reverse transcription buffer 15
RNase Inhibitor, 20 U/uL 0.19
MultiScribe™ Reverse Transcriptase, 50 U/pL> 1.00
Total volume 15.00

A 96-well plate was loaded with 2 puL of each sample in duplicate (one for miRNA-122,
one for let-7d) then 13 pL of master-mix was added for a final volume of 15 pL. For
the controls, 15 pL of master-mix was loaded onto 3 wells. The plate was sealed and
centrifuged for a few seconds to mix the samples and pull them to the bottom of the
plates. After a 5 minute incubation on ice, the samples were loaded into the GeneAmp
PCR system 9700 for reverse transcription cycles. The reverse transcription cycles

were programmed as follows:

Step type Time (minutes) Temperature (°C)
HOLD 30 16
HOLD 30 42
HOLD 5 85
HOLD 0 4

2.2.6.3. miRNA PCR reactions

For the subsequent PCR reactions, the PCR reaction mix was prepared under dimly-lit
conditions because the primers were light sensitive. The PCR reaction mix was
prepared to be sufficient for each sample to be run in duplicate plus a 10% excess for

volume loss from pipetting. The reverse transcription primer was diluted to 1:15 of the

3 Add all components to master-mix except reverse transcriptase. Load samples into wells, then add
reverse transcriptase to master-mix just before it is pipetted into the wells. This is to prevent the reaction
beginning too early.
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final gPCR reaction. Two PCR reaction mixes were made using the following
components, where one used the miRNA-122 and the other the let-7d control primer:

Component Volume per 20 pL reaction (uL)
Nuclease-free water 7.67
TagMan®Universal PCR MasterMix Il (2x) 10.00
TagMan® Small RNA Assay (20x) (Primer) 1.00
Total volume 18.67

A 384-well plate was loaded with 1.33 pL of each reverse transcription sample in
duplicate. The master-mix (18.67 uL) was added to each well, making a total volume
of 20 pL per well. The samples were sealed with polypropylene and wrapped for light-
protection then centrifuged at 500 x g for 5 seconds. The plate was loaded onto the
PCR instrument (ViiA™ Real-Time PCR System, 384-well) and run as below:

Enzyme activation PCR
Step Cycle (per sample)
HOLD Denature Anneal/extend
Temp (°C) 95 95 60
Time 10 minutes 15 seconds 60 seconds

2.2.6.4. miRNA calculations versus ALT

The PCR results were given in terms of cycle threshold values (Ct). This represented
the number of cycles required for the fluorescent signal to cross the threshold. C+ levels
are inversely proportional to miRNa levels. C+ values are recorded on a log2 scale and
therefore the following formula was used to transform the data:

2" - Cy (target)/ 2- Ct (normalizer) = normalized miRNA

(Where Cr (target) = mean miRNA-122; Cr(normalizer) = mean let-7d; » = to the
power of)

The normalized miRNA is also called delta C+. Each delta C+ value was divided by the
value at baseline to calculate the fold change in MIRNA (Ct«/Crpaseline = Ct fold-
change), also called delta delta Cr.

Patients had blood tests measuring alanine transaminase (ALT) levels prior to every

cycle of chemotherapy, as an indicator of liver function. The fold changes in ALT were
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calculated by dividing each value by the ALT at baseline (ALT /AL Tpaseline = ALT fold-
change).
The changes in miRNA were compared to the ALT changes to determine whether there

was any correlation between these two biomarkers.

2.2.6.5. Statistical analysis — miRNA results
No statistical calculations were conducted on the miRNA results due to the limited
number of samples analysed.

2.2.7. Analysis of plasma curcumin and curcuminoids

Levels of circulating curcumin and curcuminoids were measured as an indicator of
compliance and to facilitate correlation between dosage and effect. This has previously
been undertaken in a pilot study (Pilot study of curcumin to determine colonic tissue
levels in patients undergoing colorectal endoscopy or colorectal cancer resection -
UHL10364; EudraCT Number 2007-001971-13) and a method was established. For our
study, liquid phase extraction was used to measure the levels of curcumin and curcumin

metabolites in patients’ plasma samples.

Patients’ plasma samples were defrosted to room temperature (see Methods 2.2.3).
Acetone was combined with 0.25M formic acid at a ratio of 9:1. Two hundred
microliters of plasma was added to 400 pL of the acetone:formic acid then vortexed™.
After incubation for 30 minutes at -20°C the samples were again vortexed, then
centrifuged at 13000 x g for 20 minutes at 4°C. The supernatant was extracted and
stored in the fridge. Another 400 pL acetone:formic acid added to re-extract the
precipitate. The sample was again incubated at -20°C for 30 minutes then centrifuged at
13000 x g for 20 minutes at 4°C. The two supernatants were combined then dried down
in a speed vac at 45°C. The residue was re-suspended in 100 puL of 50:50 ammonium

acetate:acetonitrile, vortexed then centrifuged at 13000 x g for three minutes.

The resulting sample was analysed for curcumin and its metabolites by high-
performance liquid chromatography (HPLC), using the Alliance HPLC system with UV
visible detector and an Atlantic dC18 3 uM reverse phase column at 15°C. The mobile
phases comprised of 10 mM ammonium acetate, pH 4.5 (A), and acetonitrile (B).

These solvents were programmed to begin at 95% A, then progress to 55% A at 20

 These samples were reanalysed (credit J.Mahale) using 100 uL of plasma as per the validated
methodology.
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minutes and 5% A at 33 minutes, with a flow rate of 1.0 mL/min. Curcumin and its

metabolites were detected at 426 nm using a Waters 2487 dual A absorbance detector.

Curcumin, curcumin glucuronide and sulphate stocks were prepared to the following
concentrations 0.2, 0.5, 1, 5, 10, 20, 50 and 100 pg/mL in DMSO to a final volume of 1
mL. The stock samples were used to run ‘extracted standards’ by adding 2 pL of each
stock to 100 pL of plasma from healthy volunteers. The curcumin was extracted using
the same method described above for patient samples. ‘Unextracted standards’ were
also prepared by adding 2 pL of the stock samples to 100 pL of 50:50 ammonium
acetate (10 mM, pH 4.5):acetonitrile, vortexing and centrifuging at 13000 x g for 3
minutes. Fifty microliters of the extracted and unextracted standards were injected into
the HPLC and the results were used to assess the linearity of the method, estimate
retention times for curcumin and its metabolites and plot standard calibration curves.

Three sets of extracted standards were run against one set of unextracted standard.

The limit of quantification (LoQ) was defined as the lowest standard concentration that
could be determined with an accuracy and precision of greater than 20%. Once
extracted, each set of patient samples was run on the HPLC alongside curcumin
standards that included concentrations from the lower (LLoQ) to the upper limit of
quantification (UL0oQ). Quantitation was performed using the resultant standard curve,

without an internal standard.

2.2.8. Conversion of curcumin metabolites to parent curcuminoids™

B-glucuronidase was dissolved in 0.1 M phosphate buffer (pH 6.8) to produce 1800
units of B-glucuronidase per 100 pL buffer. An aliquot of 100 pL from each plasma
sample was combined with 100 uL B-glucuronidase and vortexed for optimal mixing.
The samples were incubated at 37°C for 3.5 hours, then extraction of curcuminoids was

carried out as described above.
2.2.9. Biomarker studies — Proteomic analysis of explant cultures

2.2.9.1. Explant culture
Tissue samples of colorectal liver metastases from patients undergoing surgical

resection of their disease at University Hospitals of Leicester NHS Trust hospitals had

15 Credit J.Mahale
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been obtained for an excess tissue study at University of Leicester*®. For this study, 9
segments of tumour (Imm x Imm x 1mm) were incubated for 15 hours (minimum) on
inserts at 37°C, 5% CO- in 6-well plates containing 1.5 mL of media (DMEM* 1% FCS
antibiotic/antimycotic). Half the media was then replaced with a 0.75 mL treatment of
one of the following: DMSO (control), 5 uM curcumin, 2 uM oxaliplatin + 5 uM 5-FU,
or 5 uM curcumin + 2 uM oxaliplatin + 5 puM 5-FU, then incubated for a further 24
hours prior to formalin fixation/paraffin embedding. The explant media from these
samples was extracted and stored at -20°C.

2.2.9.2. Desalting of explant samples

The explant samples were desalted/cleaned in preparation for enzymatic digestion and
mass spectrometry. For this process, 300 pL of 50 mM ammonium bicarbonate was
pipetted into an Amicon Ultra-0.5 filter device and centrifuged at 11,000 rpm for ten
minutes at 4°C. The filtrate liquid was discarded then 500 pL of explant sample was
loaded onto the filter device. The sample was centrifuged at 11,000 rpm for twenty
minutes at 4°C then the filtrate was discarded. This was repeated with the remainder of
the explant sample, using 500 pL aliquots until the entire sample had been loaded. The
filter was washed x 3 with 450 pL of 50 mM ammonium bicarbonate. The Amicon
Ultra-0.5 filter was then placed upside-down in a clean collection tube and centrifuged
at 1000 rpm for one minute at 4°C to transfer the remaining concentrated sample into
the tube. Any residual proteins were washed into the collection tube by repeatedly
pipetting 100 uL of ammonium bicarbonate along the sides of the filter device. The
filter was again centrifuged upside-down at 1000 rpm for 1 minute at 4°C. Forty pL of
the ultrafiltrate was used for protein determination, and the remainder of the sample

stored at -20°C until use.

2.2.9.3. Protein assay

A protein assay was performed to determine the protein concentration of each sample
prior to tryptic digestion. A stock of 1 mg/mL bovine serum albumin (BSA) was
prepared by combining equal volumes of albumin with deionised water. This was
diluted to produce 100 pL volumes of standards at concentration of 0.2 to 1.0 mg/mL.
A 96-well plate was loaded with 10 pL of each explant sample and 10 pL of each BSA
standard (in triplicate). To all these samples, 200 uL Bicinchoninic Acid (BCA)

16| eicestershire, Northamptonshire and Rutland ethics committee — REC reference 09/H0402/45
" Dulbecco’s Modified Eagle’s Medium (DMEM)
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working solution was added, and the samples incubated at 30°C for 30 minutes before
measuring absorbance at a wavelength of 595 nm using the FLUOstar Optima
Microplate reader (BMG Labtech, Bucks, UK). Protein concentrations were calculated
by comparing the sample readings to the standard curve values (y = mx + c), then 100
Hg protein was extracted from each sample for tryptic digestion.

2.2.9.4. Tryptic digest

Tryptic digestion was used to reduce the explant proteins into their peptide constituents
prior to analysis by mass spectrometry. A mass of 100 pg protein from each sample
was initially heated at 80°C for 15 minutes. They were then chemically reduced by
heating with 100 mM DL-dithiothreitol (DTT) (5 uL per 100 pg protein) at 60°C for 15
minutes. Following this, the samples were alkylated by incubating them in the dark for
30 minutes with 200 mM iodoacetamide (IAA) (5 pL per 100 pg protein). The
resulting solution was digested overnight with trypsin (1 pg trypsin per 40 ug protein).
The digestion process was arrested by adding 2 pL formic acid, then the samples were
centrifuged at 13000 rpm for 1 minute to remove insoluble material. The supernatant
was extracted and concentrated using a SpeedVac (90 min) before 3 hours of freeze

drying in preparation for mass spectrometer analysis.

2.2.9.5. Nano Ultra Performance Liquid Chromatography (NanoUPLC)

The samples were reconstituted in 10uL of 0.1% formic acid/3% acetonitrile. Then
5uL of this sample was combined with 5uL of alcohol dehydrogenase (ADH —
50fM/uL) as an internal standard. The samples were analysed using a Waters
NanoAcquity UPLC system. Two pL of each sample was loaded onto a Waters
Symmetry C18 trap column (180 pum x 20 mm, 5 um) to desalt and chromatographically
focus the peptides prior to elution onto a HSS T3 Cyg 75 um x 150 mm, 1.7 pm
analytical column. For elution, HPLC-grade water with 0.1% formic acid was used as
Solvent A and Solvent B was Acetonitrile with 0.1% formic acid. The flow rate was set
to 0.3 uL/min. The gradient began after a 3 minute (5 pl/min) trapping stage on the trap
column. The gradient used was as follows: 0 min — 1%B, 90 min — 40%B, 92 min —
85%B. The gradient was held at 85% B at 93 minutes, then returned to starting

conditions at 95 min to equilibrate. The total run time was 110 min.
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2.2.9.6. Mass spectrometry

The Nano Acquity UPLC system was coupled to a Waters Synapt G2 HDMS for
analysis of individual samples. The instrument was operated in positive ion
nanoelectrospray ionisation mode. The capillary voltage was set at 3.4 kV, cone
voltage of 30 V and temperature 80°C. Picotip emitters (10 um internal diameter) were
used for the nanostage probe, directing flow from the analytical column to the source.
A helium gas flow of 180 mL/min and ion mobility separator (IMS) nitrogen gas flow
of 90 mL/min with a pressure of 2.5 mbar was used. The IM wave velocity was set to
600 m/s and the wave height at 40 V throughout each run. For ion mobility separation,
nitrogen was used for drift gas with an incorporated helium cell for ion stream focusing.
During HDMSF acquisition low collision induced dissociation (CID) energy, 2 V was
applied across the transfer ion guide. For high CID energy acquisition, a ramp of 27 to
50 V was applied. Argon was used as the CID gas. Lockspray maintained mass
accuracy throughout the chromatographic run, using [Glul]-Fibrinopeptide (GFP) with
785.8427 m/z. Data was assimilated in HDMS® mode from m/z 100 — 1950 with a scan
speed 0.9s/scan using MassLynx 4.1.

2.2.9.7. Data analysis

The raw data was processed using Protein Lynx Global Server (PLGS) 3.0. This
version of PLGS uses the drift time of ion mobility-separated peptides to optimise the
specificity of alignment/association for the precursor and product ions. Data were
extracted, aligned and searched against the Uniprot human proteomic database, version
2013-11, appended with the alcohol dehydrogenase (S.cerevisiae) sequence. The ion

(250,251)

accounting algorithm used has been outlined previously Data was further

processed using Microsoft Excel 2010, GraphPad Prism 6, IdentityE and Scaffold
(Scaffold_4.3.4, Proteome Software).

2.2.9.8. Protein identification

Differential protein expression was analysed using Progenesis QI software. The optimal
threshold was set to 100-10-750. The raw data was aligned using the QC1 run to allow
for composite comparison between the different groups. Fixed modification of
carbamidomethylation and variable modifications consisting of deamidation N,
deamidation Q, oxidation M, Phosphoryl STY were selected for protein identification.
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A stringent FDR of less than 1% was chosen. For peptide matching 2 or more fragments
were required. 5 fragments were required for protein identification and 2 peptides
required for protein identification. For protein quantification Hi-3 was used. Triplicate

injections of the same sample were analysed for all patients.

Functional analysis of the resultant proteins was conducted using DAVID (the database

for annotation, visualization and integrated discovery) Bioinformatics Resources 6.7

(252253) " \which co-ordinated with the KEGG (Kyoto Encyclopedia of Genes and

Genomes) database to generate maps of functional pathways @2,
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3. Phase |
3.1. Introduction

The primary objective of the CUFOX study was to establish the safety, tolerability and
feasibility of administering oral curcumin (up to 2 g daily) during standard oxaliplatin-
based chemotherapy as palliative treatment for patients with metastatic colorectal
cancer. Phase | used a 3+3+3 dose escalation design to determine the maximum target
dose of curcumin that could be tolerated in combination with standard chemotherapy.
Once established, this dose was used in the phase Ila randomised controlled trial
comparing patients being treated with curcumin at the maximum target dose in
combination with standard treatment, versus patients being treated with standard
treatment only.

The tools used to assess safety, tolerability and feasibility in this trial included clinical
assessment and patient feedback via questionnaires. The Common Terminology
Criteria for Adverse Events (CTCAE) Version 4.0 is the primary system used for the
documentation of adverse events in clinical trials and was employed in this trial for the
clinician’s documentation of adverse events. Patients recorded their symptoms and
compliance using a 28-day pill diary and the EORTC QLQ-C30™ questionnaire.
Discrepancies in symptom reporting between patients and clinicians have been shown to
occur primarily when grading subjective symptoms such as fatigue and dyspnoea®®.
Therefore collating data from both the clinician and patient viewpoints will ensure a

more comprehensive account of events.

Alongside the traditional clinical trial outcome measures of progression-free and overall
survival, quality of life assessment is now recognised as an important outcome measure
in the treatment of cancer patients. For patients with metastatic colorectal cancer, their
quality of life is already impacted by symptoms from disease and in turn this affects
which treatment modalities they can be offered. Patients with stage IV colorectal
cancer tend to experience a negative trend in quality of life over the duration of their
treatment®”. 1t is therefore imperative to minimise further detrimental effects from

treatment toxicity on the quality of life of these patients.

'8 European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire. C30
is a validated 30-item cancer specific questionnaire.
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3.1. Phase I Clinical Results

3.1.1. Recruitment

Twenty-five patients were screened between February 2012 and March 2013 for
recruitment into phase | of the clinical trial. Eleven patients failed screening as they did
not fulfil the inclusion criteria for the trial and one patient declined. Reasons for failing
screening included poor performance status (4 patients), bone metastases (1 patient), not
being suitable for chemotherapy due to comorbidities (1 patient), liver disease operable
without chemotherapy (1 patient), unable to give consent (1 patient), peptic ulcer
disease (2 patients), and no liver metastases (1 patient). The remaining thirteen eligible
patients opted to be recruited into the trial (Table 3.1). Therefore there was a 92.8%
recruitment rate amongst eligible patients, and overall recruitment was 37.5%. Eight
men (61.5%) and five women (38.5%) were recruited with a median age of 65 years old
(range 41 to 76 years old). All the participants were of white British ethnicity and had
lived in Britain all their lives. The three participants recruited onto tier 1 all completed
2 cycles of chemotherapy without experiencing any curcumin-related dose-limiting
toxicity and thus fulfilled the criteria for recruitment to begin on the second tier.
Likewise, dose-escalation onto the third tier began after the 3 patients from tier 2
completed 2 cycles of chemotherapy without curcumin-related dose-limiting toxicities.
One patient from the initial three recruited into tier 3 experienced a curcumin-related
dose-limiting toxicity (see Section 3.2.4 — Toxicity) and therefore a further three
patients (6 in total) were entered into and completed tier 3 of Phase | at a dose of 2

grams daily.

Table 3.1 Screening and recruitment of patients into Tiers 1, 2 and 3 for Phase 1

Chinenye lwuji

. N° N° failed N° N° ngrall Recruitment rate
Tier screened | screenin recruited | declined recruitment - eligible (%)
g rate (%) g

1 (500mg) 8 5 3 0 37.5 100.0
2 (1 gram) 4 0 4 0 100.0 100.0
3 (2 grams) 13 6 6 1 53.8 85.7

Total 25 11 13 1 56.0 92.9
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3.1.2. Treatment

The three participants recruited into the first tier were all treated with 5-FU/oxaliplatin/
folinic acid (FOLFOX) chemotherapy and Bevacizumab, with the addition of 500 mg (1
capsule) oral curcumin daily (See Table 3.2). Two of these participants completed 12
cycles of chemotherapy.  Participant CUFOX1 003 did not require any alteration to
chemotherapy or Bevacizumab treatment. However, participant CUFOX1 001 had the
oxaliplatin dose initially reduced by 25% for cycle 9 and then completely omitted for
the last three cycles due to chronic peripheral neuropathy. Both of these patients
tolerated the full curcumin dose throughout their treatment. Treatment was stopped for
participant CUFOX1 002 after 7 cycles due to chemotherapy side-effects. A total of 47
doses of curcumin were omitted for this participant, primarily due to curcumin being

stopped during hospital admissions.

One participant in tier 2 (CUFOX1 004) was treated with FOLFOX® only whilst all the
other participants on this tier received FOLFOX and Bevacizumab® as well as a daily
dose of 1 gram curcumin (Table 3.2). One participant from tier 2 (CUFOX1 005) was
withdrawn from the trial after suffering a myocardial infarction following one cycle of
chemotherapy (See Section 3.2.4 — Toxicity). Although curcumin use was not thought
to have been a contributing factor, this patient was withdrawn from the trial because
chemotherapy was terminated, and the patient replaced with another participant.
Participant CUFOX1 004 completed the full twelve cycles of chemotherapy. However,
only 75% of the oxaliplatin dose was given for cycle 12 due to symptoms of chronic
peripheral neuropathy. One participant (CUFOX1 006) stopped treatment after 9 cycles
due to toxicity and therefore curcumin was also stopped. Although participant
CUFOX1 007 was tolerating treatment well with no dose limiting toxicities, they chose
to withdraw from the trial after 6 cycles of treatment due to the trial’s impact on their
lifestyle. This participant continued on standard treatment without trial follow-up. The
curcumin dose for participant CUFOX1 004 was temporarily halved (from 1 gram to
500 mg) with cycle 5 of chemotherapy due to symptoms of abdominal pain and
flatulence. However this dose reduction failed to improve the patient’s symptoms so

the full dose of curcumin was reinstated with the symptoms subsequently being

Y95.FU (fluorouracil) + oxaliplatin + folinic acid

20 Bevacizumab contraindications include: Tumour invading blood vessels, surgical procedure within past
28 days, uncontrolled hypertension, significant cardiovascular/cerebrovascular disease, inherited bleeding
diathesis or coagulopathy, non-healing wounds.
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controlled with ancillary treatment. All the other participants on this tier tolerated the

full dose of curcumin throughout their treatment.

In tier 3, all participants were treated with FOLFOX and bevacizumab, except CUFOX1
010 who received FOLFOX chemotherapy only.  Patient CUFOX1 008 experienced
significant peripheral neuropathy resulting in dose reductions and eventual cessation of
oxaliplatin. This patient also had bevacizumab stopped after 8 cycles of treatment after
being diagnosed with pulmonary emboli. Patient CUFOX1 011 was diagnosed with
venous stasis and therefore bevacizumab was omitted from cycle two. CUFOX1 010,
012 and 013 all completed 12 cycles of treatment. The treatment doses for both 5-FU
and oxaliplatin were reduced to 75% from cycle 2 for patient CUFOX1 010, and from
cycle 8 for CUFOX1 012. (Details of altered oxaliplatin doses will be discussed in
Chapter 3.2.5 Peripheral Neuropathy.)

Overall 50% of patients completed 12 cycles of chemotherapy and curcumin. That
included both of the patients treated with FOLFOX chemotherapy and 40% of the
patients treated with FOLFOX and Bevacizumab.
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Table 3.2 Summary of curcumin doses and standard treatments allocated to
patients, cycles completed and compliance rates. Compliance rates documented as
per patient feedback. Curc — Curcumin; g — grams; Tx — treatment; F+B — 5-FU
(fluorouracil)/oxaliplatin/folinic acid (FOLFOX) + Bevacizumab; F — 5-FU
(fluorouracil)/oxaliplatin/folinic acid (FOLFOX)

Study ID Curc Tx N° Tx Curc Reason for non-
CUFOX1 | dose (9) cycles | Outcome | compliance compliance
001 0.5 F+B 12 | Completed 100% -
Hospital admission:
002 0.5 F+B 7 Stopped 52.0% nausea, diarrhoea,
infection, dehydration
003 0.5 F+B 12 Completed 98.8% Forgot to take curcumin
004 1.0 F 12 | Completed 100% -
006 1.0 F+B 9 Stopped 100% -
007 1.0 F+B 6 Withdrew 100% -
008 20 | F+B | 10 | Stopped 97.1% Hospital admission:
pulmonary embolism
009 1.0% F+B 10 Stopped 83.0% Dose limiting toxicity
Dry throat caused
010 2.0 F 12 | Completed 96.9% difficulty swallowing
capsules
Hospital admission:
011 20 | F+B | 4 Died 96.4% | DV 1daydiarrhoea -
resolved spontaneously
SO curcumin restarted
012 2.0 F+B 12 Completed 99.4% Forgot to take one dose
013 2.0 F+B 12 Completed 100% -

3.1.3. Curcumin compliance

Curcumin compliance is described in Table 3.2. The average compliance rate across all
participants was 93.8%. Comparing the different tiers, the mean compliance rates were
83.6% for tier 1, 100% for tier 2 (p? = 0.27) and 95.5% for tier 3 (p = 0.13). Patient
CUFOX1 002 had the lowest compliance rate at 52.0% after missing 47 doses due to his
hospital admissions. CUFOX1 009 missed 23 out of 140 curcumin doses (83.0%
compliance), primarily due to suffering dose-limiting toxicity, and was dose-reduced
from 2 grams to 1 gram of curcumin daily after three cycles of chemotherapy. No

further issues of compliance were reported on this lower dose. CUFOX1 010’s initial

2! Started on 2grams daily, reduced to 1 gram after 3 cycles due to dose limiting toxicity.
%2 Tier 1 is used as baseline. P values are from comparison of tiers 2 and 3 versus tier 1.
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difficulty swallowing capsules was resolved by spreading each dose over 30 minutes.
A 100% compliance rate was achieved by five patients (41.7%).

3.1.4. Toxicity

Five of twelve participants (41.7%) did not experience any curcumin-induced adverse
events during the one week of curcumin-only treatment (Fig 3.1). The most common
curcumin-induced side effects were constipation (25.0% of patients), dry mouth
(16.7%) and flatulence (16.7%). All adverse events reported were grade 2 or less and
therefore did not prevent patients from progressing onto chemotherapy.

Side-effects - Curcumin

Figure 3.1 Adverse events (AE) reported by patients whilst treated with curcumin
only (pre-chemotherapy). Number of patients affected (Group total = 13).

On commencing chemotherapy, the most commonly reported side effect was peripheral
neuropathy, which was noted in eleven patients (91.7%). Other commonly reported
toxicities were fatigue (83.3%), diarrhoea (66.7%) and oral mucositis (58.3%). Side
effects that could possibly be attributed to curcumin are shown in Table 3.3. Despite
the addition of chemotherapy, the majority of adverse events (90.0%) were classed as
grade 1 or 2, while 10.0% were grade 3. Overall, three patients described grade 3
toxicities that could have been attributed to curcumin. Grade 3 diarrhoea was deemed a
dose-limiting toxicity for one patient, therefore their curcumin dose was maintained at 1

gram daily. After another seven cycles of treatment, this patient was again admitted
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with grade 3 diarrhoea and at this point all treatment was stopped. Other grade 3
toxicities that were not thought to have been curcumin-related included fatigue,
hyponatraemia, neutropenia, thromboembolic events, urinary tract infections and weight
loss. No grade 4 event was recorded. One grade 5 event occurred where a patient
(CUFOX1 011) was admitted with a severe chest infection and subsequently died. This

event was not thought to be due to curcumin use.

Table 3.3 Treatment side-effects which may possibly be attributable to curcumin
Grade 3 adverse events in bold.

N° % Grade pre- | Grade with Gracilje 3 Grade 3
Adverse event . . N
patients | patients chemotherapy|chemotherapy . % events
patients
Abdominal pain 4 33.3% 1,2 12,3 1 16.7%
Acute kidney injury 1 8.3% - 1,3 1 33.3%
Anorexia 4 33.3% - 2,3 3 75.0%
Bloating 1 8.3% 2 - - -
Constipation 5 41.7% 1 1,2 - -
Diarrhoea 8 66.7% 1 1,2,3 2 30.8%
Dry mouth 3 25.0% 1 1 - -
Dyspepsia 4 33.3% 1 2 - -
Flatulence 3 25.0% 1 2 - -
Oral mucositis 7 58.3% - 1,2,3 2 16.7%
Nausea 4 33.3% 1 1,2,3 1 16.7%
Rash 2 16.7% - 1,2 - -
Vomiting 2 16.7% - 1,2 - -
Weight loss 4 33.3% - 1,2,3 1 20.0%

There were eleven serious adverse events (SAES) reported in phase I, which resulted
either in hospital admission or were potentially life-threatening (Fig 3.2). The only
serious adverse event where curcumin was considered to have contributed is diarrhoea,
despite this also being a known side-effect of chemotherapy. Acute Kidney injury
secondary to diarrhoea and dehydration was reported in the same patient on two
occasions. These episodes were reported as suspected unexpected serious adverse

events.

77
Chinenye lwuji Chapter 3 — Phase |



Serious Adverse Events
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Figure 3.2 Serious adverse events experienced by patients during treatment with
curcumin plus standard chemotherapy. Diarrhoea (reported in 3 patients) was the
only serious adverse event attributed to curcumin. (11 serious adverse events reported
in group of 13 patients)

3.1.5. Peripheral neuropathy

All the patients reported some degree of sensory peripheral neuropathy in the
neurotoxicity questionnaires (Table 3.4, Fig 3.3).  For the majority of participants,
symptoms consisted of short-lived episodes of cold-induced neuropathy which resolved
between treatment cycles. The trend showed a worsening of peripheral neuropathy with
continued cycles of chemotherapy. Six participants (50%) required oxaliplatin dose
reductions after displaying symptoms of chronic peripheral neuropathy. Three patients
(25%) (CUFOX1 008, 010, and 012) eventually required a 50% dose reduction in their
oxaliplatin dose. Oxaliplatin was completely stopped after 9 cycles of treatment in one

participant (CUFOX1 001), following which there was an improvement in symptoms.
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Table 3.4

chemotherapy.

Peripheral neuropathy experienced by patients over course of
Increasing score represents worsening peripheral
Minimum score = 11; Maximum score = 29 (of potential 44). CUFOX1 011 died after

cycle 3 (not curcumin-related), therefore no ‘End’ score.

neuropathy.

Study ID Treatment cycles

Screening 1 3 5 7 9 11 End
CUFOX1 001 11 11 13 16 14 18
CUFOX1 002 11 11 13 11 - - - 11
CUFOX1 003 11 12 15 15 14 19 22 18
CUFOX1 004 11 11 16 15 16 16 21 19
CUFOX1 006 12 11 13 12 18 15 - 24
CUFOX1 007 12 11 12 12 - - - 13
CUFOX1 008 13 15 20 25 25 29 - 29
CUFOX1 009 13 15 17 18 21 20 - 21
CUFOX1 010 11 15 14 15 19 19 24 24
CUFOX1 011 11 12 18 - - - - -
CUFOX1 012 11 11 11 21 15 18 21 18
CUFOX1 013 11 13 15 15 14 13 19 16

Oxaliplatin 75% - X

Chinenye lwuji

Oxaliplatin 50% E

79

Chapter 3 — Phase |

Oxaliplatin stopped - -




A Peripheral neuropathy - Tier 1
== CUFOX1 001 == CUFOX1003 = CUFOX1 002

25
@ 20 N\
8 o~
"
Zz 15 S
8
) 10 s
2
2 5

0

Screening 1 5 7 11 End
Treatment cycle
B Peripheral neuropathy - Tier 2
= CUFOX1 004 ==—CUFOX1006 ===CUFOX1 007

30
225
]
2 20 A
£ T o
2 15 hgf/
2
© 10
2
2 5

0 T T T T 1

Screening 1 5 7 11 End
Treatment cycle

Chinenye lwuji

80

Chapter 3 — Phase |



C Peripheral neuropathy - Tier 3 (a)
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Figure 3.3 Peripheral neuropathy scores over duration of treatment for patients in
Tiers 1 (A), 2 (B) and 3 (C, D); Higher score represents worsening neuropathy.
1- Oxaliplatin reduced 75%; 11 - Oxaliplatin reduced 50%; - Oxaliplatin stopped

3.1.6. Treatment outcomes

Eleven of the twelve participants (91.7%) demonstrated either a partial response (PR) or
stable disease (SD) after 6 cycles of treatment (Table 3.5, Fig 3.4). A reduction in
target lesions of at least 30% (partial response) was recorded in more than half the
patients (RR?® = 58.3%). The best response recorded was 75.8% in patient CUFOX1
007. One participant (CUFOX1 011) was admitted to hospital after four cycles of

% RR = response rate
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treatment and although the CT scan showed reduction in target lesions, the increase in
non-target lesions depicted progressive disease.

At the end of treatment, eight of the remaining ten participants (80%) showed continued
disease control. 5 patients (50%) achieved a partial response, while 3 patients (30%)
CUFOX1 010 (Tier 3) had initially shown a good partial
response of 45.1% in his scan, but then presented to hospital three weeks later and a CT
CUFOX1 012 (Tier 3) showed a partial response
(40.7%) in target lesions but increases of over 30% in non-target lesions confirmed

showed stable disease.

scan showed brain metastases®*.

disease progression. Therefore, overall the response rate for phase | patients whilst on
treatment was 50.0%.

Table 3.5 Treatment outcomes according to RECIST 1.1 criteria after 6 cycles of
chemotherapy, at end of treatment and 3 months post-treatment. PFS —
progression-free survival. Partial response >30% reduction in target lesion diameter.
Progression > 20% increase in target lesion diameter. Stable — inadequate changes to
class as partial response or progression. Non-target lesions reported as incomplete or
complete response.

Outcomes® PFS
Lesions 6 cycles Tx end 3-m post-tx (wks)
C1001 Target 40.0% reduction 40.0% reduction 18.2% reduction
Non-target Incomplete Incomplete Increase in size
Overall Partial Partial Progression 39
response
C1002 Target 46.5% reduction 48.8% reduction 2.4% increase from
baseline
Non-target Incomplete Incomplete Increase in size
Overall Partial Partial Progression 34
response
C1003 Target 38.8% reduction 55.1% reduction 32.7% reduction,
increase from last
scan
Non-target Unchanged Incomplete Increase in size
Overall Partial Partial Progression 34
response
C1004 Target 24.6% reduction 27.5% reduction 37.7% reduction
Non-target Incomplete Incomplete Incomplete
Overall Stable Stable Partial 51
response

2 Routine CT scans assessing disease response do not include CT head.

% Outcomes compared to measurements at baseline.
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Outcomes®™ PFS
Lesions 6 cycles Tx end 3-m post-tx (wks)
C1 006 Target 20.4% reduction 23.3% reduction 1.0% increase
from baseline
Non-target Incomplete Incomplete Increase in size
Overall response Stable Stable Progression 35
C1007 Target 75.8% reduction - -
Non-target Complete
response
Overall response Partial
C1008 Target 15.9% reduction 15.5% reduction 2.2% increase
from baseline
Non-target Incomplete Incomplete Increase in size;
new peritoneal
disease
Overall response Stable Stable Progression 36
C1009 Target 46.7% reduction 46.7% reduction 41.7% reduction,
increase from last
scan
Non-target Unchanged/ Incomplete Increase in size
Incomplete
Overall response Partial Partial Progression 37
C1010 Target 34.5% reduction 45.1% reduction -
Non-target Incomplete Incomplete/Brain
metastases®’
Overall response Partial Partial/ 29
Progression
C1011 Target 22.3% reduction - -
Non-target Increased
adenopathy
Overall response Progression 9
C1012 Target 33.5% reduction 40.7% reduction -
Non-target Incomplete Increased lung
lesions&new lung
lesion
Overall response Partial Progression 26
C1013 Target 28.1% reduction 33.3% reduction 35.4% reduction
Non-target Incomplete Incomplete/ Incomplete/
Complete Complete
response in 1° response in 1°
tumour tumour
Overall response Stable Partial Partial NA

%6 Outcomes compared to measurements at baseline.
2" End of treatment scan (26/3/13) showed partial response; CT brain (17/4/13) showed brain metastases -
Progression
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Treatment outcomes
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Figure 3.4 A — Change in tumour size at mid-point and end of treatment scans compared to baseline. *Patients showing disease
progression by the end of treatment (in some cases reduction measured in target lesions, but progression due to new lesions). B —
Waterfall plot of best responses to treatment. Best overall response — best response across all time points for each patient. Partial
response >30% reduction in target lesion diameter. Progression > 20% increase in target lesion diameter. Stable — inadequate changes to
class as partial response or progression.
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The median progression-free survival® was 8.5 months (95% CI, 6.3 to 9.8 months).
Disease progression was reported in six participants (50.0%) at 3 months post-
treatment. Two patients (CUFOX1 004 and CUFOX1 013) showed progression
approximately 6 months post-treatment. These patients were withdrawn from trial
follow-up and referred for alternative chemotherapy or palliative treatments.

Patients’ CEA levels were measured at baseline and compared to CEA readings after 6
cycles of treatment, then at the end of treatment. The changes in CEA readings were
compared to tumour responses measured by RECIST criteria (Fig 3.5). CEA readings
were not obtained after cycle 6 for patients CUFOX1 007, CUFOX1 011 and CUFOX1
013. This was because CUFOX1 011 did not complete 6 cycles of treatment. With the
other two patients this tumour marker was omitted in error when the blood tests were
taken. CEA readings were also not obtained at the end of treatment for patients
CUFOX1 002 and CUFOX1 011 because these patients were too unwell by the end of
their treatment to come in specifically for trial blood tests. In one case (CUFOX1 003)
the CEA reading was <2 (lowest possible measurement) at baseline and remained at this
level for the duration of their treatment. The number of samples obtained was not
sufficient to calculate a statistical correlation between changes in tumour size measured
using RECIST criteria versus changes in CEA readings. Even so, the outcomes

recorded did not suggest there was a clear association between these two measurements.

%8 Progression-free survival measured as the time from screening to clinical/radiological progression or
death from any cause.
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Figure 3.5 Change in tumour size measured at mid-point and end of treatment scans compared to baseline versus changes in CEA
measurements for the same timepoints. Patients CUFOX1 007 and CUFOX1 011 excluded because mid-treatment and end of treatment

measurements were not available for these patients.
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3.1.7. Quality of Life

The quality of life questionnaires were used to determine whether adding curcumin
altered patients’ quality of life during treatment. For phase I in particular, the emphasis
was on whether increased curcumin doses were associated with a reduction of the
detrimental effect of chemotherapy on quality of life (Table 3.6, Fig 3.6). The quality
of life questionnaires measured effects on: a) functionality; b) symptoms; c) overall
subjective well-being i.e. global health score. The majority of patients noted an
improvement (increased score) in their functional and global health scores. However,
most patients reported higher symptom scores following treatment. The patients who
completed 12 cycles of treatment all reported improved functionality and global health

scores, as well as their symptoms improving or remaining stable.

Table 3.6 Comparison of quality of life scores before and after treatment.
Increase in functional score represents improved physically functionality. Increase in
global health score represents improved overall perceived wellbeing. Increase in
symptom score represents worsening symptoms. Patients in grey completed 12 cycles of
chemotherapy.

Functional Symptoms Global
Pre-Tx | Post-Tx | Pre-Tx | Post-Tx | Pre-Tx | Post-Tx
C1 001 71.1 88.9 10.3 10.3 66.7 83.3
C1 002 84.4 53.3 23.1 30.8 66.7 41.7
C1 003 68.9 86.7 7.7 20.5 58.3 66.7
C1 004 64.4 75.6 23.1 23.1 50.0 66.7
C1 006 97.8 75.6 2.6 18.0 100.0 58.3
C1 007 100.0 95.6 0.0 2.6 83.3 100.0
C1 008 84.4 55.6 28.2 41.0 75.0 58.3
C1 009 93.3 78.6 5.1 18.0 75.0 66.7
C1 010 73.3 93.3 23.1 10.3 33.3 83.3
C1012 71.1 92.9 10.3 7.7 66.7 83.3
C1013 68.9 95.6 35.9 7.7 33.3 66.7
87
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A - Functionality B - Global Health Score

C - Symptom Score

Figure 3.6 Results from EORTC quality of life questionnaires. A — Functional
score, assessing physical functionality; B — Global health score, assessing overall
perceived well-being; C — Symptom score, assessing degree of symptoms experienced.
(Group total = 11 patients)

3.1.8. Curcumin questionnaire

The curcumin questionnaires were designed to establish patients’ knowledge,
preconceptions and concerns regarding curcumin prior to commencing on the trial, then
reassess their attitudes at the end of treatment. Not many significant concerns were
raised by participants regarding curcumin use prior to treatment. Five reported some
concern (‘a little’ or ‘quite a bit”) about the large size of the capsules (Table 3.7).
However following treatment, only two participants had ‘a little’ difficulty taking the
capsules, whilst one participant reported ‘quite a bit” of difficulty with taking capsules
this size. Three participants (one from each tier) were ‘a little’ worried about the
number of capsules they would be taking. Almost all the patients (91.7%) were ‘not at
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all’ concerned about the once daily dose frequency. By the end of treatment, the
majority of patients (72.7%) reported no difficulties at all with the number, size or
frequency of their curcumin doses. The number of capsules did cause ‘a little’ bit of

difficulty for one patient in tier one (1 capsule) and two patients in tier 3 (4 capsules).

The potential side-effects of treatment were a minor concern for 41.7% of patients
(Table 3.7). However, by the end of treatment, 81.8% of patients had no concerns
regarding the side-effects from curcumin. All participants had experienced side-effects
to some degree, but only 36.4% attributed these toxicities to curcumin, whilst all
participants believed chemotherapy caused some side-effects.

The main side-effects associated with curcumin use from previous studies include
yellow stools, flatulence, bloating and abdominal pain. At the end of the study,
complaints of yellow stools had increased by 29.6% (Table 3.7). There were also more
reports of flatulence (6.0%) and bloating (3.8%). On the contrary, abdominal pain
improved with a 40.9% decrease in this symptom.

Prior to treatment, participants were asked what measures they anticipated would
improve compliance in taking curcumin. The suggestions made were: smaller capsules
(8.3%) and fewer side-effects (16.7%). The remainder of participants either were not
sure (16.7%), or gave no suggestions (58.3%). By the end of treatment, none of the
participants believed that side-effects had a negative impact on curcumin compliance
(Fig 3.7). One patient taking four capsules on tier 3 suggested that taking fewer capsules
would be beneficial. Reducing the size of the capsules was suggested by two
participants. However, most patients (72.7%) stated that they did not feel anything was
required to improve their willingness to take curcumin. The same percentage of patients
reported that they would be willing to continue taking curcumin beyond the six months
of treatment, and indefinitely (Fig 3.8). One patient (Tier 3) did state that 6 months of

taking curcumin would be the maximum they could tolerate.
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Table 3.7 Comparison of patients’ experience of curcumin from curcumin
guestionnaire pre- and post-treatment

Pre- Post- Pre- Post- Pre- Post- Pre- Post-
TX TX Tx Tx Tx Tx Tx Tx

Not at all A little Quite a bit Very Much

N° of capsules | 75.0% | 72.7% | 25.0% | 27.3% | 0.0% | 0.0% | 0.0% | 0.0%
difficult

Size of capsules | 58.3% | 72.7% | 25.0% | 18.2% | 16.7% | 9.1% | 0.0% | 0.0%
difficult

Frequency of 91.7% | 72.7% | 83% | 182% | 0.0% | 9.1% | 0.0% | 0.0%
capsules difficult

Concerned 58.3% | 81.8% | 41.7% | 9.1% 0.0% 9.1% 0.0% 0.0%
about side-
effects

Experienced - 0.0% - 45.5% - 36.4% - 18.2%
side-effects

Side-effects due - 0.0% - 27.3% - 27.3% - 45.5%
to chemotherapy

Side-effects due - 54.5% - 27.3% - 9.1% - 0.0%
to curcumin

Worried if 25.0% | 54.5% | 58.3% | 27.3% | 0.0% 9.1% | 16.7% | 0.0%
missed dose

Treatment gave | 25.0% | 63.6% | 33.3% | 18.2% | 33.3% | 9.1% 0.0% 9.1%
peace of mind

Inconvenient 83.3% | 72.7% | 8.3% | 27.3% | 0.0% 0.0% 0.0% 0.0%
with other
medication

Affects other 66.7% | 72.7% | 8.3% | 18.2% | 0.0% 0.0% 0.0% 0.0%
medication

6 months too 83.3% | 81.8% | 16.7% | 18.2% | 0.0% | 0.0% | 0.0% | 0.0%
long

Yellow stools 75.0% | 45.5% | 25.0% | 9.1% 0.0% | 18.2% | 0.0% | 27.3%

Flatulence 33.3% | 27.3% | 41.7% | 63.6% | 8.3% 9.1% | 16.7% | 0.0%

Bloating 58.3% | 54.5% | 25.0% | 36.4% | 0.0% 9.1% | 16.7% | 0.0%

Abdominal pain | 50.0% | 90.9% | 25.0% | 9.1% [ 16.7% | 0.0% 8.3% | 0.0%
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Figure 3.7 Patient suggestions of measures to improve compliance from curcumin
guestionnaire; S/E — Side-effects, Tx — treatment (Group total = 11 patients)

Compared to the start of treatment, there was an increase of 33.3% in patients’
awareness of curcumin (Fig 3.8). None of the participants had previously used
curcumin as a health supplement and only one was aware of using curcumin or turmeric
regularly in their diet. By the end of treatment, seven of the eleven participants (63.6%)
indicated that they would consider using curcumin as a health supplement and regularly

in their diet.

Questionnaire Results - Curcumin Use

EPre-Tx ®Post-Tx

1 | | | 4
33.3%
Aware of cure = 63.6%
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Figure 3.8 Comparison of patients’ attitude to curcumin from pre- and post-
treatment curcumin questionnaires; Questionnaires assessed patients’ awareness of
benefits of curcumin, whether patients would consider using curcumin as a health
supplement, use of turmeric regularly in diet, and whether patients would have been
willing to continue curcumin beyond the 6-month trial period; Tx — treatment.
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3.2. Discussion - Phase |

3.2.1. Recruitment

The clinical protocol had estimated a recruitment rate of two patients per month, with
approximately 2.5 months required for recruitment and completion of two cycles of
chemotherapy. Recruitment for the first two tiers was completed much more quickly
than expected with seven patients completing the dose escalation period in less than 5
months.  Recruitment for tier 3 was more protracted, requiring 10 months for
recruitment and two cycles of chemotherapy to be completed. This appears to be
primarily due to a reduced number of patients being referred and meeting the inclusion
criteria over that time period. For tiers 1 and 2, 12 patients were screened in just over 4
months (approx. 3 patients/month) compared to the 13 patients screened in 10 months
of recruiting for tier 3 (<2 patients/month).

The overall recruitment rate* reported for cancer clinical trials in the UK is 18% to
21% of all incident cancer cases (between 2012 — 2013), with 76% of studies meeting
over 90% of the planned recruitment target during the planned window®®. In our trial,
56.0% of patients who were reviewed and received information about entering the trial
(verbal + patient information sheets) were recruited. Only one participant (4.5%) for
tier 3 declined entry into the study. Therefore, the larger curcumin dose of 2 grams

daily, did not appear to substantially deter eligible patients from entering the trial.

The overall recruitment rates were, however, reduced by the number of patients who
failed initial screening (44.0%). This was high in comparison to previous cancer
clinical trials, where typically 28% of patients failed to meet initial screening criteria
(259 As a result, the inclusion and exclusion criteria for this trial were reviewed by the
principal investigator, and trial committee members prior to commencing recruitment
for phase Il. The exclusion of patients with peptic ulcer disease was reassessed. Two
patients had been excluded from the study due to this criterion that were otherwise fit to
have FOLFOX chemotherapy. Initially, there had been concerns that curcumin’s anti-
inflammatory COX-2 inhibition might cause gastrointestinal toxicities such as peptic
ulcers and gastrointestinal bleeding, as seen with aspirin. However, it is known that
aspirin inhibits both COX-1 and COX-2, and these adverse effects are attributed to

COX-1 inhibition only. There is no significant evidence to suggest that curcumin use

% percentage of patients diagnosed with cancer who entered clinical trials.
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exacerbates peptic ulcer disease. Likewise, there are no substantial data confirming that
the presence of peptic ulcer disease affects curcumin absorption. In view of the above,
the presence of peptic ulcer disease was removed from the exclusion criteria for the
phase lla study.

Initial estimations predicted that phase | would be completed in 15 months. Despite the
slower recruitment rate in tier 3, all phase | patients completed dose escalation within 15
months, and recruitment for phase lla began in April 2013.

3.2.2. Curcumin compliance

Compliance is a key issue that affects the efficacy of any drug therapy. The compliance
rate of 93.8% in our study was encouraging, being comparable to those in other clinical
trials of oral antineoplastic agents such as Tamoxifen, which showed compliance rates
of 72% to 96% (203). Similarly, a phase I/l study investigating the addition of
curcumin to gemcitabine for patients with pancreatic cancer reported an excellent
median compliance rate of 100% (Range 79 — 100%, 21 patients)®*. For tier 1, the
two cases of missed doses (CUFOX1 002 and CUFOX1 003) were due to patients
forgetting their doses or being admitted to hospital (not curcumin related) as opposed to
any adverse effects or difficulty swallowing curcumin. All patients in tier 2 recorded
100% compliance for the duration of their treatment. For three of the 5 patients, doses
were missed as a result of hospital admission or because they forgot to take their
capsules. In one case this was related to the dose limiting toxicity and in the other due
to difficulty swallowing 4 capsules at once. Once the doses of these patients were
adjusted accordingly, no further compliance issues were reported. No significant trend

was noted when comparing compliance rates to increases in curcumin doses.

Cancer patients are generally expected to be highly motivated due to their awareness of
the gravity of their illness. Yet despite this and the many benefits of oral antineoplastic
agents, there are significant concerns regarding patient adherence to treatment regimes.
This issue was demonstrated in a study investigating adherence to oral tamoxifen in
women being treated for breast cancer. Over the 2-year follow-up period, 17% of
women stopped taking their tamoxifen, with 68% of these patients doing so within the

first year®®?.

Potential reasons for non-adherence to treatment are complex and
multifactorial. However, key strategies to improve compliance require informational

and behavioural interventions ©®Y. Informational intervention was employed by
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providing patients with clear information about potential benefits and risks of their
treatment in the form of verbal discussion during their screening appointment and
written patient information sheets for the CUFOX trial. Behavioural measures that may
have contributed to better compliance included keeping the curcumin dosing to a once
daily regime over a 6 month period. The number of daily doses has been reported to be
inversely proportional to compliance rates, thus a once daily dose is likely to improve
adherence to treatment and likewise the shorter duration of treatment (204). Giving
patients the option of administering their doses over 15 to 30 minutes if required also
may have improved patient co-operation by tailoring the regime to better suit the
individual. Equally, the perceived low toxicity of the medication may also have

influenced patients’ compliance.

3.2.3. Toxicity

The patients generally tolerated their week of curcumin (pre-chemotherapy) with
minimal adverse events. The events reported were primarily gastrointestinal and
consistent with those reported in previous curcumin trials. The side-effects reported
were all mild (Grade 1 or 2), either resolving spontaneously or after medication. Once
chemotherapy was added, the range of toxicities broadened and in some cases severity
increased. Diarrhoea was the only serious adverse event where curcumin was likely to
have contributed.  Causality was established based on whether stopping and
subsequently reintroducing curcumin affected this symptom. The effects of standard
treatment were similarly assessed. Diarrhoea is commonly seen in patients treated with
the combination of FOLFOX and Bevacizumab (11.1%) “®. With FOLFOX alone
grade 3-4 diarrhoea was reported in 10.0% of patients®”. Therefore it is difficult to
determine how much each of the treatment agents contributed to the grade 3 diarrhoea
seen in two trial patients. In the case of the dose-limiting diarrhoea experienced by one
patient in tier 3, this could be attributed primarily to curcumin because increasing the
curcumin dose exacerbated this side-effect whereas re-starting chemotherapy did not.
This participant had already had loose stools, controlled with Loperamide, prior to
starting on treatment but no significant worsening of bowel habit had been reported

during curcumin pre-dosing. No other patients in tier 3 experienced grade 3 diarrhoea.

One of the patients stopped treatment after seven cycles of chemotherapy following a
series of hospital admissions. Reasons for admission primarily involved increased

stoma output plus a background of poor oral intake of both nutrition and fluids leading
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to acute renal impairment. In this case, the increased stoma output could not be
attributed to curcumin because the patient’s diarrhoea remained settled when taking
curcumin in the absence of chemotherapy. It is therefore more likely that these events

were primarily due to standard treatment.

Fatigue and anorexia were the key factors in deciding to stop treatment for the other
patients who failed to complete twelve cycles of chemotherapy. Again, fatigue is not
uncommon in patients being treated with FOLFOX and Bevacizumab (9.0%)%?. In
our study 60% of patients completed twelve cycles of chemotherapy. In the NSABP C-
08 trial, the rate was higher at 77 — 85%“%?). However it is important to note that the
NSABP C-08 patients all had stage Il to Il disease, thereby having less advanced
disease than patients recruited into the CUFOX study. Cardiac side-effects of
myocardial infarction caused one patient to be withdrawn. These are not side-effects
that have previously been reported with curcumin. Likewise the other serious adverse
events of infection and pulmonary emboli are unlikely to be due to curcumin use. It
will be important to monitor side-effects in phase Ila to confirm that there is no link

between curcumin and these side-effects.

3.2.4. Peripheral neuropathy

The results of curcumin use on peripheral neuropathy are currently inconclusive,
particularly in view of the small cohort of patients who have completed treatment. On
the one hand, all participants experienced at least acute peripheral neuropathy with an
accumulation of symptoms as treatment progressed, as is the known pattern with
oxaliplatin treatment. With 50% of patients requiring either a dose reduction or
cessation of oxaliplatin, this is still a lower rate of treatment alteration than reported in
other studies (~60%) (78). Although these results appear encouraging, outcomes from
Phase lla of this trial may shed more light on whether the level of peripheral neuropathy

is reduced in participants taking curcumin compared to standard treatment alone.

3.2.5. Treatment response

The treatment response rates for this study were encouraging with 50.0% of patients
achieving either a partial response or stable disease. This is comparable to the response
rates seen with standard treatment ( FOLFOX RR = 45% - 54% ©“®®; FOLFOX +

Bevacizumab (RR = 47% ) in previous clinical trials in metastatic colorectal cancer,

% National Surgical Adjuvant Breast and Bowel Project C-08
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which have shown response rates of 49% with FOLFOX chemotherapy and 47% with
the addition of Bevacizumab ®#". The median progression-free survival for FOLFOX
and Bevacizumab is 9.4 months, and 8.0 months for FOLFOX only®. Therefore the
progression-free survival of 8.5 months reported in phase | of this trial is comparable.
Overall, the addition of curcumin to standard treatment appears to maintain similar
progression-free survival compared to standard treatment alone. Further evaluation of

this will be required by directly comparing these parameters in phase lla.

3.2.6. Quality of life and curcumin questionnaires

Over half the trial participants (55%) reported deterioration in their symptoms by the
end of their treatment. Nonetheless, the majority of patients (72.7%) reported that they
would be willing to continue curcumin for as long as it was necessary. This evidently
reflects the perception by all the participants that most of their side-effects were due to
chemotherapy. In addition to this, patients noted improvement in functionality and
quality of life (global health scores), with little or no difficulty in taking the curcumin.
Overall, it appears that the minimal perceived adverse effects of adding curcumin to
standard treatment resulted in patients reporting favourable opinions on the tolerability

and feasibility of this treatment.

3.3. Conclusion — Phase |

The addition of curcumin to standard oxaliplatin-based treatment has shown good
tolerability, feasibility and no significant safety concerns with doses of up to 2 grams of
curcumin daily. Patients have shown excellent compliance and given positive feedback
regarding the long-term use of curcumin. Alterations and cessation of oxaliplatin
secondary to peripheral neuropathy is currently slightly lower than those reported in
previous studies. However more data is required before the effects of curcumin on
peripheral neuropathy can be defined. Response rates and progression-free survival is

comparable to those observed for standard treatment alone.
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4. Phase lla

4.1. Introduction

Phase lla of this study aimed to further investigate the safety, tolerability and feasibility
of the 2 gram daily maximum target dose of curcumin established in Phase | of the
CUFOX study. As an open-labelled, two-armed, randomised controlled feasibility trial,
comparisons could be made between experiences and outcomes for patients having
standard treatment alone, versus those having standard treatment and curcumin. As
curcumin has not previously been administered to humans with this regimen of
chemotherapy, no data exists to estimate efficacy or to use as a basis for power
calculations. Thus data from this study will also be useful in the powering of future

studies.

As in phase I, questionnaires were used to collect information regarding each patient’s
perceptions and experience before, during and after the study. Comparing the results
between the two study arms would provide greater understanding of whether addition of

curcumin to standard treatment raises new safety concerns.
4.2. Phase lla Clinical Results

4.2.1. Recruitment

Screening for Phase Ila began in April 2013 and continues to date. From April 2013
until January 2015, 31 patients were screened and 18 patients recruited onto the
CUFOX trial. Eleven of the 15 patients who were not recruited had failed screening,
whilst 2 patients declined entry. Patients failed to meet the eligibility criteria based on
poor performance status (4 patients), inability to give consent (1), not for Oxaliplatin-
based chemotherapy (3), and co-existing medical conditions (3). The recruitment rate
was approximately 0.86 patients per month (one patient every 5 weeks) with 86% of

eligible patients and 55% of screened patients entering the study.

Following randomisation, 13 patients received curcumin with standard treatment (CST)
and five patients received standard treatment (ST) alone. The demographics across the
two groups were similar in terms of age, sex and ethnicity (see Table 4.1). However, all
the patients recruited to standard treatment alone had extrahepatic disease (4 — lung, 1 —

adrenal), whilst 4 patients treated with curcumin showed no extrahepatic metastases.
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Table 4.1 Demographics of patients recruited onto Phase lla

Curcumin No Curcumin

N° of participants 13 5
Male 9 3

(69%) (60%)
Female 4 2

(31%) (40%)

Age range 54 — 77 yrs 58 — 78 yrs
Median age 67 71
Ethnicity All white British All white British

Extra-hepatic metastases 9% 5

(69%) (100%)

4.2.2. Treatment

In the CST arm, 8 patients (61.5%) were treated with FOLFOX plus Bevacizumab, and
5 patients (38.5%) with FOLFOX only as standard treatment. All patients on ST arm
received FOLFOX + Bevacizumab.

Three patients on the ST arm completed less than 6 cycles of treatment (Fig 4.1). One
of these patients was withdrawn from the study after completing only one cycle of
chemotherapy, having been found retrospectively to be ineligible for the trial. This
patient’s CT scan had initially been reported as showing liver metastases. However, on
subsequent review, there was uncertainty as to whether these liver lesions represented
metastatic disease or liver abscesses. In the absence of confirmed liver metastases, or
any other measurable disease, this patient’s (CUFOX2A 003) treatment was suspended
and they were withdrawn from the CUFOX trial. A second patient developed bowel
obstruction after 2 cycles of chemotherapy. He/she underwent surgery to treat the
obstruction, but then died of complications following the procedure. The third patient
suffered significant toxicity with their treatment and only tolerated 3 cycles of FOLFOX

and Bevacizumab.

31 Extra-hepatic metastases in curcumin arm: 3 — lung, 4 — peritoneal, 1 — lung and peritoneal, 1 —
lymphadenopathy; non-curcumin arm: 4 — lung, 1 - adrenal
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31 patients

2 patients

declined

consent

11 failed screening

- 3 not for FOLFOX*

- 3 co-morbidities

- 1 unable to give informed

- 4 poor performance status

18 patients

13 recruited to 5 recruited

CST to ST
7 4 completed 2 completed < 3 completed <6 1 1
completed 6-11 cycles 6 cycles cycles completed completed
12 cycles -2 had - 1 stopped due -1 retrospectively 6-11 12 cycles

sufficient to toxicity withdrawn; no cycles

response for - 1 clinical liver metastases - Sufficient

Surgery progression - 1 stopped due to response

- 2 stopped toxicity for surgery

due to -1 died following

toxicity emergency surgery

Figure 4.1 Summary of patient recruitment, randomisation and treatment in
Phase l1a*

There were 2 patients in the CST arm who completed less than 6 cycles of treatment.
Treatment was stopped on one of these patients due to continued symptomatic
deterioration. This patient also stopped taking curcumin after his second cycle of
chemotherapy due to its side-effects (nausea and belching). Another patient was
admitted to hospital with treatment-induced toxicity after one cycle of chemotherapy.
As a result, this patient’s chemotherapy was stopped and she was withdrawn from the
CUFOX study as per protocol. Two other patients in this arm stopped treatment after 8

and 10 cycles of chemotherapy due to toxicity.

The interim CT scan (after 6 cycles) for 2 CST and 1 ST patient showed treatment

responses that were sufficient for these patients to proceed to surgical resection of their

% FOLFOX — 5-FU (fluorouracil)/oxaliplatin/folinic acid
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disease. Therefore chemotherapy was stopped before these patients completed 12
cycles of treatment.

The target 12 cycles of chemotherapy was completed by 7 patients in the CST arm; 4 of
whom received FOLFOX + Bevacizumab, and 3 received FOLFOX as standard
treatment. One patient in the ST arm completed 12 cycles of chemotherapy.

4.2.3. Compliance

Compliance was recorded primarily based on patient reports. The average compliance
rate was 94.1%°. Over half the patients (53.8%) reported a 100% compliance rate.
Reasons for missing doses included hospital admissions (33.3%), curcumin side-effects
(16.7%), feeling unwell (16.7%), forgot (16.7%), and being on holiday (16.7%).

4.2.4. Toxicity

All 17 patients in Phase Ila of this study experienced adverse events. The majority of
these adverse events were Grade 1 or 2 (91.3%) (See Fig 4.2). Grade 3 events were
reported in 9 of the 17 patients (52.9%); overall these accounted for 7.9% of all
documented adverse events. One patient experienced a grade 4, and subsequently grade
5 event, accounting for 0.8% of all adverse events. The toxicities experienced by the
most patients were fatigue/lethargy (94.1%), sensory neuropathy (82.4%), dyspepsia
(52.9%) and nausea (52.9%).

% There was an episode of delayed curcumin supply that resulted in 2 patients missing curcumin doses
(CUFOX2A 012 — 2 doses, CUFOX2A 016 — 5 doses). However this was not recorded as non-
compliance because the patients were not at fault.
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A Percentage of Grade 1 - 5 events

M CST HST uOverall

100% - 92.3% 91.3%
80%
60%
40%

20%

4.3% 0.8%
[S—]

0%

Grade 1/2 Grade 3 Grade 4/5

B Patients affected by adverse events

ECST EST udOverall

100%
80%
60% 53.8% 52.9%
40%

20%

0%

Grade 1/2 Grade 3 Grade 4/5

Figure 4.2 A - Percentage of Grade 1-2, 3 and 4-5 adverse events reported; B -
Percentage of patients affected by Grade 1-2, 3 and 4-5 adverse events in the
curcumin and standard treatment (CST) group, standard treatment (ST) group,
and overall

In the CST group, grade 1/2 adverse events were experienced by 6 patients (46.2%)
compared to 7 patients (53.8%) who experienced grade 3 adverse events (see Fig 4.2).
The majority of the adverse events overall were grade 1 or 2 (92.3%), with grade 3
events making up 7.7% (See Fig 4.2). No grade 4 or 5 adverse events were reported in
this group. Approximately half of the patients (7 patients, 53.8%) did not experience
any adverse events prior to commencing chemotherapy (see Fig 4.3). For the remaining
6 patients, the toxicities reported included gastrointestinal symptoms (e.g. abdominal
pain, diarrhoea, constipation, and flatulence), fatigue, peripheral oedema and dry mouth.

All these were reported as grade 1 toxicity, except for diarrhoea which was grade 2.
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Curcumin side-effects

Anorexia, 1, 7%

Constipation, 1,
7%

Diarrhoea, 1,
8%

No adverse

Dizziness, 1, 8%

Dry mouth, 1,
8%
Flatulence, 1,
8%

Figure 4.3  Side-effects reported by patients whilst treated with curcumin only
and the number of patients affected (pre-chemotherapy). (Group total = 13 patients)

On combining curcumin with chemotherapy, the toxicities experienced by most patients
were fatigue/lethargy (100%), sensory neuropathy (92.3%), dyspepsia (53.8%), oral
mucositis (53.8%), and thrombocytopaenia (53.8%). Nausea, vomiting, and diarrhoea
were also frequently reported (all 46.2%). The adverse events that were thought to be
possibly or likely related to the use of curcumin are detailed in Table 4.2. On average,

these adverse events were primarily grade 1/2 (93.4%).

Table 4.2 Adverse events possibly or likely related to curcumin use, and the
percentage of patients experiencing grade 1 — 5 events. Shaded cells represent grade
3 or greater toxicity.

Curcumin-related AEs % Gd 1/2 % Gd 3 % Gd 4/5 | % patients
Abdominal bloating 100.0% 0.0% 0.0% 5.9%
Abdominal pain 80.0% 20.0% 0.0% 29.4%
Acute kidney injury 100.0% 0.0% 0.0% 5.9%
Anorexia 85.7% 14.3% 0.0% 41.2%
Constipation 100.0% 0.0% 0.0% 29.4%
Diarrhoea 87.5% 12.5% 0.0% 47.1%
Dizziness 100.0% 0.0% 0.0% 17.6%
Dry mouth 100.0% 0.0% 0.0% 11.8%
Dyspepsia 100.0% 0.0% 0.0% 52.9%
Flatulence 100.0% 0.0% 0.0% 11.8%
Nausea 88.9% 11.1% 0.0% 52.9%
Oral Mucositis 100.0% 0.0% 0.0% 47.1%
Vomiting 85.7% 14.3% 0.0% 41.2%
Weight loss 80.0% 20.0% 0.0% 29.4%
MEAN 93.4% 6.6% 0.0% 34.5%
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Of the four patients in the ST group, one patient experienced only grade 1/2 toxicities,

two patients reported grade 3 toxicities (50.0%), and one patient reported grade 4/5

toxicities (see Table 4.3). For these patients, the most common toxicities were
fatigue/lethargy (75.0%) and nausea (75.0%).

Table 4.3 Grade 3 or greater adverse events reported in the standard

treatment group

N° of events (%)

N°of patients (%)

Abdominal pain® 1 (20%) 1 (25%)
Anorexia 1 (20%) 1 (25%)
Hyperkalaemia 1 (20%) 1 (25%)
Surgical procedure® 1 (20%) 1 (25%)
Sepsis®® 1 (20%) 1 (25%)

Serious adverse events were reported in 8 patients overall (47.1%): 7 patients in the
CST arm and 1 in the ST arm. All the SAEs in the CST group occurred after
chemotherapy had commenced. The SAEs most frequently reported in the CST group

were diarrhoea (15.4%), and febrile neutropenia (15.4%) (See Fig 4.4). Curcumin was

thought to possibly contribute to the diarrhoea experienced by these patients. Acute

Kidney injury was recognised as an SAE that can develop in severe cases of diarrhoea

and hence could be linked to curcumin use. None of the other SAEs were thought to be

due to curcumin use. One patient in the ST group reported SAEs of colonic obstruction

then developed a wound infection and subsequently died.

# All these events were reported in the same patient over a single episode.

% Grade 5 sepsis resulting in patient’s death.

Chinenye lwuji
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Serious adverse events

1,7%

H Diarrhoea

M Acute kidney injury
M Vomiting

H Pulmonary embolism
M Lung infection

i Colonic obstruction

i Febrile neutropenia

M Bile duct stenosis
1,7%

Figure 4.4 Serious adverse events reported by patients in the curcumin +
standard treatment (CST) group. (Group total = 13 patients). Curcumin possibly
contributed to diarrhoea and acute kidney injury. Diarrhoea, lung infection and febrile
neutropenia were the most commonly occurring serious adverse events (15% of all
serious adverse events).

4.2.5. Peripheral neuropathy

Participants in both the CST and ST arms all experienced sensory peripheral
neuropathy. The peripheral neuropathy scores recorded in the ST group were
significantly higher than those in the CST group over the course of treatment (p =

0.0002), where a higher score represented worsening neuropathy (See Fig 4.5).

Peripheral neuropathy - Phase lla

501 -®- ST - CST

Neuropathy score

0 2 4 6 8 10 12 14

Chemotherapy cycles

Figure 4.5 Comparison of peripheral neuropathy scores between curcumin +
standard treatment group (CST) vs standard treatment (ST) only group over 12
cycles of chemotherapy. Neurotoxicity measured at baseline and cycles 1,3,5,7,9,11,
and 12. Statistically significant difference between values analysed using t-tests where
p < 0.05 represented by asterisk (*). T-tests comparisons could not be performed for
cycles 7, 11 and 12 due to insufficient patient numbers from ST group — only one
patient completed 12 cycles.
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The full oxaliplatin dose was maintained for 23.1% (3 patients) of the CST patients for
the duration of their treatment. In this group, symptoms of chronic peripheral
neuropathy resulted in an oxaliplatin dose reduction (20 — 25%) in 23.1% (3 patients)
and early cessation of oxaliplatin in over half of the patients (53.8%) (See Fig 4.6). In
the ST arm, the oxaliplatin dose was reduced for two of the four patients (50.0%). The
remaining two patients (50.0%) tolerated the full oxaliplatin dose for the duration of
their treatment, however CUFOX2A 006 completed only 2 cycles of chemotherapy®.

Curcumin + Standard Tx Standard Tx

EFull EReduced u Stopped HFull HEReduced M Stopped

Figure 4.6  Comparison of oxaliplatin dose alterations over treatment in
curcumin + standard treatment group vs standard treatment only. (Group total
Curcumin + Standard = 13 patients; Group total Standard = 4 patients).

4.2.6. Treatment outcomes

By the end of treatment in the CST arm, 7 patients (53.8%) had achieved a partial
response®’, 1 patient (7.7%) maintained stable disease, and 4 patients (30.8%) showed
disease progression (See Fig 4.7). The one patient who stopped treatment after one
cycle of chemotherapy did not have a follow-up CT scan. Sufficient disease reduction
was achieved in 3 patients (23.1%) for them to proceed to surgical resection of their
lesions. These responses were observed at the mid-treatment (post-6 cycles) CT scans

for two patients, and after 12 cycles of chemotherapy for the last patient.

% CUFOX2A 006 died after 2 cycles of chemotherapy (See Section 3.5.4 - Toxicity)

%7 Partial response = at least 30% reduction in the sum of the diameters of target lesions; Progressive

disease = at least 20% increase in the sum of the diameters of target lesions; Stable disease = neither

sufficient shrinkage to qualify as partial response or sufficient increase to qualify as progressive disease
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The ST arm (See Fig 4.7) had one participant that showed a partial response (25.0%) to
treatment in his mid-treatment scan and underwent surgical resection of his disease. A
second patient obtained a partial response after 6 cycles but was found to have disease
progression (25.0%) after completing 12 cycles of treatment. One patient showed stable
disease (25.0%), however this was after only 3 cycles of treatment, following which
toxicity necessitated cessation of chemotherapy on the trial. The final patient died after
2 cycles of chemotherapy and did not have a follow-up CT scan.

CEA measurements were again obtained at baseline, after 6 cycles of treatment and at
the end of treatment for Phase lla patients. Two of these patients (CUFOX2A 005,
CUFOX2 006) only had baseline CEA measurements taken as they tolerated less than 6
cycles of chemotherapy and then were too unwell for blood tests at the time of treatment
cessation. For two patients (CUFOX2A 001, CUFOX2A 017) only one further CEA
reading was obtained following baseline as a result of errors in blood requests.
CUFOX2A 012 maintained a CEA of <2 throughout treatment. As in Phase I, no
obvious correlation could be demonstrated between tumour response via RECIST

criteria and CEA readings.

For this interim data analysis, progression-free survival (PFS*®) was compared between
the two arms using data available up to April 1% 2015 to give a median 7-month follow-
up®® (See Fig 4.9). Patients who underwent surgery post-trial were not included in
analysis of PFS. The median PFS was significantly longer in the CST arm compared to
ST, at 7.6 months vs 5.5 months respectively (HR = 0.06 (95% CI 0.006 — 0.6); log-
rank p = 0.02). All the patients recruited onto the ST arm had either demonstrated
disease progression or died during this follow-up period. Data was censored at the
given date for 3 patients in the CST arm who thus far show no evidence of disease

progression.

% Progression-free survival measured as the time from screening to clinical/radiological progression or
death from any cause.
% Follow-up measured as time from screening until time of progression, death, or 1/4/15.
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Figure 4.7 A - Change in tumour size at mid-point (dark bars) and end of treatment scans (light bars) compared to baseline for

all trial patients. CST — patients having curcumin + standard treatment. ST — patients having standard treatment alone. *Patients showing
disease progression by the end of treatment (in some cases reduction measured in target lesions, but progression due to new lesions). B —
Waterfall plot of best responses to treatment. Best overall response — best response across all time points for each patient. Partial
response - >30% reduction in target lesion diameter. Progression - > 20% increase in target lesion diameter. Stable — inadequate changes
to class as partial response or progression.
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Treatment outcomes - RECIST vs CEA
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RECIST Mid-Tx 3% -14% -31% -54% -31% -47% -40% -41% -32% -53% 1% -42% -22% -28%
RECIST Tx End 3% -16% -45% -66% -54% -70% -53% 0% 0% 15% -45% -26%
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Figure 4.8 Change in tumour size measured at mid-point and end of treatment scans compared to baseline versus changes in CEA
measurements for the same timepoints. Patients excluded because mid-treatment and end of treatment RECIST data or CEA readings

were not available.
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Progression-free Survival (CST vs ST)
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Figure 4.9  Comparison of the progression-free survival for patients in
curcumin + standard treatment (CST) group versus standard treatment alone
(ST). Data was sensored at time of report for three patients in CST arm who had not yet
progressed. An improvement of 2.1 months was reported in the CST arm with a hazard
ratio of 0.06, p = 0.02.

4.2.7. Quality of life

The EORTC QLQ-C30 quality of life questionnaire was used to measure the impact of
treatment on patients’ quality of life. These questionnaires enabled comparison
between the CST and ST groups in 3 areas: 1) functionality; b) symptoms; c) overall
subjective well-being, measured as the global health score. In the CST arm, 41.7% of
patients reported an improvement in functionality, 50% deteriorated, while 8.3%
noticed no change. Three of the 5 patients (60.0%) with improved functionality
displayed an increase of over 10 points in their functionality. By comparison, in the ST
arm there was a noted improvement (>10 points) in 33.3% of patients and deterioration
in 66.7%. Overall comparison of pre- versus post-treatment scores, demonstrated an
average decrease in functionality in both groups (See Fig 4.10). Although this
deterioration was more marked in the ST group, the difference was not statistically
significant (Functional score*® change CST = -5.7; ST =-19.3, p = 0.47).

Symptom scoring showed that 66.7% of patients in the ST group experienced a
deterioration in symptoms compared to 33.3% in the CST group. Symptoms improved

in 41.7% of patients in the CST group versus 33.3% in the ST group. Again, the overall

“% Higher score = improved function
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difference in pre- versus post-treatment scores for both groups reflected a worsening of
symptoms, with a non-significantly greater score (i.e. worse symptoms) in the ST arm
(Symptoms score*! change CST = 1.2; ST = 3.2, p = 0.77).

Equal proportions of patients in the CST arm reported improvement in their global
health score (41.7%) as those reporting a deterioration. The score was static in 16.7%
of patients in this group. In the ST arm, 66.7% of patients reported a worsening and
33.3% an improvement in global health. The mean global health score deteriorated to a
greater extent in the ST group compared to the CST group (Global health score change
CST =-2.8;ST=-11.1, p = 0.84).

QoL Summary

20 =

-20 =

_40 =

QoL score

-60 =

-80 T T T T T T

Figure 4.10 Graph comparing the changes in quality of life scores in the
curcumin plus standard treatment (CST) group versus standard treatment (ST)
alone; Increase in functional score (Func) represents improved physical functionality.
Increase in global health (Global) score represents improved overall perceived
wellbeing. Increase in symptom score represents worsening symptoms.

4.2.8. Curcumin questionnaire
As with Phase |, the Phase Ila patients completed questionnaires to examine their views
on taking curcumin. However, the post-treatment curcumin questionnaires were only

completed by the patients in the CST arm.

*! Higher score = worsening symptoms
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Most participants (70.6%) had not heard of curcumin prior to starting the trial and none
used it as a health supplement. Three patients (17.6%) reported using turmeric regularly
in their diet, however they did not clarify how frequently (See Table 4.4, Fig 4.11). On
completion of treatment, there was an increase of 57.4% in patients who would consider
using curcumin in their diet and 58.3% as a health supplement (see Fig 4.11).

Curcumin questionnaire - Use of curcumin
M Post-Tx M Pre-Tx

1

. 66.7%
Aware of curcumin 23.5%

58.3%
Health supplement _

Use turmeric regularly 17 6% 75.0%
Continue curcumin A 75.0%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 411 Comparison of patients’ attitude to curcumin from pre- and post-
treatment curcumin questionnaires; Questionnaires assessed patients’ awareness of
benefits of curcumin, whether patients would consider using curcumin as a health
supplement, use of turmeric regularly in diet, and whether patients would have been
willing to continue curcumin beyond the 6-month trial period; Tx — treatment.

Some patients had expressed concerns about the potential side-effects of curcumin
(35.3% - “a little”) and the effect curcumin would have on their other medication (29.4%
- ‘a little’ or ‘quite a bit”) in their pre-treatment questionnaires. On completion of
treatment, 91.6% of patients reported that they had experienced side-effects. All of
these patients attributed these side-effects to chemotherapy whilst one patient also
attributed curcumin (‘a little’). Nonetheless, none of the participants reported concerns
about the side-effects of curcumin by the end of their treatment. The proportion of
patients concerned about the interaction of curcumin with their medication also reduced
from 29.4% to 16.3%.
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Table 4.4 Comparison of patients’ experience of curcumin from curcumin
guestionnaire pre- and post-treatment

Pre- Post- Pre- Post- Pre- Post- Pre- Post-
Tx Tx Tx Tx Tx Tx Tx Tx
Not at all A little Quite a bit Very much
e o | 82.4
Capsules difficult totake (N') | "o/ | 91 704 | 5.99% | 0.0% | 5.9% | 8.3% | 5.9% | 0.0%
Capsules difficult to take 76.5 11.8
(Size) % 91.7% % 0.0% | 5.9% | 83% | 0.0% | 0.0%
Capsules difficult to take 88.2
(frequency) % | 91.7% | 0.0% | 0.0% | 0.0% | 8.3% | 0.0% | 0.0%
. 58.8 35.3
Concerned about side-effects | “o." | 10000 | 05 | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
Experienced side-effects - 8.3% - 50.0% - 33.3% - 8.3%
Side-effects due to chemo - 8.3% - 25.0% - 33.3% - 33.3%
Side-effects due to curcumin - 83.3% - 8.3% - 0.0% - 0.0%
e 23.5 23.5 29.4
Worried if missed dose % |500%| % |250% |59% |167% | % | 0.0%
Treatment gave peace of mind 176 176 235 17.6
gavep % [250% | % |417% | % |167%| % |16.7%
Inconvenient with other meds 824
% 83.3% | 0.0% | 83% | 0.0% | 0.0% | 0.0% | 0.0%
. 52.9 11.8 17.6
Affects other medication % |667%| % | 83% | % | 83% | 0.0% | 0.0%
6 months too lon 64.7 118
g % 100% % 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
Yellow stools 58.8 353
% 58.3% % 33.3% | 0.0% | 8.3% | 0.0% | 0.0%
Flatulence 235 64.7
% 41.7% % 33.3% | 5.9% | 16.7% | 5.9% | 8.3%
Bloatin 41.2 52.9
g % 83.3% % 8.3% | 0.0% | 0.0% | 5.9% | 8.3%
Abdominal pain 353 1.2 17.6
P % 100% % 0.0% % 0.0% | 5.9% | 0.0%

In terms of gastrointestinal symptoms, levels of flatulence (76.5% to 58.3%) and
abdominal bloating (58.8% to 16.6%) were reduced by the end of treatment, and
abdominal pain was resolved (64.7% to 0%) (see Table 4.4). Yellow stools, however,
increased from 35.3% to 41.6%.

With the exception of one patient, participants reported no problems with the number,
size or frequency of the curcumin dose. Suggestions to improve compliance included
smaller capsules, fewer capsules or splitting the dosage from once to twice daily (see
Fig 4.12). However, the larger contingent (83.3%) did not think anything was required
to improve compliance. Curcumin side-effects were not reported as a potential problem

for treatment compliance.
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Post-Tx - Compliance improvement

M Nothing @ Smaller tablets i Fewer/smaller/split

Figure 4.12 Patient suggestions of measures to improve compliance from
curcumin questionnaire; S/E — Side-effects, Tx — treatment (Group total = 12
patients)

All the participants stated that they had no problems at all with taking curcumin for 6
months.  Eight participants (66.7%) would have been willing to continue taking
curcumin indefinitely, whilst 2 participants (16.7%) reported 6 months as the maximum
duration they would tolerate. One patient recommended 12 months as the maximum

duration for taking curcumin.
4.3. Discussion — Phase Ila

4.3.1. Recruitment

As seen towards the end of Phase I, recruitment was slower than expected in Phase lla
of this study. With the estimated recruitment rate of 2 patients per month,
approximately 40 — 42 patients would have been the projected number of patients
recruited over the 21 month period of Phase Ila recruitment so far. However, this
study’s recruitment rate (Phase Ila — 0.86 patients/month) is in keeping with the average
of 0.83 patients/month/site reported for clinical trials in patients with advanced

r @59 A number of factors could have contributed to the

metastatic colorectal cance
decrease in trial recruitment from Phase | tier 2 to Phase | tier 3 and Phase lla. A
decrease in clinical trial recruitment was reported by NCRI for 2013/2014 where the
percentage of cancer patients recruited relative to incidence fell to 9.5% compared to
30% in 2011/2012%%) . For this study in particular, the low recruitment rate is more

likely to be a reflection of the reduction in the number of patients presenting with
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metastatic colorectal cancer. Only 33 patients with metastatic colorectal cancer were
screened during this time. Again the overall recruitment rate of 55% remains high
compared to those reported for UK cancer clinical trials during this time period.

The introduction of the National Bowel Cancer Screening Programme in 2006 was
designed to enable diagnosis of bowel cancer at an earlier stage, which would in turn
improve treatment options and mortality for patients (see Fig 4.13). A study comparing
patients diagnosed with colorectal cancer through screening compared to the 2-week
suspected colorectal cancer referral guidelines, reported that the proportion of patients
diagnosed at an earlier stage (T1/T2 or Duke A) was significantly higher in the screened
versus the symptomatic group (p <0.001) %9,

Rate per 100,000 population
80 4

Incidence males

50

40

Incidence females

30

____________________________ Mortality males
20 T e

Mortality females

Screening introduced

] v . T
1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

Figure 4.13%" Bowel cancer incidence and mortality rates, by sex, England,
1971 — 2010; Age-standardized rates per 100,000 population, standardized using the
European Standard Population

Similarly, improvements in surgical techniques and chemotherapeutic agents have
resulted in more opportunities for resection of liver metastases®®. Therefore the
number of patients referred for chemotherapy with unresectable liver metastases could
be declining. Another factor affecting trial recruitment would be the availability of
FOLFIRI plus Cetuximab as first-line treatment for patients with K-ras wild-type
colorectal cancer. Access to this chemotherapy regimen via the cancer drugs fund,
made FOLFIRI + Cetuximab the preferred chemotherapy regimen for patients meeting
the eligibility criteria, resulting in fewer patients being screened for the CUFOX trial.

114
Chinenye lwuji Chapter 4 — Phase lla



Overall, the percentage of eligible patients who consented to entry into the trial in Phase
Ila was similar to that seen in Phase | (Phase I: 85.7 — 100%, Phase Ila — 86.0%).
Despite amendments in the inclusion/exclusion criteria at the end of Phase I, the
proportion of patients who failed screening in Phase Ila remained similar to that seen in
Phase | (45.5%). The eligibility criteria have therefore been reviewed again by the trials
committee. A substantial amendment has been submitted allowing patients with non-
hepatic metastases to be recruited in the trial. Furthermore, FOLFOX + Cetuximab has
recently been added to the East Midlands guidelines for the treatment of patients with
K-ras wild-type metastatic colorectal cancer. Therefore it has been recommended that
this chemotherapy regimen be accommodated in the CUFOX protocol.

4.3.2. Treatment

Patients were randomised in a 2:1 ratio to curcumin and standard treatment versus
standard treatment alone. Being a pilot study, there was no previous data available to
provide a basis for accurate power calculations. Nonetheless, the recruitment numbers
and ratios were based on information from similar phase I studies in other tumour sites
and advice from the University of Leicester Clinical Trials Unit. The initial recruitment
of 13 CST versus 5 ST patients would have provided reasonable data for comparing the
two groups. However, unforeseeable complications resulted in only 2 of the 5 patients
in the ST group receiving more than 6 cycles of chemotherapy. Data from this arm was
therefore limited, and larger recruitment figures will be required to substantiate these

initial findings.

4.3.3. Toxicity

As with phase I, no significant safety concerns were raised by the combination of
curcumin with standard chemotherapy. The adverse events from the curcumin-only
period remained low grade. Of the more commonly reported adverse events, curcumin
is likely to have contributed to oral mucositis and dyspepsia. Dry mouth is a likely
precursor for oral mucositis and has featured as a pre-chemotherapy toxicity in both
phase | and lla. Dyspepsia was reported pre-chemotherapy in phase | and again

frequently experienced by patients in the CST arm.

With the addition of chemotherapy, a greater proportion of serious adverse events was
reported in the CST group. Diarrhoea remains the primary contentious issue and

associated acute kidney injury remain the primary problems for patients in this group.
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Grade 3-4 diarrhoea was reported by two patients (15.4%) in the CST arm which is a
higher percentage than the 10% - 11.1% reported for patients treated with FOLFOX *
Bevacizumab®??.  Neither of these patients had been experiencing diarrhoea at
baseline. Conversely, the ST group reported no episodes of grade 3 or more diarrhoea.
Therefore monitoring for diarrhoea and subsequent acute kidney injury in the remainder

of this cohort will be essential.

The most significant toxicity reported was in the ST arm where a patient died following
wound dehiscence and sepsis after developing bowel obstruction. This patient had been
receiving FOLFOX and Bevacizumab as standard treatment. Bevacizumab is known to
contribute to a number of post-surgical complications including impaired wound
healing, wound dehiscence, surgical site bleeding, ecchymosis and wound infection®®?.
For this reason it is recommended that patients wait at least 6 to 8 weeks after cessation
of bevacizumab to have surgery or at least 28 days before postoperative initiation®*.
In this case the surgical procedure was performed as an emergency less than 28 days
after Bevacizumab, which is likely to have been a significant factor in this event. Either
way, the patient had not been taking curcumin during treatment, thus there can be no

link between the trial drug and this patient’s death.

Overall, these results provide no significant safety concerns for the addition of curcumin

to standard chemotherapy in this patient group.

4.3.4. Compliance and curcumin questionnaire

The reported Phase Ila compliance to taking curcumin was again satisfactory at 94.1%.
However it is important to note that these results are based on patient reports.
Unfortunately, monitoring of the number of capsules returned was not conducted
accurately. Patients were required to return any empty pill bottles or unused tablet to
the trials team each time a new batch of capsules was dispensed and at the end of the
trial. The number of capsules remaining would be counted by the trials team as a means
of verifying compliance. This return of pill bottles and capsules proved to be erratic
with some patients never returning any medication. Accounting for medication was
further complicated when patients were admitted to hospital, where the trial medication
was often withheld and sometimes misplaced. There were also two occasions were the
supply of curcumin to the pharmacy was delayed. This resulted in alterations in the

dispensing schedule and subsequent difficulty in tallying number of capsules returned
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with a pre-determined value. It was therefore not possible to validate patient-reported
compliance wusing pill counts.  Discrepancies in treatment compliance could
significantly affect reported outcomes of clinical and pharmacological data. It is
therefore imperative that a more reliable method of measuring compl