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Zusammenfassung

Hintergrund

Inflammatorische ~ Biomarker sind potentiell ~wertvolle Pradiktoren fiir das
Therapieansprechen und den Krankheitsverlauf bei Krebspatientlnnen. Der prognostische
und pradiktive Wert dieser Biomarker wurde bei Patientlnnen mit metastasiertem
Kolorektalkarzinom jedoch bis dato nur fiir die Erstlinientherapie untersucht. In dieser
Studie untersuchen wir den prognostischen und priadiktiven Wert der Neutrophilen-
Lymphozyten Ratio (NLR), der Lymphozyten/Monozyten Ratio (LMR), der
Thrombozyten-Lymphozyten Ratio (PLR), der Hohe des CRP (C reaktive Protein) Wertes
und des ,advanced-lung-cancer-inflammation-index* (ALI) bei Patientlnnen mit
metastasiertem Kolorektalkarzinom in den ersten drei Therapielinien, sowie nach

Beendigung der tumorspezifischen Therapie im Sinne des ,,best supportive care* (BSC).
Material und Methoden

In diese retrospektive Studie wurden 258 Patientlnnen mit metastasiertem
Kolorektalkarzinom eingeschlossen. Die primédren Endpunkte waren die objektive
Ansprechrate und das 6-Monats-progressionsfreie-Uberleben wihrend der Erst-, Zweit-
und Drittlinientherapie, sowie das 6-Monats-Gesamtiiberleben nach Beendigung der

tumorspezifischen Therapie.
Ergebnisse

In der multivariablen Analyse zeigte sich nach Adjustierung fiir die Kovariable
Polychemotherapie, dass ein Anstieg der NLR um eine Standardabweichung mit einer
8,5% niedrigeren absoluten Ansprechrate in der Erstlinie (11-7, p<0,0001), einer 3%
niedrigeren Ansprechrate in der Zweitlinie (4-2, p<0,0001) und einer 3% niedrigeren
Ansprechrate in der Drittlinie (8-2, p=0.24) assoziiert ist. Zudem war eine Zunahme der
NLR in allen Therapielinien signifikant mit steigenden Hazard Ratios (HR) fiir ein
schlechteres progressionsfreies Uberleben assoziiert. (HR 1.30, p= 0.021 Erstlinie); (HR
1.37, p<0.0001 Zweitlinie); (HR 1.44, p=0.042 Drittlinie) Auch die PLR war mit dem 6-
Monats-progressionsfreien Uberleben in allen Therapielinien signifikant assoziiert. (HR
1.43 (95%CI 1.09-1.88, p= 0.009 Erstlinie); HR 1.67 (95%CI 1.34-2.09,p< 0.0001
Zweitlinie) und HR 1.43 (95%CI 1.04-1.98, p=0.029 in Drittlinie)) Fiir das CRP zeigte



sich eine signifikante Assoziation des 6-Monats-progressionsfreien Uberlebens in der Erst-
und Zweitlinientherapie, sowie des 6-Monats-Geamtiiberlebens nach Beendigung der
tumorspezifischen Therapie. (HR 1.49 (95%CI 1.23-1.80, p<0.0001 Erstlinie); HR 1.25
(95%CI 1.06-1.47, p=0.007 Zweitlinie); HR 1.09 (95%CI 0.81-1.48, p=0.552 Drittlinie
und HR 1.43 (1.15-1.79, p= 0.002 BSC))

Conclusio

Diese Studie zeigt, dass inflammatorische Biomarker sowohl in der Erst-, Zweit- und
Drittlinientherapie, als auch nach Beendigung tumorspezifischer Therapie wertvolle
Pradiktoren fiir das Therapieansprechen, respektive den Krankheitsverlauf bei PatientInnen

mit metastasiertem Kolorektalkarzinom sind.



Abstract

Introduction

Inflammation based biomarkers are useful prognostic tools in cancer patients. However,
the prognostic and predictive value of inflammatory biomarkers beyond the first line
setting in metastatic colorectal cancer has not been investigated yet. In this study we aim to
quantify the significance of the neutrophil/lymphocyte ratio (NLR), the
lymphocyte/monocyte ratio (LMR), the platelet/lymphocyte ratio (PLR), the C-reactive
protein (CRP) level and the advanced lung cancer inflammation index (ALI) as prognostic
markers for therapy response and disease outcome over the first three treatment lines in

metastatic colorectal cancer (mCRC) patients.
Materials and Methods

Two-hundred-fifty-eight patients with mCRC undergoing palliative chemo(immuno-
)therapy were included in this retrospective study. The primary endpoints were 6-month
PFS and ORR during Ist-line, 2nd-line, and 3rd-line treatment, and 6-month overall

survival during BSC.
Results

In multivariable analysis adjusting for polychemotherapy, 1 standard deviation increase in

NLR was associated with an 8.5% absolute lower objective response rate (ORR) in first
line (11-7, p<0.0001), 3% lower ORR in second line (4-2, p< 0.0001), and 3% lower ORR
in third line (8-2, p=0.24), respectively. Regarding progression free survival (PFS), an
increase in the NLR was significantly associated with rising hazard ratios (HR) of
progression over all treatment lines (HR 1.30, p= 0.021 first line); (HR 1.37, p<0.0001
second line); (HR 1.44, p=0.042 third line). The PLR was associated with 6-month PFS
over all lines. (HR 1.43 (95%CI 1.09-1.88, p= 0.009 first line); HR 1.67 (95%CI 1.34—
2.09, p< 0.0001 second line) and HR 1.43 (95%CI 1.04—-1.98, p=0.029 in third line)) For
CRP, the prognostic association was significant in the first two chemotherapy lines and in
case of best supportive care (BSC). (HR 1.49 (95%CI 1.23-1.80, p<0.0001 first line); HR
1.25 (95%CI 1.06-1.47, p=0.007 second line); HR 1.09 (95%CI 0.81-1.48, p=0.552 third
line and HR 1.43 (1.15-1.79, p= 0.002 in BSC))



Conclusion

Our data suggest that inflammatory biomarkers are useful predictors for disease outcome
and treatment response over several treatment lines and best supportive care in mCRC

patients.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in males and second most
common in females worldwide. In developed countries the mortality rates have constantly
decreased over the last years, mainly due to extensive colorectal cancer screening and
improved treatment options. (1) Yet, around 20 percent of patients with CRC have
synchronous metastasis at initial diagnosis and more than half of all CRC patients die from

their disease. (2)

Up to date only limited data exist to predict therapy response and survival outcome in CRC
patients. Since inflammation was shown to play a crucial role in the pathogenesis and
promotion of cancer progression, inflammatory biomarkers have gained more attraction as
potential predictive and prognostic parameters in recent years. (3,4) A variety of routinely
available blood based markers of inflammation such as hypalbuminaemia, C-reactive
protein level (CRP), blood cell counts and its ratios like the neutrophil-to-lymphocyte ratio
(NLR), the lymphocyte-to-monocyte ratio (LMR), or the platelet-to-lymphocyte ratio
(PLR) have been investigated in different cancer entities as prognostic tools. (5-10)
However, only few data exist regarding the prognosis of survival outcomes and prediction

of therapy response in metastatic colorectal cancer beyond the first-line treatment setting.

The aim of this study is to examine the value of blood-based inflammatory biomarkers as
prognostic and predictive markers for therapy response and disease outcome during the
first three chemotherapy lines, and after start of best-supportive-care (BSC) only treatment

concept in mCRC patients.

Epidemiology

Incidence

With around 1.4 Million newly diagnosed cases per year worldwide, colorectal cancer is
the third most common cancer in males and the second most common in females. In males
only lung cancer and prostate cancer have a higher incidence, whereas in females breast
cancer is the most common cancer entity. The rates of colorectal cancer are highest in well

developed areas such as Australia, New Zealand, North America and parts of Europe and
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lowest in China, India and Africa with rates ranging from 40 per 100.000 to less than 5 per
100.000. (11)(12) This indicates that environmental exposure surroundings and lifestyle
including diet and physical examination may play a crucial role in the development of
colorectal cancer. The temporary trends vary within different regions. In Austria for
example the incidence rates have continuously declined over the last years, whereas in
Eastern European countries they are rising. (13) In general, the incidence of colorectal
cancer is higher in men than in women and increases with age. More than 90% of all

colorectal cancers occur in people aged 50 or older. (12)

Mortality

In the US colorectal cancer leads to around 50.000 deaths per year, which accounts for 8 %
of all cancer deaths. (14) In the Western World mortality rates have been decreasing in
most of the countries, presumably due to better screening options, better therapy and
reduced prevalence of risk factors like smoking, unhealthy diet and obesity. (12) As an
example, in Austria the mortality rate fell from 48.2 per 100.000 in 1983 to 26.3 per
100.000 in 2014. (15)

Aetiology, Pathogenesis and risk factors

Molecular pathogenesis

Colorectal cancer is one of the best understood solid tumors regarding patterns of origin
and development, especially in terms of molecular pathogenesis. This is mainly due to
good acceptability of tissue samples and the mostly slow progression from normal colonic

epithelium to invasive cancer via an intermediate precursor, the adenomatous polyp.

This knowledge allows us to differentiate three different models of colorectal cancer
pathogenesis:

sporadic, familial and inherited. (16)

Sporadic colorectal cancer occurs in patients who do not suffer from any genetic syndrome
with a predisposition to colorectal cancer and who have a negative family history.
Accounting for 70 % of all colorectal cancer patients, this is the most common case. The

main risk factors for sporadic colorectal cancer are listed below.
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In 25 % colorectal cancer patients have a positive family history, without having an
inherited syndrome. The risk of developing colorectal cancer in patients with one first

degree relative having a positive history is almost twice as high as in general population.

(17)

The third and less common group of colorectal cancer patients includes those, who have a
congenital syndrome leading to an altered risk of colorectal cancer development e.g. the
Lynch Syndrome or the familial adenomatous polyposis (FAP), which will be described

more detailed in chapter “Hereditary CRC syndroms”.

In most cases colorectal cancer develop on the basis of adenomas that become dysplastic.
This model is called adenoma carcinoma sequence and was first described by Vogelstein et
al. in 1990. It describes the development from normal colon mucosa via low grad
adenomas and high grade adenomas to invasive colorectal cancer as a multilevel process.
For each step one further mutation leading to a selective growth advantage of the mutated
cells is acquired. (18) Commonly mutated genes found in colorectal cancer are the
oncogenes RAS, MYC and SRC and the tumor suppressor genes APC, p53 and SMADA4.
(18-21)

Today it is believed that around 80% of colorectal cancers develop on the basis of the
adenoma carcinoma sequence, whereas the rest arises from serrated polyps in which other
molecular mechanism such as BRAF mutation and widespread gene promoter

hypermethylation leads to carcinogenesis. (22)

Non genetic risk factors

Age

Higher age is one of the major risk factors for colorectal cancer. The incidence rate doubles
every ten years after the age of 40 and is 50 times higher in patients aged 60 to 70 than in
those under 40. (12)

15



Gender

Colorectal cancer risk and mortality is higher in men than in women. Interestingly males
more often suffer from distal colorectal cancer than females. This might be due to sex

specific exposures to risk factors and the difference in sexual hormone status. (23)

Lifestyle

A study of Parkin et al. showed that lifestyle factors are responsible for more than half of

colorectal cancer cases in Great Britain. (24) The most important lifestyle risk factors are:

Dietary habits and obesity

There is strong evidence that nutritional behaviour plays an important role in the
development of colorectal cancer. An increased Body Mass Index (BMI) is highly
associated with both colon and rectal cancer. A pooled analysis including data from 23
studies showed a 1.1 higher relative risk per 8kg/m2 increase in BMI. (25) An even
stronger association was found for increased abdominal fat measured by waist
circumference with a 50% enhanced risk for colorectal cancer in the group with the highest

waist circumference. (26)

Various observational studies have investigated the effects of dietary habits on colorectal
cancer risk. However, in most cases the results are inconsistent. Most strongly associated
with an increased colorectal cancer risk seems to be the long term consumption of red or
processed meats. (27) As potentially protective, greater intake of fiber containing foods,
fruits and vegetables, folic acid, Vitamin B6, Calcium, Magnesium, Garlic, and omega 3

fatty acids are discussed. (28-35)

Smoking

As in many other malignancies, smoking is one of the major risk factors for colorectal
cancer. Botteri et al. included 106 observational studies in their meta-analysis and showed
that smoking is associated with an absolute risk increase of 10.8 cases per 100.000 person-
years. They further proved that the risk is dose related and enhances with an increasing
number of pack years. In addition to the increased risk of developing CRC smoking also

leads to higher mortality rates in CRC patients. (36)
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Alcohol

Several studies have shown a significant association between alcohol consumption and an
increased risk of CRC. Compared with people, who never drink alcohol, moderate drinkers
(two to three drinks per day) have a 20 % higher risk of developing CRC and heavy
drinkers (4 or more drinks per day) have a 50% higher risk. Having one drink or less per
day does not seem to increase the risk. (37) The patterns how alcohol consumption leads to
an elevated CRC risk are not entirely understood. It is discussed that alcohol works as a
direct colorectal carcinogen by inducing increased mucosal cell proliferation and activation
of intestinal carcinogens. (38) Another explanation model may be the interference of
alcohol with the folate acid metabolism and the decreased folate intake, which often comes
along with high alcohol consumption. Lack of folate seems to result in hypomethylation of

the DNA and as a consequence leads to an elevated risk of CRC. (39)

Physical Activity

Various studies have pointed out the protective effect of physical activity in different
cancer entities. (40,41) Concerning colorectal cancer, Moore et al. showed that people with
high levels of physical activity measured by metabolic equivalents (METSs) per week have
a 16% reduction in risk compared to those who hardly do any sports. (42) In another meta-
analysis implemented by Wolin et al., physical activity was associated with an even higher
decrease of 26% in colorectal cancer risk. (43) In addition to its preventive effect physical
activity also seems to improve the cancer specific and overall survival in colorectal cancer
patients. (44)
The underlying physiological mechanism how physical activity reduces cancer risk and

mortality still remains unclear.

Medication

Several drugs such as Aspirin and other nonsteroidal anti-inflammatory drugs have been
shown to have chemopreventive effects in colorectal cancer patients. However in most
cases the data are conflicting. (45,46) As a result, up to date there are no general

recommendations for chemoprevention in persons with an average risk for CRC.
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Non hereditary predisposing diseases and other risk factors

Chronic inflammatory bowel diseases

The risk for CRC is both elevated in ulcerative colitis and Crohn’s disease. In ulcerative
colitis it raises with increasingly extensive disease at diagnosis and disease duration.
Patients with a pancolitis have a 15 fold higher risk than the general population and the
increase of risk begins about 10 years after diagnosis. Colitis limited to the left colon
results in a 3 fold higher risk, which starts to increase 15 years after diagnosis. The

cumulative risk after 30 years of disease is about 18%. (47)

In Crohn’s disease it is not entirely understood if and how strong the risk for CRC is
elevated. In some studies the risk of longstanding Crohn disease showed to be comparable
with ulcerative colitis, whereas in others no increased risk was found. (48,49) One aspect
that hardens the estimation of CRC risk in Crohn’s disease patients is, that many of them

undergo colectomy early during their disease to relieve symptoms.

In inflammatory bowel diseases CRC mostly does not develop from polyps, but from
intraepithelial dysplasia, which makes the endoscopic and pathological diagnosis much

more difficult. (50,51)

Diabetes Mellitus

Recent studies have shown an association of diabetes mellitus with an altered risk of CRC.
This may be due to the increased levels of insulin coming along with diabetes. Insulin is a
crucial growth factor for colonic mucosal cells and was shown to stimulate tumor cell
mitosis in vitro. (52,53) Dehal et al. further sowed that CRC patients with diabetes
mellitus type II have a higher mortality compared to those who do not have this

comorbidity. (54)

Abdominal radiation

Childhood cancer survivors, who have received abdominal radiation therapy have a higher
risk to develop colorectal cancer and other gastrointestinal malignancies in their later life.

Hence, intensified screening is recommended for those patients. (55)
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Hereditary CRC syndromes

Inherited syndromes leading to an increased CRC risk are rare. However together they

account for around 5 to 10 % of all colorectal cancer cases. The most important ones are:

Lynch syndrome

Also called hereditary non polyposis colorectal cancer (HNPCC), the lynch syndrome is an
autosomal dominant inherited disease caused by germline mutation of DNA mismatch
repair genes, which lead to microsatellite instability. The most commonly mutated genes in

Lynch syndrome patients are MLH1, MSH2, MSH6, and PMS2. (56)

Patients who suffer from Lynch syndrome have an almost 80% lifetime risk of developing
CRC. (57) The tumors are typically located in the right colon and the median age of
diagnosis is 44 years. (58) In addition to CRC, HNPCC is associated with an elevated risk
of endometrial cancer, gastric cancer, ovarial cancer, small bowel cancer and urothelial
carcinoma. The risk is highest for endometrial cancer, which occurs in 40 to 60 % of
female Lynch syndrome patients. (57,59,60) Special forms of Lynch syndrome are the
Muir Torre syndrome, which is characterized by a combination of hereditary CRC and
sebaceous tumors or subcutane keratocanthomas, and the Turcot syndrome, which is

associated with brain tumors, most commonly gliomas. (61,62)

To identify Lynch syndrome patients Amsterdam II or Bethesda diagnosis criteria are
generally used. Both include several aspects of family history and the age of diagnosis. To

establish the diagnosis, genetic analysis on microsatellite instability is required. (63)

Familial adenomatous polyposis (FAP)

Caused by a germline mutation of the adenomatous polyposis coli (APC) tumorsuppressor
gene, this inherited syndrome accounts for 1 % of all CRC cases. The mutation can be
either acquired by autosomal dominant inheritance or by de novo mutation. FAP is
characterized by the occurrence of multiple, often more than 100, colorectal adeonomas,

which usually start to emerge after the age of 16 and eventually progress to cancer. With
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almost 100% of the patients developing CRC after 30 years without treatment this
syndrome is described as an obligate precancerosis. The mean age of cancer diagnosis is

39 years.

Typical extracolonic manifestations of FAP are the occurrence of polyps in the upper
gastrointestinal tract and the congenital hypertrophy of the retinal pigment (CHRPE).
CHRPE can be detected in up to 85% of the FAP patients by ophthalmoscopy and may be

an early indicator of this syndrome.

A special subtype of FAP is the attenuated FAP, which is a milder form that comes along
with less than 100 polyps, a later age of adenoma appearance and a slightly lower cancer
risk. When combined with osteomas and epidermoid cysts FAP is called Gardner
syndrome, whereas Turcot syndrome describes the association of familial colorectal cancer

and brain tumors.

Most commonly, FAP is detected by colonoscopy. For a definite diagnosis APC gene
testing is required. (64,65)

MUTYH associated polyposis (MAP)

MAP is a very rare syndrome caused by a germline mutation in the base excision repair
gene mutY homolog. It is typically associated with 20 to a few 100 colorectal adenomas

that occur at the mean age of about 50 years, but can also present without a polyposis. (66)

Other rare polyposis syndromes associated with an elevated risk of CRC are:

e Cronkhite Canada syndrome
e Birth Hogg Dube syndrome
e Peutz Jeghers syndrome

e Juvenile polyposis syndrome.

(66)
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Histopathology

Localization

In Europe large bowel cancers with an aboral boarder located 16 centimeters or less
proximal to the anocutaneous line measured by rigid proctoscopy are defined as colon
cancers and those, which lie distal to that point as rectal cancers. Rectal cancers can be
separated into three different groups. Tumors located 10 to 15 centimetres from the anal
margin are defined as high, tumors located 5 to 10 centimetres from the anal margin as
middle and tumors that are located less than 5 cm from the anal margin as low recta
cancers. Accounting for about one third of all colorectal cancers the rectum is the most

common localization of CRC. (67)

Macroscopic appearance

Colorectal carcinomas can present as polyps, as ulcers or with diffuse infiltrating growth.
In the right colon a polypoid appearance is more common, whereas in the distal colon
colorectal cancer tends to present as annular and endophytic lesions. However, also a

mixture of both types is frequently seen.

Histology

Histologically colorectal carcinomas are defined as malignant epithelial tumors of the
colorectal mucosa, which infiltrate the submucosa or deeper layers of the colonic wall.
Carcinomas are the by far most common large bowel cancers in humans. Other rare non
epithelial colorectal tumors are listed in the World Health Organization (WHO)
classification below. Accounting for more than 95% of all colorectal carcinomas
adenocarcinomas are the most common histological type of differentiation. They are gland
forming and often produce mucus, which can remain in the cells or is secreted to the
extracellular matrix. If more than 50% of the tumor mass is composed of mucus the
carcinomas are defined as mucinous adenocarcimomas. (68) They account for around 10%
to 15% of all CRCs and seem to have a poorer prognosis compared with other CRCs.
(69,70) Another histological subtype is the signet ring cell carcinoma which composes of
tumor cells characterized by a large vacuole that displaces the nuclei to the cell periphery
looking like a signet ring. To be classified as a signet ring cell carcinoma more than 50%

of all cancer cells must contain this intracytoplasmatic mucin. Signet ring cell carcinomas
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are pretty rare, but typically show very aggressive tumor behaviour with a poor overall
survival. (71) Other rare variants of the colorectal carcinoma are the medullary carcinoma,
which is characterized by a non-glandular appearance, the squamous carcinoma, the

adenosquamous carcinoma, the small cell carcinoma and the undifferentiated carcinoma.

Grading

Colorectal carcinomas can be divided into three grades of histologic differentiation. The
grading takes into account how well formed the glands in the tumor are. High
differentiated or also called low grade Gl adenocarcinomas consist of well defined
glandular structures, whereas in low differentiated/high grade carcinomas little to no
glandular formations can be detected. To facilitate the grading the three grades can be
distinguished by the percentage of tubular formations in the tumor. If more than 95% of the
tumor is built of tubular structures it is classified as G1, 50% to 95% as G2 and less than
5% as G3 respectively. G3 tumors typically show high mitotic rates and a high amount of
cellular atypia. (68)

Tumor dissemination

In about 25% colorectal cancer patients show with distant metastasis at initial diagnosis
and another quarter of all patients develop metachronous metastasis during the course of
their disease. (72) The tumor cells can spread by hematogenous and lymphatic

dissemination or per continuitatem in the surrounding structures.

Lymphatic metastasis strongly correlates with the depth of bowel wall invasion. Most
common lymphatic metastases are found in the pericolonic and perirectal lymphnodes.

However, distal rectal cancers also frequently spread to inguinal lymphnodes. (73)

As the major part of the large bowel is drained by the portal system the first site of
hematogenic dissemination is usually the liver. From there the blood flows via the inferior
vena cava to the heart and then to the lungs, which are the second most common site of
distant metastasis. The distal rectum is not drained by the portal vein system, but by the
iliac veins, which directly empty into the inferior vena cava. (74) Consequently, distal
rectal cancer more often spread to the lungs than to the liver. Less common sites of
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hematogenous metastatic dissemination are the bones, the brain, the skin and the adrenal

glands.

The third way of colorectal cancer dissemination is via infiltration of contiguous organs,
such as the stomach, the pancreas, the uterus, the urinary bladder or through the peritoneal

fluid within the peritoneal cavity. (2)

Staging

Today, colorectal cancers are usually staged by the TNM staging system of the Union for
Internation Cancer Control (UICC). No longer used are the Duke and the Astler Coller
classification. The TNM staging system can be assessed by radiological imaging (rTNM)
mostly used in the preoperative treatment planning of rectal cancers or by pathological
examination (pTNM), which has higher validity. Both forms take three different factors
into account. The T stands for the infiltration depth of the tumor, the N for the lymph node
status and the M provides information about the occurrence of distant metastasis. By these
three criterias colorectal cancer can be classified into five different stages. Stage 0 cancers
are defined as carcinomas in situ (no infiltration of the submucosa) without lymph node or
distant metastasis. Stage I characterizes tumors, which infiltrate the lamina propria or the
submucosa, but do not reach the subserosa and have not disseminated. Cancers with lymph
node metastasis, but no distant metastasis are classified as Stage III regardless of their
infiltration depth, whereas stage IV carcinomas have already spread to other organs. The

detailed TNM classification is listed below (75):

Table 1: TNM classification

Primary tumor: T

TIS Carcinoma in situ

T1 Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades through the muscularis propria into pericolorectal tissues
T4a Tumor penetrates to the surface of the visceral peritoneum
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T4b

Tumor directly invades or is adherent to other organs or structure

Regional lymph nodes: N

Nx Regional lymph nodes cannot be assessed

NO No regional lymph nodes

N1 Metastasis in 1-3 regional lymph nodes

Nla Metastasis in 1 regional lymph node

Nl1b Metastasis in 2-3 regional lymph nodes

Nlc Tumor deposit(s) in the subserosa, mesentery, or nonperitonealized
pericolic or perirectal tissues without regional nodal metastasis

N2 Metastasis in 4 or more lymph nodes

N2a Metastasis in 4-6 regional lymph nodes

N2b Metastasis in 7 or more regional lymph nodes

Distant metastasis (M)

MO No distant metastasis

Ml Distant metastasis

Mla Metastasis confined to 1 organ or site (eg, liver, lung, ovary, nonregional
node)

MIl1b Metastases in more than 1 organ/site or the peritoneum

Table 2: Tumor stage

Stage T N M
0 Tis NO MO
I T1 NO MO
T2 NO MO
ITA T3 NO MO
1B T4a NO MO
IIC T4b NO MO
1A T1-T2 N1/Nlc MO
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T1 N2a MO
I11B T3-T4a NI1/Nlc MO
T2-T3 N2a MO
T1-T2 N2b MO
IIC T4a N2a MO
T3-T4a N2b MO
T4b NI1-N2 MO
IVA Any T Any N Mla
IVB Any T Any N MI1b

Clinical management

Clinical presentation

In about 10% colorectal cancer patients present without any symptoms at initial diagnosis
and are most commonly discovered by routine screening colonoscopy. In most cases these
are early stage cancers that present with a small tumor size and low infiltration depth. The
majority of the patients however are detected by diagnostic endoscopy after the onset of

suspect symptoms. (76)

A challenge in recognizing CRC is that the symptoms are typically uncharacteristic for a
long time, leading to a delayed medical consultation and diagnosis. Early suspect signs can
be weight loss, changings in bowel habits, like diarrhoea or obstipation, loss of power,
unexplained iron deficiency anemia and abdominal pain. More specific symptoms are
bloody stools, typically in the form of hematochezia and the occurrence of a palpable

tumor. (77,78)

The clinical manifestation also depends on the localization of the cancer. As the intestinal
lumen calibre gets smaller and the faeces become harder from proximal to distal, left sided
tumors are more prone to present with a change in bowel habits and signs of obstruction
than proximal cancers. They further show a higher rate of rectal bleeding, whereas right

sided tumors controversially seem to present with lower haemoglobin levels. (79)
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Another 5% to 10% of all CRC patients present with an acute emergency and get
diagnosed during surgery. Typical indications are complete intestinal obstructions,
peritonitis, abscesses and intestinal perforation. (80,81) CRC patients diagnosed in this
way most commonly suffer from a locally advanced tumor and have a poor prognosis

independent from stage. (82)

Patients with metastatic disease can additionally show symptoms like right upper quarter
pain, ascites, pathological fractures, bone pain and chronic cough depending on the site of

metastasis.

Diagnostic tools

Digital rectal examination

In a patient with suspected colorectal cancer digital rectal examination should be part of
the physical examination, in order to obtain information about the function of the anal
sphincter and to detect an obstructed distal rectum, which is highly suspicious for rectal

cancer and should lead to further examinations.

Guaiac-based fecal occult blood test (gFOBT)

This test is used for the detection of occult blood in the stool and is based on a peroxidase
reaction in the presence of haemoglobin. Three consecutive stool samples are placed on a
guaiac paper and get sprinkled with hydrogen peroxide, which in the presence of blood
leads to a blue colouring of the test strip. If the test is positive a colonoscopy should be
performed afterwards to detect the cause of bleeding. The guaiac test offers the advantage
of an inexpensive and simple, non-invasive screening option for colorectal cancers. With a
detection rate of about 30 to 40 % the sensitivity of a single test is not high. However, if
repeated on a regular basis the sensitivity raises up to 90% and leads to a 30% reduced
CRC mortality. (83) The weakness of the test is the high rate of false positive results that
can be caused by the intake of raw meat and peroxidase containing vegetables like broccoli
and cauliflower, microbleedings in the upper gastrointestinal tract associated with ASS

intake and other gastrointestinal bleedings such as haemorrhoids.
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Rectoscopy

Rectoscopes are straight and rigid metal tubes, used for the visual inspection of the rectum.
In rectal cancers they are used to measure the distance of the aboral border of the tumor to

the anocutaneous line. This has a major impact on the type of surgical resection.

Sigmoideoscopy

With a length of around 60 centimetres sigmoideoscopy allows to investigate and take
biopsies of the rectum and the distal part of the colon up to the splenic flexure. In contrast
to rectoscopy this examination is performed by the use of a flexible endoscope. It is mainly
used for screening and detects about two thirds of all colorectal cancers. (84) The
advantage of sigmoideoscopy compared to colonoscopy is that the examination is routinely

performed without sedation, which lowers the complication rate. (85)

Colonoscopy

With a detection rate of almost 95% colonoscopy is the gold standard in the diagnosis of
colorectal cancer. (86) It allows to examine the whole colon up to the ileocaecal valve, to
take biopsies and to excise polyps and other suspect lesions. As a consequence
colonoscopy is the preferred tool not only in the diagnosis of suspected CRC but also in
screening. At an average follow up of 16 years Zauber et al. showed a 53% reduction of
CRC mortality in patients with colonoscopic polypectomy compared with the expected
CRC mortality in the general population. (87) Disadvantages of colonoscopy are the
rigorous bowel preparation, which has to be done before the examination and the higher
complication rate compared to sigmoideoscopy. Most feared complications are
endoscopically non stoppable bleedings, perforations of the bowel wall and sedation

associated complication, which all together, however, are quite rare. (88)

Barium enema

Barium enema has a lower detection rate of CRC than colonoscopy. However, it is widely
available, cheaper and can be performed when complete colonoscopy is not possible due to

obstructions.
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Other imaging methods

So far rarely used diagnostic tools for CRC are the CT colonography and the PillCam

capsule endoscopy.

Tumor markers

A variety of serum tumor markers for CRC have been investigated over the last years. The
best data exist for the carcinoembryonic antigen (CEA), which describes a family of
glycoproteins that seem to play an important role in cancer cell adhesion and
dissemination. (89) In clinic, CEA is used as a prognostic and follow up marker; however,

with a diagnostic sensitivity of only 46% its diagnostic value is very limited. (90)
Metastases detection

Most commonly used examinations for the detection of possible metastases are thorax
radiography, abdominal ultrasound and computed tomography of the chest, abdomen and
pelvis. In operated cancer patients with suspected disease recurrence positron emission

tomography scan is an established examination. (91)

Screening

Colorectal cancer is a mostly slow growing tumor entity, that, in most cases, raises out of
adenomas over years. (21) This provides the chance to prevent colorectal cancer
development by detecting and removing premalignant lesions or to diagnose CRC at an
early stage. Therefore screening plays a major role in the “treatment” of CRC. Today we

have several commonly used tests for CRC screening:

¢ Digital rectal examination

e Quaiac based fecal occult blood test
e Fecal immunochemical test

e Sigmoideoscopy

e Colonoscopy

e CT colonography
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The screening guidelines differentiate between non high risk and high risk patients by

taking predisposing diseases into account.

Non high risk patients

Patients with a negative family history for CRC and no predisposing diseases are
categorized as normal or non-high risk patients. In Austria recommendation for this
collective includes yearly digital rectal examinations plus guaiac based fecal occult blood
test after the age of 40 and total colonoscopy every five to seven years after the age of 50,
if no abnormalities are detected. If adenomas or other suspicious lesions are found in

colonoscopy, the examination has to be repeated within a shorter time. (92)

High risk patients:
Positive family history

Patients with first degree relatives with CRC are recommended to perform their first
colonoscopy ten years before the age of cancer diagnosis of their relative, but by no later

than 50.

Ulcerous colitis

Patients suffering from colitis of the whole bowel for eight years or from a left sided colitis
for 15 years should perform colonoscopy yearly. In patients with high grade dysplasia a

preventive proctocolectomy is recommended.

Lynch syndrome

Lynch syndrome patients should start with yearly colonoscopy screening at the age of 25.
In female Lynch syndrome patients, a yearly biopsy of the endometrium is further
recommended after the age of 35.

Familial adenomatous polyposis

In FAP syndrome patients, the first colonoscopy should be performed at the age of 10 and

repeated yearly until preventive proctocolectomy is done. (93)
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Treatment

Over the last decades major advances have been made in the treatment of CRC especially
due to the development of new systemic chemotherapies and the discovery of targeted
therapy. Dependent from clinical stage and tumor localization CRC therapy today consists
of surgical resection, radiotherapy, chemotherapy and the application of high selective

monoclonal antibodies:

Surgery

A wide surgical resection of the tumor is the basis of CRC therapy and essential for
curative treatment. The aim is to completely remove the tumor and the mesentery with the
lymphatic drainage baisin of the affected colonic segment. This en block resection shall
lower the recurrence and metastasis rate of the tumor and can be either performed by
laparoscopy or open colectomy. Open colectomy has the advantage of a shorter operation
time, whereas minimal invasive surgery comes along with faster recovery, lower need for
analgetics and better cosmetic results. Disease free and overall survival does not

significantly differ between the two methods. (94)

The location of the tumor and its supplying blood vessels decide, which part of the colon
has to be removed. Information regarding vascularization and recommended surgery for

each tumor site are listed in the table below (92):

Table 3. Surgical operation

Localization Vascularization Surgical
operation
Cecum [leocolic artery, Right colic | Right
artery hemicolectomy
Ascending colon Ileocolic artery, Right colic | Right
artery hemicolectomy
Hepatic flexure Right colic artery, Middle colic | Extended right
artery hemicolectomy
Transverse colon (proximal | Right colic artery, Middle colic | Extended right
third) artery hemicolectomy
Transverse colon (mid third) Middle colic artery Transverse
colectomy
Transverse colon (distal third) | Middle colic artery, Left colic | Extended left
artery colectomy
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Splenic flexure Middle colic artery, Left colic | Extended left
artery colectomy
Descending colon Left colic artery Left colectomy
Sigmoid colon (proximal) Left colic artery Left colectomy
Sigmoid colon (distal) Left colic artery Sigmoid colectomy

In rectal cancer the selected surgery depends on the localization, stage and the size of the
tumor. Early stage cancer without high risk features can be treated with local excision. In
patients with advanced rectal cancer sphincter sparing resection followed by a colorectal
anastomosis should be performed if a negative distal resection margin can be achieved.

Otherwise, an abdominoperineal resection with a permanent colostoma is necessary. (95)

Radiotherapy

Radiation is a precious therapy modality in various cancer entities such as brain tumors,
breast cancer, lymphomas and sarcomas. Also in the treatment of CRC it is indispensable.
The anti cancerous effect of radiotherapy is based on direct damage of ionising rays on
cancer cell DNA through energy absorption, as well as on indirect radiation damage, which
is obtained by the genesis of free radicals that destroy the DNA. Hyperthermia and the
application of pharmacological radiosensitizers such as Misonidazol can further enhance
the therapeutic effect. Radiotherapy can be either applied by single radiation or in the form

of fractionated radiotherapy, in which higher doses can be used. (96)

In the curative treatment of colon cancer, radiotherapy does not play an important role and
is only rarely used in an adjuvant setting. However, in order to lower the local recurrence
rate all rectal cancer patients with stage II and III cancer should get neoadjuvant or
adjuvant radiation combined with infusional fluoropyrimidines or their orally applied
prodrug capecitabine. The radiation is usually administered in fractionation of 1.8 Gray per
day over five weeks. Most common side effects of chemoradiotherapy in rectal cancer are

diarrhoea, dermatitis and hematotoxicity. (97)

Chemotherapy

Besides surgery, chemotherapy has been the backbone of cancer treatment for now more
than 50 years. In colorectal cancer various cytotoxic substances come into practice. They

are either applied as single treatment or in combinational regimens. In the palliative setting
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of colorectal cancer biologicals can be further added to systemic chemotherapy to improve

treatment response and prolong survival. Commonly used therapeutics in CRC patients are:

Fluorouracil

Firstly synthesized in the 1950s fluorouracil or its derivatives are still part of almost every
chemotherapy regimen in CRC treatment. By inhibiting the thymidylate synthase
fluorouracil, which is needed for the synthetisation of thymidine, fluorouracil blocks DNA
replication and cancer cell division. (98) Today, fluorouracil is usually applied in
combination with leucovorin, a reduced form of folic acid that further prolongs the
inhibition of the thymidylate synthase and thus enhances the cytotoxic effect. (99)
Leucovorin modulated fluorouracil therapy can be either administered as bolus regimen or
in infusional schedules. The best response rates in the palliative setting have been shown
for a bimonthly regimen with a two hour leucovorin infusion followed by a bolus and 22
hour infusion of 5-fluorouracil every two weeks. (100) Most common adverse effects in

this therapy are:

e Nausea

e Diarrhoea

e Mucositis

e Conjunctivitis
e Dermatitis

e Alopecia

e Myelosuppression

Capecitabine

Capecitabine is an orally applied fluorpyrimidine that gets converted into 5-fluorouracil in
three enzymatic reactions. The final reaction is catalysed by the thymidine phosphorylase
of which high levels were found in tumor tissue. Capecitabines are administered as
adjuvant as well as palliative chemotherapy and show similar success rates compared to

fluorouracil in both settings. (101,102) Most common side effects of capecitabines are:

e Hand foot syndrome
e Diarrhoea

e Hyperbilirubinemia
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e Nausea
e Neutropenia

e Stomatitis

Oxaliplatin

Oxaliplatin is a platin derivative that blocks DNA replication by working as an alkylating
agent. In colorectal cancer it is applied only in combination with parenteral or oral
fluoropyriminidines. Multiple studies have shown that adding oxaliplatin to
fluoropyrmidine regimen leads to significantly better treatment response and disease
outcome in both localized and metastatic CRC compared to application of
fluoropyrimidines alone. (103,104) Common side effects of oxaliplation containing

chemotherapy are:

e Paraesthesia

e Myelosuppression
e Nausea

e Diarrhoea

e Stomatitis

e Dermatitis

e Alopecia

Irinotecan

The cytotoxic effect of irinitocan is based on an inhibition of the topoisomerase I an
enzyme that is essential for DNA replication and transcription. Like oxaliplatin irinotecan
is usually administered in combination with a fluoropyrimidine regimen and is an
alternative to oxaliplatin containing chemotherapy. In metastatic CRC patients that did not
benefit from fluoropyrimidine based therapy in prior lines application of irinotecan alone
showed a survival benefit compared to best supportive care and should therefore be

considered. (105) Important side effects of irinotecan are:

e Diarrhoea

e Nausea
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e Myelosuppression
e Alopecia

e Anorexia

e Fatigue

e Stomatitis

e Cholinergic syndrome

Therapy regimens

Commonly used combinational chemotherapy regimens in CRC are:

FOLFOX

o Folinic acid
o Fluorouracil
o Oxaliplatin

FOLFIRI

o Folinic acid
o Fluorouracil
o Irinotecan

XELOX

o Capecitabine
o Oxaliplatin

FOLFOXIRI

o Folinic acid
o Fluorouracil
o Irinotecan

o Oxaliplatin

Targeted therapy

This relatively new cancer treatment approach has led to major advances in the prognosis
of various cancer entities over the last two centuries. Targeted therapy or also called

biologic therapy aims at inhibiting cancer cell division by blocking or antagonising specific
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molecules which are essential for carcinogenesis. The great advantage of targeted therapy
is that it does not simply kill all rapidly dividing cells like systemic chemotherapy, but only
targets cancerous cells and therefore has a much better toxicity profile. Targeted therapy
agents can be roughly divided into two groups: small molecules and monoclonal
antibodies. Small molecules are usually orally administered substances that typically target
intracellular molecules. An example is the famous BCR-ADI tyrosine kinase inhibitor
imatinib, which is one of the oldest biologics used in cancer therapy. Monoclonal
antibodies on the other hand are larger structures that cannot enter cancer cells and thus are
usually used to target cell surface molecules such as receptors. As their protein structure
would denaturate in the gastrointestinal tract, monoclonal antibodies have to be applied
intravenously. (106) One major problem coming along with targeted therapy are the high
costs of its therapy agents. Bevacizumab for example is reported to extend life of

metastatic colorectal cancer patients by 4.7 months at a cost of about $50.000. (107)
Biologics administered in CRC are:

Bevacizumab

Bevacizumab is a recombinant humanized monoclonal antibody that works as an
angiogenesis inhibitor by targeting the vascular endothelial growth factor A. (VEGF)
Angiogenesis plays a crucial role in cancer development and is one of the main aims in
targeted therapy. In CRC bevacizumab is administered as palliative therapy in
combination with a fluoropyrimidine based chemotherapy. Adding bevacizumab leads to
significantly better treatment response and overall survival compared to systemic
chemotherapy alone. (108) In the adjuvant treatment setting the additional application of

bevacizumab does not show any benefit. (109)
Most feared adverse effects of bevacizumab are:

e Hypertension

e Proteinuria

e Bleedings

e Thrombotic events
e Delayed healing

e Qastrointestinal perforation
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Cetuximab

Cetuximab is a chimeric monoclonal antibody that binds and inhibits the epidermal growth
factor receptor (EGFR). Overexpression of EGFR leads to uncontrolled cell division and is
found in various cancers. In metastatic CRC a survival benefit of cetuximab added to first
line system chemotherapy was shown in the CRYSTAL trial. However, subgroup analysis
revealed that cetuximab is effective only in KRAS wildtype tumors (110). Today it is
known that only patients with wildtypes in all RAS genes (KRAS and NRAS) benefit from
cetuximab therapy. (111) In the adjuvant setting of CRC cetuximab did not show any

additional treatment effect and is therefore not indicated. (112)
Feared side effects of cetuximab containing therapy are:

e Infusion related reactions

e Acne like rash

e Fatigue

e Malaise

e Pain

e Dyspnoea

e Diarrhea
Panitumumab

Like cetuximab, panitumumab is an anti epidermal growth factor receptor agent used in the
therapy of RAS wildtype metastatic CRC. The ASPECCT study showed that these two

agents provide similar overall survival benefit and comparable toxicity profiles. (113)
Common side effects of pannitumumab are:

e Acne like rash
e Hypomagnesemia

e Diarrheoa

e Pruritus
e Fatigue
e Nausea

e Decreased appetite
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Regorafenib

Regorafenib is a tyrosine kinase inhibitor used as salvage therapy in metastatic CRC
patients, which have been previously treated with a systemic chemotherapy and a
monoclonal antibody. The CORRECT trial showed a significant survival benefit for these

patients when comparing regorafenib monotherapy versus best supportive care. (114)
Feared adverse effects of regorafenib are:

e Fatigue

e Hand foot skin reaction
e Dairrhea

e Anorexia

e Voice change

e Hypertonia

e Oral mucositis

e Rash

Trifluridine tipiracil

This agent combination of the thymidylate synthetase inhibitor trifluridine and the
thymidine phosporylase inhibitor tipiracil seems to promote cancer cell apoptosis and
inhibits angiogenesis. Like Regorafenib Trifluridine tipiracil is used as a salvage therapy in
mCRC patients who are refractory to fluoropyrimidines, irinotecan, oxaliplatin, anti VEGF
and anti EGFR therapy. In this patient collective the RECOURSE trial could show a
significant overall survival benefit for trifulridine tipiracile against placebo. In detail the
median overall survival in the therapy group was 1.8 monts longer than in the control

group. (115)
Most common side effects in this trail were:

e Nausea

e Reduced appetite
e Fatigue

e Neutropenia

e Anemia

37



Stage dependent treatment

Stage I colon cancer

The adequate therapy for stage I colon cancer contains radical surgical resection of the
tumor followed by regular posttreatment surveillance including clinical, laboratory and
imagining examinations. Adjuvant chemo- or radiotherapy is not recommended for stage |

colon cancer patients. (116)

Stage II colon cancer

In patients with stage II colon cancer, who have undergone curative excision of the tumor
the application of adjuvant chemotherapy has to be discussed. The QUASAR trial showed
a prolonged overall survival for stage II patients treated with fluorurcail plus leucovorin
compared to observation. However, with a three to four percent absolute survival benefit
the absolute improvements are small and in addition to this the chemotherapy associated
morbidity has to be considered. (117) Therefore, there is no general recommendation for
adjuvant chemotherapy in stage II colon cancer patients. To facilitate the decision making
which patient would profit from chemotherapy several clinicopathologic variables

associated with higher recurrence rates have been determined as risk factors:

e T4 stage

e Bowel obstruction or perforation at initial diagnosis
e High grade histology

e Lymphovascular invasion

e Perineural invasion

e Less than 13 sampled lymph nodes

e Inadequate tumor margins

e High preoperative CEA levels

In about 20% of all stage II colon cancer patients a microsattelite instability can be
detected. Those patients seem to have a lower recurrence rate and might not benefit from

adjuvant chemotherapy. (118)
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Stage III colon cancer

In stage III colon cancer adjuvant chemotherapy should be recommended to all patients,
who are fit enough for the treatment. Biomarkers like the risk factors used in stage II colon
cancer do not have any impact on the decision making. Clinical factors, in particular
biological age and comorbitities have an influence on which treatment protocol is applied.
Fit patients profit most from a more intense regimen such as FOLFOX or XELOX.
(104,119) For patients who do not tolerate oxaliplatin a fluoropyrimidine-alone protocol is
an acceptable option. If possible chemotherapy should be started within eight weeks after
surgery. Adding a monoclonal antibody to systemic chemotherapy does not show any

benefit and is therefore not indicated. (109,112)

Stage I — I1I rectal cancer

According to the most recently published European Society for Medical Oncology
(ESMO) clinical practice guidelines for non-metastatic rectal cancer patients can be

divided into five different risk adapted treatment groups:
Very early disease

Very early disease is defined as clinically staged cT1 tumors that are lymph node negative
(NO) and low grade (G1 or G2). For this patient collective the standard of care are local
excision procedures such as transanal endoscopic microsurgery or direct tumor excision.
There is no general recommendation for perioperative radiotherapy, chemoradiotherapy
and chemotherapy. In patients who rare not operable or reject surgery and in patients with
an unfavourable ssessment following tumor excision these options might be considered.

(67)
Early disease

This group includes all tumors with no mesorectal fascia (MRF) involvement and no

extramural vascular invasion (EMVI) that do not fit the criteria for local excision:

e cTI1, NO, G3 regardless of tumor location

e ¢T3 with Smm or less invasion depth beyond the mucularis propria, NO, G1-3 if
middle or high

e ¢T3 with 5mm or less invasion depth beyond the mucularis propria, N1, G1-3 if

high
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Patients with early disease should be treated by radical total mesorectal excision (TME)
implying the excision of the tumor and the complete mesorectal fat including all
lymphnodes. Considering the surgeon’s preference, the location of the tumor and the
general health condition of the patient TME can be either performed as laparoscopic or
open surgery. In patients with cT1 or ¢cT2 tumors smaller than four centimetres
neoadjuvant radiotherapy or chemoradiotherapy followed by local tumor excision is a
possible treatment alternative. Otherwise neoadjuvant therapy is not generally

recommended. (67)
Intermediate disease:

Inclusion criteria are:

e ¢T3 with Smm or less invasion depth beyond the mucularis propria, NO — N2, no
EMVI, MRF clear if low
e ¢T3 with Smm or less invasion depth beyond the mucularis propria, N1 — N2, no

EMVI, MREF clear if middle or high

Standard treatment for intermediate rectal cancer consists of neoadjuvant treatment
followed by TME. The downsizing therapy can be either applied as short course
preoperative radiotherapy with 25 Gray total dose at five fractions during one week or as
chemoradiotherapy with a recommended total radiation dose of 45 to 50 Gray combined
with concurrent fluoropyrimidine chemotherapy. Both approaches are valid. If the surgeon
is confident that a good quality TME can be achieved without neoadjuvant therapy TME

alone can be considered. (67)
Locally advanced disease:

All ¢T3 tumors with 5 mm or more invasion depth beyond the muscularis propria or with
positive EMVI are staged as locally advanced rectal cancers if the MRF is clear and the
levators are not threatened. Like intermediate disease locally advanced tumors should be

treated with neoadjuvant downstaging therapy followed by TME. (67)
Advanced disease:

This group composes of tumors with threatened resection margins implying cT4b stage,

MRF infiltration and threatened levators. In this case preoperative chemoradiotherapy
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followed by TME is the standard of care, as it alters the chance of an RO resection

compared to radiotherapy alone. (67)
Postoperative therapy:

Postoperative chemoradiotherapy should be considered in all patients who did not receive
preoperative treatment and further showed unfavourable histopathological features such as

stage pT4b disease or positive circumferential resection margin after tumor resection.

In stage III or high risk stage II patients who did receive neoadjuvant treatment
postoperative chemotherapy is recommended and can be either applied as single
fluoropyrimidine regimen or combined with oxaliplatin depending on tumor stage and

patient performance status. (67)

Stage IV colorectal cancer

Around a quarter of all CRC patients present with synchronous metastasis at initial
diagnosis and an additional 25% will develop metastases during the course of their disease.
(11) For a long time it was thought that there is no cure for CRC patients with distant
metastasis. However, in recent years it became clear that metastectomy in patients with
liver or lung only metastases is a potentially curative treatment with five years survival
rates up to 50% and at least a one in 6 chance of cure . (120) (121) Roughly patients with

distant metastasis can be divided into three groups:

Firstly, patients with initially resectable metastases, which account for around 15 % of all
metastatic CRC patients. In this situation guidelines recommend upfront resection followed
by adjuvant chemotherapy or perioperative treatment with FOLFOX consisting of six two-
week cycles before and after surgery. The EORTC study showed a benefit in progression
free survival for the addition of perioperative chemotherapy, but no benefit in overall

survival. (122)

Secondly, patients with potentially resectable metastases, which however do not fit
surgical resection criteria at presentation. In these patients the most effective induction
chemotherapy with the aim of maximal tumor shrinkage should be suggested. Possible
regimens are FOLFIRI, FOLFOX or FOLFOXIRI plus a targeted therapy agent. In RAS

wildtype patients Stintzing et al. could show a significant benefit in objective response
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rate, early tumor shrinkage and median depth of response for cetuximab plus FOLFIRI
compared to bevacizumab plus FOLFIRI, indicating that for those patients this may be the
best therapy. (123)

The third group are metastatic CRC patients with not resectable metastatic disease and
primary palliative treatment intention. For patients with a high tumor burden or
symptomatic disease more intense first line chemotherapy such as FOLFOX or FOLFIRI
plus bevacizumab or plus an EGFR antibody in RAS wildtype cancer is the recommended
treatment strategy to induce tumor shrinkage and symptom relief. If the tumor responds
therapy can be de-escalated after a few months and continued as maintenance therapy in
order to reduce toxicity. In asymptomatic patients with slow tumor progression a less toxic
regimen seems to be the best option as first line therapy. In case of progression further line
treatment has to be decided individually, whilst taking prior therapy, RAS status and the

treatment’s goal into account. The following principles should be considered (92):

e After a oxaliplatin based first line therapy an irinitocan containing regimen should
be administered and vice versa

e After an irinotecan based bevacizumab free first line therapy FOLFOX plus
bevacizumab should be used

e Continuing bevacizumab therapy after first line progression leads to a significant
survival benefit

e Patients with RAS wildtype who have not been given an EGFR antibody as first
line therapy should receive a combination of chemotherapy plus an EGFR antibody

e The application of cetuximab in patients who did not benefit from a panitumumab
containing therapy is not indicated and vice versa

e In patients who are refractory to all established chemotherapies and monoclonal
antibodies the application of the tyrosine kinase inhibitor Regorafenib leads to a

prolonged overall survival

Prognosis

Colorectal cancer patients have a 90%, 65% and 15% five year relative survival rate in
localized, regional and advanced tumor stage. Localized tumor stage is defined as cancer
without metastatic spread, regional tumors present with lymph node metastases and
advanced tumor stage inludes all patients with distant metastases. Overall five year
survival rate in CRC patients is 63%. (124)

42



Prognostic and predictive biomarkers in metastatic CRC

RAS mutation status

RAS is a family of oncogenes, that play a crucial role in the regulation of cell growth and
differentiation. In humans three different RAS genes are identified: HRAS, KRAS and
NRAS. Inappropriate activation of these genes leads to uncontrolled cell growth and
therefore promotes cancer development. Mutations in RAS genes are found in around 25%
of all human cancers. (125) In colorectal cancer mutations occur in approximately 40%.
(126) As the RAS proteins are strongly involved in the endothelial growth factor receptor
pathway RAS mutation status is predictive for EGFR antibody therapy response. Several
studies could demonstrate, that patients with KRAS exon 2 mutation do not benefit from
cetuximab or panitumuab therapy. (127,128) More recently it was shown that not only
exon 2 mutations in KRAS but all RAS mutations lead to unresponsiveness of EGFR
therapy. (129) Hence, today extensive RAS gene testing is recommended for all patients

with a planned anti EGFR therapy.

BRAF mutation status

Like the RAS genes BRAF is a human proto oncogene that encodes for proteins involved
in the regulation of cell growth. If mutated, BRAF proteins induce cell transformation and
cancer development. BRAF mutations occur in around 8% of all human cancers with the
highest frequency found in melanomas. (130) In CRC BRAF mutations that are mutually
exclusive with KRAS mutations can be detected in 5 to 15%. With a 5 year survival rate of
only 16% BRAF mutations are associated with a very poor survival in microsatellite stable
CRC patients. These results suggest that BRAF mutated patients may benefit from a
aggressive first line triplet chemotherapy such as FOLFOXIRI. In patients with
microsatellite unstable tumors, BRAF mutations have no adverse impact on survival. (131)
Besides, its prognostic value BRAF mutation status seems to be a valid predictor for anti
EGFR therapy response. Pietrantonio et al. could show that RAS wildtype patients with
BRAF mutation do not benefit from cetuximab or panitumumab therapy. (132) Therefore

BRAF status should be tested in all CRC patients.
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Tumor location

Recent studies revealed that primary tumor location may have a strong prognostic and
predictive relevance in localized and metastatic CRC. A retrospective analysis of the FIRE
3 and CRYSTAL trials could show that in the RAS wildtype population patients with right
sided tumors have a significantly worse prognosis than those with left sided and might not

benefit from addition of cetuximab to systemic chemotherapy. (133)
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Methods

Study design, patient cohort, and clinical outcomes

The current study is a single-center, retrospective observational cohort study including
patients with histologically-proven metastatic colorectal adenocarcinoma who were treated
with chemo(immune-)therapy at the Clinical Division of Oncology, Medical University of
Graz, Austria, between March 2010 and January 2016. These patients were drawn from our
in-house colorectal cancer cohort, which includes exactly 1000 patients with UICC stage
II-IV adenocarcinomas of the colon or rectum who were seen at our Department since
January 2010. Of these 1000 patients, 3 were lost-to-follow-up, and 612 were adjuvant
patients who did not develop metastasis during a median follow-up of 2.9 years (95%ClI:
2.8-3.11, Supplementary figure 1). Of the remaining 388 patients with metastatic disease,
130 patients did not get any type of palliative chemotherapy (reasons: reduced performance
status (n=61), declined therapy (n=13), other reasons (n=6), not known: n=50)), leaving a
final analysis population of 258 patients with mCRC undergoing first-line chemo(immuno-
)therapy . Baseline and follow-up data were extracted from our hospital trust’s electronic
health record database (including all public hospitals in the province of Styria, Austria).
For the main biomarker analysis, we considered 5 inflammatory biomarkers, namely the
neutrophil-lymphocyte-ratio (NLR), the lymphocyte-monocyte-ratio (LMR), the platelet-
lymphocyte-ratio (PLR), C-reactive protein (CRP), and the advanced lung cancer
inflammation index (ALI), respectively. The ALI is defined as (body mass index * serum
albumin) / NLR. We only considered laboratory data that were collected within a
timeframe of a maximum at 14 days prior start of the respective chemotherapy line. In
time-to-event analysis, we investigated response rates (RR) according to RECIST 1.1
criteria and rates of progression-free (PFS) and overall survival (OS) during the first three
lines of treatment, and after start of a purely “best supportive care (BSC)” treatment
concept. The primary endpoint was 6-month PFS during 1*-line, 2"-line, and 3™-line

treatment, and 6-month OS during BSC.

Ethics statement

The study had been approved by the local ethics committee (Ethikkommission der
Medizinischen Universitidt Graz, IRB00002556) before any patient-related activities were
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performed (No.25-458 ex 12/13). Written informed consent was not obtained from
individual patients, because the local ethics committee specifically granted a “waiver of
consent” for this retrospective database study. All investigations took place in accordance

with the priniciples embodied in the declaration of Helsinki.

Statistical analysis

All statistical analyses were performed using Stata (Windows version 14.0, Stata Corp.,
Houston, TX, USA). Continuous variables were summarized as medians [25“1-75th
percentile], whereas categorical variables were reported as absolute counts (%). The
association between response rates and the biomarkers under study were analyzed with
uni- and multivariable generalized linear models from the Bernoulli family with an identity
link. Median follow-up was estimated according to the method of Schemper & Smith.
Probabilities of progression-free and overall survival were computed with Kaplan-Meier
estimators, and compared between two or more groups with log-rank tests. Uni- and
multivariable modeling of PFS and OS was performed with Cox proportional hazards
models. The proportionality of hazards assumption was assessed by fitting an interaction
between linear follow-up time and the variables of interest. To compare the magnitude of
association with PFS and OS between the different biomarkers, we Z-standardized these

variables in order to render them on a common scale (mean=0, standard deviation=1).

Results

Analysis at baseline

Two-hundred-fifty-eight patients were included in this analysis (Table 1). The median age
of the cohort at start of first line therapy was 66 years, and 36% were female. More than 80
% of patients had no evidence of medical comorbidity at initial diagnosis, and the median
Karnofsky index (KI) was 90%. The most frequent tumor site was the rectum (n=90
(35%)), and 65 (26%) patients had right-sided tumors, which were defined as tumors
located proximal to the splenic flexure. Two thirds of the patients had synchronous
metastases, whereas the other third developed metastases after surgery in curative intent.
Polychemotherapy regimens which were defined as either multiagent chemotherapy or

single/multiagentchemotherapy plus molecular targeted therapy were administered as 1st-
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line therapy in 70% of patients, as 2nd-line therapy in 62%, and as 3rd-line therapy in 56%
of patients, respectively. The median NLR was 3.9 before start of first line chemotherapy.
More detailed information concerning baseline demographic, tumor, treatment and
laboratory variables are summarized in Table 1. We observed changes in the levels of the
inflammatory parameters between the different treatment lines (Supplementary Table
1).The median NLR, for example, showed an 18% relative reduction from first to second
line, remained at the same level after second line, but finally raised by more than 30%
compared to baseline value, when entering BSC. Similar changes could be observed for the

other biomarkers.

47



Table 4. Baseline characteristics of the study population.

Overall Distribution and by therapy line. The column “n (% miss.)” indicates the number of patients with observed values of the respective

variable (% missing). Continuous variables are summarized as medians [25th percentile (Q1) — 75th percentile (Q3)], whereas categorical

variables are reported as absolute frequencies and percentages. *ALI = (body mass index * serum albumin) / NLR. Abbreviations: BMI — Body

mass index, NLR — Neutrophil to lymphocyte ratio, LMR — Lymphocyte to monocyte ratio, PLR — Platelet to lymphocyte ratio, CRP — C reactive

protein, ALI — Advanced lung cancer index

1* line (n=258) 2" line (n=153) 3" line (n=72) BSC (n=183)
Variable N Summary N Summary N Summary n (% Summary
(%miss.) | measure (%miss.) | measure (%miss.) | measure miss.) measure
Demographic
variables
Female gender 258 (0%) | 92 (36%) 153(0%) | 53(35%) 72(0%) 27(38%) 183(0%) | 63(34%)
Age (years) 258(0%) | 66 [58-73] 153(0%) | 65 [59-72] 72(0%) 64 [60-71] 183(0%) | 66 [59-
73]
BMI (kg/m?) 221(14%) | 24 [22-27] 134(12%) | 25[22-27] 64(11%) | 24 [21-27] 0 (100%) |/
Karnofsky Index 161 (38%) | 90 [80-100] 95(38%) | 90 [80-90] 41(43%) | 90 [80-90] 0(100%) |/
No comorbidity 256(1%) | 210(82%) 151(1%) | 126(83%) 70(3%) 61(87%) 182(1%) | 148(81%)
Smoker or ex 132(49%) | 56(42%) 77(50%) | 34(44%) 37(49%) | 15(41%) 83(55%) | 44(53%)
smoker
Tumor variables
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Synchronous 258(0%) 172(67%) 153(0%) | 104(68%) 72(0%) 48(67%) 183(0%) | 121(66%)

metastases

Location of 256(1%) |/ 151(1%) |/ 71(1%) / 183(0%) |/

primary tumor

---Right ascending / 43(17%) / 22(14%) 11(15%) 33(18%)

---Right flexure / 17(7%) / 14(9%) 5(7%) 11(6%)

---Transverse colon / 10(4%) / 6(4%) 3(4%) 9(5%)

---Left flexure / 13(5%) 7(5%) 3(4%) 13(7%)

---Left descending / 6(2%) 5(3%) 2(3%) 5(3%)

---Sigma / 71(28%) 37(25%) 18(25%) 45(25%)

---Rectum / 90(35%) 56(37%) 28(39%) 62(34%)

---Multilocular / 6(2%) 4(3%) 1(1%) 5(3%)

Kras wildtype 232(10%) | 123(53%) 140(8%) | 80(57%) 66(8%) 40(61%) 163(11%) | 85(52%)

Nras wildtype 64(75%) | 54(84%) 31(80%) | 25(81%) 11(85%) | 9(82%) 38(79%) | 30(79%)

Treatment

variables

Number of 241(7%) 8 [4-10] 141(8%) | 8 [6-10] 68(6%) 8 [6-11] / /

chemotherapy

cycles

Polychemotherapy 257(1%) 181(70%) 153(0%) | 95(62%) 72(0%) 40(56%) / /

Laboratory

variables

Hemoglobin 232(10%) | 12.4[11.2- 119(22%) | 12.7 59(18%) | 13.1 164(11%) | 11.4

13.4] [11.7- [11.2- [10.3-

13.9] 14.0] 12.8]

Leucocyte count 194(25%) | 8.8 [6.9-11.7] 120(22%) | 7.1 [5.6- 59(18%) | 7.6 [5.9- 165(10%) | 8.5 [6.0-
9.4] 8.9] 11.9]

Absolute 143(45%) | 6.1 [4.4-8.7] 114(25%) | 4.6 [3.4- 5721%) | 4.9 [3.5- 152(17%) | 5.8 [3.9-

neutrophil count 6.3] 6.0] 9.2]
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Absolute 129(50%) | 1.4 [1.1-1.9] 114(25%) | 1.4 [1.0- 57(21%) | 1.4 [1.0- 151(17%) | 1.1 [0.8-
lymphocyte count 1.7] 2.0] 1.7]
Absolute monocyte 140(46%) | 0.7 [0.5-0.9] 114(25%) | 0.7 [0.6- 57(21%) | 0.8 [0.6- 150(18%) | 0.9 [0.6-
count 0.9] 1.0] 1.2]
Absolute platelet 193(25%) | 312 [249- 120(22%) | 223 [184- 60(17%) | 252 [193- 164(10%) | 264 [207-
count 398] 304] 333] 374]
NLR 120(53%) | 3.9 [2.6-5.5] 114(25%) | 3.2 [2.2- 57(21%) | 3.2 [1.9- 151(17%) | 5.2 [3.1-
5.4] 5.9] 8.5]
LMR 110(57%) | 1.9 [1.5-2.8] 113(26%) | 1.8 [1.2- 5721%) | 1.9[1.3- 149(19%) | 1.2 [0.8-
2.8] 3.0] 2.0]
PLR 110(57%) | 212 [147- 114(25%) | 164 [123- 57(21%) | 171 [115- 150(18%) | 239 [155-
401] 245] 270] 359]
Albumin 80(69%) | 4.1[3.6-4.4] 130(15%) | 4.0 [3.7- 62(14%) | 3.9[3.5- 129(30%) | 3.5 [3.0-
4.2] 4.1] 3.8]
CRP 241(7%) | 11.7 [4-34] 149(3%) | 11 [4-34] 69(4%) 13.7 [5.0- 174(5%) | 43 [12-
48] 96]
ALT* 170(34%) | 26.9 [15.1- 88(43%) |30.9 46(36%) | 29.5 N/A N/A
42.0] [19.8- [12.4-
51.5] 56.9]
Uric acid 112(57%) | 5.2 [4.2-6.5] 63(59%) |5.3[4.2- 24(67%) | 5.71[4.5- 70(62%) |5.2[3.9-
6.3] 6.2] 6.7]
CEA 154(40%) | 17 [4-100] 135(12%) | 52 [13- 62(14%) | 67 [12- 130(29%) | 78 [17-
211] 277] 498]
CA199 143(45%) | 45 [10-529] 135(12%) | 83 [16- 62(14%) | 147 [25- 127(31%) | 445 [28-
1237] 1111] 4406]
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Table 5. Changes of inflammatory biomarkers over the first three treatment lines and BSC

1" line (n=258) | 2™ line (n=153) 3" line (n=72) BSC (n=183)
Median Median [25™- | % relative | P for | Median % relative | P for | Median % relative | P for
[25%-75" 75" change compari | [25"-75" | change compari | [25"-75™ | change comparison
percentile] percentile] compared to first | son with | percentile | compared son with | percentil | compared to | with first
line first line | | to first line | first line | e] first line line
NLR 39  [2.6- 32[22-54] |-18% 0.691 32 [1.9-|-19% 0.935 52 [3.1- | +32% 0.010
5.5] 5.9] 8.5]
LMR 1.9 [1.5- 1.8[1.2-2.8] | -6% 0.145 1.9 [1.3-]-2% 0.028 1.2 [0.8- | -36% <0.0001
2.8] 3.0] 2.0]
PLR 212 [147- 164 [123- ] -23% 0.025 171 [115- | -19% 0.559 239 +13% 0.215
401] 245] 270] [155-
359]
CRP 11.7 [4-34] 11 [4-34] -9% 0.095 13.7 [5.0- | +17% 0.013 43 [12- | +268% <0.0001
48] 96]
ALI* 26.9 [15.1- 309  [19.8- | +15% 0.345 29.5 +10% 0.934 N/A N/A N/A
42.0] 51.5] [12.4-
56.9]
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Analysis of response patterns and their association Wwith

inflammatory biomarkers

During first-line treatment of 258 patients with chemo(immuno-)therapy, we observed 5
complete remissions (CR, 2%), 70 partial remissions (PR, 27%), 67 stable disease (SD,
26%), and 77 primary disease progressions (PD, 30%), respectively (Supplementary Figure
1). Response was not evaluable in 39 patients (NE, 15%). Response data for further lines
of treatment are reported also in Supplementary Figure 1. Among the patients assessable
for response, we estimated objective response rates (ORR) of 34% (95%CI: 30-41), 19%
(13-26), and 17% (7-27), during Ist-line, 2nd-line, and 3rd-line treatment. Corresponding
disease control rates (DCR, i.e. a composite of CR+PR+SD as best response) were 65%

(59-71), 50% (42-59), and 37% (24-50), respectively.

388 patients with metastatic disease (100%)
Temporality: Snychronous metastasis (n=260), Metachronous metastasis (n=125), Unkown (n=3)

-=Reduced performance status (n=61)
-=Unknown (n=50)
-=Declined therapy (n=13)

-= Other reasons (n=0)

L —_— No 1st line (n=130 (34%))

258 patients undergoing 1st line therapy (100%)
Median number of cycles: 8 (25th-75th percentile=4-10)
Most frequent therapies: FOLFOX (n=44), Capecitabine (n=406), FOLFOX+Bev (n=43)

l l l l l

| cR@=5@%) | [ PR@=7027%) | | sD@=6726%) | |PD@=77(30%) | | NE@=3015%))

->= Reduced performance status(n=55)
-= Btill receiving 1st line at documentation
(n=15)

-=Unknown (n=14)

| _ No 2nd line (n=105 (41%))

153 patients undergoing 2nd line therapy (100%)
Most frequent therapies: FOLFIRI+Bev (n=10), FOLFIRI (n=2), FOLFOX+Bev (n=17)

l l l l l

| CR@=0(0%) | | PR (n=25 (16%)) | | SD (n=40 (26%)) | | PD (n=42 (%)) | | NE @=24(16%))
- No 3rd line (n=81 (53%))
->Reduced performance status (n=36)
-= Still receiving 2nd line at documentation
(n=16)
-=Unknown (n=13)

72 patients undergoing 3rd line therapy (100%)
Most frequent therapies: Irinotecan+aEGFR (n=10), FOLFOX+Bev (n=8), aEGFR Monotherapy (n=7)

l l l l l

| CR (n=1 (1%)) | | PR (n=8 (11%)) | | sD@=11(a5%)) | | PD (n=34(47%)) | | NE (n=18 (25%)) |

Figure 1. Flowchart of the study population
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In univariable analysis of absolute response rates, we observed associations between
inflammatory biomarkers and ORR (Table 2). In detail and after z standardization, 1
standard deviation (SD) increase in NLR was associated with a 7% absolute lower ORR in
first line (95%CI: 6-9, p<0.0001), 4% lower ORR in second line (3-5, p< 0.0001), and 2%
lower ORR in third line (-1-11, p=0.68), respectively. Corresponding results for the LMR,
PLR, CRP and ALI are reported in the Table 2. Another strong univariable predictor of
response was polychemotherapy (23% higher response rates in first line (p<0.0001), 13%
higher ORR in second line (p=0.05), 20% in third line (p=0.02)). Right side location of the
tumor and age were not significantly associated with ORR in all patients, but highly
associated with a 26% lower l1st-line ORR in the subgroup of patients with KRAS-
wildtype tumors (Table 2). In multivariable analysis adjusting for polychemotherapy,
associations between inflammatory biomarkers and ORR prevailed (Table 2). This
suggests that inflammatory biomarkers are important and independent predictive markers
of response to antineoplastic chemotherapy, not only in first but also in later lines of

treatment.
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Table 6. Uni and multivariable predictors of clinical response rates in first, second and third line

Absolute change of ORR (objective response rate) per 1 standard deviation increase of the respective biomarker. Abbreviations: ORR —

Objective response rate, CI — Confidence interval, P — P Value, SD — Standard deviation, NLR — Neutrophil to lymphocyte ratio, LMR —

Lymphocyte to monocyte ratio, PLR — Platelet to lymphocyte ratio, CRP — C reactive protein, ALI — Advanced lung cancer index

Variable Aabs in 1%-line ORR Aabs in 2™-line Agbs in 3"%-line ORR
(95%CI, p) ORR (95%CI, p) (95%CI, p)

Inflammatory

biomarkers —

Univariable analysis

NLR (per 1SD -7.4% -3.6% -2.0%

increase)

(-9.1-(-5.7), p<0.0001)

(-4.5-(-2.7), p<0.0001)

(-11.9-7.8, p=0.68)

LMR (per 1SD

increase)

5.1%
(-4.2-14.5, p=0.28)

3.9% (-4.7-12.6, p=0.38)

-5.1% (-10.6-0.5, p=0.07)

PLR (per 1SD

increase)

2.5%
(-11.7-6.7, p=0.60)

-4.8% (-6.8-(-2.9), p<0.0001)

-3.3% (-5.3-(-1.2), p=0.002)

CRP (per 1SD

increase)

2.5%
(:9.1-4.1, p=0.45)

7.8%
(-9.5-(-6.0), p<0,0001)

42%
(-7.0-15.5, p=0,46)
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ALI (per 1SD increase)

8.0%
(0.4-15.5, p=0.04)

10.0% (-2.0-22.0, p=0.10)

~7.9% (-13.0-(-2.8), p=0.002)

Other predictors —

Univariable analysis

Age (per 10 years

-5.7%

2.7% (-9.6-4.2, p=0.44)

-12.8%

increase) (-11.7-0.0, p=0.06) (-20.0-(-5.5), p=0.001)

Right side -11.1% 2.9% (-13.0-18.8, p=0.72) -15.4% (-33.2-2.4, p=0.09)
(-25.1-3.0, p=0.12)

Right side in KRAS -25.5% 7.0% (-19.2-33.2, p=0.60) -22.7% (-40.2-(-5.2), p=0.01)

wildtype (-45.4-(-5.6), p=0.01)

Polychemotherapy 22.6% 12.7% (0.0-25.6, p=0.05) 20.5% (3.1-37.8, p=0.02)
(10.2-35.0, p<0.0001)

Inflammatory

biomarkers —

Multivariable

analysis adjusted for

polychemotherapy

NLR (per 1SD

increase)

-8.5%
(-10.5-(-6.6), p<0.0001)

-3.0% (-4.4(-1.6), p<0.0001)

3.1%
(-8.3-2.0, p=0.24)
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LMR (per 1SD

increase)

4.6%
(-4.6-13.8, p=0.33)

1.9% (-6.7-10.5, p=0.67)

1.1%
(-8.2-10.5, p=0.81)

PLR (per 1SD

increase)

4.0
(-12.4-4.4, p=0.35)

-3.0% (-7.7-(1.6), p=0.20)

3.7%
(-8.5-1.0, p=0.13)

CRP (per 1SD

increase)

3.4%
(-5.3-(-1.5), p<0.0001)

8.4%
(-8.4-(-8.3), p<0.0001)

2.1%
(-5.2-9.4, p=0.58)

ALI (per 1SD increase)

8.4%
(1.0-15.8, p=0.03)

7.9% (-4.0-19.8, p=0.20)

5.1%
(-12.8-2.7, p=0.20)
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Univariable Analysis of 6-month PFS and OS across treatment lines

Median PFS was 6.7 months in 1 st line, 4.2 months in 2nd line and 3.2 months in 3rd line
therapy, respectively. Six month PFS was 58% (52-64), 31% (23-38) and 22% (12-33) in
first, second and third line, respectively. Median OS was 2.7 months in BSC, and 6-month
OS in BSC was 32%. (Supplementary Figure 2)

100
1

40

20

0 1 2 3 4 5 6
Time (months)

------------ 1"line PFS =------ 2"line PFS — — 3™line PFS

OS from BSQ

Figure 2. Cumulative probability of progression free survival in 1st, 2nd and 3rd of

palliative chemotherapy and overall survival in best supportive care.

Associations between inflammatory biomarkers and PFS in the first three treatment lines
and OS are reported in Table 3. In univariable Cox regression analysis, the NLR was
associated with a numerically impaired 6-month PFS during first three treatment lines.
However, this was only statistically significant in the 2nd-line setting with the numbers we
had. No association between the NLR and 6-month OS could be observed in BSC (Table
3).
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Table 7. Uni and multivariable predictors of clinical outcomes in first, second, third line and best supportive care.

Hazard ratio of 6-month PFS (progression free survival) per 1 standard deviation increase of the respective biomarker. Abbreviations: PFS —

Progression free survival, HR — Hazard ratio, CI — Confidence interval, P — P Value, SD — Standard deviation, NLR — Neutrophil to lymphocyte

ratio, LMR — Lymphocyte to monocyte ratio, PLR — Platelet to lymphocyte ratio, CRP — C reactive protein, ALI — Advanced lung cancer index

Variable

6-month PFS in 1* line
(HR (95%CL, p))

6-months PFS in 2™ line
(HR (95%CI, p))

6-months PFS in 3" line
(HR (95%CI, p))

6-months OS in BSC
(HR (95%CI, p))

Inflammatory biomarkers —

Univariable analysis

NLR (per 1SD increase)

1.21 (0.98 — 1.15, p=

1.39 (1.18 — 1.65, p<

1.42 (1.00 - 2.02, p=

1.08 (0.91 - 1.28,

0.083) 0.0001) 0.051) p=0.376)
LMR (per 1SD increase) 0.74 (0.52 — 1.06, p= 0.76 (0.58 — 1.01, p= 0.71 (0.48 — 1.05, p= 0.64 (0.46- 0.89,
0.099) 0.060) 0.084) p=0.008)
PLR (per 1SD increase) 1.33(1.02— 1.74, p= 1.68 (1.35—2.10, p< 1.41 (0.48 — 1.05, p= 1.16 (0.97-1.38, p=
0.036) 0.0001) 0.033) 0.095)
CRP (per 1SD increase) 1.40 (1.16 — 1.69, p< 1.25 (1.06 — 1.47, p= 1.09 (0.81 — 1.47, p= 1.46 (1.18 — 1.81,
0.0001) 0.009) 0.559) p=0.001)
0.7 (0.52—0.95, p<0.024) | | 0.77 (0.55— 1.08, p= 0.74 (05— 1.08,p=0.117) | | N/A

ALI (per 1SD increase)

0.128)

Other predictors —
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Univariable analysis

Age (per 10 years increase)

1.04 (0.85— 1.26,p=
0.714)

1.03 (0.85 — 1.26,p=
0.754)

1.09 (0.77 — 1.55, p=
0.613)

0.77 (0.63 - 0.94, p =
0.010)

Right side 1.31 (0.85-2.01, p= 0.84 (0.53 — 1.32, p= 1.32(0.70 — 2.48, p= 1.46 (0.94 -2.28,
0.218) 0.440) 0.390) p=0.092)

Right side in KRAS-wildtype 0.92 (0.49 — 1.74,p= 0.53 (0.26 — 1.08,p= 0.67 (0.27 — 1.65, p= 1.62 (0.90 —2.92, p=
0.807) 0.081) 0.386) 0.111)

Polychemotherapy 0.48 (0.32 - 0.72,p< 0.70 (0.47 — 1.04, p= 0.82 (0.45 — 1.48, p= N/A

0.0001)

0.075)

0.501)

Metachronous metastases

1.03 (0.67 — 1.57,p=

0.99 (0.65 — 1.49,p=

1.15 (0.62 —2.15,p=

0.65 (0.41-1.03,

0.895) 0.947) 0.654) p=0.067)
Inflammatory biomarkers — Adjusted for Adjusted for Adjusted for Adjusted for age and
Multivariable analysis polychemotherapy polychemotherapy polychemotherapy metachronous
adjusted for metastases
polychemotherapy

NLR (per 1SD increase)

1.30 (1.04 — 1.62,p=
0.021)

137 (1.16 - 1.62,
p<0.0001)

1.44 (1.01 - 2.05,
p=0.042)

1.11(0.93 — 1.33, p=
0.248)

LMR (per 1SD increase) 0.71 (0.49 — 1.03,p= 0.78 (0.59 — 1.03,p= 0.71 (0.48 — 1.04,p= 0.62 (0.44
0.072) 0.080) 0.076) —0.87, p=0.006)
PLR (per 1SD increase) 1.43 (1.09 — 1.88,p= 1.67 (1.34 — 2.09,p< 1.43 (1.04 - 1.98,p= 1.18 (0.98 —1.43,

0.009)

0.0001)

0.029)

p=0.084)
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CRP (per 1SD increase)

1.49 (1.23 — 1.80,
p<0.0001)

1.25 (1.06 — 1.47,p=
0.007)

1.09 (0.81 — 1.48,
p=0.552)

143 (1.15 - 1-79, p=
0.002)

ALI (per 1SD increase)

0.70 (0.51 —0.95,p=
0.022)

0.78 (0.55 — 1.09,p=
0.139)

0.86 (0.56 — 1.33,p=
0.501)

N/A

60



Importantly, this was only found when using the NLR as continuous variable. When using
the NLR as a dichotomized variable with empirically chosen cut-offs at the 25th or 75th
percentile an upper quarter NLR was not significantly associated with an impaired PFS

over the first three therapy lines, but with an impaired OS in BSC (Figure 1A-D).
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Figure 3.Kaplan Meier curve according to NLR > Q3 vs. NLR < Q3 for progression
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survival in best supportive care (D).
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An elevated LMR showed a weak favourable prognostic association with PFS in all three

treatment lines. (Figure 2A-C), and was strongly associated with favourable OS prognosis

in BSC (Figure 2D).
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62



An elevated PLR was a strong predictor for PFS during the first two treatment lines
(Figure 3A, 3B). However this prognostic value weakened during third line and as a

predictor for OS in BSC (Figure 3C, 3D).

1% line (n=106) E

2" line (n=112)

100
100

75
75

Progression-free survival (%)
50
Progression-free survival (%)
50

w0 | w |
o™ o™
[ log-rank p=0.02 o log-rank p=0.01
T T T T T T T T
0 2 4 6 0 2 4 6
Follow-up time (months) Follow-up time (months)
Number at risk (events) Number atrisk (events)
PLR=Q3 79 (7 71 (16) 55 (6) 48 PLR=Q3 86 (1) 72 (23) 45  (13) 28
PLR>=Q3 27 (8) 20 (5) 15 (5) 10 PLR=Q3 26 (10) 16 (B) 10 (5) 5
| PLR<Q3  ----- PLR>Q3 | PLR<Q3  ----- PLR>Q3
Cl - 3" line (n=44) @ BSC (n=140)
i 8 N 8 4
g w g w
% ~ 7 (—>U r— 7
83 38
5 T
o o
g [=7 log-rank p=0.19 o A log-rank p=0.13
o T T T T T T T T
0 2 4 6 0 2 4 6
Follow-up time (months) Follow-up time (months)
Number at risk (events) Number at risk (events)
PLR<Q3 32 4) 27 (10) 16 9) 7 PLR=Q3 106 (35) 47 (11) 20 8) 11
PLR=Q3 12 (2) 9 ] 2 0) 2 PLR=Q3 34 (14) 8 2) 1 0) 1
PLR=Q3  ----- PLR>Q3 PLR=Q3  ----- PLR>Q3
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High CRP was strongly significantly associated with shorter PFS in first and second line
and emerged as a predictor for poor OS in BSC (Figure 4A, 4B, 4D). In third line no
association between the CRP value and PFS could be shown (Figure 4C).
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As the BMI was not recorded for patients entering BSC, the ALI was assessable only for
the first three treatment lines. In first line an elevated ALI was significantly associated
with prolonged PFS, whereas in second and third line an elevated ALI was only non-

significantly in favor of a better PFS experience (Figure 4A-C).

Re (n=162) - 2" line (n=87)
o

st

1

>
00
%)

©
2 £ o
[ R - -
8 g T Ta__ %
T -
© K<) re)
N 7] N -
3
° 2 log-rank p=0.002 o log-rank p=0.003
T —L T T T T T :
0 2 o 4 6 0 2 4 6
Follow-up time (months) Follow-up time (months)
Number at risk (events Number at risk (events)
ALI>Q1 122 ) 112 (16) 92 (16) 75 ALI>Q1 65 8) 55 (15) 38 (13) 22
ALI<Q1 40 6) 33 (10) 23 (7) 16 ALI<Q1 22 9) 13 6) 6 3) 3
\ ALBQT  ----- ALI<Q1 \ ALEQ1  ----- ALI<Q1

3" line (n=35)
8

75

50

25

=) log-rank p=0.31

0 2 4 6
Follow-up time (months)

Number at risk (events)

ALI>Q1 25 @) 20 ®6) 13 @ 6
ALI<Q1 10 @) 8 (5) 3 ™) 2
‘ ALQ1  ----- ALI<Q1 ‘

Figure 7. Kaplan Meier curve according to ALI > Q3 vs. ALI < Q3 for progression
free survival in 1 (A), 2" (B) and 3™ (C) line of palliative chemotherapy

Multivariable analysis of 6-month PFS and OS across treatment

lines

Besides the inflammatory biomarkers, only chemotherapy (mono- vs. polychemotherapy),
but not age, tumor location or metachronous metastasis predicted for outcome (Table 3).
Therefore, associations between inflammatory biomarkers and risk of progression or death
across the first three treatment lines and BSC were multivariably adjusted for

polychemotherapy. In this analysis, associations between inflammatory biomarkers and
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outcome became consistently stronger (Table 3). For instance, an elevated NLR was now

strongly significantly associated with poor 6-month PFS in all three treatment lines.

Discussion

Multiple studies have shown that inflammatory biomarkers are useful prognostic tools in
the first line setting of mCRC. (134) However, the prognostic potential of these biomarkers
in further lines of treatment and in the BSC setting of mCRC remains poorly defined. In
this retrospective observational cohort study, we demonstrated that markers of systemic
inflammation, namely the NLR, LMR, PLR, CRP and ALI retain their prognostic potential
across multiple treatment lines in the mCRC setting, and thus appear to be useful outcome
predictors beyond the first line. Furthermore, the same biomarkers emerged as predictive
biomarkers for treatment response. These results support the use of inflammatory
biomarkers as readily available predictors of outcome and therapy response in mCRC

patients across treatment lines and during treatment with BSC.

The interaction between inflammation and cancer has noticeably become the focus of
cancer research in recent years. (3,4) Strong evidence for the crucial role of inflammation
in cancer development is found in colon carcinogenesis. Patients, suffering from chronic
bowel disease such as ulcerative colitis have a several times higher risk of developing
CRC. (47) It is widely believed that reactive oxygen species built by leucocytes in
chronically inflamed tissue induce DNA damage resulting in oncogenesis. In addition,
cancer cells themselves release various proinflammatory cytokines to attract leucocytes,
which infiltrate the tumor and orchestrate the tumor microenvironment. Those
inflammatory cells, in particular tumor associated macrophages, produce a number of
different angiogenic and growth stimulating cytokines and chemokines, which induce
cancer cell proliferation and foster tumor spread. (4) In 2001, McMillan et al. could show
that a high load of systemic inflammation response determined as an elevated CRP level
comes along with a poor outcome in patients with advanced cancer. (135) As a
consequence over recent years multiple studies have investigated the prognostic validity of
various readily available inflammatory biomarkers in different cancer entities. (136—139)
In metastatic colorectal cancer elevated levels of Interleukin 6, CRP and the NLR emerged

as predictors of impaired disease outcome, whereas high levels of LMR seem to be
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associated with prolonged survival. (140-142) However, all of these studies only focused
on the first line setting of palliative chemotherapy. In the present study including a large
cohort of mCRC patients we observed the prognostic potential of several inflammatory
biomarkers over the first three therapy lines and for BSC in mCRC. First we could show
that the inflammatory load measured by circulating biomarkers changes during the course
of disease. The median NLR for example, which seems to be a good indicator of systemic
inflammation response, was slightly higher in patients entering first line, than in those
before second and third line. However, it was highly elevated in patients entering BSC.
The apparent reduction of the NLR from first to second and third line has to be interpreted
critically as only patients who were fit enough received further chemotherapy lines. On the
contrary, most patients sooner or later entered BSC, which makes it legit to compare the
values of the respective biomarkers before first line and BSC. Here, we observed a strong
rise of systemic inflammation burden as indicated by these biomarkers. This supports the
hypothesis that inflammation is a major contributor of progression and impaired survival

outcome in CRC patients. (143)

Most studies use scores or cut offs determined by receiver operating characteristic (ROC)
curve analysis to analyze the association between biomarker and cancer outcome.
However, it is not entirely clear which threshold values are most appropriate. For instance
Chua et al. who were first to investigate the prognostic and predictive value of the NLR in
a large cohort of mCRC patients treated with different types of chemotherapy regimens as
first line palliative treatment used a cut off NLR >5 to divide their cohort. Patients with
NLR >5 had lower response rates, an increased risk of progression and a worse survival.
(142) Another retrospective study by Formica et al., who observed the prognostic and
predictive impact of the NLR in mCRC patients treated with FOLFIRI plus Bevacizumab
as first line chemotherapy, determined 3.5 as optimal NLR cut off. (144) This  diversity

hardens a physician’s decision which threshold to use in clinical practice. We tried to
address this issue by using two different statistical methods. First we calculated the
prognostic impact of various inflammatory biomarkers by using them as continuous
variables. Here we observed that high levels of NLR, PLR and CRP are not only associated
with poor PFS during the first therapy line which is highly consistent with previously
reported data but also in later lines of chemotherapy. High LMR and ALI seem to be
favourable prognostic markers, but did not reach statistical significance. In the BSC setting

an elevated CRP and low LMR emerged to be the most accurate predictors of poor OS.
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These data may be helpful for individual risk assessment in mCRC patients and could be
used for more accurate patient stratification in clinical trials. Furthermore, our use of
continuous and Z-standardized biomarkers may enable other researchers to use our results

for biomarker meta-analyses.

When using biomarkers as dichotomized variables (with empirically chosen cut-offs at the
25™ or 75™ percentile), mainly the same levels of significance could be observed for the
respective biomarkers except for the NLR, where an NLR above the 3" quartile was only
non-significantly associated with an impaired disease outcome compared to a NLR in the
lower three quartiles during the first three therapy lines. This may be due to the loss of

information and power coming along with categorization of continuous variables. (145)

The most important finding of our study was that inflammatory biomarkers do not only
appear to be prognostic but also predictive tools. This concept is supported by our
treatment response analysis. Here we found that particularly the NLR is a good indicator
for therapy response over the first three chemotherapy lines. In detail, after adjusting for
polychemotherapy 1 SD increase in NLR was associated with an 8.5% absolute lower
ORR in first line, 3% lower ORR in second line and 3.1% lower ORR in third line. These
results were highly significant in the first and second chemotherapy line, whereas in third
line only a non-significant trend for an elevated NLR and poor therapy response could be
observed. However, this lack of statistical significance might be explained by the small
sample size of patients entering third line chemotherapy, and should therefore not be
interpreted as absence of evidence for an association. Our results are in line with
previously published works on the predictive validity of the NLR in the first line setting of
palliative chemotherapy. (142) However, to the best of our knowledge we were the first to
investigate the predictive role of inflammatory biomarkers in further lines. These data
could therefore be of clinical relevance, as they might help oncologists to identify patients
who would profit from further treatment, whilst sparing patients with a low predicted

benefit from side effects coming along with cytotoxic therapy treatment.

Besides, the NLR right side tumor location in KRAS wildtype patients appeared to be a
strong predictor of limited chemotherapy response. In detail, KRAS wildtype patients with
right sided tumor location had a 25% lower ORR than those with left sided tumors in the
first line of palliative chemotherapy. These results are highly consistent with a recently

published retrospective analysis of the CRYSTAL and FIRE 3 trial, where right side

68



location in RAS wildtype tumors was associated with poor treatment response and disease

outcome in mCRC patients. (146)

Yet, there are some limitations that need to be discussed. Firstly, due to its retrospective
study design a selection bias in our study cohort cannot be fully excluded. Secondly, we
did not assess potential confounding factors such as local or systemic infections, which
might have affected the laboratory data collected on the inflammatory biomarkers.
However, as the patients were eligible for chemotherapy in routine clinical practice, it is
highly unlikely that they were suffering from severe infection at the time of biomarker
measurement, which was performed within a timeframe of a maximum of 14 days prior to
start of the respective chemotherapy line. Thirdly, we lack an external validation cohort to
verify our findings on an independent data sat. Therefore, further studies have to be
performed to validate our findings. Moreover, the chemotherapy regimens administered to
the patients were heterogenous. However, we aimed to test the prognostic and predictive
potential of inflammatory biomarkers not only for a selected cohort receiving
polychemotherapy, but for all mCRC patients treated at a Middle-European academic
center. According to our opinion this might be more reflective of daily routine clinical

practice.

Within the limitations of a retrospective cohort study, we conclude that our data provide
strong evidence that inflammatory biomarkers are useful predictors of disease outcome and
treatment response over several treatment lines and best supportive care in mCRC patients

and merit further validation.
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