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Zusammenfassung

Hintergrund:

Ein hoher AST/ALT Quotient bei Tumordiagnose ist ein negativer prognostischer
Marker bei diversen malignen Tumorerkrankungen. In dieser Studie untersuchten
wir den prognostischen Stellenwert des Plasma — AST/ALT (De Ritis) Quotienten

bei Patienten mit nicht metastasiertem Kolorektalkarzinom im Stadium Il und Ill.

Material und Methoden:

In dieser retrospektiven Studie wurden insgesamt 536 Patienten und Patientinnen
mit lokalisiertem Kolorektalkarzinom (Stadium 1l und Ill) und vorhandenen
AST/ALT Quotienten bei Tumordiagnose eingeschlossen. Die primaren Endpunkte
der Studie waren einerseits das krankheitsfreie Uberleben sowie das

Gesamtuberleben.

Ergebnisse:

In der univariablen Analyse zeigte sich ein deutlich verkirztes krankheitsfreies
Uberleben bei Patienten mit erhéhten AST/ALT Quotienten (HR 1.568, 95% 1.10-
2.23,p =0.012).

Auch in der multivariablen Analyse unter Berucksichtigung von Stadium, Grad
sowie erhaltener adjuvanter Chemotherapie konnte eine statistisch signifikante
Assoziation zwischen erhdhtem AST/ALT Quotienten und einem verschlechterten
krankheitsfreien Uberleben gezeigt werden (HR 1.53, 95% 1.05-2.22, p = 0.026).
Es zeigte sich kein Zusammenhang zwischen einem erhdhten AST/ALT
Quotienten und dem Gesamtiuberleben (HR 1.4, 95% CI 0.89 — 2.22, p = 0.14).

Conclusio:

In dieser Studie ging der Serum - AST/ALT Quotient bei Tumordiagnose als
valider prognostischer Marker fiir das krankheitsfreie Uberleben bei Patienten mit
Kolorektalkarzinom im Stadium Il und Il hervor. Der AST/ALT Quotient kdonnte
daher als neues und gunstiges prognostisches Tool fiur die Identifikation von

Patienten und Patientinnen mit hohem Rezidivrisiko dienen.
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Abstract

Introduction:

A high AST/ALT quotient at cancer diagnosis has been associated with poor
prognosis in multiple malignancies. In the present study we evaluated the
prognostic value of the serum AST/ALT (De Ritis) ratio in a large cohort of non-

metastatic CRC patients.

Material and Methods:

Five-hundred-thirty-six patients with stage Il and Ill CRC as well as available
AST/ALT ratio at cancer diagnosis were included in this single-center retrospective
analysis. Laboratory data were measured within two weeks before histological
tumor diagnosis. Co-Primary endpoints for this analysis were disease free survival
(DFS), defined as the time from surgery to disease progression or death and
overall survival (OS). Survival analysis was performed by using Kaplan-Meier

estimators as well as uni- and multivariable Cox models.

Results:

In univariate cox regression disease free survival was significantly shorter in
patients with an elevated AST/ALT ratio. (HR 1.568, 95% 1.10-2.23, p = 0.012) In
multivariable analysis, adjusting for grade, stage and adjuvant chemotherapy, the
prognostic association between an elevated AST/ALT ratio and a worse DFS
prevailed statistically significant (HR 1.53, 95% 1.05-2.22, p = 0.026). No
statistically significant association between the AST/ALT ratio and OS was
observed. (HR 1.4, 95% C10.89 —2.22, p = 0.14)

Conclusion

In this study the serum AST/ALT ratio emerged as a valid prognostic marker for
disease free survival in non-metastatic colorectal cancer patients at stage Il and
[ll. These findings suggest that the serum AST/ALT ratio might represent a novel
and inexpensive prognostic tool to aid in the identification of patients at high risk of

recurrent disease.
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1 Introduction

Introduction:

Colorectal cancer (CRC) is the third most common form of cancer and the second
leading cause of cancer related deaths worldwide." Since the early 1980s the
mortality rate has constantly declined, mainly due to extensive screening methods

and improved treatment options.?

Surgical resection followed by adjuvant chemotherapy is considered the standard
therapy for CRC UICC Stage II1.3-5 In stage |l patients adjuvant chemotherapy is
case-dependent, with an ongoing debate on whether benefits outweigh possible
severe side effects. Despite these treatment options, approximately 30% of all
patients with UICC stage Il or Il CRC undergoing treatment with curative intention
develop recurrent disease.®

Identifying patients at high risk of recurrent disease and adapting the treatment
and follow-up regime accordingly can reduce the risk of recurrence. However, to
date only limited clinical, laboratory or histopathological factors exist to predict the

risk of recurrent disease in CRC patients.

It is therefore crucial to explore novel biomarkers that help in the identification of
patients at high risk of recurrent disease. Aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) are commonly used biomarkers for hepatocellular
damage.' Both enzymes are produced by malignant and non-malignant cells and
are expressed in different types of cells in the body. The ratio of plasma activities
of AST and ALT, the so called De Ritis ratio, has initially been described as a
diagnostic marker for acute viral hepatitis. Recent studies, however, have shown
that the AST/ALT ratio may be used as a prognostic tool for certain kind of
malignancies.’™'* To the best of our knowledge there has been no study to date
that reported a correlation between the AST/ALT ratio and the DFS in patients with
localized CRC. Therefore, the purpose of this thesis is to summarize the most
important screening as well as prognostic and predictive treatment markers and
elucidate the role of the AST/ALT ratio as a novel and inexpensive marker for DFS

in patients with localized CRC.




1.1 Epidemiology

CRC is the third most frequently diagnosed cancer in males and the second in
females according to the WHO Globocan database. In 2018 CRC was responsible
for close to 8,610,000 deaths worldwide, which makes it the second leading cause
of cancer related deaths only topped by lung cancer.'

In the western world — including the USA and Europe — both incidence and

mortality are slowly decreasing.

CRC incidence underlies regional differences and varies up to 10-fold. The
countries with the highest incidence rates are North America, Europe, Australia
and New Zealand, while in Africa and South-east Asia the chance to develop CRC
is the lowest.’® These differences in incidence rates indicate that lifestyle habits,
including diet and exercise, as well as environmental exposures and genetic
background are important factors in the development of the disease. In addition to
that, people with low socioeconomic status are also at an increased risk compared
to people with average or high socioeconomic status. Poor diet, smoking, obesity,
physical inactivity as well as lower screening rates are all associated with low
socioeconomic status and are thought to be the major factors for the increased

incidence rates.”

In general men are more likely to develop CRC than women with an incidence of
72.3/100,000 compared to 42.2/100,000 for females. The incidence of CRC also
greatly increases with age. The median age at diagnosis for colon cancer is 68
years in men and 72 years in women. For rectal cancer the median age of patients

is 63 years for both genders.’

While the total incidence rate has been slowly declining for western countries,
such as the USA or Europe, recent data has shown increasing numbers of CRC

patients under the age of 50.'® As of today the reasons for this trend are unclear.




1.2 Etiology
1.2.1 Genetic factors

1.2.1.1 Familial adenomatous polyposis (FAP)

FAP is an autosomal dominant inherited disease that usually causes multiple
colonic adenomas during childhood with an average onset at the age of 16."° The
syndrome is caused by a germline mutation and accounts for approximately 1% of
all CRC. If untreated, the disease will lead to the development of CRC in almost all
patients with an average age of diagnosis at 39 years. The increased CRC risk
comes from the high number of adenomas. Patients usually present with hundreds
to thousands of colorectal polyps. Since the polyps develop at such an early age, it
is almost certain that at least one of them progresses into CRC. In up to 40% of all

FAP patients synchronous CRC develops.?°

Attenuated FAP (AFAP) is a milder form of the disease which is usually
characterized by the presence of less than 100 adenomatous colorectal polyps,
although the disease lacks a clear definition.?! The risk of developing CRC is
approximately 80% of that compared to FAP. Colorectal polyps are diagnosed at a
mean age of 44 years, much later compared to classic FAP. The average age of
CRC diagnosis in attenuated FAP patients is 56.%2

1.2.1.2 Lynch Syndrome (HNPCC)

More common than FAP is Lynch syndrome or hereditary non-polyposis colorectal
cancer (HNPCC), which accounts for approximately 3% of all CRC. The disease is
caused by a defect in one or more of the DNA mismatch repair genes and is
inherited in an autosomal-dominant manner. The genes most commonly mutated
are hMLH1, hMSH2, hMSH6 and hPMS2.23

Depending on the mutated gene as well as the sex of the patient the risk of
developing CRC in Lynch syndrome reaches from 10 to 47 percent.?*-2¢ In addition

to the increased risk, CRC is also diagnosed at an earlier age in Lynch syndrome
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patients compared to sporadic disease. Apart from that, patients suffering from the
disease are also at an increased risk for developing other malignancies such as

cancer of the endometrium, the ovaries, stomach and the small bowels.?*

1.2.2 Non-genetic factors

1.2.2.1 Inflammatory bowel disease (IBD)

Patients suffering from chronic inflammatory bowel disease, such as Crohn’s
disease or ulcerative colitits, are more likely to develop CRC compared to the
general population. Chronic inflammation as well as an altered immune response
associated with IBD are thought to be the reason for the higher incidence.?’

Patients suffering from pancolitis are associated with an up to 15 times increased
risk for developing CRC compared to healthy individuals. The increased risk starts
approximately 10 years after initial diagnosis and increases with disease
duration.?® While there is less data for the association between Crohn’s diseases
and increased CRC risk, it seems that the increase in incidence is similar to

ulcerative colitis.?”

1.2.2.2 Diabetes mellitus

Patients with diabetes mellitus have an 38% increased relative risk of developing
colon cancer and a 20% increased relative risk of developing rectum cancer.?®
Increased insulin levels are thought to be responsible for the increased risk, as
they act as a stimulant in the growth of colon mucosal cells. Furthermore, type Il
diabetes mellitus patients with CRC may have worse prognosis compared to
patients without diabetes. In a study by Dehal et al. type Il diabetes mellitus
patients with CRC had a significantly increased risk of cancer-specific mortality in

comparison to the non-diabetic CRC patients.30




1.2.2.3 Obesity

Excess body fat measured by an increased BMI has been associated with a higher
risk of CRC. A 5 kg/m? increase in BMI has been associated with an elevated risk
ratio of 1.24 for CRC.3" An even stronger association has been shown for
abdominal obesity with a 50% increased risk of CRC in the highest category of
waist circumference.3? A meta-analysis comprised of 13 studies investigated the
effect of weight gain in adults and found a significant association for weight gain

and increased CRC risk, although the increase in risk is only modest.33

1.2.2.4 Smoking

Cigarette smoking has been associated with increased incidence and mortality
rate for CRC. In a recent meta-analysis including 106 observational studies,
smokers had a RR of 1.18 for developing CRC as well as an increased risk of
dying from the disease compared to people who never smoked. While the
increased risk for developing CRC is only modest, smokers have a much higher
risk of developing colonic polyps. Botteri et al. explain this discrepancy mainly by
the long latency period for smoking and the development of CRC as well as the
hypothesis that smoking has a stronger effect on the development of

nonprogressive polyps.34

1.2.2.5 Diet

An increasing number of studies show an association between the consumption of
red meat and especially processed meat with an increased risk of developing
CRC, even though the data are not completely consistent. In a meta-analysis
consisting of 10 cohort studies, 100 g/day of red meat were associated with an
17% increase in CRC incidence. This dose-depending relationship was also
shown for processed meat, with an 18% increase for every 50g/day of processed
meat consumption.®® Other studies only show weak to no association for meat

consumption and increased risk of CRC.3¢




The same discrepancy in study findings can be seen in diets that have been
associated with decreased CRC risk. Several studies have found a diet high in
vegetable, fruit and fiber intake to be protective against the development of CRC.
In those studies, the groups with the highest intake of vegetables and fruit had a
relative risk of 0.5 for the development of CRC compared to those with the lowest
intake.3” Contrary to these findings, a large prospective cohort study with around
135 000 participants found no association between fruit and vegetable intake and
a reduced CRC risk.38

1.3 Morphology

1.3.1 Gross appearance

Colorectal carcinomas can vary in their morphologic appearance, depending on
whether they present with an invasive or expansive growth pattern and can show
signs of bleeding. Tumors in the right colon often have a polypoid, exophytic

appearance, while left side tumors more often present as annular lesions.

1.3.2 Histology

Most tumors of the colon and rectum are adenocarcinomas, although different
histologic subtypes, such as neuroendocrine or mesenchymal tumors, exist. The
histologic subtype can have a prognostic impact. The signet cell carcinoma for
example is characterized by cells containing a large mucin filled vacuole. It is
associated with a more aggressive growth behavior and a worse prognosis

compared to adenocarcinomas.39

The histologic grade assesses the degree of cellular differentiation in the tumor. In
adenocarcinomas this is done by examining the gland formation of the tumor. In
well differentiated tumors, gland formation is present and well defined. Poorly
differentiated tumors lack well defined glandular structures and show cellular
abnormalities and a high mitotic rate. The internationally used grading system

recommended by the UICC for CRC consists of four tiers:




«Grade 1 — Well differentiated (>95 percent gland formation)
«Grade 2 — Moderately differentiated (50 to 95 percent gland formation)
«Grade 3 — Poorly differentiated (<50 percent gland formation)

eGrade 4 — Undifferentiated (no gland or mucin formation; no squamous or
neuroendocrine differentiation)

Contrary to the recommendations of the UICC the WHO recently recommended
the use of a two-tiered system, which only distinguishes between low grade and
high grade tumors. This system is thought to simplify the grading process while

retaining the same prognostic value.

1.3.3 Staging

Cancer staging is the classification of the anatomic extent of the disease. It is used
in order to assess the patient’s prognosis as well as to determine the proper
treatment course.*® The most commonly used staging system recommended by
the UICC is the tumor, node and metastasis (TNM) staging system. If the staging
is based on radiographic, endoscopic or intraoperative findings the term clinical
stage is used (cT, cN,cM). For pathologic staging (pT,pN,pM), which has a greater
validity, histopathologic examination is necessary. Depending on the TNM
classifications one of five tumor stages is assigned. The detailed staging

classifications are listed below.*’

Table 1: Primary Tumor

Primary tumor (T)

TX | Primary tumor cannot be assessed

TO | No evidence of primary tumor

Tis | Carcinoma in situ: intraepithelial or intramucosal carcinoma (involvement of
lamina propria with no extension through the muscularis mucosa)

T1 | Tumor invades submucosa (through the muscularis mucosa but not into the
muscularis propria)

T2 | Tumor invades muscularis propria




T3

Tumor invades through the muscularis propria into the pericolorectal
tissues

T4 | Tumor invades the visceral peritoneum or invades or adheres to adjacent
organ or structure

T4a | Tumor invades through the visceral peritoneum (including gross perforation
of the bowel through tumor and continuous invasion of tumor through areas
of inflammation to the surface of the visceral peritoneum)

T4b | Tumor directly invades or is adherent to other organs or structures

Table 2: Regional lymph nodes

Regional lymph nodes (n)

NX | Primary tumor cannot be assessed

NO | No evidence of primary tumor

N1 | Carcinoma in situ: intraepithelial or intramucosal carcinoma (involvement of
lamina propria with no extension through the muscularis mucosa)

N1a | Tumor invades submucosa (through the muscularis mucosa but not into the
muscularis propria)

N1b | Tumor invades muscularis propria

N1c | Tumor invades through the muscularis propria into the pericolorectal
tissues

N2 | Tumor invades the visceral peritoneum or invades or adheres to adjacent
organ or structure

N2a | Tumor invades through the visceral peritoneum (including gross perforation
of the bowel through tumor and continuous invasion of tumor through areas
of inflammation to the surface of the visceral peritoneum)

N2b | Tumor directly invades or is adherent to other organs or structures




Table 3: Metastasis

Distant metastasis (m)

MO | No distant metastasis by imaging or other studies, no evidence of tumor in
distant sites or organs.

M1 | Metastasis to one or more distant sites or organs or peritoneal metastasis
is identified

M1a | Metastasis confined to 1 organ or site is identified without peritoneal
metastasis

M1b | Metastasis to two or more sites or organs is identified without peritoneal
metastasis

M1c | Metastasis to the peritoneal surface alone or with other site or organ
metastases

Table 4: UICC stages

Stage | T N M
0 Tis NO MO
I T1 No MO
T2 NO MO
A T3 NO MO
1B T4a NO MO
lc T4b NO MO
A T1-T2 N1/N1c MO
T1 N2a MO
B T3-T4 N1/N1c MO
T2-T3 N2a MO
T1-T2 N2b MO
e T4a N2a MO
T3-T4a N2b MO
T4b N1-N2 MO
IVA  |Any T Any N M1a
IVB  |Any T Any N M1b
IVC |AnyT Any N M1c




1.4 Treatment of localized CRC

1.4.1 Therapy for stage |

Surgical resection is the mainstay in the curative treatment of CRC for stages I-lll.
For a curative outcome, the complete removal of the tumor including en bloc
excision of the associated lymphatic drainage system is imperative. The current
guidelines suggest that at least 12 lymph nodes should be resected to guarantee
proper staging and reduce the risk of recurrence. Laparoscopic surgery may be an
option for non-locally advanced colon cancer with the benefit of a faster recovery

time. Both techniques offer the same long term oncologic outcome.*?

In rectal cancer, total mesorectal excision is the standard surgical procedure for
tumors located in the middle or lower third of the rectum. For tumors located in the
upper part of the rectum, sphincter-sparing surgery may be an option if a sufficient

tumor-free safety margin can be guaranteed.

For stage | CRC, adjuvant chemotherapy does not improve the prognosis and is

therefore not recommended.

1.4.2 Therapy for stage Il

Primary goal for Stage Il CRC is a curative treatment, therefore complete surgical
resection is the central element of the treatment. In this stage, local recurrence
after radical tumor resection is low. Adjuvant therapy only leads to a small
increase in DFS and a minimal overall survival benefit and is therefore optional.
For patients without any risk factors, therapy should be carefully considered since
the associated impact on quality of life may outweigh the benefits. Risk factors in
this stage include: T4 TNM Stage, tumor perforation, surgery in an emergency

setting, histologically confirmed lymph- or vascular infiltration. 43

10



1.4.3 Therapy for stage lll

In stage Il CRC, complete surgical resection is also the most important factor for a
curative outcome. In this stage the benefits of adjuvant chemotherapy have been
clearly shown in multiple studies and it is therefore the standard approach. A
combination therapy of 5-FU, folic acid and oxaliplatin or Capecitabin/Oxaliplatin
(CAPOX, XELOX) are considered as standard therapy. For patients with a low risk
of recurrence (T1-3 and N1) a 3-month therapy of CAPOX is preferred to a 6-
month 5-FU/ folic acid/ oxaliplatin therapy as the shortened therapy duration has
been shown to reduce long term neurotoxicity, whereas for patients in a higher risk
setting ( T4 or N2) a 6-month course of either 5-FU/ folic acid/ oxaliplatin or
capecitabine/oxaliplatin therapy is associated with the highest DFS and

considered standard of care.**

In addition to the above, radiotherapy plays an important role in the treatment of
localized rectal cancer. Neoadjuvant or adjuvant radiotherapy in combination with
either a fluoropyrimidine or capecitabine is the standard choice of therapy.*
Preoperative chemoradiotherapy is equal to postoperative chemoradiotherapy in
regard to overall survival, but is associated with reduced toxicity and reduced
local recurrence rate.*® According to the ESMO guidelines, adjuvant chemotherapy
should only be considered for stage lll as well as "high-risk" stage Il rectal
cancer patients, as the evidence today suggests that there is only a benefit to DFS
and not OS.#” The length of preoperative chemoradiotherapy and adjuvant

chemotherapy should add up to 6 month total.4®
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1.5 Definition Biomarker

The term biomarker was first used in a medical publication in 1977 on the
influence of renal insufficiency on serum RNase in patients with multiple myeloma
by Karpetsky et al.*8 With the increased scientific interest over the last decades
came a variety of different definitions and understandings regarding the question

what a biomarker is.

In 2001 the American National Institute of Health (NIH) formed the Biomarker
Definition Working Group that proposed the following definition: A biomarker is a
characteristic that is objectively measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or pharmacological response to a
therapeutic intervention.4°

This definition for the term biomarker includes simple medical signs such as heart
rate and blood pressure as well as laboratory measurements and complex

molecular genetic changes.

1.6 Current state of research

With the ongoing shift from standardized medicine to more personalized
approaches in both diagnosis and treatment of disease, the importance of new
and properly validated biomarkers continues to grow.%5" Over the last two
decades the search for new biomarkers has increased year to year. A literature
search on PubMed showed a total of 812,570 results for publications with the
keyword biomarker. While for the year 2000 the total number of published articles
was 17,295, in 2017 the number grew to over 55,000.

Constant advances in sequencing techniques as well as an increasing knowledge
of the underlying tumor biology help in the search for novel biomarkers. However,
proper biomarker validation represents a major obstacle in their translation to
clinical use. Many promising prognostic and predictive biomarkers emerge from

small retrospective studies. The validation process for these biomarkers requires
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large, randomized clinical trials and meta-analysis, which are associated with time

and high costs.5?

1.7 Screening markers

Colorectal carcinomas have a significantly better prognosis when diagnosed and
treated in an early stage. The five-year relative survival rate for CRC in a localized
stage is 90,3%, for local progression and involvement of adjacent organs or lymph
nodes 70,4% and just 12,5% for a metastatic spread.>® Given that colorectal
cancer usually develops in a slow manner from precancerous lesions that are very

often removable, it is an obvious candidate for regular screenings.

The benefits of various screening methods have been shown in multiple studies
and are far reaching, especially with the implementation of an organized screening
program. An example for a successful screening program was shown by a
Californian health care provider. Patients between 51-75 years where screened by
either colonoscopy, gFOBT or FIT over a course of 15 years. Initiation of this
program greatly increased the screening rate from 38,9% in 2000 up to 82,7% in
2015 and led to a reduction in CRC mortality of 52.4% and a reduction of annual
CRC incidence of 25.5%.%*

In addition to the above stated benefits, studies show that CRC screening is also
cost-effective. A meta-analysis by Ran et al. in 2019 comprised 33 studies from
Europe, North America, Asia and Australia regarding the cost effectiveness of
CRC screening strategies. All of the most common screening procedures,
including annual and biennial fecal occult blood tests, immunochemical tests as
well as colonoscopy every 10 years and flexible sigmoidoscopy every 5 years

were cost effective compared to no screening.>®

Today organized screening programs have been implemented in many countries.
In 2013, 19 out of 28 countries in the European Union have established a
nationwide organized screening program.>¢ At this time Austria follows an

opportunistic approach to CRC screening; however, recent organized screening
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projects in Vorarlberg and Burgenland showed promising results that could be

implemented in other parts of Austria as well.%”

1.7.1 Stool

1.7.1.1 FOBT

The fecal occult blood test is the most commonly used stool-based screening
method for CRC. The earliest representative of this method is the gFOBT (guaiac
fecal occult blood test), widely known as Hemocult®. A fecal sample is placed on a
guaiac paper (i.e.a paper impregnated with alpha-guaiaconic acid), that turns blue
in the presence of heme, a hemoglobin component, when mixed with hydrogen

peroxide.

The sensitivity for a single gFOBT is relatively low, with reported numbers
reaching from 10% to 30% and is therefore not sufficient for screening. This is due
to the fact that not all colorectal tumors bleed, and if they bleed it is often in an
intermittent fashion. % However, the sensitivity rises to 92% when the test is
performed on 3 consecutive stool samples.®® If a test shows a positive result,

further stool testing is not appropriate, and a colonoscopy should be performed.

There have been multiple large randomized trials that support the effectiveness of
gFBOT. These studies showed a reduction in CRC mortality ranging from 13% to
18% over a follow up time of 13-14 years.?96' Despite the proven effectiveness
and relatively cheap cost, there are several shortcomings that became apparent
over the years of clinical use. These include the requirement of 3 samples, dietary
restrictions such as the avoidance of red meat, false negatives with ascorbic acid

and positive tests from other non-malignant disease that present with bleeding.

A newer approach, the so called immunochemical fecal occult blood test ( iIFOBT)
or fecal immunochemical test (FIT) was developed to address these issues. This
method utilizes specific antibodies that bind to human globin. Since stomach acid
alters the structure of globin, FIT does not react to upper gastrointestinal bleedings
and is therefore more specific than gFOBT. Additionally, several trials report a
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higher sensitivity as well as an increased participation rate, since only one stool

sample is needed.%263

1.7.1.2 Fecal DNA

Fecal DNA can be used as a disease-specific biomarker because malignant
colonocytes continuously exfoliate into the colonic lumen. These new tests usually
evaluate KRAS mutations, aberrantly methylated BMP3 and NDRG4 promoter
regions, B-actin and a hemoglobin assay. As of today only one fecal DNA test was
approved by the Food and Drug Administration (FDA) and is commercially

available under the name Cologuard™.

In a large trial by Imperiale et al. a multitarget stool DNA test was compared to the
more established fecal immunochemical test (FIT) in a large patient population
who underwent screening colonoscopy ( n= 9989). Fecal DNA testing showed a
sensitivity for CRC of 92,3% compared to 73,8% when tested with FIT.
Precancerous lesions were detected with a sensitivity of 46,2% by DNA testing
and 23,8% by FIT. The specificity of DNA testing was inferior to FIT, with 86,6%
compared to 94,9%. One reason for the higher sensitivity of fecal DNA and a
major advantage when compared to FIT is that a proximal location of the tumor

does not affect the test.%

In contrast to the trial above, a recent German publication found fecal DNA testing
to be just equivalent or even worse in diagnostic performance despite its almost
20-fold cost.®> One limiting factor in the performance of fecal DNA test is the fact
that only 0,01% of the fecal DNA is human, and only a small part of that DNA

derives from the tumor cells.%®

1.7.2 Blood

1.7.2.1 Septin -9

While Colonoscopy remains the gold standard as the screening method for CRC,

non-invasive stool-based methods such as FIT or the fecal DNA test have been
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proven to be effective alternatives. However, the inconvenience of stool collection
and the required need for shipping can have a negative impact on screening
participation. A simple yet effective blood test could encourage those, who

rejected other forms of screening.

There are 13 septin genes in humans that translate into various proteins with
widespread functions across many cellular processes. These processes include
crucial functions in cell division®’, cytokinesis®®, microtubule regulations®, vesicle

targeting’®, exocytosis’?, cell motility and bacterial-cellular interactions’".

An overexpression of Septin-9 has been found in various tumors, such as hepatic,
breast and ovarian carcinomas.”? In CRC the gamma promoter of the SEPT9 gene
V2 transcript is hypermethylated (MSEPT9). Necrotic or apoptotic cells as well as
cell-free DNA shed from the tumor and circulate in the peripheral blood stream.
Specialized assays can identify mSEPT9 in the circulating plasma with the use of
PCR.

The accuracy of mSEPT9 in CRC detection has been verified in many studies.
However, the results of the different studies vary widely, with rates for sensitivity
ranging from 48,2% to > 90%.”37* The Interpretation of these studies is
additionally complicated by the lack of a standardized testing algorithm. Algorithms
used to investigate the diagnostic properties of mMSEPT9 were 1/1, 1/2, 1/3, 2/3.

A 1/3 algorithm means that the test is positive, if one of the three PCR

measurements exceeds the predefined limit of plasma mSEPT9.

In 2017 a meta-analysis was done by Song et al, including 24 studies. The
sensitivity for the 1/3 algorithm was 78% and the specificity 84% compared to the
2/3 algorithm with a sensitivity of 73% and a specificity of 96%. The results of the
meta-analysis confirmed that mSEPT9 is a reliable biomarker, especially when

used in the 2/3 algorithm.”®
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1.8 Prognostic and Predictive Markers

1.8.1 Clinicopathologic prognostic markers in localized CRC

Certain clinicopathological features have been associated with higher risk of
recurrence and a worse prognosis for stage Il CRC. In a study by Quah et al. T4
tumor stage ( HR 2.7; 95% CI 1.1-6.2; P=0.02), a preoperative carcinoembryonic
antigen greater than 5 ng/ml ( HR 2.1; 95% ClI, 1.1-4.1; P=0.02) and the presence
of lympho-vascular or perineural invasion (HR, 2.1; 95 % CI, 1—-4.4; P=0.04) were
associated with a shorter DFS. The 5-year disease specific survival for patients
lacking any of these features was 95%. If the tumor carried one of the above
features the 5-year disease specific survival dropped to 85% and with 2 or more

features to 57%.7¢

Additional clinicopathological high risk features for stage Il CRC identified by other

studies include:

High grade histology 77

e Bowel obstruction or perforation 78
e Close or positive surgical margins "°
e Less then 13 sampled lymph nodes 8°

¢ Occult nodal micometastases ™

Despite being associated with a worse prognosis, only limited evidence exists that
patients carrying these features benefit from adjuvant chemotherapy.
Nevertheless, it is advised by both the ASCO and the NCCN, to take these factors
into account when deciding on whether or not an adjuvant chemotherapy is

appropriate.”

Since chemotherapy is recommended to stage Ill CRC patients regardless of
specific tumor features, clinicopathological markers are of less importance in this
regard. However, they can be used to predict the prognosis and outcome. Most of
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the above stated risk factors are also associated with a worse prognosis for stage
[l CRC although less data exists.

With the intention of identifying possible clinicopathological biomarkers aiding in
the accurate prognostic prediction for stage Ill CRC Li et al. conducted a study in
which tumor grade, positive lymph nodes, intravascular emboli, high preoperative
serum CEA levels, albumin to globulin ratio, T stage as well as N stage emerged
as prognostic factors for OS. Furthermore, Tumor grade, lymph node metastasis
ratio, intravascular emboli , albumin to globulin ratio and N stage were found to be

prognostic factors for DFS in stage Il CRC. &'

1.8.2 Molecular Pathways behind CRC

Before looking into specific prognostic and predictive markers, it is important to
understand the underlying molecular pathways behind CRC. The carcinogenesis
of CRC has been extensively studied. At least three molecular pathways
underlying the incurrence of CRC have been identified. 65-70% of all sporadic
CRC develop on basis of the chromosomal instability phenotype (CIN).82 This
group is characterized by chromosomal alterations with frequent chromosomal
amplifications and loss of heterozygosity resulting in a high number of APC, TP53
and KRAS mutations.®3 Tumors of this phenotype develop more frequently in the

distal colon.84

The second pathway underlies a mismatch repair deficiency leading to genetic
hypermutability and the occurrence of high microsatellite instability (MSI-H). This
pathway accounts for approximately 15% of all CRC tumors and occurs more
often in stage Il (22%) than in stage Il (12%) or IV (4%) CRC. 8586 The specifics of

this pathway will be discussed in the following chapter “MSI”.

The third common pathway, in contrast to the above, does not rely on changes in
the tumor’s DNA sequence but on epigenetic molecular alterations. One example
of these epigenetic alterations is the aberrant promoter hypermethylation that
occurs at CpG dinucleotide dense regions, the so called CpG islands. CRCs of the

CPG island methylator phenotype (CIMP) are associated with proximal locations
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of the colon, older individuals, females, a family history of CRC, a mucinous cell
differentiation and serrated adenomas as precursor lesions. 89 Around 35% of

all CRC develop via this pathway.

1.8.3 Molecular Markers

1.8.3.1 MSI

The DNA mismatch repair proteins are responsible for recognizing and repairing
nucleotide mispairings as well as erroneous insertions or deletions that occur
during the process of DNA replication and recombination. ® There are several
genes that encode for these proteins, including hMSH2, hMSH6, hPMS2 and
hMLH1. Mutations in these genes can occur in a sporadic manner in CRC or be
the result of a hereditary germline mutation as it is the case with Lynch syndrome.
Patients with Lynch syndrome have a greater risk to develop CRC in their early
adolescence, most commonly between 20 and 30 year and in contrast to

sporadically acquired MSI seldom present with a BRAF-V600E mutation.%®

Microsatellites are simple repeated sequences of DNA, that are particularly
exposed to damage of the DNA mismatch repair system. Cells with an impaired
mismatch repair system are not able to correct errors that occur during DNA
replications. This condition leads to either a shortening or an extension of these
microsatellite regions and is called Microsatellite instability (MSI). According to the
Bethesda Guidelines, MSI can further be classified into MSI-high (MSI-H) or MSI-
low (MSI-L), depending on the extent of unstable MSI loci. If none of the
microsatellite sequences are mutated, the tumor is termed microsatellite stable
(MSS). 9697

MSI testing can either be performed by using a PCR based assay or by an
analysis of MMR protein expression via Immunohistochemistry (IHC). In sporadic
CRC only the loss of hMLH1 protein expression has been described. If a CRC
tumor shows a loss of hMLH1 expression in IHC, additional testing for BRAF
mutations are a cost-effective approach to exclude Lynch Syndrome, since BRAF
VB00E mutations are strongly associated with sporadic disease. ® Furthermore,
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BRAF V600E mutations are associated with a poorer prognosis in metastasized
CRC and therefore testing has additional prognostic value. %1% An example of an

MSI testing procedure is shown in the figure below.

CRC surgical specimen

v

IHC testing (MLH1, PM52,
MSHB, MSH2)

Indeterminate IHC Loss of other MMR proteins Loss of MLH1 and PMS2
MSI testing Analysis of )
BRAF V600E mutation
] (and/or MLH1 promoter
* * hypermethylation)
MSi-L or M55 MSI-H
v v
Absence of Presence of
BRAF V600E mutation (and/or BRAF V600E mutation (and/or
MLH1 promoter MLH1 promoter
hypermethylation) hypermethylation)
\ 4 \ 4 A4
Refer to genetic counseling

No further testing No further testing

Consideration for germline mutation analysis

Figure 1: MSI testing

CRC with MSI-H is associated with several characteristic clinicopathological
features. Cancers arising as a result of MSI are more often localized proximal to
the splenic flexure and have a higher prevalence in women. Histologically they are
associated with a mucinous cell type, poorer differentiation, a greater depth of
invasion with an increased number of tumor-infiltrating lymphocytes and a lower

stage. 101

Taking all the histopathological features into account, MSI-H tumors show a better

overall surviving compared to colorectal carcinomas that are microsatellite stable
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(MSS). A meta-analysis by Popat et al including 32 studies with a study population
of 7,642 patients confirms MSI as an independent prognostic marker. In this study
tumors with MSI-H were associated with a significantly better prognosis regardless
of tumor stage (combined hazard ratio (HR) 0.65, 95% CIl 0.59-0.71).102

In addition to the associated clinicopathological features, the MSI status also plays
an import role when assessing a patient’s further treatment. A large study
investigated whether the MSI status affects the outcome of stage Il and Ill CRC
patients undergoing surgery alone and surgery followed by a 5- fluorouracil- (5-
FU) based adjuvant chemotherapy. The results showed that stage Il patients with
MSI-H CRC do not benefit from an adjuvant 5-FU-based chemotherapy, in

contrast to patients with proficient MMR tumors. 193

In 2015 a phase Il study by Dung et al published in the New England Journal of
Medicine showed a correlation between MSI status and the susceptibility of
pembrolizumab. Pembrolizumab is a humanized antibody that targets the
programmed cell death (PD-1) receptor of lymphocytes. In this study the clinical
activity of pembrolizumab was evaluated in 41 patients with progressive metastatic
CRC with or without a mismatch repair deficit. The response rate and progression-
free survival rate (PFS rate) were 40% and 78% for mismatch repair- deficient
CRC and 0% and 11% for mismatch repair-proficient CRC. The team suggests
that the greatly increased number of mutation associated neoantigens that result
from a defective mismatch repair system is the basis for the enhanced anti-PD1
responsiveness; however, the exact mechanisms are not fully understood
hitherho. 1% Further studies have shown that the susceptibility of pembrolizumab
in relation to the MSI status is not restricted to CRC but rather independent on the

type of tumor.1%5

In the ongoing phase |l Checkmate- 142 trial ,Nivolumab, a PD-1 antibody was
combined with low dose Ipilimumab as first-line therapy for MSI-H metastatic CRC
patients. The latest data, presented at the ESMO 2018, showed an ORR of 60% at
a median follow-up of 13.8 months. At 12 months the progression free survival rate
was 77% and the OS was 83%. Nivolumab and ipilimumab synergistically promote

T-cell antitumor activity with a better manageable safety profile and more

21



preferable results than Nivolumab monotherapy. While the final results of the study
are still pending, the combination of low dose Ipilimumab and Nivolumab represent
a promising new treatment option that may become the new standard first line

therapy for metastatic MSI-H CRC patients.%

1.8.3.2 RAS

The discovery of the epidermal growth factor receptor (EGFR) was a tremendous
milestone in the way of targeted therapy. Ever since the validation of EGFR as a
therapeutic target there have been numerous trials that proved the beneficial effect
of anti-EGFR antibody therapy in patients with metastatic CRC."7-19° However,
there was a certain percentage of patients who did not respond to this therapy. In
further studies a correlation between KRAS mutations and poor response to anti-

EGFR antibody therapy was discovered. '1°

There are 3 RAS genes in humans: HRAS, NRAS and KRAS. KRAS encodes for
a GTPase protein that plays an important role in signal transduction, cellular
growth, differentiation, proliferation and survival.'' It increases cell proliferation
and induces tumorigenesis.'? Approximately 40% of all CRC show activating
mutations in the KRAS genes, most commonly in exon 2.1"3 These mutations are
thought to impair GTPase activity, with the effect of increased and unregulated
cellular proliferation and the transformation to a malignant tumor. "4 KRAS
mutations, involving either codon 12 or 13, have been associated with a poorer

prognosis compared to wild-type KRAS tumors. 11°

Cetuximab and panitumumab are two commonly used anti-EGFR-antibodies in
CRC therapy. Their effectiveness relies on a KRAS exon 2 wild type, as multiple
studies have shown. 16117 Karapetis et al showed that for patients with mutated
KRAS CRC the median overall survival was 4,5 months in the group receiving
cetuximab, compared to 4,6 months in the supportive care group. For patients with
wild-type KRAS tumors, a median overall survival of 9,5 months could be
achieved, while for the supportive care group the median OS was 4,8 months. The

median progression-free survival for the wild-type KRAS patients receiving
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cetuximab was 3,7 months, compared to 1,8 months for the group of patients with
mutated KRAS CRC receiving cetuximab.''” Similar results where shown for
panitumumab.''® However, there have also been conflicting studies that did report

a benefit of cetuximab therapy for certain kind of KRAS mutations.'8

These studies confirm that exon 2 KRAS mutations are a negative predictive
biomarker for the therapy with anti-EGFR antibody therapy in metastasized CRC.
More recent studies have also concluded that other RAS mutations as well as
BRAF, NRAS and PIK3CA exon 20 mutations are also associated with a

resistance to anti-EGFR antibody therapy. 119.120

As a result of these studies, it is now recommended that all patients who are
potential candidates for anti-EGFR antibody therapy should be tested for
mutations in KRAS and NRAS in exons 2 (codons 12 and 13), 3 (codons 59 and
61), and 4 (codons 117 and 146) by the American Society of Clinical Oncology
(ASCO) and the National Comprehensive Cancer Network (NCCN). 121122 While
sanger sequencing of tumor tissue seems to be the standard method of RAS
testing, there are several new methods that are expected to become increasingly
popular in the next few years. Next generation sequencing platforms are able to
detect single nucleotide changes, insertions, deletions and translocations in
several genes or loci in a single complex PCR. Furthermore, this technology
requires only around 1-5% of RAS mutated cells compared to 10-25% for sanger

sequence. 23124

The high sensitivity of next generation sequencing devices allows the detection of
genetic alterations in circulating tumor DNA (ctDNA) from a simple blood draw.
This method is called ‘liquid biopsy’. Targeted agents, such as cetuximab and
panitumumab, often require associated molecular testing. However, as the
patients are mostly in an advanced stage, the molecular testing is often performed
on tumor tissue that has been collected years before and the results might not be
consistent to the current genomic state of the disease. In cases where a new
tissue biopsy cannot be obtained, ctDNA could offer more accurate molecular
information about the current tumor than tumor tissue from long preceding

biopsies.'?®

23



Recent studies have demonstrated that wild-type KRAS patients treated with anti-
EGFR- antibodies develop mutated KRAS clones, that lead to therapy resistance.
However, upon antibody withdrawal, these KRAS clones decay and the patients
regain drug sensibility, which explains the efficiency of rechallenge therapies.
Liquid biopsies can be used to monitor the molecular dynamics of CRC and guide

the use of specialized treatments. 126

In addition, several studies investigated the prognostic and predictive correlations
of RAS in localized CRC. In a study by Deng et al. the association between the
KRAS status and the 3-year DFS for stage Il and Il CRC patients receiving
FOLFOX was analyzed. In this study KRAS status was significantly associated
with a worse 3-year DFS (HR, 1.572; 95% CI, 1.058-2.335; P = 0.025). Patients
with wild type KRAS status did not benefit from adjuvant chemotherapy (3-year
DFS 84.3% vs 82.0%, P = 0.66). However, a difference in 3-year DFS was
observed for patients with stage Ill KRAS mutant tumors. Here, the 3-year DFS
was 74.4% for patients receiving FOLFOX compared to 50.2% for patients without
any chemotherapy (P = 0.020). 1%/

1.8.3.3 BRAF

BRAF is the direct downstream target of KRAS in the RAS/RAF/MEK/ERK
pathway (MAPK/ERK pathway). RAF activation leads to the phosphorylation of
MEK1/2 proteins, which further activates ERKs. ERKs are responsible for the
phosphorylation of multiple transcription factors and thereby regulate important

cellular activities. 128

Between 8 and 12 % of all metastatic CRC harbor a BRAF mutation with the
distinct BRAF V600E mutation accounting for >90% of these numbers. This point
mutation has been associated with a poor prognosis. While the data for the
prognostic value of BRAF mutations in the adjuvant setting is limited, it has been
reported as an independent negative prognostic factor for stage Il and Ill colon

cancer patients. 29 In the metastatic setting, BRAF V600E mutation has been
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shown to be a powerful prognostic marker. In a study by Yokata et al the median
overall survival for BRAF mutated mCRC was 11 months compared to 40 months
of patients with KRAS and BRAF wild-type mCRC."® The FOCUS trial also
reported a worse OS for BRAF mutated mCRC [HR1.82; 95% confidence interval
(Cl), 1.36-2.43] but showed no difference in the progression free survival (PFS)
(HR, 1.14; 95% Cl, 0.86—1.52). 13

In addition to being a prognostic marker, BRAF V600E mutations have also been
associated with distinct clinicopathological characteristics. The mutation appears
to be more common in female patients as well as patients over the age of 60.
There is a significant association between BRAF V600E and advanced TNM stage
at diagnosis, mucinous histology and poor differentiation, proximal location, MSI
and KRAS wild-type.'3? Because of the association with these characteristics and
a poor prognosis, early detection of BRAV V600E mutation can have an impact on
the therapeutic options for a patient. It is therefore recommended by the NCCN

guidelines to include BRAF testing at the time of diagnosis of mCRC.'33

BRAF V600E mutations are a potential therapeutic target. In malignant melanoma,
the mutation is present in around 50% of all cases and associated with very high
response rates to therapy with BRAF-inhibitors such as vemurafenib, dabrafenib
and encorafenib.'®* Unfortunately, CRC appears to be resistant to monotherapy
with BRAF- inhibitors. The lack of response has been hypothesized to be due to
feedback activation of the EGFR/PI3K/AKT pathway. '35 However, recent studies
suggest that combinations of BRAF, MEK and other pathway inhibitors improves
response rates by targeting the adaptive feedback pathways responsible for the
primary resistance to BRAF inhibitors.'® The BEACON CRC trial is the first phase
[l trial evaluating the efficacy and safety of the triplet combination encorafenib , a
BRAF inhibitor, binimetinib, a MEK inhibitor and cetuximab, an anti-EGFR
antibody, in patients with BRAF V600E mutated mCRC.

The first results of the safety lead-in were presented in June 2018. Among the 30
patients, a confirmed overall response rate (ORR) of 48% was reported. The one-
year overall survival rate was 62%.'3 These results show substantial
improvements to the currently approved therapy options for patients with BRAV
V600E mutated mCRC.
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The currently recommended first line therapy for fit patients with BRAF VG600E
mutated mCRC is FOLFOXIRI plus bevacizumab.'38

Furthermore, several studies evaluated the predictive value of BRAF V600E
mutation on the effect of anti-EGFR-antibody therapy. A meta-analysis including 7
studies and a total of 1,352 patients associated BRAF V600E mutation in wild-type
KRAS mCRC patients treated with anti-EGFR-antibody therapy with a
deterioration in PFS and OS (hazard ratio=2.78, 95% CI=1.62-4.76; hazard
ratio=2.54, 95% Cl=1.93-3.32)."%° Therefore the use of anti-EGFR therapy in

patients with known BRAV V600E mutations is currently not recommended. 38

Regarding the localized setting, BRAF has been shown to be a prognostic marker
for both stage Il and lll CRC. A meta-analysis by Zhu et al. consisting of seven
phase Il randomized clinical trials with a total of 1,035 BRAF mutation stage Il/1lI
CRC was conducted to assess the negative prognostic role of BRAF in localized
CRC in a quantitively way. In this study BRAF mutation was associated with a
worse OS (HR = 1.42, 95% CI: 1.25-1.60; P < 0.00001) as well as a shorter DFS
(HR =1.26, 95% CI: 1.07-1.48, P = 0.006) compared to BRAF wild type tumors.14

1.8.4 Tumor location as a prognostic and predictive marker

The proximal colon is derived from the embryonic midgut and includes the
appendix, the colon ascendes and the proximal two-thirds of the colon
transversum. The distal colon originates from the hindgut and includes the distal
part of the colon transversum, the descending colon, the sigmoid colon and the
rectum. While the proximal colon is perfused by the superior mesenteric artery, the
distal colon is served by the inferior mesenteric artery. Apart from the different
embryonic origin and vascular supply there are also various distinct histological,
immunological, and molecular differences between the proximal and the distal

colon. 141-143

Considering these profound differences, CRC can be separated into left-sided and
right-sided CRC. These two subgroups of CRC show differences in the

pathogenetic development, prognosis and clinical responses to chemotherapy.’#4-
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146 While there is no consistent definition, the splenic flexure is the most common
dividing point between left- and right sided CRC. '’ Since the phenotype of a
tumor is determined by its molecular characteristics, the site of tumor origin
remains a useful approximation until a clearly defined molecular marker exists to

distinguish between those two subgroups.’#®

In a meta-analysis by Petrelli et al, including 66 studies and a total of 1,427,856
patients, left sided primary tumor location was associated with a significantly
reduced risk of death (HR, 0.82; 95% CI, 0.79-0.84; P <.001). The association
was independent of stage, ethnicity, adjuvant chemotherapy, year of study,

number of participants, and quality of included studies.#

Assessing survival and recurrence patterns between left and right sided stage |
and Il colon cancer, Lee et al. found no difference in the 5-year OS as well as the
5-year recurrence free survival (RFS) However, in their study, stage Il right sided
colon cancer was associated with both worse 5-year OS (HR, 1.53; 95% CI, 1.02—
2.30; P = 0.037) and an increased risk for recurrence (HR, 1.56; 95% CI, 1.13—
2.14; P = 0.006)."4°

Patients with right-sided colon cancer appear to be significantly older. While
Patients with a tumor located in the caecum were the oldest, patients with a tumor
located in the sigmoid colon were the youngest.'*® A likely explanation for these
findings is the delayed diagnosis of CRC in the proximal colon. Left-sided CRC is
associated with pain and more frequent bleeding, while tumors of the right side of
the colon tend to be more subtle in the expression of symptoms.'5".152 Additionally
the likelihood of a prior polypectomy, and thus the prevention of a transition to a

malignant disease, is also greater on the left side of the colon. 153

There is also a difference between the average tumor size at time of resection
between left- and right-sided CRC. Tumors of the right side of the colon tend to
grow more frequently in a flat manner. This in addition to the generally wider
lumen of the right colon, allow it to achieve larger sizes while still remaining

clinically asymptomatic. %1
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Recent studies suggest that laterality might also be a predictive marker for
response to targeted therapy in patients with RAS wild-type metastatic CRC. In a
large US intergroup trial 1,137 patients with KRAS exon 2 wild-type mCRC were
randomly assigned to cetuximab or bevacizumab with a backbone chemotherapy
of either FOLFOX or FOLFIRI (individual choice of the oncologist). The study
concluded that there was no significant difference in overall survival between the
addition of cetuximab vs bevacizumab to the given chemotherapy.'®* However, in
a retrospective analysis of the data from this study an association between the
tumor location and the benefit of cetuximab vs bevacizumab was found.
Cetuximab provided superior median OS (37,5 vs 32,1 month) for patients with
left-sided CRC, while bevacizumab showed better results for right-sided CRC
(median OS 24,2 vs 16,7 month). Similar findings were reported in other

studies. 1%

1.8.5 Blood based markers

1.8.5.1 CEA

Carcinoembryonic antigens (CEA) are glycoproteins, that are produced during
fetal development by cells of the gastrointestinal tract. As production stops shortly
before birth, adult serum levels are usually low. However, certain kinds of cancer —
including CRC - can lead to an elevation of CEA levels. CEA was discovered in

1965 and has since then been a prominent biomarker for CRC.

CEA is most commonly used as a marker for disease recurrence during the follow-
up period after surgical resection. After a successful tumor resection the elevated
CEA serum levels should normalize within 4 to 6 weeks.'®15" A failure of the
serum CEA levels to normalize can imply an incomplete resection or a systemic
disease and thus needs further investigation.'*® The sensitivity and specificity of
CEA to detect recurrence in patients who underwent surgical resection depends
on the used threshold values. A Cochrane review reported a pooled sensitivity of
82% and a specificity of 80% for a cutoff value of 2.5 mcg/L. When using a higher
threshold of 10 mcg/L the sensitivity dropped to 68% but the specificity was higher
(97%). The authors of this study concluded that CEA is insufficiently sensitive to
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be used alone in the detection of recurring CRC, even with a low threshold.
Therefore they recommend the addition of another diagnostic modality, but using
the high cut-off value for CEA of 10 mcg/L to avoid high numbers of false
postives.’®® The sensitivity of CEA is also dependent on the site of recurrence. The
rate of detection is high for hepatic and retroperitoneal metastasis, with a
sensitivity of over 70%, but below 50% for local, peritoneal or pulmonal

metastasis. For solitary lung metastasis the sensitivity is just 15%. 1°°

Currently most CRC guidelines including ASCO, NCCN, ESMO and the ACS,
suggest the monitoring of CEA every 3 to 6 months for the first 2 to 3 years after
surgery. However recent publications question the need for such frequent testing.
The COLOFOL trial compared two alternative follow-up schedules for patients with
stage Il or lll colorectal cancer who underwent surgery with curative intent.
Patients were randomized either to follow-up testing with computed tomography of
the thorax and abdomen and serum CEA at 6, 12, 18, 24, and 36 months after
surgery (high-frequency group) or at 12 and 36 months after surgery (low-
frequency group). There was no significant difference in the 5-year overall

mortality or in the incidence of recurrence detection for the two groups. 160

CEA concentrations are significantly higher in patients with CRC than those with
benign colorectal disease. 8" Nonetheless CEA has little use in the diagnosis of
colorectal cancer, as diagnostic sensitivity and specificity are rather Ilow.
Furthermore, the fact that elevated CEA levels are usually only detected in

advanced stages of CRC make it an ineffective method for screening.

Even though many patients do not present with elevated CEA levels at the time of
diagnosis, multiple studies found preoperative CEA status to be a valuable
prognostic marker. In a study including 17,910 patients diagnosed with CRC of all
stages elevated preoperative CEA levels (p-CEA) were independently associated
with a 60% increased risk of overall mortality (hazard ratio of death = 1.60, 95%
confidence interval = 1.46 to 1.76, P<.001). It was also observed that NO patients
with elevated p-CEA had a worse prognosis (HR of death = 1.75, 95% Cl = 1.48 to
2.09) than N1 patients with normal p-CEA (HR of death = 1.58, 95% CI = 1.30 to
1.91).162
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1.8.5.2 MicroRNA (miRNA)

MicroRNA are small, non-coding RNA molecules that play an important role in
post transcriptional regulation of gene expression. They regulate diverse cellular
processes including cell cycle progression, cell differentiation, apoptosis,

developmental transitions and organ morphology 63.

A connection between miRNA and cancer has first been described in a study by
Calin et al, in which they described frequent deletions and down-regulations of
miR15 and miR16 in chronic lymphocytic leukemia.'®* In the complex process of
carcinogenesis the expression of miRNA is dysregulated. This can be explained
by the fact that a large number of miRNA genes that are known today are
frequently located at regions of loss of heterozygosity, regions of amplification,
common breaking points or other cancer-related genomic regions.’® A
dysregulation of miRNA expression can either result in an over or under
expression. Overexpressed, miRNA can act as an oncogene, underexpressed its
function as a tumor suppressor can be impaired.'®® A dysregulated expression of
miRNA has subsequently been shown in numerous types of cancer including

brain, breast, pancreas, thyroid, leukemia and CRC. 163

Their properties of being expressed in a tissue-specific manner and their
protection from endogenous RNase activity makes them a promising potential
non-invasive biomarker for cancer and other disease.'®”.'%8 Numerous miRNAs
and their correlation to CRC have been studied; however, miR21 stands out as the
most extensively explored representative. The results of a two cohort study by
Schetter et al showed an overexpression of miR21is associated with both a poorer
prognosis and a worse therapeutic outcome in CRC.'®® A high expression of
miR21 in colorectal tumor cells results in a reduced expression of hMSH2, a
protein that — together with hMSH6 — is part of the core mismatch repair protein
complex. In addition, tumor cells with increased expression on miR21 exhibit
significantly reduced 5-fluorouracil (5-FU)-induced G2/M damage arrest and

apoptosis compared to normal cells.'”®
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miR21 has also been studied in the hope for a new non-invasive diagnostic
biomarker for CRC. A meta-analysis by Shan et al involving 6 studies found miR21
to have a pooled sensitivity of 77,4% and a specificity of 84,6% in the detection of
CRC."" Even better results could be achieved in a recent study, where a serum
panel combining 5 mMRNAs was used. This 5-serum miRNA panel reported a

sensitivity of 91,6% and a specificity of 91,7%.172

Given these promising results it is not surprising that ever since their discovery in
the early 2000s, miRNAs have been a very active area of study. In the last years
there has been an enormous effort in the development of plasma miRNA
biomarkers for both diagnostic and prognostic use in cancer. 73174 However,
widespread inconsistencies in the results among those studies are hindering their
translation into clinical use. To this day, no miRNA biomarkers are routinely used

neither for screening nor as a predictive marker in CRC.

1.8.6 Inflammatory biomarkers

In recent years the connection between inflammation and cancer development has
been well-established and became a noticeable focus in research. %176 The
presence of inflammatory bowel diseases such as ulcerative colitis and Crohn’s
disease is a significant risk factor for the development of CRC. Colitis-associated
cancer is a subtype of CRC that is preceded by inflammatory bowel disease and
associated with a poor prognosis. 177178

In sporadic CRC, inflammation is most likely not the primary cause. However, in
the progress of tumor development immune cells are recruited and lead to a
localized inflammatory microenvironment. Reactive oxygen species (ROS)
produced by the intratumoral immune cells can induce DNA damage and mutation.
Additionally, several proinflammatory cytokines are released by the tumor cells,
attracting further immune cells such as neutrophils, dendritic cells, macrophages,
eosinophils, mast cells, and lymphocytes. These cells are capable of producing a
number of different angiogenic and growth stimulating cytokines and chemokines,

that induce cancer cell proliferation and promote tumor spread.'”® Since the
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beginning of the 2000s numerous studies have investigated the prognostic values

of widely available inflammatory biomarkers in cancer.'79.180

1.8.6.1 Neutrophil-to-lymphocyte ratio (NLR)

An elevated neutrophil-to-lymphocyte ration has been associated with a poor
prognosis in patients with advanced CRC receiving chemotherapy. In a study by
Riedl et al. a 1 standard deviation (SD) increase in NLR correlated with a 7%
absolute lower ORR in first line (95%ClI: 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). RiedI et al.
additionally showed that the NLR was slightly higher in patients entering first line,
than in those before second and third line and highly elevated in patients entering
BSC. The NLR is an indicator of systemic inflammation response. Therefore the
results support the hypothesis that inflammation plays an important role in the

progression and survival outcome in patients with CRC.8

The NLR is also a useful prognostic marker for localized CRC. In a study by
Dimitriou et al. a elevated NLR was significantly associated with a worse DFS, 5-
year survival as well and OS in stage Il CRC. 82 A different study by Absenger et
al. showed that an elevated preoperative NLR is statistically significant associated

with a decreased time-to-recurrence both in stage Il and Ill CRC. 83

In a study by Pine et al. a high NLR was associated with a higher pT- and pN-
stage and a greater incidence of extramural venous invasion but no correlation
between NLR and MMR status was reported.'® This is in contrast to a recently
published study by Wen-Zhuo He et al. where systemic inflammatory factors,
including NLR and CRP, were associated with MMR status. In dMMR CRC
patients a higher neutrophil count was observed than in proficient MMR (pMMR)
CRC patients, though only in non-metastatic settings. The authors hypothesize
that one reason for this finding might be that dMMR CRC patients are more
susceptive to somatic mutations. Hence, dMMR CRC is recognized earlier by the
immune system, which leads to a systemic inflammatory response at an early

stage.’®
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1.8.6.2 Lymphocyte - to- monocyte ratio (LMR)

Another readily available inflammatory biomarker is the lymphocyte -to- monocyte
ratio (LMR). Lymphocytes play a crucial role in the containment of tumor growth
and spread via cytotoxic cell death. On the contrary, monocytes have been shown
to be able to promote tumor progression by the secretion of several
proinflammatory cytokines.'® Therefore a decreased LMR may be favorable for

tumor growth and spread.

Several studies have shown that the LMR has valuable prognostic properties in
solid tumors.'® In a meta-analysis by Qingbin et al. a low LMR was associated
with both a worse OS and DSF for patients with CRC. Regarding OS in stage I-lll
the pooled HR for patients with low LMR was 1.7. The cut-off values used to
distinguish between low and high LMR in the included studies ranges from 2.14 to
3.78. For stage IV CRC the HR was 1.45.188

1.8.6.3 C — reactive Protein

C-reactive protein (CRP) is one of the most commonly used markers for
inflammation. Additionally, CRP has been reported to be a prognostic factor for
several malignancies including CRC."®In a study by Shiu et al. CRC patients with
elevated preoperative CRP had a lower cancer-specific survival than those with
normal CRP values. However, stratified by stage, the statistical significance only

remained for stage Ill and not for stage 11.7%°

1.8.7 The AST/ALT ratio

The serum AST/ALT ratio was first described in the year 1957 as a marker for
acute viral hepatitis by Italian pathologist Ferdinand De Ritis. While both AST and
ALT are usually elevated in the course of acute viral hepatitis, De Ritis found that
ALT is usually higher than AST at the time of diagnosis, resulting in a low
AST/ALT ratio. This is mainly due to the fact that at the time of the study, when
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laboratory testing was performed the infection was already declining. Since ALT

has a longer half-life (36h) compared to AST (18h) the ratio was usually well below
1,191,192

Over the following decades the AST/ALT ratio has subsequently been shown to be
a valuable tool in several other liver related disease and some of these findings
are still relevant today. A high AST/ALT ratio of greater than 2 is a good indicator
for alcoholic hepatitis.’® Alcoholic hepatitis causes mitochondrial damage
resulting in an increase of serum AST."®* Additionally, chronic alcohol abuse leads
to the depletion of Vitamin B6 which has been shown to decrease serum levels of
ALT.195

Although the hepatic proportions of AST and ALT are approximately 2.5:1, the
shorter half-life of AST results in close to similar serum levels for healthy
individuals. AST and ALT are both part of the laboratory liver function test and
therefore very commonly assessed. In comparison to more complex molecular
markers or invasive tissue biomarkers, the AST/ALT ratio is a low cost, convenient

and readily available parameter.'%?

1.8.7.1 Aspartate amino transferase (AST)

AST catalyzes the conversion of aspartate and a-ketoglutarate to oxaloacetate
and glutamate with the use of Vitamin B6 as a cofactor. Two different isoenzyme
forms of AST are found in our body, the mitochondrial and the cytoplasmic form.
The enzyme is expressed in multiple tissues and organs including heart, liver,
muscle and kidneys.

In the liver, the mitochondrial isoenzyme form is responsible for around 80% of the
total enzyme activity.'®® The normal serum level of a healthy individual is between
0 to 35U/L.197:198 An elevation of serum AST levels does not necessary indicate

liver inflammation since it is expressed in multiple organs and tissues.
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1.8.7.2 Alanine amino transferase (ALT)

ALT is found in different tissues throughout the body but is most common in the
cytoplasm of hepatic tissue. The enzyme is responsible for the conversion of L-
Alanine and a-ketoglutarate to pyruvate and L-glutamate. ALT is routinely
measured as part of the liver function test. The normal serum level ranges from 0
to 40 U/L."®® Elevated serum levels of ALT can be suggestive for any kind of
hepatocellular damage. However, mildly elevated liver transaminase levels can be
normal as their values fluctuate during the day and can increase to a certain
extend after physical activity.’®® Serum ALT levels greater than 500 U/L are in
most cases the result of liver cell damaging disease such as viral hepatitis or toxin-
induced liver damage, although the peak of the ALT elevation does not correlate

with the actual cellular damage.?®

1.8.7.3 AST/ALT ratio in cancer

In recent years the AST/ALT ratio has been given new attention as several studies
showed that the ratio can be used as a prognostic and predictive biomarker in
cancer. A correlation between an increased AST/ALT ratio and a worse prognosis
has been described for the following malignancies: Renal cell carcinoma',
hepatocellular carcinoma?®?, urinary tract urothelial carcinoma’?, prostate cancer',

cancer of the bladder?®?2, head and neck cancer?®® and pancreatic cancer?®*

Although a lot of these findings are promising, a lack of consensus, mainly due to
different study designs and sample size, complicate the interpretation. In 2019 a
meta-analysis by Wu et al. consisting of 18 studies and a total of 9400 patients
was conducted to assess the prognostic properties of the pretreatment serum
AST/ALT ratio in solid tumors and to get an overview of the current state of
research. The study showed the following results: renal cell carcinoma (pooled
HR=1.64 ) liver cancer (pooled HR=1.16), urinary tract urothelial carcinoma
(pooled HR=1.96), bladder cancer (pooled HR =2.66) other cancers (pooled
HR=1.44 )?05
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These studies have shown that the AST/ALT ratio can be a useful biomarker for
risk stratification in several malignancies. However, since the quality of some of
these studies suffer from short follow-up periods or low sample sizes further
clinical validation is needed before the marker can be implemented into clinical

use.

2 Materials and Methods

2.1 Study Design, patient cohort and clinical outcome

This retrospective single-center observational cohort study included data on
patients with histologically confirmed stage Il and Ill (UICC) CRC. The initial cohort
consisted of a total of 1018 CRC patients (UICC Stage | — VI) who were treated in
our department (Division of Oncology, Department of Internal Medicine, Medical
University of Graz, Austria) between March 2010 and January 2016. According to
predefined criteria (Fig. 2), we excluded 66 Stage | and 245 Stage IV patients.
From a total of 695 stage Il and Il patients, AST and ALT values obtained within
two weeks prior to the histological diagnosis, were available from 536 patients and
thus were ultimately included in this study. Baseline data was extracted from the
electronic health record database of our hospital trust (includes all public hospitals
in the province of Styria, Austria), our departments internal documentation system
as well as paper-chart archives of our hospital. Plasma AST and ALT were
measured in each patient by standard clinical testing methods in lithium heparin
plasma (upper reference level AST and ALT 35 and 45 U/L, respectively).

The co-primary endpoints for this analysis were DFS, defined as the time from
curative surgery of the primary tumor to recurrence or death from any cause,

whatever occurred first, and OS.
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CRC Patient cohort

N=1018

] Excluded:

l | > -66 stage I and 245 stage IV patients
CRC Patients Stage II & III -12 patients with unknown stage
N=695

l 1 > Excluded:

-159 patients with missing

CRC Stage II & III with available

AST/ALT ratio

AST/ALT ratio n= 536

Figure 2: Flowchart of the study population.
Abbreviations: CRC- Colorectal cancer, AST - Aspartate Amino-Transferase ALT -

Alanine Amino-Transferase.

2.2 Ethics statement

The study was approved by the local ethics committee (Ethikkommission der
Medizinischen Universitat Graz, IRB00002556) prior to any patient-related
activities (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 have

been in accordance with the principles embodied in the declaration of Helsinki.

2.3 Statistical analysis:

Medians (with interquartile ranges [IQR]) and means (with standard deviations
[SD]) were reported for non-normally and normally-distributed variables,
respectively. Derits ratio was calculated by dividing ALT through AST. Youden
index was used to estimate the optimal cut-off value for the Deritis ratio with
regards to DFS. Uni- and multivariate Cox-regression analyses were used to
assess risk factors for DFS and OS, respectively. Statistical analyses were carried
out using Stata Version 15.1 (StataCorp, TX, USA). A p-value of <0.05 was

considered statistically significant.
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3 Results:

3.1 Analysis at baseline:

A total of 536 patients were included in this study, of which 334 were male (62%)
and 202 were female (38%). The median age at diagnosis was 65 years (IQR 64-
66). 196 patients (37%) were assessed as UICC stage Il and 340 (63%) as stage
Ill. Regarding tumor location, 292 tumors (56%) were located in the colon, while
236 (44%) were tumors of the rectum. 260 patients (49%) received adjuvant
chemotherapy. The median AST/ALT ratio was 1.16 (IQR 0.92-1.53). Further
baseline characteristics of our cohort are summarized in Table 5.

In the comparison of the low and high AST/ALT ratio groups, defined by an
empirical cut-off of 0.96 suggested by the Youden Index, there were statistically
significant differences in sex, age, BMI, hemoglobin and the proportion of patients
who received adjuvant chemotherapy. Apart from that, the distribution of all other
investigated baseline parameters was highly similar between patients with and
without an elevated AST/ALT ratio (Table 5).

3.2 Cohort outcome:

During a median follow up of 31 months the median DFS and OS was not
reached. Out of 536 patients a total of 102 (19%) developed tumor recurrence of
which 86 patients developed distant metastases, 9 had a local recurrence and 7
patients had a local recurrence and distant metastases. One-, two- and 5-year
DFS rates were 89.5%, 82.3% and 76.7%, respectively. Sixty-two patients (12%)
died within the follow up period, resulting in one-, two- and 5-year OS rates of
98.5%, 95.9% and 81.6%.
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Table 5: Baseline characteristics of the study population (n=536).

AST/ALT < 0.96

AST/ALT > 0.96

Baseline Characteristics . Overal Youden Index Youden Index p-value
(%miss.) N=536
N =157 N= 379
Demographic variables
Female gender 536(0%) 202 (38%) 44(28%) 158(42%) 0.003
Age (years) 536(0%) 65(1QR 64-66) 62 66 0.0007
BMI (kg/m?) 461(14%) 26(IQR 25-26) 27,6 25,8 0.0006
ECOG 366 (32%) / / / 0.373
-0 287(54%) 96(78%) 191(78%) /
-1 69(13%) 26(21%) 43(17%) /
-2 8(2%) 1(1%) 7(4%) /
-3 2(<1%) 0(0%) 2(1%) /
Smoker or ex-smoker 322 (43%) 122(23%) 36(49%) 86(38%) 0.639
Tumor variables
UICC Stage 536 (0%) - - - 0.610
-l - 196 (37%) 60(38%) 136(36%) /
--lll - 340 (63%) 97(62%) 243(64%) /
Location of primary tumor 534 (<1%) - - - 0.736
---Caecum - 58(11%) 13(8%) 45(12%) /
---Right ascending - 51(9%) 19(12%) 32(8%) /
---Right flexure - 24(5%) 5(3%) 19(5%) /
---Transverse colon - 22(4%) 6(4%) 16(4%) /
---Left flexure - 19(4%) 5(3%) 14(4%) /
---Left descending - 10(2%) 3(2%) 7(2%) /
---Sigma - 108(20%) 35(23%) 73(19%) /
---Rectum - 236(44%) 68(44%) 168(44%) /
---Appendix - 4(1%) 2(1%) 2(1%) /
---Multilocular - 2(<1%) 0(0%) 2(1%) /
Grading 531(<1%) - - - 0.239
-l - 42(8%) 10(6%) 32 /
--ll - 401(75%) 126(81%) 275 /
-l - 85(16%) 18(12%) 67 /
-V - 3(1%) 1(1%) 2 /
Treatment variables
Adjuvant Chemotherapy 507(5%) 260(49%) 88(58%) 172(48%) 0.04
Laboratory variables
AST 536 (0%) 21(1QR 17-28) 21 (IQR 17-29) 21(1QR 17-27) 0.883
ALT 536 (0%) 18(IQR 14-26.5) 29 (IQR 22-42) 16(IQR 12-20) 0.000
1.16 (IQR 0.92- 0.76 (IQR 0.63- 1.33 (IQR 1.33 —
AST/ALT 536 (0%) 0.000
1.53). 0.87) 1.64)
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13(IQR 10.9-  13.7(IQR 11.9- 12.7(IQR 10.4-

Hemoglobin (g/dl 533(<1%
globin (g/d) (<1%) 14.4) 14.9) 14.3)
Leucocyte count (GIL) 530(1%)  7.7(QR6.2:9.8)  8(IQR6.5-10)  7.6(IQR 6.2-9.6)
3.9(IQR1.1-
CRP (mg/dI) 511(5%)  3.4(IQR 1-10.8) 1o F2QROS-1)
2.62(IQR 1.5-
CEA 373(30%)  2.9(IQR 1.6-6.8) o O1010R1668)

0.0001

0.170

0.436

0.355

Distribution overall as well as by AST/ALT-ratio < and > 0.96 as suggested by the Youden Index. Data are
reported as medians [25th-75th percentile] or absolute counts (%). *p-values were from rank-sum tests, x2-
tests, and Fisher's exact tests. Abbreviations: AST — Aspartate Amino-Transferase, ALT — Alanine Amino-
Transferase, BMI — Body Mass Index, ECOG — Eastern Cooperative Oncology Group performance status,
UICC- Union for International Cancer Control, TNM — Tumor Node Metastasis Classification, CRP — C-
reactive protein, CEA- carcinoembryonic antigen.

3.3 Uni- and multivariate analysis of clinical outcomes regarding
AST/ALT ratio

DFS was significantly shorter in patients with an elevated AST/ALT ratio. In
univariate cox regression, one unit increase of the AST/ALT ratio was associated
with a 1.57-fold relative increase in the risk of recurrence or death (HR 1.568, 95%
1.10-2.23, p = 0.012). Other univariate predictors of DFS were tumor stage (worse
DFS in stage 3 compared to stage 2) and tumor grading (worse DFs in patients
with grade 3 disease). In univariate analysis, adjuvant chemotherapy did not
emerge to be a predictive marker for DFS. However, since the application of
adjuvant chemotherapy is an established prognostic marker in clinical practice, we
included it in our multivariate analysis. In the multivariate model including grade,
stage and adjuvant chemotherapy, the prognostic association between an
elevated AST/ALT ratio and a poor survival prevailed statistically significant (HR
1.53, 95% 1.05-2.22, p = 0.026, Table 6).

Treating the AST/ALT ratio as binary variable with an empirical cut-off at 0.96
suggested by the Youden index, similar results were observed. In detail, the
median 12, 24 and 36-month DFS rates were 92%, 88%, 84% in the low and 88%,
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79%, 76 % in the high AST/ALT group, respectively (HR 1.63, 95% CI 0.99 — 2.68,

p = 0.052; Figure 3).

In OS-analysis, there was a trend towards worse OS for elevated AST/ALT ratio;

however, no statistically significant association was observed in univariate (HR
1.4, 95% CIl 0.89 — 2.22, p = 0.14, Figure 4) and multivariate analysis (HR 1.24,

95% Cl 0.78-1.96, p= 0.35).

Table 6: Uni- and multivariable Cox proportional hazards regression models of DFS (n=536).

Uni- and multivariable Cox regression

Univariate Analysis

Hazard ratio

Multivariate Analysis

Hazard ratio

Variable p-value p-value
(95%Cl) (95%Cl)
AST/ALT per unit increase 1.57 (1.10-2.23) 0.012 1.53(1.05-2.22) 0.026
AST/ALT Youden cut-off 1.63 (0.99-2.68) 0.052 / /
AST 0.99 (0.98-1.01) 0.814 / /
ALT 0.99 (0.98-1.01) 0.713 / /
Age 1.09 (0.93-1.25) 0.265 / /
BMI 1.00 (0.95-1.03) 0.889 / /
Grading
-l 1.72 (0.75-3.92) 0.196 3.22(0.78-13.17) 0.104
-l 2.61 (1.08-6.27) 0.032 4.25(0.98-18.34) 0.052
Stage 1.74 (1.18-2.56) 0.005 1.83(1.12-3.01) 0.016
Adjuvant Chemotherapy 0.86 (0.62-1.20) 0.387 0.78(0.50-1.22) 0.286

All variables who were statistically significant predictors of response in univariable analysis were included in
multivariable analysis. Abbreviations: AST — Aspartate Amino-Transferase, ALT — Alanine Amino-Transferase,

BMI- body mass index
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Disease Free Survival - Deritis
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0 12 24 36 48 60
Time from Surgery to Recurrence or Death (Months)
Number at risk

Deritis<0.964 150 124 92 61 21 3
Deritis>0.964 357 269 195 128 59 2
Deritis<0.964 — Deritis>0.964
p-value = 0.052

Figure 3:Disease-free survival according to AST/ALT-ratio (n=507).
DFS estimates were computed with Kaplan-Meier estimators, and the numbers below the x-axis
represent a risk table.
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Overall Survival - Deritis
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p-value = 0.14 — Deritis<0.964 — Deritis=0.964

Figure 4: Overall Survival according to AST/ALT-ratio (n=513).
OS estimates were computed with Kaplan-Meier estimators, and the numbers below the x-axis

represent a risk table.

3.4 Sensitivity analysis

We further performed a sensitivity analysis investigating the association of an
elevated AST/ALT ratio with DFS in our cohort stratified by adjuvant
chemotherapy. We observed that in patients receiving adjuvant chemotherapy, an
elevated AST/ALT ratio was associated with worse DFS (HR 1.78 per unit
increase, 95% CI 1.10-2.86, p= 0.017), whereas in patients not receiving adjuvant
chemotherapy no statistically significant association between the AST/ALT ratio
and DFS was found. (HR 1.48 per unit increase, 95% CI 0.83-2.64, p= 0.177)

In a second sensitivity analysis we investigated whether stage Il and Il colorectal
cancer patients with missing AST/ALT ratio (n=159) differed from patients included
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in our primary analysis. Here, we observed that baseline characteristics between

the in- and excluded patients were all grossly similar. (Table 7)

Table 7: Distribution of baseline characteristics depending on whether the AST/ALT ratio

was observed or missing (n=695).

AST/ALT ratio  AST/ALT ratio missing
Baseline characteristics p-value
observed n = 536 n =159

Demographic variables

Female gender 202 (38%) 71(44%) 0.114
Age (years) 65(IQR 64-66) 65(63-67) 0.984
BMI (kg/m?) 26(I1QR 25-26) 26(IQR 25-27) 0.924
ECOG / / 0.206
-0 287(54%) 76(77%) /
-1 69(13%) 17(17%) /
-2 8(2%) 6(6%) /
-3 2(<1%) 0(0%) /
Smoker or ex-smoker 122(23%) 27(35%) 0.732
Tumor variables

UICC Stage - - 0.054
-l 196 (37%) 45(28%) /
el 340 (63%) 114(72%) /
Location of primary tumor - - 0.540
--—-Caecum 58(11%) 15(9%) /
---Right ascending 51(9%) 13(8%) /
---Right flexure 24(5%) 8(5%) /
---Transverse colon 22(4%) 8(5%) /
---Left flexure 19(4%) 8(5%) /
---Left descending 10(2%) 4(3%) /
---Sigma 108(20%) 37(23%) /
---Rectum 236(44%) 63(40%) /
--—-Appendix 4(1%) 0(0%) /
---Multilocular 2(<1%) 3(2%) /
Grading - - 0.419
-l 42(8%) 14(9%) /
-l 401(75%) 117(75%) /
el 85(16%) 23(15%) /
e\ 3(1%) 3(1%) /
Recurrence 102(19%) 45(28%) 0.012
Treatment variables

Adjuvant Chemotherapy 260(49%) 89(59%) 0.098
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Laboratory variables

Hemoglobin (g/dl) 13(IQR 10.9-14.4) 13.1(IQR 11.3-13.7) 0.885
Leucocyte count (G/L) 7.7(IQR 6.2-9.8) 7.21QR 6.3- 8.8) 0.545
CRP (mg/dl) 3.4(IQR 1-10.8) 1.35(IQR 0.51-5.45) 0.114
CEA 2.9(IQR 1.6-6.8) 2.5(IQR 1.2-9.5) 0.760

Data are reported as medians [25th-75th percentile] or absolute counts (%). *p-values were from rank-sum
tests, x2-tests, and Fisher's exact tests. Abbreviations: AST — Aspartate Amino-Transferase, ALT — Alanine
Amino-Transferase, BMI — Body Mass Index, ECOG — Eastern Cooperative Oncology Group performance
status, UICC- Union for International Cancer Control, TNM — Tumor Node Metastasis Classification, CRP — C-
reactive protein, CEA- carcinoembryonic antigen.

4 Discussion:

In the present study, we evaluated the prognostic value of the AST/ALT (De Ritis)
ratio in a large cohort of stage Il and Illl non-metastatic CRC patients. We
discovered that an elevated AST/ALT ratio is significantly associated with a worse
DFS. These findings indicate that the AST/ALT ratio might represent a novel,
inexpensive biomarker for risk stratification in patients with localized CRC who

underwent surgical resection.

AST and ALT are the most commonly used serum biomarkers for hepatocellular
damage in clinical practice. While ALT is almost exclusively found in the liver, AST
is additionally expressed in various other organs including the heart, skeletal
muscle, kidneys, brain and erythrocytes. Thus, many pathological processes and
diseases can lead to an elevated AST activity, while elevated ALT levels are

mostly associated with liver diseases. 192

While the exact underlying pathophysiological processes linking an elevated
AST/ALT ratio to a worse prognosis are yet to be understood, there are several
possible explanations. Warburg discovered that cancer cells predominantly rely on
glycolysis followed by lactic acid fermentation as their source of energy, even in
the presence of abundant oxygen. 2% The malate-aspartate-shuttle is a
biochemical system that plays an important role in the aerobic glycolysis. It
consists of four proteins, with AST being one of them. Tumor metabolism can
therefore lead to an elevation of AST and affect the De Ritis ratio.?%”
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Furthermore, tumor progression is associated with high proliferation, cell turnover,
tissue damage and necrosis. All of these pathological processes can lead to an

elevation of AST while ALT levels remain mostly unaffected. 208

Recent publications have shed new light on the well-known marker by linking an
elevated AST/ALT ratio to worse prognosis in multiple malignancies. While the
majority of these studies included metastatic disease in their analysis, some
specifically investigated the AST/ALT ratio in the localized setting.

Wang et al. found a correlation between an elevated AST/ALT ratio and a worse
prognosis for localized prostate cancer patients in their retrospective cohort study
including 438 patients. In their study, a high AST/ALT ratio was associated with a
higher rate of biochemical recurrence and a predictor for a higher Gleason score.
The 2-year biochemical recurrence-free survival (BCRFS) rates were 97.2% for
the low ratio group (AST/ALT<1.32) and 93.7 % for the high ratio group
(AST/ALT>1.32), while the 5-year BCRFS were 86.1% and 69.3%, respectively.
As in our study, the maximum value of the Youden index was used to evaluate the
optimum cut-off point between low and high AST/ALT ratio group.2%®

In a study by Bezan et al. a high AST/ALT quotient was associated with poor
survival in non-metastatic RCC. A preoperative increase in AST/ALT ratio above
1.26 was an an independent prognostic factor for both metastasis-free survival
(HR 1.61) and overall survival (HR 1.76)." Yun-Sok Ha et al. retrospectively
investigated 118 non-metastatic bladder cancer patients. In this study, patients
with an elevated AST/ALT ratio had inferior metastasis-free survival ( HR 2.38),
cancer-specific survival (HR 2.77) and OS (HR 2.76) outcomes.?°? Nishikawa et al.
investigated the AST/ALT ratio in localized upper urinary tract urothelial carcinoma
patients following nephroureterectomy. In their retrospective study, an elevated
AST/ALT ratio was shown to be significantly correlated with a worse extravesical
recurrence-free survival in both uni- and multivariate analysis. In addition, the
relationship between the AST/ALT ratio and the OS as well as the DSS of the

included patients were analyzed, although no correlation was found. 219

Following a comparable approach to these studies, we investigated the AST/ALT
ratio in stage Il and Il disease, where risk stratification and choice of treatment are

especially crucial. Although we are first to investigate the association between the
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AST/ALT ratio and the prognosis of CRC patients, Lindmark et al. has already
reported an association of elevated AST levels to a worse disease-specific survival
in CRC patients in the year 1994. 2" Interestingly, we found no association
between elevated AST levels and worse survival outcome indicated by DFS and
OS in our cohort. In our analysis the De Ritis ratio emerged to be an independent
prognostic indicator for DFS. Furthermore, the association was stronger in patients
receiving adjuvant chemotherapy, which might indicate a potential predictive value

of this biomarker.

Finally, this study contains several limitations that should be discussed. First, the
retrospective design of this study may have introduced a selection bias to our
cohort. We tried to address this issue by excluding patients of UICC stage I, since
the majority of this patient cohort are not routinely referred to our cancer center.

Secondly, in our study an elevated AST/ALT ratio was only associated with a
worse DFS but not with worse OS. However, the hazard ratio of 1.4 indicates a
similar trend towards worse OS in patients with elevated AST/ALT ratio. The lack
of statistical significance might be due to the low event rate caused by the

relatively short follow up period of 31 months.

Furthermore, the absence of an independent validation cohort for our biomarker
analysis proposes an additional limitation. We therefore encourage other study
groups to validate our findings in comparable patient cohorts as a further step to

clinical significance

5 Conclusion:

In this study the plasma AST/ALT ratio emerged as a valid prognostic marker for
DFS in non-metastatic colorectal cancer patients at stage Il and Ill. Within the
limitations of a retrospective study we conclude that the serum AST/ALT ratio
might represent a novel and inexpensive prognostic tool to aid in the identification

of patients at high risk of recurrent disease.
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