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List of abbreviations

AC = adenocarcinoma

ALC = absolute lymphocyte count

AMC = absolute monocyte count

ANC = absolute neutrophil count

BC = breast cancer

CA = cancer antigen

CAR = C-reactive protein to albumin ratio
CBC = complete blood count

CI = confidence interval

CRC = colorectal cancer

CRP = C-reactive protein

D-dimer = cross-linked fibrin degradation products
D-dimer-d-LDH = D-dimer to LDH ratio
D-dimer-d-NLR = D-dimer to NLR ratio
D-dimer-d-PLR = D-dimer to PLR ratio
DNA = deoxyribonucleic acid

ECOG = Eastern Cooperative Oncology Group
GC = gastric cancer

GPS = Glasgow Prognostic Score
HNSCC = head and neck squamous cell carcinoma
HR = hazard ratio

IL = interleukin

LDH = lactate dehydrogenase
LDHxD-dimer = LDH and D-dimer scalar
LDH-d-D-dimer = LDH to D-dimer ratio
LDH-d-NLR = LDH to NLR ratio
LDH-d-PLR = LDH to PLR ratio

LMR = lymphocyte to monocyte rate
mGPS = modified GPS

NLR = neutrophyl to lymphocyte ratio



2NLRdLDH = NLR to LDH ratio
NLRAPLR = NLR to PLR ratio
NLRxD-dimer = NRL and D-dimer scalar
NLRxLDH = NLR and LDH scalar
NLR-d-Dimer = NLR to D-dimer ratio
NSCLC = non small cell lung cancer
NST = non specified type

OC = ovarian cancer

ORYV = out of range value

OS = overall survival

PC = pancreatic cancer

PCA = prostate adenocarcinoma

PLR = platelet to lymphocyte ratio
PLRALDH = PLR to LDH ratio
PLRANLR = PLR to NLR ratio
PLR-d-Dimer = PLR to D-dimer ratio
PLRxD-dimer = PLR and D-dimer scalar
PLRxLDH = PLR and LDH scalar
PLRxNLR = PLR and NLR scalar

SCC = squamous cell carcinoma

SCLC = small cell lung cancer

SEER = Surveillance, Epidemiology, and End Results
TCC = transitional cell carcinoma

TNF = tumornecrosis factor

ULN = upper limit of normal

VEGF = vascular endothelial growth factor



1. Introduction

According to the definition by the National Institute of Health Biomarker
Definitions Working Group biomarker is ,,a characteristic that is objectively measured
and evaluated as an indicator of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention” [1]. In malignant diseases,
biomarkers can be the results of (1) changes in malignant tissue compared to normal
tissue, (2) changes in one type of malignancy that distinguish it from another, or (3)
changes within a type of malignancy that distinguish one behavior from the other [2]. A
prognostic biomarker provides information about the patients overall outcome,
regardless of therapy [3]. The association between short overall survival (OS) and
altered baseline values of elevated C-reactive protein (CRP) levels, decreased albumin
levels, elevated cross-linked fibrin degradation product (D-dimer) levels, lactate
dehydrogenase (LDH) levels, high CRP to albumin ratio (CAR), high absolute
neutrophil count (ANC) to absolute lymphocyte count (ALC) ratio (NLR) and low ALC

to absolute monocyte count (AMC) ratio (LMR) have been reported.

1.1. Prognostic importance of plasma C-reactive protein (CRP) levels

CRP is an acute phase protein, which belongs to pentraxins, consisting of five
coiled chains (approximately 23 kDa) around a central pole with non covalent binding.
CRP was first described in 1930. Tissue injury, infection or other inflammatory stimuli
can increase rapid (in hours) CRP production in the liver cells by mainly interleukin
(IL) -6. IL-1B and tumornecrosis factor (TNF) may contribute in the formation and
excretion of CRP in the liver. Extrahepatic CRP production is present in smooth muscle
cells around arterial plaques, macrophages, monocytes, lymphocytes, neurons and in the
kidney [4]. CRP may bind to autologue (e.g. modified plasma lipoproteins, damaged
cell membranes, various phospholipids, small nuclear ribonucleoprotein particules,
apoptotic cells) and extrinsic ligands (e.g. glicans, phospholipids, capsular or somatic
parts of bacteria, fungi or parasites, plant derived compounds) [5]. Nowadays CRP is
regarded as a biomarker of acute and chronic inflammation. Chronic inflammation has a
documented role in the pathogenesis and growth of malignant diseases [6-7].

Progression and survival of malignant diseases correlate with CRP-elevation [8-9]. The



lowest value of poor prognostic threshold of CRP (> 0.44 mg/L) was identified in a
prospective study. Different prognostic thresholds were published for CRP e.g.: > 1.04
mg/L; > 1.78 mg/L; > 2 mg/L; > 3 mg/L; > 4 mg/L; > 4.5 mg/L; > 5 mg/L; > 6.9 mg/L;
>9.8 mg/L; > 17 mg/L; > 35 mg/L; > 60 mg/L; and > 82 mg/L [6].

1.2. Prognostic importance of albumin levels

In the 16th century Paracelsus precipitated albumin from urine using vinegar,
and albumin was first crystallized in 1894 [10]. It was published in 1954, that malignant
disease acts as plasma protein trap, and the malignant cells utilize the degradation
products of proteins for the cell division [11]. In 1986 it was revealed, that the formation
of albumin is determined by the osmotic colloid pressure [12]. Other factors also
contribute to albumin synthesis e.g. the inflammatory and nutritional state of the human
body and hormonal factors. Albumin provides approximately 60% of serum proteins;
therefore, its main function is keeping osmotic pressure in normal range [13].
Furthermore in vitro and in vivo cell protective effects of albumin are known. It
neutralizes carcinogens, e.g. nitrosamines and the aflatoxin, has strong antioxidant
activity, stabilizes the duplication of deoxyribonucleic acid (DNA) and protects cells
against radiation [14]. In patients with localized malignant diseases moderate
hypalbuminaemia (in the range of 25 g/L. to 35 g/L) or normal albumin level is often
present. However, during disease progression, weight loss is accompanied by significant
decrease of albumin level. Reduction of albumin level can be explained on the one hand
by cachexia, and on the other hand large amount of cytokine production (IL-1, IL-6,
IL-8, and TNF) [15-16]. Elevated levels of IL-1, -6, -8 and TNF increase the production
of acute phase proteins, while inhibits albumin production [17-19]. TNF improves the
permeability of the vessel wall, through which albumin leaves the circulation, thus it
contributes to hypoalbuminaemia [20]. Other process of transmigration through the
vessel wall to the intercellular space is caveola formation. During this physiological
process, albumin binds to caveolin-1 receptor of endothelial cells, which results in shell
(caveola) formation [21]. Thus in patients with malignant diseases decrease of serum
albumin level is attributed to several factors, e.g. reduced albumin production due to

liver injury; reduced amino acid intake; acute or chronic inflammatory conditions.



Enormous data of the literature and clinical experience support the fact, that prognosis is
predicted by nutritional state of patients suffering from locally advanced and/or
metastatic malignant diseases. It is known, that in case of stress (e.g. perioperative
period, chemo- or chemoradiotherapy), malnutrition can be prevented by appropriate
nutrition in patients with localized malignant diseases. Stable disease and stabilisation
of catabolic process can be achieved by reaching adequate nutritional state resulting in
regeneration of energy store (anabolic state) [22]. In advanced malignant disease
baseline higher albumin value (generally > 35 g/L) predicts better prognosis [23]. The
lowest poor prognostic threshold (< 28 g/L.) was confirmed both in a prospective and in
a retrospective study [24]. However in the normal range of albumin [upper limit of
normal (ULN) 54 g/L] multiple prognostic thresholds were identified e.g.: < 36 g/L; <
37.1 g/L; <37.4 g/L; and < 40 g/L [23].

1.3. Prognostic importance of cross-linked fibrin degradation product (D-dimer) levels
Cross-linked fibrin degradation product (D-dimer) was first described in 1973
[25-26], which is formed principally through cascade of blood coagulation and
fibrinolysis. D-dimer elevation (>0.5 pg/mL) indirectly indicates the increased
activation of blood coagulation cascade (hypercoagulation), which is caused by the
absolute or relative dominance of procoagulant factors. In the former case excess of
procoagulant factors (e.g. tissue factor, cancer procoagulant, cancer-cell-derived blood
coagulating activity-1) produced by malignant cells enhance blood coagulation. Along
with these processes vascular endothelial growth factor (VEGF) produced by malignant
cells stimulates blood coagulation. Permeability of vessels is enhanced by VEGF, thus
larger amount of coagulant factors escape from the blood plasm directly to the
enviroment of malignant cells [27]. D-dimer elevation is an indicator of the proliferation
of malignant cells [28]. D-dimer can be elevated in malignant diseases without
thrombosis, which is explained by procoagulant factors produced by malignant cells.
Among patients with malignant diseases elevated D-dimer predicts shorter OS
regardless thromboembolism [29]. Different poor prognostic thresholds of D-dimer

were confirmed both above and below the ULN value (> 0.5 pg/mL) e.g.: > 2.000
pg/mL; > 1.500 pg/mL; > 1.465 pg/mL; > 1.330 pg/mL; > 1.000 pg/mL; > 0.860



pg/mL; > 0.850 pg/mL; > 0.800 pg/mL; > 0.760 pg/mL; > 0.710 pg/mL; > 0.59857
pg/mL; > 0.550 pg/mL; > 0.375 pg/mL; > 0.340 pg/mL; > 0.250 pg/mL; > 0.232
pg/mL; and > 0.03 pg/mL [30].

1.4. Prognostic importance of lactate dehydrogenase (LDH) levels

LDH was first described in muscle in 1919 [31]. LDH catalyses the reversible
piruvate-lactate conversion in anaerob conditions. Particular LDH activity pattern is
typical to normal tissues, which is determined by the function of the tissues and the
extent of LDH elevation. Among relevant causes of LDH elevation are highlighted
tissue injury, necrosis, hypoxia and haemolysis. Lactate formation is significantly
increased by LDHA isoenzyme expressed by malignant cells. Increased LDH activity is
directly proportional with lactate formation [32-34]. Lactate induces the proliferation of
malignant cells [35], the angiogenesis [36-38], and inhibits the innate and adaptive
immunresponses. Serum LDH elevation (> 480 U/L) correlates with shorter OS. Large
metaanalyses have proven, that even in the range of normal laboratory values (< 480
U/L), baseline LDH elevation is associated with poor prognosis of malignant diseases.
In a recent metaanalysis [39] the lowest threshold was e.g. 197.3 U/L. Other published
poor prognostic thresholds for LDH are e.g.: > 160.5 U/L; > 225 U/L; > 240 U/L; > 245
U/L; > 250 U/L; > 252 U/L; > 313 U/L; > 469 U/L; > 800 U/L; and > 1000 U/L [40].

1.5. Prognostic importance of CRP to albumin ratio (CAR)

Prognostic role of CAR was first revealed in a study of ovarian cancer in 2017
[41]. Since then several studies have proven the poor prognostic role of elevated
baseline CAR with different tresholds e.g. > 0.68; > 0.195; > 0.022; > 0.073; > 0.03; >
0.141; > 0.064; > 0.05; > 0.1; and > 0.18 [42-52].

1.6. Prognostic importance of absolute neutrophil to absolute lymphocyte ratio (NLR)
Leukocytes were discovered in 1843, and the method of differential blood cell

counting was described in 1879 [53]. As a marker of systemic inflammation, NLR has

been addressed as independent predictor of OS in cancer patients. In 2014 based on a

meta-analysis NLR > 4 is associated with an adverse OS [54]. Since then several
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metaanalyses have supported the evidence of the prognostic significance of elevated
baseline NLR e.g.: 1.77 to 5; 2.6 to 5.25; > 3; > 3.2; > 4.03; > 5; > 5.3; 2 to 6; and > 6
[55-62].

1.7. Prognostic importance of absolute lymphocyte to absolute monocyte ratio (LMR)

It is known, that lymphocytes play important role in anticancer immunity [63-
64]. The reduction of lymphocyte count predicts poor prognosis [65], and monocytes
play important role in the progression of malignant diseases [66]. Furthermore in the
microenvironment of the neoplastic tissue, circulating monocytes differentiate to
macrophages [67]. M2 type macrophages facilitate the growth of the malignancy, the
neovascularisation and metastasis formation [68],thus elevated monocyte count is
associated with poor prognosis [69]. Consequently, low LMR value predicts poor
prognosis. Different prognostic cut-offs of LMR are published e.g. < 4.44; < 5.00; <
4.00; < 1.67; < 3.17;< 2.22; < 3.45; < 3.84; < 3.85; < 3.95; < 4.20; and < 4.35 [70-74].

1.8. Prognostic importance of platelet to absolute lymphocyte ratio (PLR)
Platelets were discovered in 1842 [53]. Association between baseline elevated
PLR and short OS was described in several malignancies with different thresholds e.g.:

>146.2; 2200; 2180; >150; >220; >181.24 [75-86].



2. Objectives

The aims of this study were the following:
(1) to reveal an association among the well-known biomarkers, some of their
combinations and the OS in real-life situation of consecutive patients suffering from
advanced cancer;
(2) to select the three most significant single biomarkers and investigate their
combinations regarding prognostic values;
(3) to form prognostic groups and stratify the patients determining the prognostic

significance of these.



3. Methods
Ethical approval was waived by the Medical Research Council (No. IV/5406-
1/2021/EKU) for this retrospective analysis.

Blood samples of consecutive patients with advanced cancer treated in a single
institution (Oncology Department of Szent Lazar County Hospital, Salgotarjan,
Hungary) were taken as part of the routine investigation before the initiation of the
therapy of the given disease. Recurrent disease was defined as the previously resected
malignant disease had locally or regionally (in lymphnodes) recurrency at the time of
sampling. Metastatic disease was defined as unresectable multiple metastases were
present at the time of sampling. Patients with all the following biomarkers available
were eligible to the study: CRP, D-dimer, LDH, albumin, and complete blood count
(CBC). Exclusion criteria consisted of suspected infection, hematological malignancy,
the lack of at least one biomarker data point, rapid progression [i.e., from laboratory
testing, Eastern Cooperative Oncology Group (ECOG) performance status progressed to
3 before the initiation of anticancer treatment], or death caused by something other than

disease progression.

CRP, LDH, and albumin were measured with commercially available Roche
tests on Cobas c501 or Cobas 6000 analysers (Tokyo, Japan). D-dimer levels were
measured by a chemiluminescent immunoassay (PATHFAST, Tokyo, Japan). CBC was
determined with Cell-dyn 3700 (Abbott Park, IL, United States and Beckman Unicel
DxH600, Miami, FL, United States). The CAR and the CBC derived parameters such as
LMR, NLR, and PLR were calculated as the ratio of CRP and albumin, the lymphocyte
count and the monocyte count, the ratio of the neutrophil count and the lymphocyte
count, and the ratio of the platelet count and the lymphocyte count, respectively.

For the purpose of statistical analysis, the CRP value of 4.9 mg/L for <5 mg/L
(lower level of detection), and the D-dimer value of 5.1 pg/mL for >5 pg/mL (higher
level of detection) were used. All other biomarker values were handled with the
measured numeric values. Cut-off determination was performed with the validated
“Cutoff Finder” online tool. Statistical analysis was performed by R Studio Software.

For each value a comparison was made between the median OS values below and over
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the cut-off value by the log-rank test. The value with the largest gap and Chi-squared
statistics was selected. Comparison of the prognostic groups with Cox proportional
hazard regression was performed. Log-rank test was used to detect the differences
between survival curves within the prognostic groups in the Kaplan-Meier analysis as
well as to assess the significance of the Cox model. OS time was defined as the length
of survival from the date of laboratory testing. Survival data measured in months were
computed according to Surveillance, Epidemiology, and End Results (SEER)
recommendations: days between the dates were divided by one twelfth of 365.24. For
the median follow-up time calculation, we used a reverse Kaplan-Meier estimator [87].
The same method was applied for the analysis of biomarker-combinations

(unpublished data).
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4. Results
4.1. Patient characteristics

Between July 2016 and August 2019, blood samples of 88 consecutive patients
with advanced malignant disease were analysed. No common infectious diseases were
diagnosed. Data of 13 patients were excluded from the final analysis because of
haematological malignancy (1), the lack of any of biomarker's data (2), death caused by
rapid progression before the initiation of anticancer therapy (4) or by other cause of
death, than disease progression (6). Thus the final retrospective analysis included the
data of 75 patients. The shortest censored survival time was 24 months, i. e. the time has
elapsed since July 2019. As of July 2021, 6 (8%) patients were still alive. Data of
patient characteristics are described in Table 1 [87]. Further details of the patients are

available in the Supplementeray Material [87].

4.2. Baseline biomarkers and survival

With a median follow-up of 47 months [95% confidence interval (CI): 37.2 —
49.3] the median OS was 12.1 months (95% CI: 7.8 — 18.3) (Fig. 1). Mean values of
CRP, D-dimer, LDH, albumin, CAR, LMR, NLR and PLR were: 28.83 mg/L, 1.70
pg/mL, 482.12 U/L, 41.62 g/L, 0.8118, 3.41, 4.29, and 168.83, respectively.

4.3. Determination of cut-off values

The following cut-off values were determined for CRP 30.65 mg/L (Chi-squared
= 20.85; p < 0.001), D-dimer 1.98 pg/mL (Chi-squared = 12.94; p < 0.001), LDH
410.50 U/L (Chi-squared = 10.45; p < 0.001), albumin 44.35 g/L. (Chi-squared = 15.63;
p < 0.001), CAR 1.4950 (Chi-squared = 23.54; p < 0.001), LMR 2.65 (Chi-squared =
3.45; p = 0.063), NLR 4.34 (Chi-squared = 10.50; p < 0.001) and PLR 168.20 (Chi-
squared = 15.17; p < 0.001). Regardless to CAR, the three most significant biomarkers
were the following: CRP (Eta-squared = 0.188; large power size), albumin (Eta-squared
= 0.147; large power size) and PLR (Eta-squared = 0.153; large power size) (Table 2.)
[87].

Application of CAR (unpublished data) and PLR, three biomarkers were
significantly associated with OS in the following order: D-dimer, NLR and LDH.

12



Table 1. Characteristics of the 75 patients [87]

Sex

Male  57.3% (43/75)
Female 42.6% (32/75)

Average age
Male 62.97ys
Female 66.65ys

Malignancy (n=75)

TNM stage

Locally advanced (20/75)

HNSCC (8/20)
Nasopharynx
Hard palate
Pharynx
Hypopharynx

SCLC & hypopharyngeal SCC (1/20)

SCLC (1/20)

NSCLC SCC (2/20)

NSCLC AC (3/20)

GC AC (1/20)

PC AC (1/20)

CRC (2/20) Transverse colon
Rectum
OC AC (1/20)
Recurrent (6/75)
HNSCC (2/6)
Tongue
Pharynx

cT4cN1cMO
cT3cN2acMO
cT2cNOcMO

cT3cNxcMO
cT3cNOcMO
cT3cN1cMO
cT2cN2bcMO
cT2cN1cMO

cT2cN2cMO;cT1cNxcMO
cT3cN3cMO

cT4cN2cMO
cT2cNxcMO
cT2cNxcMO
cT4cN1cMO
cT3cN2cMO

cT3cN1cMO
cT4cNxcMO

cT4cN2cMO
cT4cN1cMO

cT3cN1cMO

cT2cN1cMO
cT2cN2acMO
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Malignancy (n=75) (Table 1. continued) TNM stage

Recurrent (6/75)
GC AC (1/6) Abdominal lymphnode pT3pN2cMO

BC (3/6) Axillary lymphnode cT1lccN1cMO
Neck lymphnode pTxcN3cMO
Local cT4cNxcMO

Metastatic (49/75)

Parotid SCC (1/49) Suprarenal met. cT3cN2bcM1
Tongue SCC (1/49) Pulmonary met. cT1cN2acM1
Hypopharyngeal SCC (2/49)
Pulmonary met. cT1cN1cM1
Bone met. cT1lcNlcMl

NSCLC AC (5/49)
Pulmonary, cerebral met. cT2cN2cM1

Pleural carcinosis cT1lccNxpM1
Bone met. cT3cN2cM1
cT4cN2cM1
Pulmonary, bone met. pT2pN1pM1
NSCLC SCC (2/49)
Bone met. cT4cN2cM1
Pulmonary, bone met. cT3cN1cM1
GC AC (3/49)
Hepatic met. cT3cN3cM1
Peritoneal carcinosis cT3cNxcM1
CcT4cN3cM1
CRC AC coecal (4/49)
Hepatic met. pT4pN1lpM1
pT3pN2pM1
Hep. met., perit. carcinosis cT4cNxcM1
cT4cN1pM1
CRC AC transverse (1/49) Hepatic met. pT4pN1pM1
CRC AC sigmoid (1/49) Peritoneal carcinosis pT3pN2pM1
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Metastatic (49/75)

Malignancy (n=75) (Table 1. continued)

CRC AC rectal (8/49)

PC AC (8/49)

Cholecyst AC (1/49)

PCA (3/49)

Bladder TCC (1/49)

BC NST (5/49)

BC neuroendocrine (1/49)

OC AC (2/49)

Hepatic met.

Hepatic, pulmonary met.

Pulmonary met.

Pulmonary met.
Bone met.

Bone, cerebral met.
Hepatic met.

Hepatic met.

Hep., pulm., bone met.
Pulmonary, bone met.
Bone met.

Pulmonary met.

Pulmonary, bone met.

Perit. carcin., bone met.
Bone met.

Mediastinal, bone met.

Pulmonary met.

15

TNM stage

cT4cNxpM1
pT2pN1pM1
pT2pNxpM1
cT4cN2pM1
pT3pN1pM1
pT3pN1pM1
cT4cNxcM1
CcT4cN1cM1

CTxcN2cM1
CTxcNxcM1
cT2cN2cM1
cT2cNxpM1
cT2cNxpM1
cT2cN2pM1
cT2cN2pM1
cT2cN1pM1

pT2pN1pM1

pTlccNlcM1
pT2acNxcM1
cT2acN1cM1

pT2bpN2cM1

pT4cpN3acM1
pT1lcpN2cM1
pT2pN2acM1
pTlcpN2acM1
CcT4cN1cM1

cT4cN1cM1

cT1lbcNxcM1
cT3cN1lcM1
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Fig. 1. The Kaplan-Meier plot of 75 patients [87]
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69 patients died, 6 patients are still alive (censored data). Median OS is 369 days (12.12
months), range 2-1488 days (0.06-48.89 months).

On examination the combinations of PLR, D-dimer, NLR and LDH, the most

significant combinations were found to be PLR and D-dimer scalar (PLRxD-dimer)

(Chi-sqgared = 28.19; p < 0.001) and NLR (Chi-squared = 10.50; p < 0.001). Cut-offs for

PLRxD-dimer (unpublished data) and for NLR [87-88] were 150.3 and 4.34.

Table 2. Comparison of the median OS based on the cut-off value for each

significant biomarker [87]

CRP (mg/L) albumin (g/L) PLR
Cut-off value | > 30.65 <30.65 <44.35 >44.35 | >168.20 | < 168.20
n= 16 59 47 28 28 47
Median OS 4.89 17.71 8.94 21.54 6.67 18.20
(months)
Mann- 3.75 3.32 3.38
Whitney test
(Z statistic)
p-value <0.001 <0.001 <0.001
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Summary of the significant and non-significant biomarker-combinations are

demonstrated in Table 3 and 4 (unpublished data).

Table 3. Biomarker-combinations with significant association of overall survival

Biomarker combination Cut-off Chi-squared p-value
PLRxD-dimer (pg/mL) 150.3 28.19 <0.001
LDHxD-dimer (U/L x pg/mL) | 969.3 23.01 <0.001
NLRxD-dimer (pg/mL) 5.035 15.44 <0.001
PLRxNLR 471.3 13.06 <0.001
NLRdPLR 0.03531 10.48 0.001
PLRANLR 28.32 9.19 0.002
PLRALDH (U/L) 0.5755 8.58 0.003
D-dimer-d-LDH (pg/mL / U/L) | 0.0051 8.23 0.004
PLRxLDH (U/L) 50440 7.91 0.005
NLRALDH (U/L) 0.012 7.62 0.006
LDH-d-D-dimer (U/L / pg/mL) | 181.5 5.05 0.025
LDHAPLR (U/L) 0.739 4.57 0.032
---x--- = scalar; ---d--- = ratio;

Table 4. Biomarker-combinations with NO significant association of overall

survival

Biomarker combination Chi-squared p-value
D-dimer-d-PLR (pg/mL) 3.78 0.052
D-dimer-d-NLR (pg/mL) 3.66 0.056
NLR-d-D-dimer (pg/mL) 3.11 0.077
PLR-d-Dimer (pg/mL) 241 0.120
LDHANLR (U/L) 0.17 0.680
NLRxLDH (U/L) 0.06 0.800
---x--- = scalar; ---d--- = ratio;
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4.4. The relationship between the prognostic cut-off values and survival

For each biomarkers (CRP, albumin and PLR) the results of the comparison of
the median OS of the groups above and below the cut-off value are demonstrated on
Fig. 2A-B-C and 3A-B-C-D. For CRP and PLR (Fig. 2A and 2C) longer survivals were
found below, than above the cut-off values, and for albumin (Fig. 2B) longer survival
was found above the cut-off value [87].

For the most significant biomarker-combinations (CAR, PLRxD-dimer, NLR
and NLRALDH) values under the cut-off were associated with longer overall survival

(Table 5.), (Fig.3.) (unpublished data).

Table 5. Comparison of median survival based on each cut-off values of

biomarker-combinations (unpublished data)

CAR PLRxD-dimer NLR NLRALDH
(mg/L / g/L) (pg/mL) (U/L)
Cut-off >1.4950 |<1.4950|>150.30<150.30| >4.34 <4.34|>0.012 <0.012
value
n= 11 64 43 32 22 53 16 59

Median OS 4.07 16.69 | 6.67 | 25.11 524 |17.71] 3.68 | 17.51
(months)

Mann- 3.68 4.82 3.32 3.09
Whitney test
(Z statistics)

p-value <0.001 <0.001 <0.001 0.002

PLRxD-dimer = PLR and D-dimer scalar; NLRALDH = NLR to LDH ratio

4.5. Classification of patients into risk groups
4.5.1. Application of three biomarkers (CRP, albumin, PLR)

With the combination of triplet biomarkers (CRP, albumin and PLR), prognostic
groups were created independently from stage, histology and time to progression on
first line therapy. Four prognostic groups were formed based on the cut-off values of
each biomarker Group 1: No biomarker with out-of range value (ORV), defined by the
cut-off value; Group 2: One ORV biomarker; Group 3: Two ORV biomarkers; Group 4:
Three ORV biomarkers (Table 6) [87].
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Fig. 2a. Kaplan-Meier plot for CRP biomarker [87]

Longer survival was found below the cut-off (30.65 mg/L) value:

539 vs. 149 days (17.71 vs. 4.89 months).
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Fig. 2b. Kaplan-Meier plot for albumin biomarker [87]

Longer survival was found above the cut-off (44.35 g/L)) value:

655.5 vs. 272 days (21.54 vs. 8.94 months).
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Fig. 2c. Kaplan-Meier plot for PLR biomarker [87]

Longer survival was found below the cut-off (168.20) value:

554 vs. 203 days (18.20 vs. 6.67 months).
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Fig. 3a. Kaplan-Meier curve for CAR biomarker-combination (unpublished data).

Longer survival is observed under the cut-off value (1.4950 mg/L / g/L):
508 vs. 124 days (16.7 vs. 4,1 months)
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Fig. 3b. Kaplan-Meier curve for D-dimer and PLR scalar biomarker-combination

(unpublished data).

Longer survival is observed under the cut-off value (150.3 pg/mL):

764.5 vs. 203 days (25.1 vs. 6.7 months).

23



o @]
S

o
o

Survival probability
=] =]
o 3

:

- £4.341
— >4.341

1500

Days

Fig. 3c. Kaplan-Meier curve for NLR [88]

Longer survival is observed under the cut-off values (4.34):

539 vs. 159.5 days (17.71 vs. 5.24 months).
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Kaplan-Meier curve for NLR to LDH ratio biomarker-combination

(unpublished data).

Longer survival is observed under the cut-off value (0.012 U/L):

533 vs. 112 days (17.51 vs. 3.68 months).
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Table 6. The four prognostic groups based on the established cut-off values of the
selected three biomarkers (CRP, albumin and PLR) [87]

Group 1 Group 2 Group 3 Group 4

CRP <30.65 | >30.65 | <30.65 | <30.65 | >30.65 | >30.65 | <30.65 | >30.65
(mg/L)

albumin| >44.35 | >44.35 | <44.35 | >44.35 | <44.35 | >44.35 | <44.35 | <44.35
(g/L)

PLR <168.20 | <168.20 | <168.20 | >168.20 | <168.20| >168.20 | >168.20 | >168.20

Out of range values (ORV) of the biomarkers are in bold style.

Significant differences were detected between these groups (Fig. 4),
(Table 7). The Likelihood ratio test of Cox-model regression parameters for the four

groups was 29.5 (p < 0.001).

Chi? = 34.01 p<0.001 Group2 —+

Group 3

0.751 P>
Group 4

0.501

0.251

0.00 l

0 500 1000 1500
Days

Fig. 4. Kaplan-Meier survival plots for the four prognostic groups (CRP, albumin,

PLR) [87]

Group 1: median OS = 793.5 days (26.07 months); Group 2: median OS = 411.0 days
(13.50 months); Group 3: median OS = 242.5 days (7.97 months); Group 4: median OS
= 119 days (3.91 months). Significant differences were detected between the Group 1
(reference) and Group 2-3-4 (p = 0.003; p < 0.001; p < 0.001).
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Table 7. Prognostic significance of the four prognostic groups [87]

Group | n= | Median OS | HR (95% CI) p-value Power (95% CI)
(months)
1 24 26.07 1 - -
2 21 13.50 3.0(1.5-6.2) 0.003 0.896 (0.242-0.997)
3 20 7.97 4.1(2.0-8.3) <0.001 0.976 (0.570-0.999)
4 10 3.91 10.2 (4.2 - 24.6) <0.001 0.999 (0.981-1)

4.5.2. Application of three biomarker-combinations (CAR, PLR-D-dimer scalar, NLR)

Regarding the biomarker-combinations, patients classification to risk groups

were most balanced with the usage of CAR, PLR and D-dimer scalar (PLRxD-dimer)
and NLR, than using NLR to LDH ratio (NLRALDH), therefore these three

combinations were analysed further. Four prognostic groups were generated based on

the cut-off values of each biomarker-combination (Table 8.).

Table 8. Four prognostic groups based on the cut-off values of the three

biomarker-combinations [CAR (mg/L / g/L), PLRxD-dimer (ug/mL) and NLR]

Ref. 1 ORV 2 ORV 3 ORV
biomarker-comb. biomarker-comb. biomarker-

comb.

CAR < > < < > > < >
1.4950 | 1.4950 | 1.4950 | 1.4950 | 1.4950 | 1.4950 | 1.4950 1.4950

PLRx < < > < > < > >
D-dimer | 150.30 | 150.30 | 150.30 | 150.30 | 150.30 | 150.30 | 150.30 150.30
NLR <4.34 <4.34 <434 | >4.34 | <434 | >4.34 | >4.34 >4.34

Values above the cut-off in bold style; PLRxD-dimer = PLR and D-dimer scalar;

Significant differences were detected between the groups (Table 9.), (Fig. 5).

The Likelihood ratio test of Cox-model regression parameters for the four groups was
32.124 (p <0.001) (unpublished data).
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Table 9. Prognostic importance of the four biomarker-combination groups (CAR,

PLRxD-dimer and NLR)

Group n= | Median OS HR p-value Power
(months) | (95% CI) (95% CI)
Reference 27 25.16 1 - -
1 ORV biomarker-comb. | 29 11.10 3.0 <0.001 0.929
(1.7-5.4) (0.434-0.996)
2 ORV biomarker-comb. | 10 5.89 5.3 <0.001 0.998
(24-11.7) (0.714-0.999)
3 ORYV biomarker-comb. | 9 4.07 9.0 <0.001 0.999
(3.9-20.8) (0.979-1)
1.00 | reference
1 ORV biomarker-comb.
.? = 2 ORV biomarker-comb.
E 0-75 | 3 ORV biomarker-comb.
qv]
0
E 0.50
o
e
2 0.25 1
- "
“2 0.00 1 ]
0 500 1000 1500

Days

Fig. 5. Kaplan-Meier curves of the four biomarker-combination prognostic groups

(CAR, PLRxD-dimer and NLR)

1. group: median OS = 766 days (25.16 months); 2. group: median OS = 338 days
(11.10 months); 3. group: median OS = 179.5 days (5.89 months); 4. group: median OS

= 124 days (4.07 months). Significant differences were observed between 1. (reference)

group and groups 2-3-4 (p < 0.001).
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4.6. Comparison the clinical utility of three biomarkers and biomarker-combinations
Addressing the question, whether the application of three biomarkers (CRP,
albumin and PLR) or three biomarker-combinations (CAR, PLRxD-dimer and NLR)
may predict overall survival more accurately, the sensitivity, specificity, positive and
negative predictive values of the biomarkers and the biomarker- combinations at the

time interval of death occured in one year or in two years were compared.

Survival rates of the prognostic groups of three biomarkers (CRP, albumin and

PLR) at one year and at two years were calculated (Table 10.).

Table 10. Survival rates (%) of the prognostic groups of CRP, albumin and PLR

At 1 year At 2 years
Group 1 75.0 58.3
Group 2 52.4 23.8
Group 3 25.0 10.0
Group 4 10.0 0.0

Based on the time intervals of one and two years, sensitivity, specificity, positive
and negative predictive values were determined [89] and the results are summarized in

Table 11.

Table 11. Sensitivity, specificity, positive and negative predictive values of CRP,

albumin and PLR at the time interval of one and two years

Death Sensitivity Specificity  Pos. Pred. value Neg. Pred. value
occured in (%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI)

lyear  85.0(70.2-94.3) 51.4(33.9-68.2) 66.6(58.1-74.2) 75.0 (57.3-87.0)
2years  81.5(68.6-90.7) 66.6(43.0-85.4) 86.3(77.2-92.1) 58.3 (42.6-72.5)

Survival rates of the prognostic groups of three biomarker-combinations (CAR,

PLRxD-dimer and NLR) at one year and at two years were calculated (Table 12.).
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Table 12. Survival rates (%) of the prognostic groups of CAR, PLRxD-dimer and
NLR

At 1 year At 2 years
Reference 85.2 62.9
1 ORYV biomarker-comb. 41.4 10.3
2 ORYV biomarker-comb. 20.0 10.0
3 ORYV biomarker-comb. 11.1 0.0

Based on the time intervals of one and two years, sensitivity, specificity, positive
and negative predictive values were determined [89] and the results are summarized in

Table 13.

Table 13. Sensitivity, specificity, positive and negative predictive values of CAR,

PLRxD-dimer and NLR at the time interval of one and two years

Death Sensitivity Specificity  Pos. Pred. value Neg. Pred. value
occured in (%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI)

lyear  89.2(74.6-96.9) 60.5(73.4-75.9) 68.7 (59.3-76.8) 85.2 (68.7-93.7)
2years  81.5(68.6-90.7) 80.9 (58.1-94.5) 91.6(81.8-96.4) 62.9 (48.3-75.5)

Both one and two years survivals can be more accurately predicted with the
application of the biomarker-combinations of CAR, PLRxD-dimer and NLR than the
three biomarkers of CRP, albumin and PLR.
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5. Discussion

Chronic low grade and intensity inflammation might precede malignant
transformation and is considered to be a predisposing factor in the pathogenesis of
cancer [90]. Some extensively studied peripheral blood biomarkers related to cancer
development were proven to be independent prognostic factors of cancer survival: CRP
[9], albumin [24], D-dimer [30], LDH [40], CAR [91], LMR [87], NLR [88] and PLR
[87]. However the different prognostic values established at different trials means
uncertainty of the application these.

Several analyses have addressed the question, whether combinations of
biomarkers could provide prognostic scores for survival prediction in cancer. For
instance, CAR is regarded to be superior to other inflammation-based prognostic scores,
including NLR and PLR, and therefore is recognized as the most useful prognostic
marker [92]. Furthermore the combined application of CAR, CRP and the GPS, which
also include CRP and albumin levels, may provide more accurate clinical utility of
prognosis prediction in colorectal cancer [93]. The mGPS, which consist of different
cut-off levels of CRP and albumin, in combination with LMR can stratify patients
according to prognosis in lung adenocarcinoma without driver mutations [94].
Combined fibrinogen and albumin levels might be a potential prognostic biomarker for
low grade gliomas, and a reliable point-based nomogram may have clinical relevance
[95]. LDH to albumin ratio is an independent predictor of the prognosis of colon cancer
patients [96]. Albumin to D-dimer ratio was found to be an independent prognostic
factor in advanced gastric cancer [97]. The combination of LDH, CRP, cancer antigen
(CA) 15-3, and CA 125 were indentified to be related to the prognosis in metastatic
breast cancer [98]. Prognostic risk scoring model based on the LDH level and the
neutrophil count may help to estimate the prognosis in esophegal cancer [99]. Elevated
NLR and PLR were associated with worse prognosis in breast cancer [100].

In this retrospective and confirmatory analysis, eight routinely measured clinical
laboratory parameters (CRP, albumin, D-dimer, LDH, CAR and based on CBC,
calculated LMR, NLR and PLR) were applied to a consecutive real-life patient

population of locally advanced, recurrent and metastatic malignant diseases at a single
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institution (Szent Lazar County Hospital), and searched for the most significant
biomarkers and their combinations regarding OS.

It was demonstrated, that all biomarkers and biomarker-combinations studied
were in significant correlation with the overall survival.

The two most significant serum biomarkers were CRP and albumin. The first
significant blood cell count derived ratio was PLR. Overall survival was longer below
the cut-off values of CRP and PLR, and above the cut-off value of albumin for the study
population (Fig.2.), which are in accordance with the data of the literature.

Stratification of the patients in to one of the four groups was performed
according to the number of ORV biomarkers (Table 6.). It was found, that these
prognostic groups enable to identify the good, moderate, intermediate and the poor OS
patients with reasonable accuracy (Fig. 4.), (Table 7.). [87]

Using biomarker-combinations (unpublished data), the three most significant
combinations were: CAR, PLR and D-dimer scalar (PLRxD-dimer) and NLR [88].
Overall survival below the cut-off values of CAR, PLRxD-dimer and NLR was longer,
than below the cut-off values (Fig.3.).

Patients were also stratified to one of the four groups generated by ORV
biomarkers (Table 8.). These prognostic groups also enable to identify the good,
moderate, intermediate and the poor OS patients (Fig. 5.), (Table 9.), furthermore
predict overall survival more accurately than three biomarkers of CRP, albumin and
PLR (Tables 11 and 13).

This analysis have some limitations. First, the patient population for this small
scale retrospective analysis is histologically heterogenous. Second, regarding the stage,
these unbalanced cohorts of advanced cancer patients are also heterogenous. Third, the
identified cut-off values by this study for CRP, albumin and PLR are slightly different
from used by other studies, therefore they need to be validated in a large scale
prospective study. Fourth the CAR cut-off identified in this study is significantly
different from that published in the literature. Fifth, there are multiple factors having a
possible influence on the OS of patients, that were not monitored in this analysis. The
clear distinction among the OS of the four biomarker and biomarker-combination

groups however make this approach promising.

32



6. Conclusions

Based on this analysis it can be confirmed, that the combination of peripheral
blood biomarkers measured at baseline could be applied for the estimation for the OS in
real-life population of advanced cancer patients. It was possible to establish consistent
prognostic groups using the most significant three biomarkers (CRP, albumin and PLR),
and three biomarker- combinatons [CAR, PLR-D-dimer scalar (PLRxD-dimer) and
NLR]. The OS was significantly different in each of the prognostic groups developed.
One advantage of this study is, that these parameters can be routinely measured without
additional costs. The author of this dissertation persuaded, that the prognostic
significance of these and other biomarker patterns warrants further investigations and
validations in large prospective cohorts in order to decide, whether the knowledge of
these information may contribute better prediction of prognosis of advanced cancer

patients.
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New theses:

1.: Based on the baseline values of eight prognostic biomarkers [C-reactive protein
(CRP), cross-linked fibrin degradation product (D-dimer), lactate dehydrogenase
(LDH), albumin, CRP to albumin ratio (CAR), lymphocyte to monocyte ratio
(LMR), neutrophil to lymphocyte ratio (NLR) and platelet to-lymphocyte ratio
(PLR)] and the median overall survival cut-off values were determined, which
provided the selection those biomarkers and biomarker-combinations exhibited

the most significant association with overall survival.

2.: Application of the cut-off values of three biomarkers (CRP, albumin, PLR) or
biomarker-combinations (CAR, PLRxD-dimer, NLR) four prognostic groups were

generated in advanced cancer patients.

3.: In real-life situations these baseline values of peripheral blood biomarkers
(CRP, albumin, PLR) and biomarker-combinations (CAR, PLRxD-dimer, NLR)
may contribute to overall survival (OS) prediction in patients with advanced

cancer.

4.: Prognostic biomarkers [C-reactive protein (CRP), cross-linked fibrin
degradation product (D-dimer), lactate dehydrogenase (LDH), albumin, CRP to
albumin ratio (CAR), lymphocyte to monocyte ratio (LMR), neutrophil to
lymphocyte ratio (NLR) and platelet to-lymphocyte ratio (PLR)] can be routinely

measured without additional costs.

5.: Exploration the prognostic importance of biomarker patterns and evaluation
their role compared to the well-established prognostic systems need further
investigations and validations in order to decide, what extent these knowledges

contrubite to the therapy of the patients.
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7. Summary

Consistent association between elevated baseline serum values each of the C-
reactive protein (CRP), cross linked fibrin degradation product (D-dimer), lactate
dehydrogenase (LDH), decreased baseline serum albumin, absolute lymphocyte count
to absolute monocyte count ratio (LMR), elevated CRP to albumin ratio (CAR),
absolute neutrophil count to absolute lymphocyte count ratio (NLR), elevated platelet
count to absolute lymphocyte count ratio (PLR), combinations of some of these
biomarkers and the short overall survival of patients with malignant diseases has already
been reported.

The most significant biomarker combination of these values was searched and
studied in real-life population of advanced cancer patients of a single center (n = 75).
CRP, albumin and PLR showed marked association with OS. Based on assessed
biomarker cut-offs, four patient groups were created whether biomarker values are out
of range (ORV) compared to cut-off: (1) No ORV biomarkers (n = 24; OS = 26.1
months); (2) One ORV biomarker (n = 21; OS = 13.5 months); (3) Two ORV
biomarkers (n = 20; OS = 7.9 months) and (4) Three ORV biomarkers (n = 10; OS = 3.9
months). Significant differences in OS were detected between the groups: for 1. vs. 2.
hazard ratio (HR) = 3.0 (95% CI: 1.5 - 6.2), p = 0.003; for 1. vs. 3. HR = 4.1 (95% CI:
2.0 -8.3), p<0.001; for 1 vs. 4. HR = 10.2 (95% CI: 4.2 — 24.6), p < 0.001. CAR, PLR
and D-dimer scalar (PLRxD-dimer) and NLR exhibited significant association with OS.
Based on these biomarker-combination cut-offs four prognostic groups were created: (1)
No ORYV biomarkers (n = 27; OS = 25.2 months); (2) One ORV biomarker (n = 29; OS
= 11.1 months); (3) Two ORV biomarkers (n = 10; OS = 5.9 months) and (4) Three
ORYV biomarkers (n = 9; OS = 4.1 months). OS differences were significant between the
groups: 1. vs. 2. hazard ratio (HR) = 3.0 [95% CI: 1.7 — 5.4), p < 0.001; 1. vs. 3. HR =
5.3(95% CI: 2.4 -11.7), p < 0.001; 1 vs. 4. HR = 9.0 (95% CI: 3.9 — 20.8), p < 0.001.

Based on this analysis it can be confirmed, that the complex monitoring of CRP,
albumin and PLR would contribute to the estimation of OS, however the combination of
CAR, PLRxD-dimer and NLR allow better OS prediction. Large scale prospective
studies are warranted to explore this and other useful combination of prognostic

biomarkers and their relationship to the well-established prognostic systems in real-life.
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