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Laboratory medicine plays an important role in the man-
agement of cancer patients [1]. The success in the treat-
ment of cancer is critically dependent on the collaboration
of the multidisciplinary team that obviously includes also
specialists in clinical chemistry and laboratory medi-
cine. Information from the laboratory has far-reaching
consequences that help in guiding the management of
the patient from the moments preceding the diagnosis
throughout the multidisciplinary therapy to subsequent
follow-up or palliative care, and is crucial for the diagno-
sis, prediction of response and prognosis, monitoring of
treatment effect, or detection of toxicity. The introduction
of new agents, specifically the drugs targeting defined
molecular pathways responsible for malignant transfor-
mation, is becoming increasingly dependent on simulta-
neous development of companion diagnostics to guide
the patient selection. Several papers in the current issue
of Clinical Chemistry and Laboratory Medicine document
how laboratory medicine (possibly defined more broadly
than we are used) shapes (or may shape) the practice of
clinical oncology.

The determination of circulating biomarkers has been
an integral part of the management of cancer patients
for several decades, and tumor biomarkers such as
o-fetoprotein (AFP), carcinoembryonic antigen (CEA), or
prostate specific antigen (PSA) are currently widely used
in the diagnosis as well as monitoring of cancer patients
during the course of disease or treatment. However, the
availability and widespread use of tumor biomarkers has
also resulted in some misconceptions and misuses. Many
of the tumor biomarkers are associated not only with
malignant disease, but increased concentrations of these
molecules also accompany many other benign disorders,
and high concentrations are frequently encountered in
patients without a malignant tumor. Therefore, inappro-
priate testing can result in unnecessary investigations,
including invasive procedures, with associated cost, risk
of complications and patient anxiety. These issues have
been, for some time, widely discussed in the medical com-
munity [2-4].

Moreno-Campoy et al. [5] present a retrospective anal-
ysis of patterns of requests for tumor markers in a setting
of a large center. These descriptive data are of paramount
interest with regard to the characterization of clinical
practice. As the authors point out, the majority of tumor
markers currently used are characterized by variable sen-
sitivity and specificity that is usually suboptimal for a
reliable diagnosis. This paper documents widespread use
of tumor markers other than PSA or AFP for diagnostic
purposes. Using very liberal criteria, only about 40% of
requests could be classified as appropriate. As expected,
most investigations were negative, but the high percentage
of positive results in an absence of tumor pathology is cer-
tainly troubling. Confused ordering of tumor marker does
not resolve, but rather increases diagnostic uncertainty,
leading to further unnecessary investigations, including
invasive procedures. Physicians are usually very diligent in
selecting medication, and prescribing a drug without clear
indication and justification would be viewed as negligence,
if not worse. It is therefore paradoxical that the practice of
indiscriminate ordering of laboratory test without any jus-
tification that may be in its consequences equally harmful
to the patient as the prescription of wrong or unnecessary
medication remains a widely overlooked issue.

The paper by Moreno-Campoy et al. may serve as a
warning against this widespread and dangerous trend.
Specifically, some tumor biomarkers like carbohydrate
antigen 19-9 (CA19-9) should be ordered with great caution.
CA19-9 is increased in many different non-neoplastic dis-
orders. Meanwhile the chance to cure cancers associated
with high CA19-9 levels like pancreatic carcinoma is still
relatively low. As recently demonstrated in a study that
summarized the results of using CA19-9 for screening of
a large cohort of apparently healthy subjects, the over-
whelming majority of increased CA19-9 concentrations
were observed in patients in whom no malignancy could
be subsequently identified [6]. Cancer was diagnosed only
in anecdotal cases in this large cohort, and only in some of
these cases could the tumor be cured. Thus, from a cohort
of more than 33,000 subjects who had CA19-9 level deter-
mined, only nine patients were diagnosed with cancer, of
whom only five could be treated with curative intent [6].
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As mentioned above, circulating (mostly protein)
tumor biomarkers have been for a long time an indispen-
sable part of the diagnostic armamentarium in cancer
patients. Because of relatively low sensitivity and speci-
ficity of these protein biomarkers, the search for new
biomarkers is ongoing. Yang et al. [7] present a review on
exosomal RNAs as a biomarker in cancer. As exosomes
play an important role in the pathogenesis of cancer, it is
not surprising that the concentrations of exosomal non-
coding RNAs such as microRNAs, long non-coding RNAs,
and circular RNAs are increased in patients across of spec-
trum of malignancies. Thus, similarly to tissue or serum
concentrations of non-coding RNAs [8-10], exosomal
non-coding RNAs are emerging as potential biomarkers
across a range of neoplastic disorders, including glioblas-
toma, non-small cell lung cancer, gastric cancer, colorec-
tal cancer, pancreatic cancer, esophageal cancer, bladder
cancer, prostate cancer, breast cancer, melanoma and
hepatocellular carcinoma. Importantly, exosomal non-
coding RNAs have been analyzed not only in the circula-
tion (serum or plasma), but also in urine of patients with
bladder or prostate cancer. Urine (and, possibly, other
body fluids) may represent an important sample matrix
in this approach [11]. In a sense, the analysis of exosomes
could constitute an important step in the direction toward
a liquid biopsy.

Hepatocellular carcinoma is a tumor that is particu-
larly difficult to treat. Surgery, the only curative therapy, is
possible only in a minority of patients. A major limitation
for the surgical treatment of hepatocellular carcinoma is
the frequent presence of liver cirrhosis. This limitation
can be circumvented by liver transplantation [12], but this
approach is for medical or logistical reasons not feasible
in the majority of patients. Other liver-directed therapeu-
tic approaches like chemoembolization [13] or hepatic
arterial infusion [14] and targeted therapies like sorafenib
[15] may prolong life, but are not curative. Therefore, we
are still searching for optimal therapy for this tumor that
in the world-wide perspective counts among the most
common malignant disorders. The presence of cirrhosis
not only limits therapeutic options, but also frequently
modifies the strategy of performing diagnostic proce-
dures. In fact, because of associated risk, in contrast to
cancers of other primary location, tumor biopsy is not
considered mandatory in hepatocellular carcinoma if
certain conditions, including radiological findings and
pre-specified high circulating concentrations of AFP are
met. The utilization of AFP measurement to establish the
diagnosis of hepatocellular carcinoma in the absence of
histological confirmation therefore preceded and to some
extent heralded the concept of liquid biopsy. Obviously,
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the utilization of liquid biopsy as an approach to obtain
diagnostic, predictive, and prognostic information is
still at a very primordial stage of development in solid
tumors, including hepatocellular carcinoma, and we are
only starting to estimate the potential implications of this
approach.

Searching for new biomarkers, Mzik et al. [16] com-
pared DNA methylation patterns in normal tissue and in
hepatocellular carcinoma and found differences in pro-
moter methylation of several genes, some of which were
associated with patient prognosis. These differences
could serve as basis of the development of biomarkers for
the diagnosis and monitoring of therapy in hepatocellular
carcinoma. The advancements of liquid biopsy in hepa-
tocellular carcinoma that could follow would be useful
not only in the diagnosis, but also for the monitoring of
disease course during the treatment, possibly helping to
introduce new therapies, including targeted agents.

Gastrointestinal medical oncology remains an arena
of unmet medical need. Simultaneous with seeking thera-
pies for mostly incurable malignancies such as advanced
hepatocellular carcinoma, gastric cancer, or pancreatic
cancer, we should also develop companion diagnostics
that would allow us to select the right agent to the right
patient, specifically for targeted drugs. In fact, looking
back at many of negative trials of new agents published
recently, the lack of reliable predictive biomarker could
represent one of factors responsible for the failure of a
new drug [17-20]. Replicating stories of successful bio-
markers like HER-2 expression for anti-HER-2 therapy in
breast cancer proved to be difficult [21], and new innova-
tive approaches aiming at biomarker research are needed.

So far, the research on biomarkers has been primarily
focused on the biomarkers associated with the properties
of the tumor cells. It has, however, been realized that the
host response to neoplasia may have similar significance
for the outcome as the properties of the tumor cell [22].
Consequently, biomarkers of the host response also need
to be investigated and followed.

Over the last decades, a great number of molecules
that are associated with the host immune and inflam-
matory responses have been identified, but only few of
these molecules, such as C-reactive protein, are currently
being routinely used in the clinical practice. The associ-
ated costs, the need for expertise and lack of standardi-
zation have been among the principal factors barring the
introduction of other biomarkers, most of which, in fact,
correlate in some extent with C-reactive protein and, con-
sequently, add limited information. More complex bio-
markers have also been investigated. Peripheral blood cell
count-derived ratios like neutrophil-to-lymphocyte ratio,
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lymphocyte-to-monocyte ratio, platelet-to-lymphocyte
ratio, or systemic inflammatory index have been studied
extensively in the last few years, mainly because these
indices can be calculated retrospectively from the labo-
ratory data available for virtually all patients. Despite
obvious advantages associated with the use of peripheral
blood cell count-derived ratios, many issues should be
kept in mind while using these biomarkers which are non-
specific, and abnormal values are encountered not only
in cancer patients, but also in patients with benign disor-
ders. Moreover, significant differences in peripheral blood
cell count-derived ratios obtained from automated or
manual differential counts have been observed [23]. Inter-
estingly, the peripheral blood cell count-derived ratios do
not correlate with some other biomarkers of inflammatory
response, e.g. neopterin [23], despite the fact that the cir-
culating biomarkers of inflammatory response like neop-
terin and peripheral blood cell count-derived ratios are
increased in a similar spectrum of disorders ranging from
cancer to atherosclerosis and its complications, infec-
tions, or autoimmune disorders [24-27]. Most importantly,
peripheral blood cell count-derived ratios like other cir-
culating biomarkers may not necessarily reflect the situ-
ation in the tumor microenvironment. In fact, the data
on biomarkers of inflammatory and immune response in
the tumor microenvironment are limited, partly because
it is difficult to obtain a sample from the microenviron-
ment [28-30]. Among the biomarkers in the tumor micro-
environment, the presence of lymphocytes, the so-called
tumor-infiltrating lymphocytes, has been proven as an
independent prognostic and predictive biomarker across a
spectrum of solid tumors [31, 32]. However, a wider utiliza-
tion of tumor-infiltrating lymphocytes is still hampered by
issues including lack of standardization, potential differ-
ences in lymphocyte infiltration among different regions
of the tumor or between primary and metastatic lesions
and, obviously, the need for repeated biopsy. Peripheral
blood cell count-derived ratios are, in essence, relative
lymphocyte counts that may represent a form of liquid
biopsy assessing the host immune response to the tumor
although, as mentioned above, the difference between
the local response in the tumor microenvironment and
systemic response represents an obvious limitation here.
However, lymphocyte counts expressed as ratios to neu-
trophil, platelet or monocyte counts have been shown,
similarly to tumor-infiltrating lymphocytes, to predict
prognosis across a wide range of neoplastic disorders [23,
33-36].

The utilization of this approach is demonstrated,
again on an example of hepatocellular carcinoma, by
Wang et al. [37]. The authors bring the concept of using
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peripheral blood cell count-derived ratios, in this case
systemic inflammatory index, as prognostic biomarkers
one step further and examine the prognostic significance
of dynamic change of this index before and after resec-
tion with curative intent. In the present study, stable low
or decreasing value of the systemic inflammatory index
was associated with better prognosis after resection. The
dynamic change of systemic inflammatory index was an
independent predictor of recurrence in the multivariate
analysis.

More investigations should be devoted to the biomark-
ers of inflammatory and immune response elicited by
tumor growth. These biomarkers may guide therapy not
only by serving as prognostic biomarkers or predictors of
therapeutic response, but may also be used to monitor or
predict the toxicity of treatment. For example, it has been
recently observed that increased concentrations of inflam-
matory biomarkers like neopterin are associated with
gastrointestinal toxicity of anticancer therapy [38]. Gas-
trointestinal toxicity that is, along with hematologic toxic-
ity, the most common side effect of anticancer therapy is
still assessed mostly by patient-reported symptoms. The
utilization of laboratory biomarkers in the monitoring of
the gastrointestinal side effects is still limited [39, 40].
More attention should be focused on inflammatory bio-
markers as predictors of toxicity of anticancer treatment
or even on the investigation of direct toxicity induced by
these molecules [41].

As outlined above, the tumor elicits a host response
that can be detected and has important implications for
the management of patients. The host immune response
may result in the elimination of malignant cells. In some
cases, the tumor cells are not totally eliminated and an
equilibrium state between tumor growth and immune
response will ensue. Subsequently, malignant cells may
escape from the control by the immune system. Inflam-
matory reaction not only accompanies tumor cell elimina-
tion, but also plays an indispensable part in supporting
the growth of malignant cells. It may be, however, more
difficult to examine the question whether the inflamma-
tory response can primarily contribute to the development
of cancer.

Oikonomopoulou et al. [42] present an interesting
study reporting a positive association between Echino-
coccus granulosus infection and long-term risk of cancer.
Using a Cyprus national registry, the authors report that
the incidence of cancer is increased in patients with
history of Echinococcus granulosus infection. These find-
ings are not surprising as other infectious diseases have
been linked to increased cancer risk. However, increased
cancer risk has mostly been associated with infections
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localized at the primary tumor site, e.g. Helicobacter pylori
infection in the case of gastric cancer, putatively in associ-
ation with oxidative stress in the organ microenvironment
[43, 44]. In contrast, the increased cancer risk associated
with Echinococcus granulosus infection seems not to be
organ-restricted. The mechanism(s) behind this associa-
tion remain currently speculative.

Still as a retrospective study, the report by Oikonomo-
poulou et al. has several potential limitations that have
to be acknowledged here. Only a minority of subjects in
the registry were finally investigated. Among the cancer
types, prostate cancer is prominent. The authors report an
increase in cancer incidence in late age. It is well known
that the prevalence of prostate cancer in elderly men is
high, these tumors tend to be indolent, and over-diag-
nosis is a real issue here. It may be possible that prostate
cancer was diagnosed more frequently in patients with
the history of infection because these individuals were
followed more diligently. Moreover, the statistical signifi-
cance is relatively weak. Meanwhile, although this may
seem to be only an epidemiological study, it has implica-
tions for how we view inflammatory response in patients
with cancer. There could be several implications for the
pathogenesis of cancer as well as the interpretation of
inflammatory phenomena in cancer patients. It is now
realized that immune response is crucial in the pathogen-
esis of cancer that may result in both tumor elimination
and enhanced tumor growth mediated by tumor-promot-
ing inflammation [22]. Moreover, the advent of drugs that
manipulate the immune response is rapidly changing the
landscape of medical oncology. We need to know more
about the relation between immune response and cancetr,
and the study of immune phenomena in cancer patients
should not be limited only to identifying prognostic and
predictive biomarkers, like peripheral blood cell count-
derived ratios, but it might also help us to gain important
insights about potential new therapies for this still deadly
disease. While deciphering the role of immune system in
cancer pathogenesis we should not rely only on increas-
ingly sophisticated laboratory methods, but epidemio-
logical studies could bring new information essential for
understanding the role of immunity in cancer.

In conclusion, the papers in the present issue of Clini-
cal Chemistry and Laboratory Medicine illustrate how the
advances in the broadly defined field of laboratory medi-
cine continue to shape the practice of clinical oncology,
including medical, radiation, and surgical oncology. This
progress should not only result in better diagnosis, but
might also increase our understanding of the pathogen-
esis of cancer, leading to new therapeutic approaches.

DE GRUYTER

Author contributions: The author has accepted responsi-
bility for the entire content of this submitted manuscript
and approved submission.

Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.

References

1. Melichar B. Laboratory medicine and medical oncology: the tale
of two Cinderellas. Clin Chem Lab Med 2013;51:99-112.

2. Melichar B. The highs and lows of tumor biomarkers: lost illu-
sions. Clin Chem Lab Med 2015;53:343-7.

3. Stephan C, Wilkosz J, Rozanski W, Ecke TH, Lein M, Brys M, et al.
Urinary thiosulfate as failed prostate cancer biomarker — an
exemplary multicenter re-evaluation study. Clin Chem Lab Med
2015;53:477-83.

4. Trape ), Sala M, Franquesa F, Ordeig JM, Soler-Bel JM,
Bustamante E, et al. Clinical utility of determining tumor
markers in patients with signs and symptoms of cancer.

Clin Chem Lab Med 2015;53:485-91.

5. Moreno-Campoy EE, Mérida-De la Torre FJ, Martos-Crespo
F, Plebani M. Identifying risk in the use of tumor markers to
improve patient safety. Clin Chem Lab Med 2016;54:

1947-53.

6. Tong Y, Song Z, Zhu W. Study of an elevated carbohydrate
antigen 19-9 concentration in a large health check-up cohort in
China. Clin Chem Lab Med 2013;51:1459-66.

7. Yang H, Fu H, Xu W, Zhang X. Exosomal non-coding RNAs: a
promising cancer biomarker. Clin Chem Lab Med 2016;54:
1871-9.

8. Stephan C, Jung M, Rabenhorst S, Kilic E, Jung K. Urinary
miR-183 and miR-205 do not surpass PCA3 in urine as predic-
tive markers for prostate biopsy outcome despite their highly
dysregulated expression in prostate cancer tissue. Clin Chem
Lab Med 2015;53:1109-18.

9. Rapti SM, Kontos CK, Papadopoulos IN, Scorilas A. Enhanced
miR-182 transcription is a predictor of poor overall survival
in colorectal adenocarcinoma patients. Clin Chem Lab Med
2014;52:1217-27.

10. Kuhlmann JD, Wimberger P, Wilsche K, Fluck M, Suter L, Brunner
G. Increased level of circulating U2 small nuclear RNA fragments
indicates metastasis in melanoma patients. Clin Chem Lab Med
2015;53:605-11.

11. Channavajjhala SK, Rossato M, Morandini F, Castagna A,
Pizzolo F, Bazzoni F, et al. Optimizing the purification and
analysis of miRNAs from urinary exosomes. Clin Chem Lab Med
2014;52:345-54.

12. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Boz-
zetti F, et al. Liver transplantation for the treatment of small
hepatocellular carcinomas in patients with cirrhosis. N Engl )
Med 1996;334:693-9.

13. BruixJ, Sala M, Llovet JM. Chemoembolization for hepatocellular
carcinoma. Gastroenterology 2004;127:5179-S88.

14. Melichar B, Dvorak J, Ferko A, Kamaradova K, Krajina A.
Hepatic arterial infusion in hepatocellular carcinoma: a



DE GRUYTER

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

single center experience. Biomed Pap Med Fac Univ Palacky
Olomouc Czech Rep 2015;159:139-44.

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et al.
Sorafenib in advanced hepatocellular carcinoma. N Engl | Med
2008;359:378-90.

Mzik M, Chmelafova M, John S, Laco J, Slaby O, Kiss I, et al.
Aberrant methylation of tumour supressor genes WT1, GATAS
and PAX5 in hepatocellular carcinoma. Clin Chem Lab Med
2016;54:1971-80.

Elez E, Kocakova I, Hohler T, Martens UM, Bokemeyer C,

Van Cutsem E, et al. Abituzumab combined with cetuximab
plus irinotecan versus cetuximab plus irinotecan alone for
patients with KRAS wild-type metastatic colorectal can-

cer: the randomised phase I/l POSEIDON trial. Ann Oncol
2015;26:132-40.

Deplanque G, Demarchi M, Hebbar M, Flynn P, Melichar B, Atkins
J, et al. Arandomized, placebo-controlled phase Ill trial of masi-
tinib plus gemcitabine in the treatment of advanced pancreatic
cancer. Ann Oncol 2015;26:1194-200.

Fuchs CS, Azevedo S, Okusaka T, Van Laethem JL, Lipton

LR, Riess H, et al. A phase 3 randomized, double-blind,
placebo-controlled trial of ganitumab or placebo in combi-
nation with gemcitabine as first-line therapy for metastatic
adenocarcinoma of the pancreas: the GAMMA trial. Ann Oncol
2015;26:921-7.

Melichar B, Casado E, Bridgewater J, Bennouna J, Campone

M, Vitek P, et al. Clinical activity of patupilone in patients with
pretreated advanced/metastatic colon cancer: results of a phase
| dose escalation trial. Br) Cancer 2011;105:1646-53.

Jackisch C, Kim SB, Semiglazov V, Melichar B, Pivot X, Hillen-
bach C, et al. Subcutaneous versus intravenous formula-

tion of trastuzumab for HER2-positive early breast cancer:
updated results from the phase Ill HannaH study. Ann Oncol
2015;26:320-5.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next genera-
tion. Cell 2011;144:646-74.

Studentova H, Vitaskova D, Sramek V, Indrakova J, Adam T,
Juranova ), et al. Correlations of neutrophil-to-lymphocyte,
lymphocyte-to-monocyte and platelet-to-lymphocyte ratios
with biomarkers of atherosclerosis risk and inflammatory
response in patients with a history of breast cancer. Pteridines
2015;26:161-72.

Melichar B, Gregor J, Solichova D, Lukes J, Tichy M, Pidrman V.
Increased urinary neopterin in acute myocardial infarction. Clin
Chem 1994;40:338-9.

Solichova D, Melichar B, Blaha V, Klejna M, Vavrova J, Palicka

V, et al. Biochemical profile and survival in nonagenarians. Clin
Biochem 2001;34:563-9.

Melichar B, Touskova M, Solichova D, Kralickova P, Kopecky O.
CD4+ T-lymphocytopenia and systemic immune activation in
patients with primary and secondary liver tumours. Scand J Clin
Lab Invest 2001;61:363-70.

Melichar B, Jandik P, Krejsek J, Solichova D, Drahosova M,
Skopec F, et al. Mitogen-induced lymphocyte proliferation

and systemic immune activation in cancer patients. Tumori
1996;82:218-20.

Freedman RS, Vadhan-Raj S, Butts C, Savary C, Melichar B,
Verschraegen C, et al. Pilot study of FIt3 ligand comparing
intraperitoneal with subcutaneous routes on hematologic and

Melichar:

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Biomarkers, inflammation and cancer: where to go? = 1851

immunologic responses in patients with peritoneal carcinomato-
sis and mesotheliomas. Clin Cancer Res 2003;9:5228-37.
Melichar B, Freedman RS. Immunology of the peritoneal cav-
ity: Relevance for host-tumor relation. Int ) Gynecol Cancer
2002;12:3-17.

Melichar B, Nash MA, Lenzi R, Platsoucas CD, Freedman RS.
Expression of costimulatory molecules CD80 and CD86 and
their receptors CD28, CTLA-4 on malignant ascites CD3+ tumor
infiltrating lymphocytes (TIL) from patients with ovarian and
other types of peritoneal carcinomatosis. Clin Exp Immunol
2000;119:19-27.

Melichar B, Studentova H, Kalabova H, Vitaskova D, Cermakova P,
Hornychova H, et al. Predictive and prognostic significance of
tumor-infitrating lymphocytes in patients with breast cancer
treated with neodjuvant systemic therapy. Anticancer Res
2014;34:1115-26.

Cermakova P, Melichar B, Tomsova M, Zoul Z, Kalabova H,
SpacekJ, et al. Prognostic significance of CD3+ tumor-infil-
trating lymphocytes in patients with endometrial carcinoma.
Anticancer Res 2014;34:5555-62.

Stotz M, Szkandera J, Stojakovic T, Seidel J, Samonigg H,
Komprat P, et al. The lymphocyte to monocyte ratio in
peripheral blood represents a novel prognostic marker

in patients with pancreatic cancer. Clin Chem Lab Med
2015;53:499-506.

Kaneko M, Nozawa H, Sasaki K, Hongo K, Hiyoshi M, Tada N,
et al. Elevated neutrophil to lymphocyte ratio predicts poor
prognosis in advanced colorectal cancer patients receiving
oxaliplatin-based chemotherapy. Oncology 2012;82:261-8.
Malietzis G, Giacometti M, Kennedy RH, Athanasiou T, Aziz O,
Jenkins JT. The emerging role of neutrophil to lymphocyte
ratio in determining colorectal cancer treatment outcomes:

a systematic review and meta-analysis. Ann Surg Oncol
2014;21:3938-46.

Proctor M), McMillan DC, Morrison DS, Fletcher CD, Horgan
PG, Clarke S). A derived neutrophil to lymphocyte ratio
predicts survival in patients with cancer. Br ] Cancer
2012;107:695-9.

Wang BL, Tian L, Gao XH, Ma XL, Wu J, Zhang CY, et al. Dynamic
change of the systemic immune inflammation index predicts the
prognosis of patients with hepatocelular carcinoma after cura-
tive resection. Clin Chem Lab Med 2016;54:1963-9.

Zezulova M, Bartouskova M, Hlidkova E, Adam T, Kujovska
Krcmova L, Cervinkova B, et al. Citrulline as a biomarker

of gastrointestinal toxicity in patients with rectal carci-
noma treated with chemoradiation. Clin Chem Lab Med
2016;54:305-14.

Melichar B, Hyspler R, Ticha A, Kalabova H, Vitaskova D, Zezu-
lova M, et al. Intestinal permeability in patients with metastatic
colon cancer treated with patupilone. Clin Chem Lab Med
2014;52:1649-55.

Melichar B, Kohout P, Bratova M, Solichova D, Kral-

ickova P, Zadak Z. Intestinal permeability in patients with
chemotherapy-induced stomatitis. ] Cancer Res Clin Oncol
2001;127:314-8.

Melichar B, Ferrandina G, Verschraegen CF, Loercher A,
Abbruzzese )L, Freedman RS. Growth inhibitory effects of
aromatic fatty acids on ovarian tumor cell lines. Clin Cancer Res
1998;4:3069-76.



1852 —— Melichar: Biomarkers, inflammation and cancer: where to go? DE GRUYTER

42. Oikonomopoulou K, Yu H, Wang Z, Vasiliou SK, Brinc D, Christofi reflux and Helicobacter pylori infection. Am ] Gastroenterol
G, et al. Association between Echinococcus granulosus infeaction 1995;90:1190-1.
and cancer risk — a pilot study in Cyprus. Clin Chem Lab Med
2016;54:1955-61.

43. Melichar B, Mayo K, Megraud F. Substance P increases Heli- Prof. MUDr. Bohuslav Melichar, PhD, Department of Oncology,
cobacter pylori-induced leukocyte chemiluminiscence. Eur ) Palacky University Medical School and Teaching Hospital, Fakultni
Gastroenterol Hepatol 1994;6:779-82. nemocnice, I.P. Pavlova 6, 770 00 Olomouc, Czech Republic,

44, Melichar B, Bures J, Komarkova O, Rejchrt S, Fixa B, Karlicek R. Phone: +420-588444288; Fax: +420-588442522,
Increased gastric juice nitrate is associated with biliary E-mail: bohuslav.melichar@fnol.cz



