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Abstract. The urgent requirement for biological markers capable of indicating a high risk of recurrence persists
for colorectal cancer (CRC) patients.

The aim of the study. To evaluate the prognostic value of inflammatory markers (IM) as disease course predictors
for CRC patients based on the results of scientific research on this topic.

The search of literature sources on the selected topic was performed in the Web of Science, Scopus and Pubmed

databases. Keywords for the search were: "inflammatory markers", "colorectal cancer", "survival", "prognosis", "neutro-
phils", "lymphocytes", "monocytes"”, "platelets”, "albumin”, "C-reactive protein".

Even though the design of the reviewed studies was different by the quantitative and qualitative composition of
the cohorts and time points for marker determination, it was possible to single out the most frequently used IM and their
main characteristics. The neutrophils-to-lymphocytes ratio (NLR) was found to be one of the most common markers.
Patients with high NLR showed worse recurrence-free and overall survival. Most of the works devoted to this IM assess
its level for predicting the course of CRC after radical surgery.

In contrast to NLR, patients with a high lymphocyte-to-monocyte ratio (LMR) had better overall survival. In
addition, the researchers established a relationship between the level of this marker and the grade of tumor differentiation.
The Systemic Inflammatory Score (SIS) reflects the combined prognostic value of LMR and albumin. Its high levels are
associated with worse prognosis. High levels of PLR (platelet-to-lymphocyte ratio) and PNLR (platelet-to-neutrophil-to-
lymphocyte ratio), or as it is also called systemic inflammatory index (SIl), are independent predictors of poor prognosis.
Classic and modified Glasgow scales (GPS and mGPS) are used for predicting the course of the disease, both in the
postoperative period and for metastatic cancer. As well as the scales, the PNI marker (prognostic nutritional index) is
associated with the albumin level. The decrease in its level is associated with poor prognosis. A particular focus was
given to the novel marker, "LA", which was used for patients with rectal cancer. Its high levels, in contrast to PNI, proved
to be a predictor of a good prognosis. The prognostic inflammatory index (IPI) proved to be a statistically better predictor
of relapse than the mGPS described above. And the ALI (Inflammatory Index of Advanced Lung Cancer), low values of
which indicate poor overall survival, was found to be more sensitive than the IP1. Unfavorable prognosis is also associated
with low levels of the aloumin-globulin ratio (AGR). High CAR levels (CRP-albumin ratio) and low LCR levels (lym-
phocyte-CRP ratio) are associated with shorter recurrence-free and overall survival.

The results of the performed scientific search made it possible to establish a statistically significant prognostic
value of IM as disease course predictors for CRC patients. The absolute advantage of IM is their accessibility, as the
majority of indicators are determined in routine practice. Additionally, it offers ease of use as its calculation based on
simple mathematical formulas. Cut-off values for each marker may differ depending on the stage of the disease in the
studied cohort, the time points of determining the value of the marker, use of therapy. There might be a dependence on
other parameters that have not yet been investigated.
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Introduction. Colorectal cancer remains among
the leaders in terms of the number of the caused deaths.
This pattern persists, particularly due to the high rate of
relapse, which occurs even after radical treatment and sig-
nificantly deteriorates patient’s prognosis [1]. Therefore,
the search for new tools for monitoring and predicting the
course of colorectal cancer is an extremely urgent issue.

The course of cancer is determined by the com-
plex interaction between the tumor and the patient's organ-
ism. A reflection of this interaction is a systemic inflam-
matory response. It has important clinical value because it
can be assessed with the help of clinical and biochemical
blood tests obtained during a routine examination [2]. For
example, high levels of neutrophils and monocytes can
promote tumor metastasis [3-4]. Lymphocytes can influ-
ence disease relapse and promote a cytotoxic immune
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response. Scientists believe that a low level of lympho-
cytes in blood serum worsens the prognosis of patients
with colorectal cancer [5]. Platelets are able to release pro-
angiogenic proteins and stimulate angiogenesis, which in
turn promotes the growth of malignant tumors. In addition,
cytokines and chemokines produced by them support
chronic inflammation associated with the tumor existence

[6].

Albumin is an important laboratory indicator that
belongs to acute phase proteins. Its concentration can vary
depending on the level of nutrition and the intensity of the
systemic inflammatory response. A low level of albumin
indicates malnutrition and may be the result of existing in-
flammation [7].

Hence, even isolated levels of blood indicators
possess clinical significance. Nevertheless, studies of the




systemic inflammatory response demonstrate that their
combined analysis is significantly informative [8]. Inflam-
matory markers (IM) are the tools of this analysis. Their
features and prognostic value will be discussed below.

The aim of the study is to evaluate the prognos-
tic value of inflammatory markers (IM) as disease course
predictors for CRC patients based on the results of scien-
tific research on this topic.

Materials and methods. The search of literature
on the selected theme was performed in the Web of Sci-
ence, Scopus and Pubmed databases. Keywords for the
search were: "inflammatory markers", "colorectal cancer",
"survival”, "prognosis”, "neutrophils”, "lymphocytes",
"monocytes”, "platelets"”, "albumin", "C-reactive protein".

Research results and discussion.

e Inflammatory = markers  associated
neutrophils

One of the most common inflammatory markers
is the neutrophil-to-lymphocyte ratio (NLR). Proctor et al.
[9] analyzed 1413 patients with colorectal cancer and
found that NLR is a significant marker of survival. The re-
search team of Li et al. [10] studied 5336 patients with
stage I-I1l malignancy who underwent radical surgical
treatment and reported that NLR > 2.72 is an independent
predictor of recurrence-free survival.

Dell'Aquila et al. [11] studied a cohort of patients
(n=413) with metastatic colorectal cancer treated with
FOLFOXIRI or FOLFIRI and bevacizumab. Scientists
have observed that NLR > 3.0 is an independent predictor
of overall survival.

Partykevych [12] in his study demonstrated that
5-year predicted overall and recurrence-free survival was
21.9 % and 28 % higher for the group with low NLR (1.2)
compared to the group with high NLR (9).

It is noteworthy that the majority of works are de-
voted to the investigation of NLR before surgical treat-
ment. However, Yasui et al. [13] studied the relationship
of this inflammatory marker with recurrence, examining
the value of the marker before and after surgery. It was
established that patients with neutrophils and lymphocytes
within the normal range had significantly better survival.
A similar research design was followed by other scientists,
and the results were similar [14, 15]. In a cohort of 2280
people, it was confirmed that patients with a high preoper-
ative and postoperative neutrophil-lymphocyte ratio
(greater than 3.75) have extremely poor overall survival.
Low NLR scores (<3.75) were clearly associated with bet-
ter survival.

The value of the NLR marker at different time
points (from 0 to 3 months after the operation) was exam-
ined by other scientists who tackled the issue more thor-
oughly. It was established that a high level of NLR 57-90
days after surgery (> 1.57) indicates a low recurrence-free
survival [16].

A neutrophil-lymphocyte ratio greater than 3.0
before surgery is considered a risk factor for extrahepatic
recurrence [17]. Moreover, high NLR can reduce tumor
sensitivity to oxaliplatin [18]. Numerous studies have
demonstrated that NLR is an independent predictor of sur-
vival in patients with colorectal cancer, although the data
may vary depending on the stage of the disease, the time
points of the inflammatory index study, and the chemo-
therapy regimens used.

with
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o Markers associated with monocytes

In this particular context, the prognostic potential
of the lymphocyte-monocyte ratio (LMR) was taken into
account. It is believed that a low LMR may indicate the
presence of an active inflammatory process within the pa-
tient's body, given that a low level of lymphocytes is ob-
served in contrast to a high number of monocytes.

One study assessed 1,623 individuals with all
stages of colorectal cancer who underwent curative resec-
tion and found that an increase in LMR (>2.38) was inde-
pendently associated with a longer life expectancy [19]. In
addition, they monitored the relationship between the de-
gree of tumor differentiation and the value of the LMR
marker. A significant difference between groups has been
established. It appears that highly differentiated tumors
were found to be associated with low LMR, while patients
with high LMR had poorly differentiated tumors.

Mai et al. [20] performed a meta-analysis that in-
cluded 3,089 patients with metastatic colorectal cancer.
Obtained results show that high LMR was associated with
favorable prognosis in terms of progression-free and over-
all survival.

Furthermore, studies have been performed to in-
vestigate the combined effect of serum albumin levels and
the LMR. This index is called the systemic inflammatory
scale (SIS). Suzuki et al. [21] scored points as follows: pa-
tients with albumin > 4.0 g/dL and LMR > 4.44 received 0
points, patients with albumin < 4.0 g/dL and LMR < 4.44
received a score of 2 points, and all others received 1 point.
According to this criterion, 727 patients with colorectal
cancer of all stages who underwent curative resection were
evaluated.

It is also important to note the prognostic value of
isolated levels of lymphocytes and monocytes. So, for ex-
ample, Noh et al. [22] studied a group of 231 patients who
received radical surgery and adjuvant chemotherapy. It
was found that patients who had sufficiently high levels of
lymphocytes (>1.78 x 109/1) after chemotherapy had sig-
nificantly better recurrence-free survival.

The research team of Zhang et al. [23] reported
that an elevated monocyte count (>595/mm3) significantly
shortened the recurrence-free survival period in patients
with rectal cancer (T3NOMO) who underwent radical sur-
gery. Haruki et al. [24] examined the clinical blood analy-
sis of 64 patients with liver metastases of colorectal cancer.
They discovered that an increase in serum monocyte count
less than in two times prior and after surgery was inde-
pendently associated with recurrence-free survival.

e Markers associated with platelets

Platelet-to-lymphocyte ratio (PLR) is another
well-known prognostic marker for survival in patients with
colorectal cancer. An increase in platelet number against
the background of a decrease in lymphocyte number cre-
ates high values of the PLR index. Higher levels indicate a
worse patient's prognosis. Kim et al. [25] established a
PLR cut-off value of 160. Higher values in patients with
stages 111 and 1V were independent predictors of poor re-
currence-free and overall survival. The value of the marker
was also studied for 151 patients with colorectal cancer
and liver metastases. PLR > 220 and NLR > 5 were found
to be independent predictors of a poor prognosis [26]. Ma
etal. [27] provided a wide meta-analysis of 23 observation
studies that included 7577 colorectal cancer patients who
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had undergone surgery. Similarly, to previous examples, a
significant association between high PLR and worse over-
all survival was found, but in contrast, no association be-
tween PLR level and disease-free survival was observed.

The research team of Mercier et al. [28] demon-
strated another prognostic marker — platelet-to-neutrophil-
to-lymphocyte ratio (PNLR). An increase in the number of
neutrophils and platelets leads to an increase in PNLR. Sci-
entists studied the results of analyses of 305 patients with
an advanced colorectal cancer and found that a high PNLR
(>2000) is an independent predictor of low recurrence-free
and overall survival. Another team of scientists called this
ratio as the systemic inflammatory index (SI1) and investi-
gated the prognostic value of the marker among 1,383 pa-
tients who underwent radical surgery for colorectal cancer.
SlI had a higher diagnostic efficiency compared to NLR
and PLR. This index was recognized as an independent
predictor of low overall survival [29].

Studies that determined the prognosis directly by
the number of blood platelets were also noted. Ishizuka et
al. [30] reported that in a cohort study of 453 patients with
colorectal cancer, it was established that an elevated plate-
let count (>300 x 109/L) was an independent predictor of
poor prognosis and poor overall survival. Similar results
were obtained among patients with stage IV colorectal
cancer. The number of platelets up to 350 x 109/1 was con-
sidered acceptable. Higher scores were a significant prog-
nostic factor for poor survival [31].

¢ Inflammatory markers associated with albumin

The Glasgow Prognostic Scale (GPS) is an indi-
cator that considers the concentration of C-reactive protein
(CRP) and albumin. A study examining the results of anal-
yses of 448 patients found that a high GPS was signifi-
cantly associated with recurrence-free survival [32]. Sci-
entists analyzed 1590 patients with completely resected
colorectal cancer and found that GPS 1 or 2 can be consid-
ered an independent predictor of recurrence-free survival
[33].

The GPS is used to determine the prognosis of
metastatic colorectal cancer. Kobayashi et al. collected
data from 99 patients with lung metastases who underwent
curative resection and found that GPS was an independent
predictor of overall survival [34].

In addition to the classic version of GPS, a modi-
fied version of it is also used. Park et al. [35] calculated the
mGPS as follows: CRP < 1.0 mg/dL is classified as score
0, CRP > 1.0 mg/dL and albumin > 3.5 g/dL is score 1, and
CRP > 1.0 mg/dL and albumin < 3.5 g/dL is 2 points. Sci-
entists have proven that the combination of mGPS and
TNM stage can be used to determine the postoperative
prognosis.

In addition to GPS, other prognostic markers as-
sociated with albumin are used. For example, the prognos-
tic nutrition index (PNI), which is widely used in Japan.
The index is calculated as "albumin level (g/l) + 0.005 x
number of lymphocytes." Scientists believe that a de-
creased PNI is associated with a poor prognosis for pa-
tients with colorectal cancer. In a group of 468 patients un-
dergoing radical surgery, PNI was found to be more sensi-
tive than mGPS. This index can be considered a predictor
of recurrence-free and overall survival in patients with col-
orectal cancer [36].

Tominaga et al. [37] studied 84 patients above the
age of 85 years who were treated for colorectal cancer. The
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optimal limit value of PNI is set at the level of 42.4. PNI
values lower than this value are associated with better re-
currence-free survival.

Recently, a new prognostic marker "LA" was dis-
covered. It is defined as "number of lymphocytes x albu-
min level (g/dL)" [38]. Scientists collected retrospective
data and evaluated the value of the marker in 448 patients
with stage 11 and 111 rectal cancer. It has been established
that a score lower than 5950 can be a predictor of a good
prognosis, long-term recurrence-free survival, and overall
survival of patients. The calculation of LA is somewhat
easier than the calculation of PNI. However, since the
study was conducted among patients with rectal cancer, it
is not known if it can be applied to colorectal cancer in
general.

The research team of Wang et al. [39] analyzed
877 patients with stages I-111 colorectal cancer who re-
ceived radical surgical treatment. The study examined the
impact of a combination of variables, including neutrophil-
lymphocyte ratio and serum albumin level. It was found
that the combination of a high level of NLR (>2.39) and
hypoalbuminemia (<39.75 g/L) can be considered a pre-
dictor of poor overall survival.

Hong et al. [40] considered the NLR-to-albumin
ratio as a prognostic inflammatory index (IPI) and tried to
evaluate its impact on prognosis in individuals with colo-
rectal cancer. According to blood parameters the appropri-
ate score was established: an IPI score of 0 was given to
patients with NLR < 3.0 and albumin > 35 g/1, score 1 to
patients with NLR < 3.0 or albumin < 35 g/I, and score 2
to patients with NLR > 3.0 and albumin < 35 g/I. 571 pa-
tients were evaluated and found that IPI was a statistically
better predictor of relapse than mGPS.

An even more difficult marker for calculation is
the ALI (Inflammation Index of Advanced Lung Cancer),
which is also used for patients with colorectal cancer [41].
To calculate this index, the product of the patient's body
mass index (BMI) and serum albumin concentration is cal-
culated, which is then divided by the NLR. The cut-off
value for ALI was found to be 28.9 in the considered study,
using ROC analysis. Indicators that are lower than the
specified value indicate low overall survival. The study
was conducted on a group of 159 patients with metastatic
colorectal cancer. As indicated above, sarcopenia has a
negative impact on the prognosis of the course of the dis-
ease. Usually, a low BMI is associated with insufficient
nutrition and a sarcopenic state of the patient. The re-
searchers concluded that ALI is a more sensitive marker
than IPI.

Fujikawa et al. [42] proved that the aloumin-to-
globulin ratio (AGR) can also be used to predict the course
of colorectal cancer. A low AGR indicates hypoalbu-
minemia and hyperglobulinemia. Both indicators are asso-
ciated with systemic inflammation. A retrospective study
of 248 patients with stage I-111 colon cancer undergoing
curative surgery found that AGR was independently asso-
ciated with overall and recurrence-free survival.

In addition to already described markers, Liu et
al. [43] reported about the controlling nutritional status
(CONUT) score. Serum albumin level, lymphocyte count
and total cholesterol level were used for appropriate calcu-
lation. In a retrospective analysis of 217 patients with
newly diagnosed colorectal cancer, the group with high
CONUT had worse overall and relapse-free survival.
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Moreover, it was demonstrated that CONUT was superior
to mGPS, PNI and NLR.
e Markers associated with C-reactive protein

C-reactive protein is considered one of the most
modern and effective indicators for assessing the level of
inflammation in cancer patients before or after surgery.
But CRP does not belong to the indicators performed in
routine oncological practice. This statement, however, is
not applicable to Japan. That is why numerous studies de-
voted to the prognostic potential of CRP have been con-
ducted in this country. For example, Koike et al. [44] eval-
uated the preoperative CRP level in 300 patients with col-
orectal cancer. The scientists concluded that a high level
of CRP (>0.5 mg/dL) can be considered an independent
predictor of a negative prognosis.

Matsuoka et al. [45] studied the mutual influence
of CRP and hypoalbuminemia. In a group of 133 patients
who underwent radical surgery for stage 11 colorectal can-
cer, it was proved that this marker is effective enough to
determine the prognosis. Postoperative CRP-to-albumin
ratio (CAR) values greater than 0.035 indicated signifi-
cantly shorter recurrence-free and overall survival. An-
other study examined the association of CAR with prog-
nosis in patients with rectal cancer who underwent neoad-
juvant chemoradiotherapy and radical surgery. It was es-
tablished that CAR > 0.049 before chemotherapy is an in-
dependent predictor of recurrence-free and overall survival
[46]. The scientific team of Dolan et al. [47] obtained dif-
ferent results. CAR > 0.22 was found to be an independent
predictor of survival.

Besides the ratio of CRP-to-albumin, some scien-
tists studied the ratio of CRP and almost all indicators of
clinical blood analysis. For instance, Suzuki et al. [48]
studied 16 markers of inflammation: NLR, PLR, PNI,
LMR, CAR, lymphocyte-to-CRP ratio (LCR), monocytes-
to-albumin ratio (MAR), neutrophils-to-albumin ratio
(NAR), neutrophils-to-monocytes ratio (NMR), neutro-
phils-to-CRP ratio, (NCR), platelets-to-albumin ratio
(PAR), neutrophils-to- platelets ratio (NTR), monocytes-
to-platelets ratio (MPR), monocytes-to-CRP ratio (MCR).
The study was conducted with the participation of 1,303
patients with 11-111 stages of colorectal cancer. The LCR
cutoff was set at 12,980. Values below this range indicated
poor recurrence-free and overall survival.

Okugawa et al. [49] confirmed the prognostic
value of LCR in their own study with the participation of
373 patients. Furthermore, scientists have established that
a low LCR can indicate the risk for postoperative infec-
tious complications. Scientists noted that the ratio of lym-
phocytes to CRP is an effective marker of long-term and
short-term prognosis for colorectal cancer patients.

In the latest publication, Takeda et al. [50] de-
scribed a novel CRP-albumin-lymphocyte (CALLY) in-
dex. The results of the retrospective study, which included
578 patients with stage I1-111 colorectal cancer who under-
went curative resection, showed that CALLY <2 was as-
sociated with significantly poorer disease-free and overall
survival. So, CALLY was named as one more independent
prognostic biomarker for colorectal cancer patients.

Conclusions. The results of the conducted scien-
tific search made it possible to establish a statistically sig-
nificant prognostic value of IM as disease course predic-
tors for CRC patients. The absolute advantage of IM is
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their accessibility, as the majority of indicators are deter-
mined in routine practice. Additionally, it offers ease of
use as its calculation based on simple mathematical formu-
las. Cut-off values for each marker may differ depending
on the stage of the disease in the studied cohort, the time
points of determining the value of the marker, use of chem-
otherapy or radiation therapy. There might be a depend-
ence on other parameters that have not yet been investi-
gated.
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Pe3tome. Ilomyk OGionoriyHMX MapkepiB penu-
JIMBY 3aXBOPIOBAHHS 3aJIMIIAETHCS AKTyaIbHUM JUIS TTalli-
€HTIB 3 KoslopekTanbHUM pakoM (KPP).

Mertoro po6oTH OyIia OIliHKa MPOTHOCTUYHOT ITiH-
HOCTi MapkepiB 3anmaneHHs (M3) ms namientis 3 KPP na
OCHOBI pe3yJIbTaTiB HAyKOBOTO MOIIYKY.

IMomyk mammx mpoBoamBcs B 6azax Web of
Sciense, Scopus Ta Pubmed. KitouoBi cioBa: «Mapkepu
3aMajeHHs», «KOJOPEKTAIFHUN pPaKk», «BIDKHBAHICTHY,
«TIPOTHO3YBAHHS, «HEUTpO i, «TIMQOIIUTHY,
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«MOHOLIUTHY», «TPOMOOLUTHY, «anbOyMin», «C-peakTus-
HUH O1710K».

OpHuM 3 oy sipHUX M3 BUSIBHIIOCS CITIBBITHO-
meHHs HedtpoduniB Ta nmimpouurtis (NLR). Ilanientu 3
BucokuM piBHeM NLR npoaemoHcTpyBanu ripury 6e3pe-
munuBHy (BPB) Ta 3aransay BrokuBaHicTs (3B).

Ha nmporuBary NLR marieHTH 3 BUCOKHM piBHEM
JiMQOoIUTapHO-MOHOIIUTapHOTO criBBinHOMmEeHHS (LMR)
Mmamu kpamy 3B. Cucremna 3anansHa mkana (SIS) Bimo-
Opaxae cymicue 3HaueHHss LMR Ta ansOyminy mis mpo-
THO3YBaHHA. BHCOKi 11 TIOKa3HWKH IOB’s3aHI 3 TipIINM
nporuo3oM. Bucoki piBui PLR (Tpom6onmTapHo-nimdo-
urapHoro criBigHomeHHs) Ta PNLR (TpombouunTapHo-
HEUTPO]iabHO-TIM(POLIUTAPHOTO CHIBBIIHOIICHHS) € He-
3aJIeKHUMH NPEJUKTOpaMH MOTaHOTro MporHosy. Kmacu-
gyHa Ta MoaudikoBana mkanu ['nasro (GPS ta mGPS) 3a-
CTOCOBYIOTHCS SIK B ITICIISIONIEPALIHHOMY TEpioJi, TakK i JIst
MPOTHO3YBaHHA TMepediry MeTacTaTUYHOTO paky. 3i
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3HKeHHM PNI (IpOrHOCTHMYHOrO HYTPUTHUBHOTO iHJIE-
KCY) acoLiOBaHO MOTaHUI MPOTHO3 JUIA marieHTiB. Ok-
pemo Big3HaueHo HOBUiI Mapkep «LA». Bucoki iioro 3Ha-
YEeHHsI BUSBIIINCS TIPETUKTOPOM TapHOro rnporxo3sy. [Ipo-
THOCTHYHMH 3ananeHuil iHgekc (IPI) BusiBHBCs kpamum
npeaukTopoM perunuBy Hixk mGPS. Tlporroctuano He-
CHPUSATINBUMH € HU3bKI PiBHI CIIiBBiTHOIICHHS aJIbOyMiH-
o0y (AGR) Ta ALI (inaexc 3anmaneHHS MpOTrpecyro-
goro paky uereHs). Bucokmit CAR (cmiBBimHOIICHHS
CPb-amp0ymin) Ta HI3RKHI LCR (cniBBigHOIIEHHS JTiM-
¢ouuti Ta CPB) cBimuats npo ripury BPB Ta 3B.

Pe3ynpraTi npoBEIEHOrO HAYKOBOTO IOLIYKY
JIO3BOJIMJIM BCTAHOBUTH CTAaTUCTHYHO 3HAUYILy MPOTHOC-
THYHY HiHHiCTE M3 151 nporro3yBanHs nepediry KPP.

KoarouoBi ciioBa: Mapkepu 3amnaneHHs, KOJIOpeK-
TaneHU# pak, BwxuBanicth, NLR, LMR, SIS, PLR, GPS,
LA, ALI, CRP.

Crarta Haniiinma B penakmito 10.01.2025 p.
Crarts npuiinsara g0 apyky 15.03.2025 p.

ISSN 2521-1455 (Print)
ISSN 2523-4250 (Online)




