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Abstract. Immune checkpoint inhibitors (ICIs) have revo-
Iutionized cancer management; however, durable benefit is
observed only in a minority of patients. To overcome the limi-
tations of currently approved tumour tissue-based biomarkers
of response, several approaches based on liquid biopsy are
currently being developed. Among them, circulating proteins,
such as soluble immune checkpoint regulators, cytokines,
chemokines, growth factors and cellular modulators, are being
increasingly assessed by multiplex technologies that use a
low volume of biofluids and offer rapid results. Serum/plasma
programmed death-ligand 1, cytotoxic t-lymphocyte-asso-
ciated protein 4, T-cell immunoglobulin and mucin-domain
containing-3, lymphocyte activation gene-3, interleukin (IL)-6
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and IL-8 have emerged as potentially useful indicators of early
response or resistance to ICIs, particularly when quantified
during treatment. However, the optimal timing of on-treatment
blood sampling remains to be determined. The current review
aimed to present the most important findings on the associa-
tion between circulating proteins and response to ICIs in solid
tumours, and to discuss the position of this biomarker class in
the current landscape of biomarkers for ICI therapy.
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1. Introduction

Over the past decade, cancer immunotherapy has made
progress through the development of monoclonal antibodies,
immune modulators, chimeric antigen receptor-T cells and
therapeutic vaccines. Targeting immune checkpoint regu-
lator proteins, such as programmed cell death-protein-1
(PD-1), programmed death-ligand 1 (PD-L1) or cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4), has markedly
improved the survival of patients with melanoma, Merkel's
cell carcinoma, head-and-neck cancer, Hodgkin's lymphoma,
hepatocellular carcinoma, gastric carcinoma, renal cell
carcinoma (1) and non-small cell lung cancer (NSCLC) (2).
However, the use of immune checkpoint inhibitors (ICIs) in
oncology remains under constraint. A subgroup of patients
have shown marked tumour regression in response to ICIs;
however, the majority of patients have failed to derive a durable
benefit from them (3). Overcoming resistance to ICIs remains
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a major issue due to the various underlying mechanisms (4).
Another important problem is the association of severe
adverse events (AEs) with ICIs, which are often the reason for
treatment cessation (5). Finally, the high cost of ICI therapies
puts a considerable strain on healthcare systems; the total
cost of 1 year of therapy with ICIs has been estimated to be
~$100,000 per patient (6). Therefore, identifying biomarkers
of response to ICIs is essential to optimize this therapy, mini-
mize its toxicities and render it affordable to those patients
with the greatest probability of responding to treatment (5,7).

2. Current biomarkers for ICI cancer treatment

Translational research has revealed several biomarkers
predictive of response to ICIs, primarily derived from the char-
acteristics of tumour cells or of the tumour microenvironment
(TME). Tumour tissue PD-L1 levels assessed by immuno-
histochemistry, tumour mutational load and microsatellite
instability/mismatch repair defects have been successfully inte-
grated into approved companion diagnostic assays used for the
prescription of ICIs (8-11). However, tissue-based biomarkers
have the following limitations: i) They rely on tumour biop-
sies, which are not always feasible, particularly for metastatic
lesions; ii) because of inter-metastatic and intra-tumour hetero-
geneity and the dynamic nature of the TME, they provide only
a partial view of the malignant disease, and cannot capture
temporal changes occurring during treatment; iii) tumour
tissue biopsy is an invasive procedure, inconvenient for longi-
tudinal monitoring, which is crucial for the early detection of
disease progression or severe AEs; and iv) ICIs do not only
modulate the intra-tumour immune response, but also influ-
ence the systemic immunity, the effective activation of which
is critical for durable cancer control and modifications of
systemic immunity are reflected in circulating serum/plasma
protein concentrations. Current tissue-based biomarkers fall
short of capturing the full complexity of the tumour-immune
dynamics that dictate treatment outcomes (12).

3. Emerging circulating biomarkers for ICI cancer
treatment

To overcome the aforementioned limitations of tumour
tissue-based biomarkers, biopsies of body fluids, known as
liquid biopsies, are currently being developed. The most
frequently sampled biofluid is blood, which has tradition-
ally been used in clinical practice as a source of cells and
molecules, the characteristics of which can help in making
treatment decisions. Blood sampling is minimally invasive;
therefore, it allows repeated sampling for dynamic, real-time
monitoring of response and resistance throughout treatment,
whereas tissue biopsies are generally performed only once
before therapy (13). In immuno-oncology, blood samples are
used for the assessment of blood cell counts, immune cell
phenotype, and circulating tumour DNA (ctDNA) and protein
levels, which may be potential biomarkers of ICI response (14).

Among numerous potential biomarkers derived from blood
cell counts, neutrophil-to-lymphocyte ratio is emerging as a
strong and cost-effective indicator of poor response to ICIs,
and of hyperprogression following treatment initiation (15,16).
In addition, the quantity and on-treatment dynamics of

peripheral blood lymphocyte subpopulations, such as acti-
vated or exhausted T or B cells, which are characterized by
specific immunophenotypes, have been shown to be associ-
ated with response to ICIs in several studies (17-21). The
need for fresh cells and for high-technology equipment (such
as multicolour flow cytometers) are some of the obstacles
for rapid validation and implementation of these promising
circulating biomarkers in the clinic. ctDNA quantification has
shown potential to predict the response to ICIs administered
in the neoadjuvant setting; however, due to the high variability
and low specificity of the assays, this biomarker is still not
recommended for clinical decisions (22). In such a situation,
circulating protein-based biomarkers have garnered attention
based on the efficiency and speed of modern protein assay
techniques, which are relatively inexpensive and commonly
used in most clinical laboratories. Circulating proteins reflect
both tumour-intrinsic characteristics and systemic immune
responses (23). Proteomics, using both solid and liquid
biopsies, have evolved rapidly over the last decade, providing
solutions to complex biomedical problems, due to advances
in protein quantification techniques, such as affinity-based
methods, mass spectrometry, antibody arrays, fluorescence,
PCR or proximity extension assay (24,25). Thus, new strate-
gies have emerged to enable high-plex and high-throughput
techniques in this field. A number of novel targeted proteomics
technologies, including SomaScan (26-28), Olink (28,29),
Luminex (30-32) and Meso Scale Discovery (30,31,33), use low
volumes of biofluids while offering high analytical precision
and short analysis time (24), compared with the classic mass
spectrometry-based proteomics. For all of these reasons, quan-
tification of circulating proteins is becoming an indispensable
part of translational studies in cancer immunotherapy (32).

4. Most explored circulating protein biomarkers for ICI
cancer treatment

PD-LI. In addition to the established value of tumour tissue
PD-L1 as a biomarker for ICI treatment (34), numerous
researchers have recently become interested in the response-
predictive potential of soluble PD-L1 (sPD-L1). Okuma et al (35)
demonstrated that 59% of patients with NSCLC with low
baseline sPD-L1 levels (<3.357 ng/ml) achieved complete or
partial response to nivolumab compared with only 25% of
patients with high sPD-L1 levels (>3.357 ng/ml) as summarized
in Table I, which lists circulating immune checkpoint proteins
and their associations with immunotherapy response. The
latter group also exhibited shorter time to treatment failure
(TTF) and overall survival (OS) compared with the former
group. Costantini et al/ (36) observed that sPD-L1 concentration
after 2 months of treatment was significantly higher in non-
responders, with a median value of 67.64 pg/ml, compared with
32.94 pg/ml in responders; however, the authors did not observe
a significant difference in baseline sPD-L1 levels between the
two groups (Table I). Similarly, Zizzari et al (37) showed that the
mean concentration of sPD-L1 after 3 months of treatment with
nivolumab was lower among responders (1.70+0.06 pg/ml) than
among non-responders (57.00+12.00 pg/ml). Incorvaia et al (38)
showed contradictory results in metastatic renal cell cancer,
where high baseline sPD-L1 levels (>0.66 ng/ml) were
associated with longer progression-free survival (PFS) after



INTERNATIONAL JOURNAL OF ONCOLOGY 69: 76, 2026

g
e
=
55
A
0o

F=

JuSuIRAL)

JO syeom ¢ pue [w/Su oY [w/3u £9°0
QUI[OSE( U2aMIq “juauIeal) Jo :syuoned [re (V'S OIgVNAQ) oo 0202
(8¢) EN: kTq | SYOoM IV quw/Su 60’1 Y [w/3u 99°() I VSI'Td QeWN[OAIN Jz=u oneISeION ‘I 12 eIRAIOOU]
(d90D
ANOTO-ANO1ID
[w/3u £G¢ €< YN 9 19711dDAd) 810C
(s¢) V/N V/IN w/Su LGee> 1y [W/SU LGEE VSI'd QEWN]OAIN 6¢=u DTOSN ‘Ip 32 WO
uonenuaduod
.HDBOA ”M
“Juduean) Jo [w/3d Z1°LS N (D dVINX 0202
(Lg) V/N syuow ¢ 3y uysd 27y V/IN XANIANTD VSI'Td QEWN[OAIN ~ 7Z=U OTOSN ‘Ip 12 1rezZ1Z
(s JuQuWIINSLAW juounean Julnp JuQWIINSLAW uonenuAdU0d poyiow Aessy DI palenjeaq 1104yo) JIooue) Ieak
orweuA(q JUQWIAINSBIN aureseg JJo-md DOV ‘royine ISIq
1'1-ad ‘9
(wreoqy pue
U] ‘sduUQIdSOoIg
[w/3d 66+ AN uedgoyry) qewnjoAru 120C
(Tv) V/IN V/IN ‘Tuy/sd 641 ¥ [wy/3d 297 I VSI'1d + qewnuidy w=u ewioueRlN /v 42 nlerryoey
[w/Su 991 YN (V'SOIGVNAQ)  qewnzijoiquod €20T
(¢v) V/IN VIN Tw/Sugor sy [W/SuTIl I VST'Td 9snoy-ug 10 QEWN[OAIN [y=U  BWOUBJN [V J2 CIBAIOOU]
juawleany
JO SPam ¢ pue [w/Su ez |y [w/3u 00’7
sur[aseq usamlaq ‘Juduear) :syuanyed [re (V'S OIGVNAQ) o) 020t
Awmv owNO.HooQ “M ,wo mMOOB ._u u< M—E\w: mN. mﬁ ”M ME\WQ ﬁﬁ.N umvﬁ <m~1—m omSOSAHH n_ﬂa:ﬁo\ﬁz ﬁNH: oﬁmawﬁoz »NB 1o EN\COOEH
juowIBaI) [w/3d ¢¢ NN
JO syjuows ¢ pue quiysd 1¢ 0y
QUI[ASk(q UdaMm)dq Juouiean) Jo O dVINX 020C
(Lg) 9s8A109(T Y syIuow ¢ 3y V/IN V/IN XANIANT VSI'Td QEWN[OAIN ~ 7Z=U DTOSN ‘Ip 32 11eZ21Z
A. m.wovmv Jjudauwrainseaw juaunlean w:CS@ juduwainseawu GOEM.EGOOEOO ﬁOﬂuOS \mwmm< HUH ﬁwuﬂzﬂw\/m— ﬁOQOU uooQNU (So\m
orweukq JUSWIAINSBIN uraseq JJo-1nd DOY ‘royine IsIrq

[-ad ‘v

‘Aderoyjounwrwut o3 asuodsar jo sioyrewolq [enusjod se spurodyooyo sunwwut Junenoir) T 9[qeL,


https://www.spandidos-publications.com/10.3892/ijo.2026.5889

PINARD et al: CIRCULATING PROTEINS AS BIOMARKERS OF RESPONSE TO CANCER IMMUNOTHERAPY

("ouf ‘oynuaIdg

[w/3d 80z AN ToUSI OWIYL) ¥10C
(2%) V/N V/N Twy/sd L1vT o [w/3d 00T N VSI'Td qewnwifid]  $[=Uu  BWOUBR ‘v 12 Suna]
[w/3d 98 “4IN
‘Tw/3d 19 °g
JuawIean Jo O dVINX 0202
(Le) V/IN syuow ¢ 1y VIN V/IN XANINNTD VSI'Td QRWN[OAIN  ZZ=U OTOSN ‘Ip 12 1107217
A. m%ONC Jjuauwrainseaw juauwnlean MGCS@ jusawraInseaw GOEN.EC@OEOO ﬁOﬂu@E %Nmm< HUH ﬁouﬁzﬁw\/m— H.HOQOU uooQNU bmo%
orweukq JUSWIAINSBIN uraseq JJo-mnd DOY ‘royine ISIrq
V11D D
[w/3d 929 AN
Tw/3d 6 z¢
Jjuauwnlean ,wo w ﬁ ON
(9¢) V/IN syuow 7 1y V/N  [w/3d € (weoqy) 1Y VSI'TA QEWN[OAIN  ¢p=U OTOSN ‘I 12 unueso)
qewnuryidr
[w/3d 9246 AN (-oug ‘swoyskg -/+ qewnoAIU 0202
(Iv) VIN V/IN w/3d 7opL o VIN A®YIMVSIId  oqewneamq — (Og=u DOSNH ‘v 12 133ydsOg
¥ 9[0Kd pue
QUI[ASk(q Udam)aq Jooued
(6€) asearou] YN VIN V/IN [w/3d 74z (weoqy) 1Y VSI'TA qewiuis  Qp=u [£30310[0D) €20T ‘1P 12 9H
juounean)
JO sqyuowr ¢ pue
QUI[aseq Uaamloq
(P19¥-6' 1<) (-oug ‘swoyskg L10T
(ov) asearou] 1y V/IN V/IN VIN A®Y I VSITd  qewnzioiquisd [Z=U  ewouR[RN ‘Ip 12 noyz
juawleany
Jo syjuow ¢ pue
QUI[ASk(q UdaMm)dq
(P19¥-6' 1<) [w/3u ' [< YN (-ouy ‘swayskg LT0T
(ov) asearou] iy V/IN u/Su > 0y [w/3u | azy) M vsrig qewnwi(id]  ¢/=u  BWOUBPW ‘Ip 12 noyz
('syy) JusWIRINSBIW juounean 3ulnp JusuwIINSeIW UuonenuUAdOUOD poyiow Kessy DI palenjeaq 110yo) JIooue) Ieak
orweukq JUSWIAINSBIN uraseq JJo-1nd DOY ‘royine IsIrq

1'1-ad ‘d

"panupuo) T AqeL,



INTERNATIONAL JOURNAL OF ONCOLOGY 69: 76, 2026

[w/Su O "IN

‘quw/Su 6 Y

‘juswjean Jo O dVINX 0202
(L) V/IN syjuowt ¢ 3y V/IN V/IN XANINNTD VSI'TA ‘Ip 12 1IRZZ1Z
sy JuQuwINSeAW juounean Julnp JuQWAINSLAW uonenuadU0d poyiow Aessy IDI parenjeayq Ieak
orweuA(q JUQWIAINSBIN aureseg JJo-md DOV ‘royine JSIq
¢-INIL ‘A

(wreoqy pue

U] ‘SOUAIdSOoIg
juouIean) uLmnp [w/3d g8 uedgoyry) 1202
((47] asgarou] YN VIN ‘Tuwy/3d 981 AN [wy/3d g [ SINVSIIH  qewnzijoiquiad ‘Ip 32 nfeIyoRIN

juoujean)
Jo sypuowr ¢ pue

suIfaseq usamiaq O dVINX 0202
(L) asgarou] YN VIN V/IN V/IN XANINNTD VSI'TA ‘Ip 12 11RZZIZ
(s JusuwIaINSeIW juowiean SuLnp JuowIdINSBIW uonenuaduod poylowr Aessy IDI paenjeaq Ieok
orweuA(q JUSWIAINSBIA urfaseq Jo-1no DOY ‘royine ISIr
¢OvVI1d

[wy/3d 801 AN ("oug ‘oynuAdS
juouean ‘quy3d ¢ 897 :9[qeIs JOUST OWIdYT,) 6107
(S¢)  Suump aseardu] Y V/IN ‘w/3d 7 0py o9 [wy/3d 00z W VSI'TA ‘Ip 12 o[[nsid
sy JudWIAINSBIW juowieon SuLmnp JuauWIINSLAW uonenuddU0d poyiow Kessy DI palenjeaq Ieak
orweuA(q JUSWIAINSBIN aurpeseq JJo-1mo DOY ‘royine JSIq

7-VILO D

"panupuo) ' AqeL,

Ja| SPANDIDOS
A PUBLICATIONS


https://www.spandidos-publications.com/10.3892/ijo.2026.5889

Table 1. Continued.
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2 o nivolumab treatment. The same study showed a decrease in

v | < sPD-L1 (from 1.09 to 0.73 ng/ml) after two cycles of nivolumab

= among patients with a PFS of >18 months after two cycles of

treatment. This conclusion is debatable, as the authors defined

= high sPD-L1 concentrations as >0.66 ng/ml based on receiver

é % operating characteristic (ROC) curve-derived thresholds,

S B whereas Okuma et al (35), applying the same method, reported

5‘ § an optimal threshold of 3.357 ng/ml (Table I). It may be hypoth-

g < esized that such a difference in the cut-off value could be due to

Z the different methods of sPD-L1 detection: Incorvaia et al (38)

- used a home-made test, whereas Okuma et al (35) used a

= 5 _ commercially available kit. In addition to this potential cause of

% % 2 *'é g g" difference, the cancer type may also serve a role (namely, renal

55| 5E 28 cancer was the focus of the former study, whereas lung cancer
§ @l E gt was the focus of the latter).

== < f‘: - In patients with mismatch repair-proficient colorectal

S | < O Z

cancer treated with sintilimab and regorafenib, the baseline
and end-of-treatment sPD-L1 levels were not significantly
different between patients with durable clinical benefit
(DCB) and those without. However, focusing on the change
between baseline and fourth treatment cycle, the authors
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E Ei fg) found a notable increase in sPD-L1 levels among patients
§ é £ with progression, whereas no marked change was observed
< 9 E '3 in those who achieved DCB (39) (Table I). Zhou et al (40)
z 8 ‘go § observed that all patients with high levels of sPD-L1
- % ‘a.g (>1.4 ng/ml) before anti-CTLA-4 (ipilimumab) treatment
% .S j T E experienced progressive disease. In addition, patients with
s g | « 2 & 'z a 1.5-fold increase in sPD-L1 levels after 5 months of treat-
5 § z % 83 ment were more likely to experience only a partial response
8 5 ¥ § _5 to pembrolizumab or to ipilimumab. In contrast to the afore-
© = ®E mentioned studies, Boschert et al (41) reported that higher
g2 é baseline sPD-L1 levels predicted a better response to ICIs
Eé &g 2 in head-and-neck carcinoma. Notably, the mean sPD-L1
E Z g z® concentration of the responder group was 740 pg/ml vs.
g % e E é 94.76 pg/ml in the non-responder group (Table I).
- | 2 E Z § E Taken together, these results indicate that baseline sPD-L1
g g % ;i U3 levels and its dynamics over the first six cycles of anti-PD-1
< |3 s ::5 ® & treatment are worth further studying as biomarkers predictive
e Y 2 of response or treatment failure.
R
O t § i PD-1. In melanoma, Machiraju et al (42) observed
= < = 2 g that high baseline soluble PD-1 (sPD-1) concentrations
£ g g E £ (>167 pg/ml) were associated with resistance to a combina-
% s °e g tion of nivolumab and ipilimumab. Similar results were
Q E ::'r ~ @ observed in melanoma by Incorvaia et al (43): Significantly
= f E lower baseline concentrations were observed among the
- Oz &g responders to nivolumab or pembrolizumab compared
2 % T T§ 8 with the non-responders (10.3 vs. 16.6 ng/ml, respectively).
S| = § g X Higher baseline sPD-1 concentrations (>11.24 ng/ml) were
5 S § also associated with a shorter TTF. A few years earlier,
E § 5 Incorvaia et al (38) published contradictory results in
§ 8 ‘:;:, w8 metastatic renal cell carcinoma: High baseline sPD-1 levels
§1|0O S % (>2.11 ng/ml) were associated with improved response and
© (£ £ 5 &0 survival. Furthermore, sPD-1 significantly decreased, from
f ,§ § 13.25 to 1.23 ng/ml, after two cycles of nivolumab among the
2 e &;u responders (38). Notably, the optimal sPD-1 cut-off markedly
o 3 s g § differed between the two studies: In 2020, it was calcu-
::'r Ff 3 m2E lated to be 2.11 ng/ml in a cohort of 22 patients, whereas
=l 5 :t'r g8 in 2023 it was estimated to be 11.24 ng/ml in a cohort of
@ 258X I = g 8 41 patients (38,43) (Table I). Therefore, the results of these
o ol B NS n =&
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two studies should be interpreted with caution. In NSCLC,
Zizzari et al (37) reported significantly lower sPD-1 levels
at 3 months of treatment with nivolumab in the responder
group (31 pg/ml) compared with in the non-responder group
(53 pg/ml). Subsequently, by evaluating dynamic changes in
sPD-1 during treatment, a lower sPD-1 level after 3 months
of treatment was found in responders due to a significant
decrease (from 67 pg/ml at baseline to 31 pg/ml at 3 months
of treatment) of the protein during this period compared with
the pre-treatment values (Table I). Thus, similar to sPD-L1,
lower levels of baseline sPD-1 and/or their decrease on treat-
ment may be associated with improved response to ICIs.

CTLA-4. Leung et al (44) demonstrated that patients with
stage IV melanoma who derived a clinical benefit from
ipilimumab had significantly higher baseline serum CTLA-4
(sCTLA-4) levels than patients without clinical benefit
(2,417 vs. 208 pg/ml, respectively). Furthermore, the median
OS time was 43.2 months for patients with baseline SCTLA-4
>200 pg/ml, whereas it was only 5.9 months for patients
with sCTLA-4 <200 pg/ml. Similar results were obtained in
a larger study: The mean baseline sCTLA-4 levels for the
responder, stable disease and progression group were 440.4,
268.5 and 108.4 pg/ml respectively, and patients with baseline
SCTLA-4 levels >200 pg/ml had improved response to ipili-
mumab and survival (45). Notably, the cut-off of 200 pg/ml
was identified by the ROC approach by Leung ef al (44),
whereas it the median sCTLA-4 concentration was used as
the cut-off value by Pistillo et al (45). The median level of
sCTLA-4 in Pistillo et al (45) clearly reflected significantly
higher sCTLA-4 levels in patients with melanoma than
in healthy subjects, in whom sCTLA was in the range of
10-40 pg/ml. sCTLA-4 in melanoma likely originates both
from alternative splicing of the CTLA-4 gene in tumour cells
and from activated peripheral T cells, particularly regulatory
T cells (46). Therefore, sSCTLA-4 reflects the global CTLA-4
burden (namely, the availability of the ipilimumab target).
In other words, patients with melanoma with >200 pg/ml
CTLA-4 have their immune system strongly suppressed
by CTLA-4, and administration of ipilimumab provides a
stronger relief from this suppression than that in patients with
lower sCTLA-4 levels. Zizzari et al (37) showed that patients
with NSCLC who responded to nivolumab had significantly
lower sCTLA-4 levels after 3 months of treatment than
non-responders (61 vs. 86 pg/ml, respectively).

Together, the aforementioned data indicate that higher
pre-treatment and lower mid-treatment levels of sCTLA-4
could predict a higher probability of response to ipilimumab
or nivolumab (Table I).

Other circulating immune checkpoint regulators. Tumour
tissue upregulation of the alternative immune suppressive
pathways is one of the mechanisms responsible for acquired
resistance to ICIs (47). These modifications can result in the
release into circulation of immune checkpoint regulators
other than PD-1 or PD-L1. In a previous small study (n=22)
on nivolumab-treated patients with NSCLC, non-responders
presented higher soluble T-cell immunoglobulin and
mucin-domain containing-3 (TIM-3), lymphocyte activa-
tion gene-3 (LAG-3) and B- and T-lymphocyte attenuator-4
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concentrations than responders after 3 months of treatment (37).
Anotherpreviouslarger study (n=48) on pembrolizumab-treated
patients with melanoma showed that the non-responders had
significantly higher baseline SLAG-3 levels (186 pg/ml) than
patients with stable disease (85 pg/ml). Furthermore, in the
resistant patients, SLAG-3 was significantly increased during
the first 6 weeks of treatment. These associations between
sLAG-3 and response to treatment were not observed in
patients treated with ipilimumab (n=23) or with a combina-
tion of ipilimumab and nivolumab (n=42) (42) (Table I). The
value of sTIM-3 and sLAG-3 quantification for personalized
immuno-oncology remains to be determined; however, with
advances in the clinical development of TIM-3 and LAG-3
inhibitors such as sabatolimab (48) and relatlimab (49), it is
highly probable that LAG-3 will form part of analyte panels to
be tested in upcoming clinical trials.

Cytokines. Cytokines, which are essential proteins for
communication between immune cells, serve key roles in both
the activation and suppression of the immune response. Their
blood levels are one of the best reflectors of immune system
activity (50).

Interleukins (ILs) are the cytokines most extensively
investigated as predictors of immunotherapy response. Several
previous studies have shown that high baseline serum IL-6
(sIL-6) concentrations are associated with a poor response
to PD-1/PD-L1 blockade. In NSCLC, the sIL-6 cut-off levels
were similar across numerous studies, ranging from 11.1 to
13.8 pg/ml (51-54). Patients with sIL-6 above these levels have
been reported to have a lower probability of responding to
anti-PD-1 drugs as summarized in Table II, which lists cyto-
kines and their associations with immunotherapy response.
In squamous NSCLC, an increase in sIL-6 concentrations
between baseline and the fifth treatment cycle of nivolumab
alone or nivolumab with ipilimumab was observed among
non-responders by Parra et al (29). In gastric cancer,
Qi et al (55) showed that sIL-6 levels >13.3 pg/ml after two
cycles of chemotherapy and PD-1 blockade were notably
associated with a shorter PFS (Table II).

The response to treatments combining ICIs and targeted
therapy has been shown to be associated with lower baseline
or on-treatment levels of sIL-6 in patients. In patients with
hepatocellular carcinoma treated with atezolizumab and
bevacizumab, the responder group presented with significantly
lower sIL-6 levels at both the baseline and after 6 weeks
of treatment compared with in the non-responder group
(Table II) (56). In patients with renal carcinoma treated with
pembrolizumab combined with axitinib, the baseline sIL-6
levels were significantly lower in responders (8.6 pg/ml) than
in non-responders (84.1 pg/ml) (57). Similarly, in a trial of
nivolumab and ipilimumab, with or without enzalutamide,
in metastatic castration-resistant prostate cancer, lower base-
line concentrations of sIL-6 were associated with improved
outcomes (58). Finally, two studies conducted in advanced
melanoma treated with ipilimumab or nivolumab showed
contrasting results regarding sIL-6: Cristiani et al (59) showed
that low concentrations of sIL-6 (<6.80 pg/ml) were associ-
ated with improved PFS and OS, whereas Yamazaki et al (60)
revealed that the concentrations of sIL-6 were markedly higher
in patients with an objective response to nivolumab than in
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patients who experienced disease progression after this treat-
ment (Table II). The main difference between these two studies
was the IL-6 quantification time point: IL-6 was detected
before treatment in Yamazaki et al vs. at 2 months after
treatment in Christiani et al. With that in mind, the former
study results would reflect, as the authors evoked, a stronger
antitumour immunity already present before treatment and
further stimulated by anti-PD-1 or anti-CTLA-4 treatment.
Whereas the results of the latter study may reflect a reduction
in the burden of an IL-6-producing tumour. These hypotheses
should be verified in future studies by assessment of both the
tumour tissue and sIL-6 levels together with the activation
status of peripheral lymphocytes.

Similar to sIL-6, serum IL-8 (sIL-8) has mainly been
identified as an unfavourable biomarker of response and
outcome in immunotherapy studies. Schalper et al (61)
observed in 107 patients with squamous NSCLC and
255 patients with non-squamous NSCLC that baseline
sIL-8 >23 pg/ml was associated with a poor response to
nivolumab (61). Kauffmann-Guerrero et al (52) reported
similar findings in a smaller cohort treated with anti-PD-1,
using 19.6 pg/ml as the cut-off value for baseline sIL-8 levels.
The majority of studies that have analysed sIL-8 dynamics
during treatment with ICIs have shown that an increase in
sIL-8 levels compared with baseline levels is associated
with a lack of response and/or with progressive disease. For
example, Sanmamed ef al (62) assessed patients with NSCLC
treated with anti-PD-1 monotherapy and the results revealed
that sIL-8 levels decreased from 20.8 pg/ml at baseline to
6.5 pg/ml at the time of best response (BR), whereas they
increased from the baseline level of 15 pg/ml to 51 pg/ml at
the moment of progressive disease diagnosis. Similar findings
were reported in patients with squamous NSCLC or mela-
noma treated with nivolumab alone or in combination with
ipilimumab (29,59,62) (Table II). Sanmamed et al also defined
a cut-off (9.2%) of sIL-8 level change between baseline and
2-3 weeks of treatment, which best separated responders from
non-responders (Table II).

As part of multi-analyte panels, several other cytokines
have been assessed in the serum of patients treated with ICIs.
Haddox et al (63) detected higher serum IL-4 (sIL-4) levels at
baseline and at 1 week of treatment in patients with sarcoma
who responded to a combination of eribulin and pembro-
lizumab. Furthermore, patients with gastric cancer treated
with immunochemotherapy who had an increase in sIL-4
after four cycles of treatment (>1,279 pg/ml) also exhibited
significantly improved PFS (55). By contrast, serum IL-5
(sIL-5) concentration was decreased between baseline levels
(7.07 pg/ml) and time of BR (3.78 pg/ml) in patients with
gastric cancer treated with PD-1 blockade; similar dynamics
of sIL-5 were observed in a cohort of patients with NSCLC
analysed by the same authors (64). Serum IL-7 and IL-17
levels were investigated in prostate cancer, where low and
high baseline concentrations, respectively, were associated
with an improved response to a combination of nivolumab
with ipilimumab, with or without enzalutamide (58). Serum
IL-10 (sIL-10) levels below a threshold of 4.3 ng/ml at base-
line and after two cycles of ICI was associated with improved
response in patients with renal cancer (65). However, in
patients with nivolumab-treated melanoma, higher baseline
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concentrations of sIL-10 were associated with improved
response (60) (Table II).

Zhao et al (64) showed a decrease in serum interferon y
(SIFN-vy) levels from baseline to time of BR in responders,
whereas they increased from baseline to progressive disease in
both NSCLC and gastric cancer. In another study on patients
with gastric cancer treated with anti-PD-1, patients with low
baseline levels of sIFN-y (<10.79 pg/ml) had a median PFS
of 119 vs. 267.5 days for patients with high levels of sSIFN-y
(>10.79 pg/ml) (55). Higher sIFN-vy levels were also observed
at baseline in melanoma responders treated with nivolumab
and in sarcoma responders treated with eribulin associated
with pembrolizumab (60,63). Kauffmann-Guerrero et al (52)
showed contradictory results in NSCLC, where patients with
sIFN-y >16.7 pg/ml at baseline had no response to anti-PD-1
treatment (Table II).

Serum transforming growth factor 3 has been investi-
gated in patients with hepatocellular carcinoma treated with
pembrolizumab. The responders had markedly lower baseline
concentrations than the non-responders (141.9 vs. 1,071 pg/ml,
respectively) (66). Serum colony-stimulating factor 1 was
reported to increase before radiological progression in a cohort
of 160 patients with squamous NSCLC treated with nivolumab
alone or in combination with ipilimumab (29) (Table II).

The cytokine receptors CD25 and CD27 have been
studied in patients treated with PD-1 inhibitors. Patients with
melanoma who responded to treatment presented higher
baseline serum CD25 levels (1,348 pg/ml) compared with
non-responders (451 pg/ml) (67). In the same patients, serum
CD27 (sCD27) was found to be significantly lower among the
responders after 1 month of treatment (1,372 pg/ml) compared
with the non-responders (2,493 pg/ml) (67). Sam et al (68)
showed, in two large cohorts of patients with melanoma
(namely PREDIMEL, n=74 and MelBase, n=210), that sCD27
levels >100 U/ml were associated with resistance to pembroli-
zumab alone but not when it was combined with anti-CTLA-4
treatment. In metastatic renal cell carcinoma treated with
anti-PD-1 therapy, higher circulating sCD27 levels were
associated with poorer overall survival across independent
cohorts (Colcheckpoint cohort and BIONIKK-like cohort),
although the optimal prognostic cutoff varied between studies
(91.8 vs. 112.71 U/ml). Despite differences in ROC-defined
cut-off values across cohorts, elevated sCD27 was consis-
tently associated with worse survival outcomes in patients
with metastatic renal cell carcinoma receiving anti-PD-1
therapy (69) (Table II). Finally, a comprehensive article on the
CD27-CD70 axis in cancer immunotherapy has indicated that
high blood levels of CD27 are associated with resistance to
PD-1/PD-L1 blockade in several types of cancer (68). Thus,
quantification of circulating CD27 may serve to select patients
for ICI treatment escalation.

Chemokines. As with cytokines, serum chemokines can provide
information on the mechanisms underlying ICI resistance,
often linked to the appearance of immune-related AEs (50).
In melanoma, Kasanen et al (70) showed a significant increase
in three C-X-C motif chemokine ligands (CXCLs), namely
CXCL9, CXCLI10 and CXCLI11, between baseline and 1
month of nivolumab treatment among the responders, while no
significant change was observed among the non-responders. In
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a larger cohort of patients with ipilimumab-treated melanoma,
serum CXCLI11 levels <35 pg/ml were associated with response
to treatment (71). Similar observations were reported in another
study regarding serum CXCL9 (sCXCL9) baseline levels,
which were significantly higher in responders to PD-1 inhibi-
tion (75 pg/ml) than in non-responders (0.4 pg/ml); sCXCL9
was much higher in responders than in non-responders also
after 1 and 2 months of treatment (67). This protein was also
studied in patients with hepatocellular carcinoma treated with
anti-PD-1. sCXCL9 levels <478 pg/ml were primarily associ-
ated with progressive disease, whereas levels exceeding twice
the threshold value of 478 pg/ml were associated with improved
response to treatment (72). Serum chemokines including
CXCLS8, CXCL9, CXCL10, CXCL12 and CXCL13 have been
evaluated in ICI-treated NSCLC cohorts, with heterogeneous
and sometimes conflicting results. While several studies have
reported that increased serum levels of CXCLS, CXCLI10 or
CXCLI12 are associated with poorer outcomes (reduced OS,
PFS or DCB), other studies have shown that higher CXCL9
and CXCLI10 levels are associated with improved response and
PFS. In addition, an early decrease in CXCLS levels during
treatment has been associated with better survival outcomes in
patients with NSCLC (72). Parra ef al (29) observed an increase
in CXCL13 among non-responding patients with squamous
cell lung cancer between baseline and cycle 5 (week 9 of treat-
ment with nivolumab in monotherapy or in combination with
ipilimumab). Furthermore, CCL2 was the focus of a study on a
cohort of 24 patients with melanoma treated with nivolumab;
patients responding to treatment presented with concentrations
of >446.72 pg/ml (59). A summary of the reported chemokines
and their associations with immunotherapy response is
presented in Table III.

Cellular modulators. Among the proteins involved in the
regulation of cellular processes, the most investigated ones
in terms of their response to ICIs are those involved in
mesenchymal cell proliferation and angiogenesis, including
fibroblast growth factor (FGF), hepatocyte growth factor
(HGF), vascular endothelial growth factor (VEGF) and
angiopoietin-2 (ANG-2).

Higher baseline concentrations of serum HGF (sHGF)
have been observed in patients with melanoma who responded
to PD-1 or CTLA-4 blockade and to their combination (73).
Similarly, in a cohort including various cancer types, patients
who responded to anti-PD-1 or anti-PD-L1 therapy showed
significantly higher baseline levels of sHGF compared with the
non-responders (2,365 vs. 1,769 pg/ml, respectively) (54). In
patients with hepatocellular carcinoma treated with a combi-
nation of atezolizumab and bevacizumab, Yang et al (74)
observed a significant increase in serum FGF-19 concentra-
tions between baseline and the BR time-point, whereas serum
ANG-2, together with serum VEGF-D, significantly increased
at the time of progression in patients who initially responded
to treatment. Cristiani et al (59) showed that patients with
melanoma with better response to two cycles of nivolumab had
serum VEGEF levels <413.06 pg/ml at that time-point. Table IV
summarizes circulating cellular modulators and their reported
associations with response to immunotherapy. These find-
ings indicate that circulating angiogenesis markers are worth
further validation in the ICI treatment setting, particularly to

indicate development of resistance to ICIs, which could be
suppressed by angiogenesis inhibitors.

5. Discussion and perspectives

Circulating proteins are emerging biomarkers for cancer
immunotherapy. As shown in the present review, the data to
date are heterogeneous; however, some soluble proteins such
as PD-L1, IL-6, IL-8, CD27 and angiogenesis markers appear
to be particularly promising as biomarkers of response or resis-
tance to ICIs. The expression of ICI targets within the tumour
tissue are inherently dynamic, shaped by immune editing,
and so is the release into the bloodstream of proteins that are
results of these intra-tumour changes. Namely, the presence of
various ICI targets in the TME and in the bloodstream suggest
the possibility of ligand recycling on tumour and immune
cells, representing the dynamic part of the tumour-resident
lymphocyte clones. Luoma et al (75) demonstrated that
tumour-infiltrating CD8* T cells expand during neoadjuvant ICI
treatment in oral cancer, and express elevated cytotoxicity and
tumour-resident memory programs. In addition, this treatment
induced a systemic immune response, characterized by the
expansion of activated T cells enriched in tumour-infiltrating
T-cell clonotypes, including both pre-existing and emergent
clonotypes undetectable prior to therapy. The ICI-induced
boost of both intra-tumour and systemic immunity can
generate a plethora of soluble ICI targets potentially reflecting
the efficacy of ICI treatment. It should be expected to encounter
a great diversity of soluble proteins associated with response
to cancer immunotherapy, as various programs such as angio-
genesis and tissue injury/remodelling may be activated at both
the tumour and systemic levels. Another aspect that can be
reflected by circulating proteins is the association between the
patient microbiome and the immune system, as recently shown
in renal cancer (76). In such situations, the non-invasiveness
of blood sampling and ease of serum protein profiling using
modern high-plex technologies call for broader implementa-
tion of circulating protein assessment in ICI clinical trials.
The majority of studies conducted thus far on predictive
circulating protein biomarkers have focused on melanoma
and lung cancer. While these studies have yielded promising
results, validation across other tumour types is essential to
establish the clinical relevance of serum proteomics for cancer
immunotherapy. For example, recent and ongoing investiga-
tions in triple-negative breast cancer (TNBC) are expected
to reveal additional areas of blood protein profiling use in
immuno-oncology (77,78). Although circulating proteins are
not included in the list of essential biomarkers to assess in
cancer immunotherapy trials (79), the number of new trials
in the field that include serum protein profiling (particularly
cytokines) is expected to increase. Notably, activation of
both tumour tissue and cells circulating in peripheral blood
is reflected by changes in circulating cytokines and chemo-
kines, as shown, for example, by Stopeck er al (80) on a series
of 44 metastatic TNBC cases. The studies on circulating
proteins in patients with melanoma and lung cancer treated
by immunotherapies presented in the current review suggest
that monitoring of immunotherapy efficacy can be performed
by dynamic assessment of this biomarker type; however,
larger cohorts of serum/plasma samples are necessary for
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the identification of robust predictors. Therefore, systematic
blood sampling before, during and after treatment with any
immunotherapy for any cancer type is highly recommended,
to constitute biological collections assessable by various
proteomics technologies. At present, the data are not sufficient
to propose a ‘universal’ cytokine/chemokine panel that is
worth assessing in all cancer types; however, some biofluid
proteomics technology providers offer notably large panels
that can be applied in biomarker discovery, as has been
recently shown in an ancillary study linked to the OXEL trial
in TNBC (81).

It may be hypothesized that combining analysis of circu-
lating proteins with other types of biomarkers, both circulating
and tissue-based, would provide a more comprehensive and
accurate assessment of the likelihood of a patient to respond to
ICIs and to have a durable benefit from them. Relying on a single
biomarker, or even on a single class of biomarkers, is unlikely
to be sufficient in immuno-oncology; instead, composite
biomarkers are required to better capture the complexity
and dynamic nature of the cancer-immune interplay and its
modulation by immunotherapies (9). Circulating proteins
should be included as important parameters in this approach.
Their assessment is of particular value in limited-resource
settings, where combinations of blood protein levels and
blood cell counts or their ratios, may generate powerful and
affordable biomarkers to tailor treatments with high-cost
drugs such as ICIs.
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