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Abstract. Colorectal cancer (CRC) remains a major global 
health challenge, necessitating improved prognostic and 
predictive tools. The aim of the present study was to investigate 
the associations between elevated serum tumor markers (TMs) 
and clinicopathological features in patients with colorectal 
cancer, to evaluate their prognostic ability in advanced‑stage 
disease cases and to identify patients most likely to respond 
to treatment. This retrospective study analyzed data from 
293 patients treated for colorectal adenocarcinoma between 
January  1, 2020, and June  30, 2023. Carcinoembryonic 
antigen and cancer antigen (CA)19‑9, CA72‑4 and CA125 
positivity were evaluated to classify patients into negative, 
single elevation (higher expression than normal in 1 TM) and 
multiple elevation (≥2 TMs expressed at higher than normal 
levels) groups. Clinical characteristics were evaluated using 
χ2 tests, and a Kaplan‑Meier survival analysis was conducted. 
The number of elevated TMs was associated with T stage 
(P=0.01), poor differentiation (P<0.001), later clinical stages 
(P<0.001), metastatic sites (P<0.001) and larger metastatic 
diameter (P<0.001). TM elevation was not associated with 
the N stage, primary site and microsatellite instability status 
(MSI) status, or the objective response rate and disease control 
rate after first‑line treatment. Having multiple TM elevations 
was associated with poorer progression‑free survival (PFS). 

With regard to non‑MSI‑H/deficient mismatch repair (dMMR) 
[immune checkpoint inhibitor (ICI) + tyrosine kinase inhibitor 
(TKI)] therapy, the single TM elevation dMMR patient group 
receiving third‑line ICI + TKI benefited the most, regardless of 
tumor burden, especially those with a neutrophil‑to‑lympho‑
cyte ratio (NLR) <3. In conclusion, multiple TM elevations 
were associated with the T stage, poor differentiation, later 
clinical staging, metastatic site, tumor burden and worse 
PFS. Non‑MSI‑H/dMMR patients with single TM elevations 
benefited most from ICI + TKI therapy, particularly those with 
an NLR <3.

Introduction

For patients with unresectable locally advanced or metastatic 
colorectal cancer (mCRC), pharmacotherapy remains the 
primary treatment modality, including chemotherapy, targeted 
therapy and treatment with immune checkpoint inhibitors 
(ICIs) (1,2). To optimize outcomes, the timely initiation of 
treatment, rapid assessment of its efficacy and more accurate 
identification of effective treatment populations continue to be 
hot topics in oncology research.

Tumor markers (TMs) are a class of bioactive substances 
produced and secreted into the bloodstream by cells in 
malignant tumor tissues, allowing for the quantification of 
serum‑related biomarkers (3). These substances can indirectly 
reflect the occurrence, development, metastasis and degree of 
invasion of tumors, and may indicate the differentiation type 
of a tumor to some extent (4). Therefore, these markers play 
a positive role in the diagnosis, treatment and prognosis of 
tumors (5). 

Currently, research on TMs of CRC predominantly focuses 
on three key aspects, including early screening and diagnosis, 
monitoring for postoperative recurrence, and evaluating 
pharmacotherapeutic efficacy in patients with advanced 
disease. However, in clinical practice, some patients exhibit 
no abnormal elevation of TMs in serum, whereas others show 
an abnormal elevation of one or more TMs, and it remains 
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unclear whether these differences are related to the patients' 
clinical stage, treatment outcomes or prognosis. Furthermore, 
as tumor‑associated antigens, the presence of TMs may be 
indicative of higher immunogenicity. In recent years, numerous 
attempts have been made to treat patients with advanced 
CRC using chemotherapy or targeted therapy combined with 
programmed cell death protein 1 (PD‑1) monoclonal anti‑
body therapy; however, the results have been unsatisfactory, 
and identifying an effective population remains challenging. 
Therefore, it is worth investigating whether patients with 
elevated levels of multiple TMs derive greater benefits from 
immunotherapy.

Microsatellite instability (MSI) refers to variations in the 
coding and non‑coding sequences of microsatellites on chro‑
mosomes, specifically within repetitive DNA sequences (6). 
Immunotherapy has become the standard first‑line treatment 
for patients with high MSI (MSI‑H)/deficient mismatch repair 
(dMMR) CRC  (7). However, non‑MSI‑H/dMMR patients 
comprise ~95% of the population (8), and only a small number 
of them benefit from immunotherapy. Therefore, the ability to 
accurately distinguish between these populations has signifi‑
cant implications for identifying those most likely to exhibit a 
treatment response.

The aim of the present study was to analyze the associations 
between TM expression and the clinical stage, tumor differen‑
tiation and tumor location in patients with CRC, as well as 
the number of metastatic sites, metastatic lesion diameter and 
MSI status in patients with advanced‑stage disease, and their 
impact on treatment efficacy and prognosis.

Patients and methods

Patients. The present retrospective study analyzed data from 
293 patients with CRC at stages I‑III (n=103) or IV (n=190) 
who received treatment at the Oncology Center of Henan 
Provincial People's Hospital (Zhengzhou, China) between 
January 1, 2020, and June 30, 2023. In terms of sex, 178 patients 
were male, and 115 were female, with a median age of 59 years 
(range, 19‑86 years). There were 223 and 70 cases involving 
adenocarcinoma in the left colon (including the rectum) and 
the right colon (including the transverse colon), respectively. 
In terms of pathological grading, 186 cases were classified as 
moderately to well‑differentiated and 107 as poorly differ‑
entiated. The inclusion criteria for patients were as follows: 
i) A pathological diagnosis of colorectal adenocarcinoma; 
ii) early resectable CRC; iii) unresectable locally advanced 
or metastatic CRC; iv)  an Eastern Cooperative Oncology 
Group (9) performance status of 0‑2; v) an accurate patient 
history and data availability; and vi) availability of follow‑up 
data. The exclusion criteria were as follows: i) A diagnosis 
of non‑colorectal adenocarcinoma; ii)  severe metabolic or 
cellular immune abnormalities with organ failure; and iii) the 
presence of other concurrent tumors. The follow‑up period 
concluded in October 2024. Informed consent was obtained 
from all patients before initiating treatment.

Detection of serum carcinoembryonic antigen (CEA) and 
cancer antigen (CA)19‑9, CA72‑4 and CA125. Serum 
concentrations of CEA, CA19‑9, CA72‑4 and CA125 were 
determined from routine clinical tests immediately before 

initiating treatment. The quantitative detection of serum tumor 
markers (CEA, CA19‑9, CA72‑4 and CA125) was performed 
using the Electrochemiluminescence Immunoassay method, 
utilizing the Cobas 6000 602 fully automated electroche‑
miluminescence immunoassay analyzer produced by Roche 
Diagnostics GmbH. All testing reagents were used with the 
corresponding Elecsys® reagent kits: Elecsys CEA (cat. 
no. 04491777190), Elecsys CA19‑9 (cat. no. 11776193122), 
Elecsys CA72‑4 (cat.  no.  09005692190) and Elecsys CA 
125 II (cat. no. 11776223190), also manufactured by Roche 
Diagnostics GmbH. The normal levels of CEA, CA19‑9, 
CA72‑4 and CA125 were defined as ≤5.0 ng/ml, ≤35.0 U/ml, 
≤6.9 U/ml and ≤35.0 U/ml, respectively. When the serum 
levels exceeded the critical values for a marker, the results 
were considered positive, and patients were categorized into 
negative, single TM elevation and multiple TM elevation 
(≥2 TMs) groups according to the number of positive markers.

Clinical response evaluation. Treatment efficacy was evalu‑
ated using the Response Evaluation Criteria in Solid Tumors 
(version 1.1) (10). Responses were categorized as complete 
remission (CR), partial remission (PR), stable disease (SD) and 
progressive disease (PD). The objective response rate (ORR) 
included CR and PR cases, whereas the disease control rate 
(DCR) included CR, PR and SD cases.

Statistical analysis. Data analysis was performed using IBM 
SPSS Statistics for Windows, version  26.0 (IBM Corp.). 
Count data are represented as n (%), and χ² tests were used for 
comparisons between two or more groups. For cases that did 
not meet the conditions of the χ² tests, Fisher's tests were used. 
Progression‑free survival (PFS) time was calculated from the first 
day of chemotherapy until the occurrence of disease progression. 
PFS was assessed using one‑way ANOVA, with Bonferroni's 
post hoc test. Univariate survival analysis was conducted using 
the Kaplan‑Meier method and the log‑rank test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinical and pathological characteristics. The clinical and 
pathological characteristics of the 293 patients are summarized 
in Table Ⅰ. Among the 103 patients with disease stages of I‑III, 
the highest proportion of individuals with negative TM elevation 
was observed in those with a T stage of 1‑2. The results demon‑
strate an association between tumor marker status and T‑stage 
(P=0.01). Among the 293 patients, the negative group had the 
highest proportion of stage I‑II patients, whereas the multiple 
TM elevation group had the highest proportion of patients with 
stage IV disease, and there was a significant association between 
the number of elevated TMs and clinical staging (P<0.001). The 
multiple TM elevation group had the largest proportion of patients 
with poorly differentiated tumors, whereas the negative TM eleva‑
tion group had the largest proportion of patients with moderately 
to well‑differentiated tumors (P<0.001). The multiple‑elevation 
group showed the highest proportions of both peritoneal metas‑
tasis and liver metastasis (P<0.001). The number of elevated TMs 
was significantly associated with tumor differentiation status and 
metastatic sites. The TRUSTY study prospectively established 
6 cm as the biologically and clinically validated cutoff for the 



ONCOLOGY LETTERS  30:  438,  2025 3

sum of metastatic lesion diameters (11), which was similarly 
adopted in the present study. When the sum of the diameters of 
the metastatic lesions was ≥6 cm, there were significant differ‑
ences between the three groups (P<0.001), whereas no significant 
differences were observed when the diameter was <6 cm. The 
number of elevated TMs was significantly associated with the 
tumor burden. TM expression levels were not associated with the 
N stage, tumor location or MSI status (Table Ⅱ).

TM positivity rates. In advanced‑stage patients, the number 
of cases and positivity rates for CEA, CA19‑9, CA72‑4 and 
CA125 were 121 (63.7%), 80 (42.1%), 38 (20.0%) and 40 

(21.1%), respectively. In this subset, the number of cases and 
proportions of patients with negative elevation, single TM 
elevation and multiple TM elevations were 43 (22.6%), 64 
(33.7%) and 83 (43.7%), respectively. When any two markers 
were combined, the number of cases and positivity rate ranged 
from 61 (32.1%) to 138 (72.6%).

Analysis of first‑line treatment efficacy in patients with stage IV 
disease. Treatment responses were compared between the TM 
elevation groups in the 190 patients with stage IV CRC. There 
were no significant differences in the ORR and DCR between 
the three groups; however, there was a decreasing trend in PFS 

Table Ⅰ. Comparison of clinical pathological characteristics between TM groups.

	 Negative	 Single TM	 Multiple TM
Clinical pathological	 group,	 elevation	 elevation
characteristics	 n (%)	 group, n (%)	 group, n (%)	 Total, n (%)	 χ2	 P‑value

Tumor staging					     9.222	 0.01
  T1‑2	 19 (73.1)	 7 (26.9)	 0 (0.0)	 26 (100.0)		
  T3‑4	 33 (42.9)	 29 (37.7)	 15 (19.5)	 77 (100.0)		
Node staging					     5.208	 0.074
  N0	 39 (58.2)	 21 (31.3)	 7 (10.4)	 67 (100.0)		
  N1‑2	 13 (36.1)	 15 (41.7)	 8 (22.2)	 36 (100.0)		
Clinical staging					     38.177	 0.000
  I‑II	 39 (58.2)	 21 (31.3)	 7 (10.4)	 67 (100.0)		
  III	 13 (36.1)	 15 (41.7)	 8 (22.2)	 36 (100.0)		
  IV	 43 (22.6)	 64 (33.7)	 83 (43.7)	 190 (100.0)		
Degree of differentiation					     19.999	 0.000
  Poorly differentiated	 20 (18.7)	 36 (33.6)	 51 (47.7)	 107 (100.0)		
  Moderately to highly	 75 (40.3)	 64 (34.4)	 47 (25.3)	 186 (100.0)	
  differentiated
Tumor location					     0.586	 0.746
  Left hemicolon	 74 (33.2)	 77 (34.5)	 72 (32.3)	 223 (100.0)		
  Right hemicolon	 21 (30.0)	 23 (32.9)	 26 (37.1)	 70 (100.0)		
Metastatic site					     32.859	 0.000
  Peritoneal metastasis	 4 (21.1)	 3 (15.8)	 12 (63.2)	 19 (100.0)		
  Liver metastasis	 10 (9.4)	 42 (39.6)	 54 (50.9)	 106 (100.0)		
  Other metastatic locations	 29 (44.6)	 19 (29.2)	 17 (26.2)	 65 (100.0)		
Sum of the diameters of					     31.056	 0.000
metastatic lesions
  ≥6 cm	 8 (8.5)	 28 (29.8)	 58 (61.7)	 94 (100.0)		
  <6 cm	 35 (36.5)	 36 (37.5)	 25 (26.0)	 96 (100.0)		

TM, tumor marker.

Table II. Comparison of microsatellite instability between TM groups.

Microsatellite	 Negative group,	 Positive group,
instability	 n (%)	 n (%)	 Total, n (%)	 χ2	 P‑value

Non‑high	 39 (21.7)	 141 (78.3)	 180 (100.0)	 1.819	 0.177
High	 4 (40.0)	 6 (60.0)	 10 (100.0)		
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among them (P=0.007, Table III; P=0.026, Fig. 1). The difference 
between the negative TM elevation group and the multiple TM 
elevation group was particularly pronounced (P=0.012; Fig. 1).

Analysis of third‑line treatment efficacy in non‑MSI‑H/dMMR 
patients. There were 73 non‑MSI‑H/dMMR patients who 
received combination therapy with ICIs and tyrosine kinase 

inhibitors (TKIs) as a third‑line treatment regimen. The 
number of cases and proportions of patients receiving certain 
ICIs were as follows: Sintilimab, 39 (53.4%); camrelizumab, 
9 (12.3%); tislelizumab, 15 (20.5%); triplimab, 3 (4.1%); 
pembrolizumab, 3 (4.1%); and other ICIs, 4 (5.5%). For TKIs, 
regorafenib was administered in 25 (34.2%) of cases, while the 
other 48 (65.8%) received fruquintinib.

Figure 1. (A) Survival curves for PFS depending on TM positivity in patients with stage IV colorectal cancer receiving first‑line treatment. (B) Comparison of 
PFS between the negative and single TM elevation groups P=0.246. (C) Comparison of PFS between the negative and multiple TM elevation groups P=0.012. 
(D) Comparison of PFS between the single and multiple TM elevation groups P=0.098. PFS, progression‑free survival; TM, tumor marker.

Table III. Comparison of treatment responses between TM elevation groups among patients with stage IV colorectal cancer.

	 Negative	 Single TM	 Multiple TM
Efficacy Indicators	 TM group	 elevation group	 elevation group	 χ2/F	 P‑value

First‑line treatment					   
  ORR, n (%)	 16 (37.2)	 28 (43.8)	 30 (36.1)	 0.950	 0.622
  DCR, n (%)	 40 (93.0)	 59 (92.2)	 72 (86.7)	 1.753	 0.416
  PFS time, months	 6.6	 5.9	 5.4	 5.148	 0.007
ICI + TKI treatment					   
  ORR, n (%)	 1 (6.3)	 2 (9.1)	 1 (2.9)	 1.377	 0.541
  DCR, n (%)	 7 (43.8)	 16 (72.7)	 12 (34.3)	 8.143	 0.017
  PFS time, months	 2.1	 11	 2.5	 10.343	 <0.001

TM, tumor marker; PFS, progression‑free survival; ICI, immune checkpoint inhibitor; TKI, tyrosine kinase inhibitor; ORR, objective response 
rate; DCR, disease control rate.
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There were no significant differences in the ORR between 
the three groups, whereas the DCR for the single TM elevation 
group was significantly higher than that of the other groups 
at 72.7%. The results demonstrate significant differences in 
DCR among the three groups (P=0.017) (Table III). PFS also 
differed significantly based on the number of elevated TMs 
(P<0.001) (Table III; Fig. 2). Pairwise comparisons revealed a 

significant difference between the negative TM and single TM 
elevation groups (P=0.031), as well as between the single and 
multiple TM elevation groups (P<0.001) (Fig. 2).

When the sum of the diameters of the metastatic lesions was 
≥6 cm, a significant intergroup difference was observed in the 
DCR, with the highest value (66.7%) in the single TM elevation 
group (P=0.046). The median PFS time for the negative, single 

Figure 2. (A) Survival curves for PFS for third‑line immune checkpoint inhibitor + tyrosine kinase inhibitor treatment regimens according to TM status among 
the non‑high microsatellite instability/deficient mismatch repair patients. (B) Comparison of PFS between the negative TM and single TM elevation groups 
P=0.048. (C) Comparison of PFS between the negative TM and multiple TM elevation groups P=0.141. (d) Comparison of PFS between the single and multiple 
TM elevation groups P<0.001. PFS, progression‑free survival; TM, tumor marker.

Table Ⅳ. Comparison of differences in immune checkpoint inhibitor + tyrosine kinase inhibitor treatment for non‑high 
microsatellite instability/deficient mismatch repair patients with metastatic lesion diameter at different TM levels.

	 ≥6 cm	 <6 cm
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 ORR,	 DCR, n	 PFS time,	 ORR,	 DCR, n	 PFS time,
Size efficacy indicators	 n (%)	 (%)	 months	 n (%)	 (%)	 months

Negative group	 0 (0.0)	 1 (20.0)	 1.9	 1 (9.1)	 6 (54.5)	 4.7
Single TM elevation group	 1 (8.3)	 8 (66.7)	 8.0	 1 (10.0)	 8 (80.0)	 12.2
Multiple TM elevation group	 0 (0.0)	 4 (23.5)	 2.5	 1 (5.6)	 8 (44.4)	 3.1
χ2/F	 2.118	 5.929	 4.787	 0.746	 3.327	 6.432
P‑value	 0.507	 0.046	 0.015	 1.000	 0.189	 0.004

TM, tumor marker; ORR, objective response rate; DCR, disease control rate; PFS, progression‑free survival.
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TM elevation and multiple TM elevation groups was 1.9, 8.0 and 
2.5 months, respectively (P=0.015, Table IV; P=0.037, Fig. 3), 
indicating superior disease control in the single TM elevation 
group. When the diameter of the metastatic lesions was <6 cm, 
the median PFS time for the negative, single TM elevation and 
multiple TM elevation groups was 4.7, 12.2 and 3.1 months, 

respectively (P=0.004, Table IV; P=0.002, Fig. 3), indicating that 
when the tumor diameter was <6 cm, the PFS time was longer.

Differential analysis of the neutrophil‑to‑lymphocyte ratio 
(NLR) in non‑MSI‑H/dMMR patients. The patients were 
divided into two groups according to their NLR. Based on 

Table Ⅴ. Comparison of differences in patients with different NLR ratios at various TM levels in non‑high microsatellite insta‑
bility/deficient mismatch repair patients.

	 NLR <3	 NLR >3
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 ORR,	 DCR,	 PFS time,	 ORR,	 DCR,	 PFS time,
NLR efficacy indicators	 n (%)	 n (%)	 months	 n (%)	 n (%)	 months

Negative group	 1 (10.0)	 4 (40.0)	 2.1	 0 (0.0)	 3 (50.0)	 2.0
Single TM elevation group	 1 (5.9)	 12 (70.6)	 11.0	 1 (20.0)	 4 (80.0)	 8.0
Multiple TM elevation group	 1 (7.7)	 8 (61.5)	 4.7	 0 (0.0)	 4 (18.2)	 2.0
χ2	 0.644	 2.474	 5.805	 4.157	 7.493	 7.934
P‑value	 >0.999	 0.290	 0.021	 0.151	 0.017	 0.002

TM, tumor marker; NLR, neutrophil‑to‑lymphocyte ratio; ORR, objective response rate; DCR, disease control rate; PFS, progression‑free 
survival.

Figure 3. (A) Survival curves for PFS depending on TM status among non‑MSI‑H/dMMR patients with metastatic lesion diameter ≥6 cm. (B) Survival 
curves for PFS depending on TM status among non‑MSI‑H/dMMR patients with metastatic lesion diameter <6 cm. (C) Survival curves for PFS depending 
on TM status among non‑MSI‑H/dMMR patients with an NLR <3. (D) Survival curves for PFS depending on TM status among non‑MSI‑H/dMMR patients 
with an NLR >3. PFS, progression‑free survival; TM, tumor marker; MSI‑H/dMMR, high microsatellite instability/deficient mismatch repair; NLR, neutro‑
phil‑to‑lymphocyte ratio.
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previous studies, the cut‑off value of NLR was defined as 
3 (12,13). In those with an NLR <3, the median PFS time for 
the negative, single and multiple TM elevation groups was 2.1, 
11 and 4.7 months, respectively (P=0.021, Table V; P=0.013, 
Fig. 3). In those with an NLR >3, the DCR was the highest in 
the single elevation group (P=0.017), and the median PFS for 
the same three groups was 2.0, 8.0 and 2.0 months, respectively 
(P=0.002, Table V; P=0.013, Fig. 3). Patients with an NLR <3 
tended to benefit more from treatment with ICIs + TKIs.

Discussion

The pathogenesis and progression of CRC are progressive 
evolutionary processes involving multiple genes  (14‑16). 
Owing to the complex etiology and numerous risk factors 
associated with the disease (17,18), the molecular mechanisms 
underlying the pathophysiology of CRC remain unclear (19). 
Numerous studies have shown that certain TMs, such as CEA, 
CA125, CA19‑9 and CA72‑4, are highly correlated with both 
the occurrence and progression of CRC (20). Given the lack of 
specific serum biomarkers for CRC, the use of these markers 
could have significant clinical implications, especially when 
three or more indicators are combined to facilitate the early 
screening and diagnosis of CRC (20,21). In the present study, 
the serum levels of these TMs were analyzed in 190 patients 
with unresectable advanced or metastatic CRC. The positivity 
rates for CEA, CA19‑9, CA72‑4 and CA125 in this popula‑
tion were 63.7, 42.1, 20.0 and 21.1%, respectively, which is 
consistent with previous research findings (22,23).

Large and numerous metastatic lesions are usually asso‑
ciated with a poor prognosis  (24). In the present study, in 
patients with advanced‑stage disease, a total metastatic lesion 
diameter of ≥6 cm was significantly associated with the eleva‑
tion of multiple TMs. Among these patients, 61.7% exhibited 
elevations in multiple TMs, and combined TM elevations can 
be indicative of the individual tumor burden. Concurrently, 
metastatic sites demonstrated a significant association with 
concurrent elevation of multiple TMs. Peritoneal metastasis 
often contributes to poor prognostic outcomes in patients with 
cancer, and these findings indicate that patients with peritoneal 
metastasis are likely to have a greater number of elevated TMs, 
which may be associated with worse outcomes.

TMs can also be used to monitor the prognosis of patients 
undergoing chemotherapy  (25,26). In a previous study, 
in patients with CRC with elevated levels of either CEA 
or CA19‑9, the 5‑year survival rates were reported to be 
53 and 51%, respectively, whereas patients with elevated levels 
of both markers had a significantly lower 5‑year survival rate 
of only 23% (23). The present study found that the median 
PFS time for the three groups of patients with advanced‑stage 
disease was 6.6, 5.9  and  5.4  months, respectively. As the 
number of elevated TMs increased, PFS decreased, and the 
number of elevated TMs was negatively associated with PFS 
after treatment.

Studies have demonstrated that MSI‑H individuals 
are likely to benefit from ICI therapy. For example, in the 
KEYNOTE‑016 study, patients with dMMR or MSI‑H mCRC 
who failed to respond to standard treatment exhibited an ORR 
as high as 40% after receiving immunotherapy targeting PD‑1 
(pembrolizumab)  (27,28). The subsequent CheckMate‑142 

study confirmed that dMMR or MSI‑H populations do expe‑
rience significant benefits from PD‑1 monoclonal antibody 
immunotherapy (29). Collectively, these findings indicate that 
MSI can serve as a potential predictive biomarker of a patient's 
response to immunotherapy. Such populations typically 
exhibit higher immunogenicity; however, the MSI and MSI‑H 
status was evaluated in both the TM‑negative and TM‑positive 
groups in the present study, and the results did not support 
this notion. Nonetheless, there was an observed trend towards 
an increase in the proportion of elevated TMs in the MSI‑H 
group. Notably, the number of patients with MSI‑H included 
in this study was small, necessitating further validation with a 
larger sample size.

The non‑MSI‑H/dMMR population accounts for ~95% 
of patients with advanced CRC (8); however, these patients 
often struggle to achieve a beneficial effect from ICI 
monotherapy. Therefore, combination therapies with ICIs 
and TKIs are being increasingly administered; however, a 
number of patients still do not respond to such treatment. 
The present study sought to identify which patients would 
be the most likely to benefit from this combination therapy. 
A puzzling phenomenon was observed in the 73 patients 
receiving third‑line ICI + TKI treatment; more specifically, 
those with a single elevated TM derived more benefits from 
the combination therapy compared to that achieved by the 
negative TM and multiple TM elevation groups, and this 
effect was unrelated to the tumor burden. 

Previous studies reported a 5‑year survival rate of 77.2% 
among patients with localized CRC who have a low preop‑
erative NLR, whereas the rate was much lower at only 50.8% 
in those with a high preoperative NLR (30,31). Therefore, a 
combined analysis of the effect of elevated TMs and the NLR 
on treatment efficacy was conducted in the present study, 
which revealed that the patients with a single elevated TM 
exhibited higher response rates and improved PFS times when 
treated with ICIs in combination with TKIs, particularly in the 
subgroup with an NLR <3; those patients experienced a PFS 
time of up to 11 months. These data suggest that patients with a 
single elevated TM and an NLR <3 may represent a favorable 
treatment population for combination therapies involving ICIs 
and TKIs.

In summary, quantifying multiple TMs simultaneously 
can improve diagnostic sensitivity. The elevation of multiple 
TMs is associated with factors such as staging, differentia‑
tion, metastatic site, tumor burden and advanced stages of 
cancer. In the present study, an increase in the number 
of elevated TMs was linked to poorer PFS. Among the 
non‑MSI‑H/dMMR patients, those with a single elevated 
TM were more likely to benefit from combination therapies 
involving ICIs and TKIs, particularly in those who also had an 
NLR <3. Collectively, these findings suggest that this group 
may represent an optimal population for combination therapy 
with ICI + TKI, and the study provides valuable insights that 
could facilitate the design of treatment regimens and improve 
the prognosis of patients with CRC, albeit needing further 
validation at a larger scale.
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