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Abstract
BACKGROUND 
Metastatic colorectal cancer (mCRC) is a global health challenge with a poor 
prognosis. Prognostic markers are critical for survival prediction.
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AIM 
To evaluate a novel tumor marker index (TMI) combining carcinoembryonic antigen and carbohydrate antigen 19-
9.

METHODS 
This multicenter, retrospective study measured baseline carcinoembryonic antigen and carbohydrate antigen 19-9 
levels to calculate a TMI as the geometric mean of values normalized to their upper limits of normal. Receiver 
operating characteristic curve analysis assessed TMI’s prognostic accuracy, and patients were stratified into high-
TMI (≥ 1.39) and low-TMI (< 1.39) groups. The primary endpoint was overall survival (OS), with progression-free 
survival and treatment response as secondary endpoints.

RESULTS 
The study included 305 mCRC patients with a median follow-up of 22.9 months. The median OS for high-TMI 
patients was 29.5 months, significantly lower than the 45.6 months observed in the low-TMI group (P = 0.02). The 
2-year OS rates for the high- and low-TMI groups were 59.4% and 72.9%, respectively. Median progression-free 
survival was also shorter for the high-TMI group (14.0 vs 16.0 months, P = 0.84). High TMI is an independent 
prognostic factor for worse OS.

CONCLUSION 
TMI is a simple, cost-effective prognostic tool for mCRC, with high TMI associated with poorer survival outcomes.

Key Words: Colorectal cancer biomarkers; Metastatic colorectal cancer; Carcinoembryonic antigen; Carbohydrate antigen 19-9; 
Tumor marker index
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Core Tip: The tumor marker index (TMI), derived from the combination of carcinoembryonic antigen and carbohydrate 
antigen 19-9, offers a novel and cost-effective approach to prognostication in metastatic colorectal cancer. This study 
demonstrates that a high TMI is independently associated with significantly shorter overall survival, with potential implic-
ations for risk stratification and individualized patient management. These findings highlight the clinical value of integrating 
TMI into routine practice for better outcome prediction.
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INTRODUCTION
Colorectal cancers (CRC) rank as the third most common cancers in both men and women worldwide, and their 
increasing prevalence in younger age groups in recent years has amplified their significance as a major cause of morbidity 
and mortality[1]. In metastatic CRC (mCRC), where surgical treatment is not feasible, systemic therapies form the 
cornerstone of primary treatment. These include cytotoxic chemotherapies, various biological therapies targeting growth 
factors, immunotherapies, and their combinations. Clinical trials completed over the past five years have demonstrated 
that certain therapeutic agents improve overall survival (OS) based on the molecular and pathological characteristics of 
the tumor. Despite these advancements, approximately 70%-75% of patients with mCRC survive longer than one year, 
30%-35% survive beyond three years, and less than 20% survive beyond five years[2]. Therefore, identifying prognostic 
factors early in mCRC is crucial for predicting treatment responses and estimating survival, which are critical aspects of 
clinical practice. The identification of prognostic factors and the development of prognostic scoring systems that predict 
survival may aid clinicians in patient communication and in making informed treatment decisions.

Various prognostic factors in mCRC play a critical role in predicting treatment responses and survival outcomes. 
Among these, mutations in genes such as KRAS, NRAS, and BRAF are generally associated with poorer prognosis. 
Additionally, the location of the primary tumor (with left-sided tumors typically having a better prognosis than right-
sided ones), levels of carcinoembryonic antigen (CEA), a commonly used tumor marker, and the patient’s performance 
status (PS) are key prognostic indicators. Elevated CEA levels, low PS scores, and decreased albumin levels, an inflam-
matory marker, have been reported in multiple studies to correlate with worse survival outcomes[3-5]. In recent years, 
particularly in early-stage CRCs, persistently elevated circulating tumor DNA levels following surgery ± adjuvant 
therapy have also been associated with poor prognosis[6]. However, methods such as circulating tumor DNA analysis, 
though advanced, remain limited in clinical practice due to challenges in accessibility and cost-effectiveness, especially in 
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developing countries. Therefore, the development of easily accessible, cost-effective, and reliable prognostic markers 
remains a pressing need.

As highlighted above, the prognostic significance of CEA, one of the tumor markers frequently used in routine 
practice, is well-established in CRC. Another commonly utilized, cost-effective, and accessible tumor marker is 
carbohydrate antigen 19-9 (CA 19-9), which also holds importance in CRC. Several studies have demonstrated the 
potential prognostic value of combining these two tumor markers, particularly in the perioperative period[7,8]. However, 
the sensitivity and specificity of combined tumor marker usage remain limited, warranting further research. In recent 
years, interest in this area has grown, with notable studies emphasizing the role of combined tumor marker indices. For 
instance, a tumor marker index (TMI) based on cytokeratin 19 fragment (CYFRA21-1) and squamous cell carcinoma 
antigen has been reported as a prognostic factor in squamous esophageal cancer. Similarly, a TMI derived from 
CYFRA21-1 and CEA has shown prognostic value in non-small cell lung cancer (NSCLC)[9,10]. Additionally, Kamada et 
al[8] in a retrospective study published in 2024, evaluated the prognostic significance of a newly developed TMI 
combining CEA and CA 19-9 in 306 patients with stage 1-3 CRC who underwent surgery. Their findings demonstrated 
that this TMI is a simple, accessible, cost-effective, and valuable prognostic index for early-stage colon cancer[8]. This 
study aims to evaluate the efficacy of an innovative TMI, consisting of CEA and CA 19-9, in predicting treatment 
responses and long-term disease prognosis in mCRC, compared to other established prognostic factors. To the best of our 
knowledge, this is the first study conducted on this topic in patients with mCRC.

MATERIALS AND METHODS
Study population and data collection
Our study was designed as a multicenter, retrospective study. Patients over the age of 18 with histopathologically 
confirmed mCRC were included. Both de novo metastatic and recurrent metastatic cases were eligible for inclusion. 
Patients younger than 18 years, those without a pathological diagnosis, those who had not received any treatment in the 
metastatic stage, or those whose data could not be reliably retrieved retrospectively were excluded from the study. In 
addition to basic demographic information such as age and gender, clinically significant details such as disease pattern, 
tumor location, treatments received, and sites of metastasis were meticulously recorded. Baseline laboratory parameters, 
including CEA and CA 19-9 levels obtained immediately before the initiation of first-line therapy at the time of metastatic 
diagnosis, were recorded. Additional inflammatory indices, such as the neutrophil-to-lymphocyte ratio (NLR), as well as 
progression and final outcomes, were comprehensively recorded through a review of hospital databases and patient files.

Study design
The primary endpoint of our study was OS, while the secondary endpoints were progression-free survival (PFS) and 
treatment response rates. Right-sided colon tumors were defined as those located from the proximal rectum to the splenic 
flexure, whereas left-sided colon tumors were defined as those located from the splenic flexure to the cecum. PFS was 
defined as the time from the date of metastatic disease diagnosis to the date of progression, death in the absence of 
progression, or the last follow-up, whichever occurred first. OS was defined as the time from the date of diagnosis to the 
date of death or the last follow-up for surviving patients.

The cut-off values for CEA and CA 19-9 were 5.0 ng/mL and 37.0 U/mL, respectively. TMI was defined as the 
geometric mean of the normalized values of CEA and CA 19-9. Normalization was performed by dividing the individual 
tumor marker values by the respective laboratory cut-off values. In summary, TMI was calculated using the following 
formula, as described in previous literature[8,9].

In our study, the TMI cut-off value was determined using receiver operating characteristic (ROC) analysis at an 
optimal specificity and sensitivity. A cut-off value of ≥ 1.39 was established for TMI [area under the curve (AUC): 0.574; 
95% confidence interval (CI): 0.499-0.628, P = 0.049, sensitivity: 55.4%, specificity: 55.4%] (Figure 1A). Based on this cut-
off, patients were categorized into two primary groups: TMI-high (TMI ≥ 1.39) and TMI-low (TMI < 1.39), and analyses 
were conducted accordingly. Additionally, other nutritional indices were evaluated in the study. The NLR was calculated 
by dividing the absolute neutrophil count by the absolute lymphocyte count before the initiation of first-line therapy in 
the metastatic phase. For NLR, ROC analysis identified an optimal cut-off of ≥ 2.76 (AUC: 0.583; 95%CI: 0.519-0.647, P = 
0.012, sensitivity: 56.1%, specificity: 56.1%) (Figure 1A). The Glasgow prognostic score (GPS) was calculated based on pre-
treatment C-reactive protein and albumin levels, as previously defined in the literature[11].

Statistical analysis
Statistical analysis was performed using “IBM SPSS Statistics for Windows, Version 25.0 (Statistical Package for the Social 
Sciences, IBM Corp., Armonk, NY, United States)”. Descriptive statistics were presented as frequency (n) and percentage 
(%) for categorical variables and as mean ± SD and median (min-max) for continuous variables. For binary group 
comparisons, the independent t-test was used. ROC curve analysis was employed to determine the optimal cut-off values 
for various indices in predicting mortality. The Pearson χ2 test and Fisher’s exact test were used for comparisons of 
categorical variables. Survival times between clinical groups were compared using the Kaplan-Meier method. In 
univariate models, statistically significant variables were further assessed for their prognostic impact on progression and 
mortality risk using multivariate Cox regression analysis. P value of < 0.05 was considered statistically significant.
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Figure 1 Receiver operating characteristic curve and Kaplan-Meier curves. A: Receiver operating characteristic curve analysis for determining optimal 
cut-off values of tumor marker index and neutrophil-to-lymphocyte ratio; B: Kaplan-Meier curves for progression-free survival in high-tumor marker index and low-
tumor marker index groups; C: Kaplan-Meier curves for overall survival in high-tumor marker index and low-tumor marker index groups. ROC: Receiver operating 
characteristic; TMI: Tumor marker index; NLR: Neutrophil-to-lymphocyte ratio; PFS: Progression-free survival; OS: Overall survival.

Ethical approval
This research was designed and conducted following Good Clinical Practice and the Declaration of Helsinki. It was 
approved by the Clinical Research Ethics Committee of the Faculty of Medicine, Alanya Alaaddin Keykubat University 
(approval No. 10354421-2024/23-04).

RESULTS
Patient’s characteristics
A total of 305 patients were included in the study. When the entire population was evaluated, the mean age of the 
patients was 64.5 ± 12.4 years. Of the patients, 192 (63.0%) were male and 113 (37.0%) were female. In the overall 
population, 209 patients (68.5%) were classified as having de novo metastatic disease, while 96 patients (31.5%) had 
recurrent metastatic disease. In our study, patients were divided into two main groups according to TMI categories. The 
TMI-low group consisted of 151 patients, and the TMI-high group consisted of 154 patients. Baseline demographic 
characteristics and disease-related variables were thoroughly analyzed between the TMI groups, and in general, the 
distributions between the groups were observed to be homogeneous. Notably, the proportion of patients with liver 
metastasis was significantly higher in the TMI-high group compared to the TMI-low group (76.6% vs 62.9%, P = 0.01). In 
contrast, the proportion of patients with peritoneal metastasis was lower in the TMI-high group compared to the TMI-low 
group (17.5% vs 29.8%, P = 0.01). Additionally, molecular analyses showed that the frequency of KRAS mutations was 
higher in the TMI-high group than in the TMI-low group (37.7% vs 23.2%, P = 0.02). A detailed comparison of the baseline 
demographic and clinical characteristics, as well as the core molecular features, of all patients and those in the TMI-high 
and TMI-low groups, is presented in Table 1.

Efficacy and survival analyses
When the treatment response rates for first-line therapy were evaluated, a complete response was achieved in 20 patients 
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Table 1 Baseline demographic and clinical characteristics of patients according to tumor marker index groups, n (%)

Total (n = 305) TMI-low (n = 151) TMI-high (n = 154) P value

Age, mean ± SD 64.5 ± 12.4 64.1 ± 12.8 64.9 ± 12.0 0.56a

    ≤ 65 years 150 (49.2) 76 (50.3) 74 (48.1)

    > 65 years 155 (50.8) 75 (49.7) 80 (51.9)

0.69b

Sex

    Female 113 (37.0) 58 (38.4) 55 (35.7)

    Male 192 (63.0) 93 (61.6) 99 (64.3)

0.63b

ECOG-PS

    0 108 (35.4) 54 (35.8) 54 (35.1)

    1 156 (51.1) 83 (55) 73 (47.4)

    2 36 (11.8) 12 (7.9) 24 (15.6)

    3 5 (1.6) 2 (1.3) 3 (1.9)

0.18c

BMI

    ≤ 25 kg/m2 201 (65.9) 109 (72.2) 92 (59.7)

    > 25 kg/m2 104 (34.1) 42 (27.8) 62 (40.3)

0.02b

Smoking history

    No 172 (56.4) 81 (53.6) 91 (59.1)

    Yes 133 (43.6) 70 (46.4) 63 (40.9)

0.34b

Alcohol using

    No 280 (91.8) 138 (91.4) 142 (92.2)

    Yes 25 (8.2) 13 (8.6) 12 (7.8)

0.79b

DM

    No 244 (80.0) 123 (81.5) 121 (78.6)

    Yes 61 (20.0) 28 (18.5) 33 (21.4)

0.53b

HT

    No 199 (65.2) 102 (67.5) 97 (63)

    Yes 106 (34.8) 49 (32.5) 57 (37)

0.40b

CAD

    No 265 (86.9) 132 (87.4) 133 (86.4)

    Yes 40 (13.1) 19 (12.6) 21 (13.6)

0.78b

Disease status

    De-novo metastatic 209 (68.5) 96 (63.6) 113 (73.4)

    Recurrent metastatic 96 (31.5) 55 (36.4) 41 (26.6)

0.06b

History of adjuvant CT

    No 206 (67.5) 94 (62.3) 112 (72.7)

    Yes 99 (32.5) 57 (37.7) 42 (27.3)

0.05b

Liver metastasis

    No 92 (31.2) 56 (37.1) 36 (23.4)

    Yes 213 (69.8) 95 (62.9) 118 (76.6)

0.01b

Lung metastasis

    No 201 (65.9) 104 (68.9) 97 (63)

    Yes 104 (34.1) 47 (31.1) 57 (37)

0.28b
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Bone metastasis

    No 281 (92.1) 142 (94) 139 (90.3)

    Yes 24 (7.9) 9 (6) 15 (9.7)

0.22b

Peritoneal metastasis

    No 233 (76.4) 106 (70.2) 127 (82.5)

    Yes 72 (23.6) 45 (29.8) 27 (17.5)

0.01b

Number of metastatic site

    1 157 (51.5) 80 (53) 77 (50)

    2 91 (29.8) 48 (31.8) 43 (27.9)

    3 38 (12.5) 17 (11.3) 21 (13.6)

    4 or more 19 (6.2) 6 (4) 13 (8.4)

0.35b

Isolated liver metastasis

    No 207 (67.9) 106 (70.2) 101 (65.6)

    Yes 98 (32.1) 45 (29.8) 53 (34.4)

0.39b

History of metastasectomy

    No 242 (79.3) 110 (72.8) 132 (85.7)

    Yes 63 (20.7) 41 (27.2) 22 (14.3)

0.006b

Tumor location

    Right side colon cancer 65 (21.3) 27 (17.9) 38 (24.7)

    Left side colon cancer 140 (45.9) 70 (46.4) 70 (45.5)

    Rectum cancer 100 (32.8) 54 (35.8) 46 (29.9)

0.29b

KRAS

    Wild 182 (59.7) 98 (64.9) 84 (54.5)

    Mutant 93 (30.5) 35 (23.2) 58 (37.7)

    Unknown 30 (9.8) 18 (11.9) 12 (7.8)

0.02b

NRAS

    Wild 236 (77.4) 114 (75.5) 122 (79.2)

    Mutant 20 (6.6) 8 (5.3) 12 (7.8)

    Unknown 49 (16.1) 29 (19.2) 20 (13)

0.26b

BRAF

    Wild 241 (79.0) 118 (78.1) 123 (79.9)

    Mutant 10 (3.3) 6 (4) 4 (2.6)

    Unknown 54 (17.7) 27 (17.9) 27 (17.5)

0.79b

MSI status

    Microsatellite stable 183 (60.0) 85 (56.3) 98 (63.6)

    MSI-high 11 (3.6) 6 (4) 5 (3.2)

    Unknown 111 (36.4) 60 (39.7) 51 (33.1)

0.42b

Metastatic line(s) of CT

    1 120 (40.0) 61 (40.9) 59 (39.1)

    2 87 (29.0) 46 (30.9) 41 (27.2)

    3 41 (13.7) 17 (11.4) 24 (15.9)

    4 and more 52 (17.3) 25 (16.8) 27 (17.9)

0.66b

Using immunotherapy
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    No 302 (99.0) 150 (99.3) 152 (98.7)

    Yes 3 (1.0) 1 (0.7) 2 (1.3)

0.99c

GPS

    0 134 (43.9) 78 (51.7) 56 (36.4)

    1 132 (43.3) 57 (37.7) 75 (48.7)

    2 39 (12.8) 16 (10.6) 23 (14.9)

0.03b

NLR, mean ± SD 3.45 ± 2.55 3.15 ± 1.98 3.76 ± 2.98 0.04c

aIndependent t test, P < 0.05 statistically significant.
bPearson χ2 test, P < 0.05 statistically significant.
cFisher’s exact test, P < 0.05 statistically significant.
TMI: Tumor marker index; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; BMI: Body mass index; DM: Diabetes mellitus; HT: 
Hypertension; CAD: Coronary artery disease; CT: Chemotherapy; MSI: Microsatellite instability; GPS: Glasgow prognostic score; NLR: Neutrophil-to-
lymphocyte ratio.

(6.6%) in the entire patient group. The objective response rate (ORR) and disease control rate were 44.6% and 78.0%, 
respectively, for the entire population. When patients were assessed according to their TMI scores, the ORR in the TMI-
high and TMI-low groups were 42.2% and 47.0%, respectively (P = 0.40). Similarly, the disease control rate in the TMI-
high and TMI-low groups were 78.6% and 77.5%, respectively (P = 0.82). No statistically significant difference was 
observed between the groups in terms of treatment response rates. A detailed comparison of the response to first-line 
treatment for all patients, as well as for the TMI-high and TMI-low groups, is presented in Table 2.

In our study, the median follow-up time for patients was 22.9 months (min-max, 1.40-217.5 months). The median PFS 
(mPFS) and median OS (mOS) for all patients were 14.5 (95%CI: 12.8-16.1) months and 38.7 (95%CI: 32.0-45.3) months, 
respectively. When assessed according to TMI scores, the mPFS for the TMI-high and TMI-low groups were 14.0 (95%CI: 
12.7-15.2) months and 16.0 (95%CI: 13.5-18.4) months, respectively. Although the mPFS was numerically shorter in the 
TMI-high group, no statistically significant difference was found between the groups (P = 0.84) (Figure 1B). The estimated 
2-year PFS rates for the TMI-high and TMI-low groups were 31.4% and 34.4%, respectively, and the 5-year estimated PFS 
rates were 13.8% and 10.4%, respectively. The mOS for the TMI-high and TMI-low groups were 29.5 (95%CI: 24.4-34.5) 
months and 45.6 (95%CI: 32.4-58.8) months, respectively, with the mOS in the TMI-high group being statistically 
significantly lower (P = 0.02) (Figure 1C). The estimated 2-year OS rates for the TMI-high and TMI-low groups were 
59.4% and 72.9%, respectively, and the 5-year estimated OS rates were 22.9% and 34.1%, respectively.

Other prognostic factors and multivariate analyses
Although not the primary endpoint of our study, survival analyses related to patient and tumor characteristics were also 
performed. In terms of mPFS, disease status, history of adjuvant chemotherapy, number of metastatic sites, history of 
metastasectomy, and KRAS, NRAS, and BRAF status were identified as variables that significantly influenced survival in 
univariate analyses. The variables that showed a significant survival difference for mPFS in the univariate models were 
included in the multivariate analysis using a Cox regression model. Having metastases in two or three different regions in 
mCRC was independently associated with poor prognosis when compared to patients with metastases in a single region, 
as separate independent poor prognostic factors {for two different metastatic regions [hazard ratio (HR) = 1.92, 95%CI: 
1.34-2.75, P < 0.001]; for three different metastatic regions (HR = 2.20, 95%CI: 1.44-3.36, P < 0.001)}. The results of the 
univariate and multivariate analyses for PFS are detailed in Table 3.

In addition to the TMI score, when OS was examined, the Eastern Cooperative Oncology Group PS (ECOG-PS), history 
of metastasectomy, response to first-line treatment, GPS, and NLR were found to be significant in the univariate analysis. 
The variables that were found to be significant for OS were included in the Cox regression model. When compared to 
patients with ECOG-PS 0, those with ECOG-PS 2 had a significantly higher risk of death (HR = 3.52, 95%CI: 2.00-6.22, P < 
0.001). Additionally, when compared to patients who had a complete response to first-line treatment, those with a partial 
response (HR = 5.19, 95%CI: 1.60-16.80, P = 0.006), stable disease (HR = 6.29, 95%CI: 1.92-20.59, P = 0.002), and 
progressive disease (HR = 15.73, 95%CI: 4.71-52.46, P < 0.001) had a significantly worse prognosis. Furthermore, an NLR ≥ 
2.76 (HR = 1.46, 95%CI: 1.03-2.08, P = 0.033) and a high TMI score (≥ 1.39) (HR = 1.43, 95%CI: 0.99-2.06, P = 0.049) were 
identified as independent poor prognostic factors for mCRC patients. The results of the univariate and multivariate 
analyses for OS are detailed in Table 4.

DISCUSSION
This study aimed to evaluate the prognostic significance of the TMI, an innovative index that is low-cost, easy to 
implement, and suitable for routine clinical practice, in patients diagnosed with mCRC. It has been demonstrated that the 
TMI, created based on the combination of CEA and CA 19-9 tumor markers, holds significant prognostic value for 
patients’ OS. Patients with metastatic mCRC and a TMI-high (≥ 1.39) exhibited a worse prognosis compared to those with 
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Table 2 Patients’ treatment responses according to the tumor marker index high and tumor marker index low groups, n (%)

Total (n = 305) TMI-low (n = 151) TMI-high (n = 154) P value

Best response 0.19

CR 20 (6.6) 14 (9.2) 6 (3.9)

PR 116 (38) 57 (37.7) 59 (38.3)

SD 102 (33.4) 46 (30.5) 56 (36.4)

PD 40 (13.1) 17 (11.3) 23 (14.9)

Missing/unknown 27 (8.9) 17 (11.3) 10 (6.5)

Objective response rate (CR + PR) 136 (44.6) 71 (47.0) 65 (42.2) 0.40

Disease control rate (CR + PR + SD) 238 (78) 117 (77.5) 121 (78.6) 0.82

TMI: Tumor marker index; CR: Complete response; PR: Partial remission; SD: Stable disease; PD: Progressive disease.

TMI-low. These findings support the potential use of TMI as a clinical tool for improving survival predictions in mCRC.
Both TMI-high and TMI-low groups contained a similar number of patients, and apart from the presence of liver 

metastasis, which could potentially affect survival, the baseline demographic and disease characteristics were mostly 
distributed similarly. In our patient population, advanced age and male gender, which are more commonly observed in 
mCRC, and in line with the literature, the most frequently observed site of metastasis was liver metastasis, followed by 
lung and peritoneal metastases[12]. In our study, the mutation frequencies of KRAS, NRAS, and BRAF, which are 
important in CRC prognosis, were found to be 30.5%, 6%, and 3.3%, respectively. In a recent study by Bożyk et al[13], 
KRAS mutation frequency was reported as 38.0%, NRAS mutation frequency as 4%, and BRAF mutation frequency as 
4.8%, and the results are consistent with the molecular findings in our study and reliable according to the literature. 
Therefore, we believe that the patient population in our study well represents real-world clinical practice.

CEA is a tumor marker identified in CRC tissue, first described by Gold and Freedman[14] in 1965. It is a glycoprotein 
typically found in the embryonic endodermal epithelium and is expressed in various epithelial tumors[14,15]. Due to its 
low sensitivity and specificity in the diagnosis of CRC, CEA does not have a role in the diagnostic process. However, 
several studies have reported an association between preoperative serum CEA > 5.0 ng/mL and poor prognosis, partic-
ularly in patients with early-stage CRC. Additionally, it can be used in the post-operative follow-up of patients in 
remission[16]. CEA is extensively utilized not only for post-operative monitoring after curative resection but also for 
assessing prognosis and tracking treatment response in patients with mCRC. Its role is crucial in managing advanced 
stages of CRC, helping to guide therapeutic decisions and evaluate disease progression[17,18]. Despite various findings in 
the literature, there is currently insufficient evidence to support the use of CEA alone as a reliable marker for prognosis in 
mCRC, as it lacks adequate specificity or sensitivity.

Another important biomarker, CA 19-9, was developed by Koprowski et al[19] in 1979 and is frequently used in the 
monitoring of CRC, though it is not universally included in routine clinical practice as a standard marker for all patients. 
In addition to CRC, CA 19-9 is known to be elevated in various cancers, particularly pancreatic and other gastrointestinal 
cancers, as well as in benign conditions. Compared to CEA, it is less sensitive in several studies, and subsequent research 
has demonstrated that combining these two markers may lead to better clinical interpretations. For example, in a study 
assessing the sensitivity and specificity of CEA and CA 19-9 in patients diagnosed with CRC, the sensitivity and 
specificity for CEA were 64.5% and 89.2%, respectively, while for CA 19-9, they were 47.8% and 90.1%. When these two 
tests were combined, sensitivity increased (71.7%), but specificity decreased (82.9%). Although some studies have 
suggested that combining CEA and CA 19-9 could enhance diagnostic accuracy, their use in routine clinical practice for 
diagnosis is still not recommended. Furthermore, there are conflicting and limited results in the literature regarding the 
combined use of these biomarkers for predicting prognosis in early-stage or mCRC patients[8,20-22]. In summary, while 
CEA and CA 19-9 have been individually used as biomarkers in mCRC, few studies have explored a combined index 
incorporating both markers. In this study, we aimed to investigate the prognostic value of a novel TMI, which merges 
CEA and CA 19-9 into a single calculated score, addressing the need for a more integrated and potentially more accurate 
prognostic tool in CRC.

The concept of TMI was first introduced by Muley et al[10] in the context of resected early-stage NSCLC, where it was 
based on CYFRA21-1 and CEA, and its prognostic significance was evaluated using the geometric mean of these markers. 
This study demonstrated that elevated TMI serves as a strong negative prognostic factor for survival in resected NSCLC 
patients[10]. Subsequent studies across various types of cancer have investigated the use of CYFRA21-1 as a basis for 
evaluating TMI. For instance, a study conducted by Yin and Liu[9] in 2020 on esophageal squamous cell carcinoma 
showed that a high TMI, derived from the geometric mean of preoperative CYFRA21-1 and squamous cell carcinoma 
antigen, was an independent prognostic factor for radical resection in esophageal squamous cell carcinoma, compared to 
lower TMI[9]. In light of these findings, based on the hypothesis of a synergistic effect of tumor markers, Kamada et al[8] 
first investigated the prognostic importance of a newly developed TMI in operable stages 1-3 CRC, based on CEA and CA 
19-9. In this study, the 5-year relapse-free survival rate (65.8% vs 89.7%, respectively) and the 5-year cancer-specific 
survival rate (77.3% vs 94.9%) were significantly lower in the high-TMI group compared to the TMI-low group (P < 0.001 
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Table 3 Univariate and multivariate analyses for progression-free survival

Univariate analyses Multivariate analyses
Variable

Median PFS (95%CI), month
P value

HR (95%CI)
P value

Age

    ≤ 65 years 15.9 (13.5-18.3)

    > 65 years 13.9 (12.2-15.7)

0.29

Gender

    Female 14.3 (11.1-17.5)

    Male 14.5 (12.8-16.3)

0.77

ECOG-PS

    0 14.7 (11.5-17.9)

    1 15.9 (14.0-17.7)

    2 10.1 (7.8-12.3)

    3 25.1 (0.3-49.9)

0.18

BMI

    ≤ 25 kg/m2 13.9 (13.0-14.8)

    > 25 kg/m2 19.9 (14.4-25.4)

0.08

Smoking history

    No 14.5 (12.4-16.5)

    Yes 14.4 (11.0-17.8)

0.69

Disease status

    De novo metastatic 13.2 (12.5-14.6) Ref 0.71

    Recurrent metastatic 23.7 (16.5-30.9)

0.002a

0.90 (0.53-1.52)

History of adjuvant CT

    No 13.5 (12.3-14.6) Ref 0.30

    Yes 21.7 (16.0-27.4)

0.004a

0.79 (0.44-1.22)

Liver metastasis

    No 17.6 (8.7-26.5)

    Yes 14.3 (13.1-15.5)

0.05

Lung metastasis

    No 14.5 (12.5-16.5)

    Yes 14.4 (11.9-16.9)

0.30

Bone metastasis

    No 14.4 (12.8-16.0)

    Yes 19.4 (11.1-27.7)

0.73

Peritoneal metastasis

    No 14.4 (12.8-15,9)

    Yes 17.5 (11.0-23.9)

0.28

Number of metastatic site

    1 15.0 (13.0-17.0) Ref

    2 15.8 (12.1-19.4) 1.92 (1.34-2.75) < 0.001a

    3 10.3 (8.4-12.1) 2.20 (1.44-3.36) < 0.001a

    4 and more 14.2 (3.4-24.9)

0.004a

1.39 (0.93-2.09) 0.10
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Isolated liver metastasis

    No 14.5 (12.6-16.6)

    Yes 14.3 (11.7-17.0)

0.68

History of metastasectomy

    No 14.0 (11.9-16.0) Ref 0.06

    Yes 16.9 (12.7-21.1)

0.01a

0.71 (0.50-1.01)

Tumor location

    Right side colon cancer 13.4 (11.4-15.4)

    Left side colon cancer 17.3 (13.3-21.3)

    Rectum cancer 13.5 (11.6-15.4)

0.54

KRAS

    Wild 13.9 (12.6-15.2) Ref

    Mutant 14.6 (12.3-16.8) 0.91 (0.66-1.23) 0.52

    Unknown 28.7 (5.8-51.6)

0.003a

0.51 (0.21-1.21) 0.13

NRAS

    Wild 13.9 (12.8-15.0) Ref

    Mutant 17.5 (0.00-47.5) 0.67 (0.36-1.26) 0.22

    Unknown 25.1 (17.1-33.1)

0.001a

0.77 (0.39-1.54) 0.47

BRAF

    Wild 14.4 (12.8-15.9) Ref

    Mutant 8.4 (0.0-17.0) 1.57 (0.81-3.04) 0.18

    Unknown 20.4 (11.6-29.2)

0.01a

1.21 (0.71-2.07) 0.48

MSI status

    Microsatellite stable 14.3 (12.8-15.9)

    MSI-high - (-)

    Unknown 16.0 (13.4-18.5)

0.30

GPS

    0 18.3 (15.5-21.0)

    1 13.9 (13.0-14.9)

    2 12.6 (9.1-16.1)

0.07

NLR

    < 2.76 16.5 (12.9-20.1)

    ≥ 2.76 13.9 (12.6-15.2)

0.17

TMI

    < 1.39 16.0 (13.4-18.4)

    ≥ 1.39 14.0 (12.7-15.2)

0.84

aP < 0.05.
PFS: Progression-free survival; HR: Hazard ratio; CI: Confidence interval; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; BMI: Body 
mass index; CT: Chemotherapy; MSI: Microsatellite instability; GPS: Glasgow prognostic score; NLR: Neutrophil-to-lymphocyte ratio; TMI: Tumor marker 
index.
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Table 4 Univariate and multivariate analyses for overall survival

Univariate analyses Multivariate analyses
Variable

Median OS (95%CI), month
P value

HR (95%CI)
P value

Age

    ≤ 65 years 42.4 (33.7-51.0)

    > 65 years 32.0 (22.2-41.7)

0.09

Gender

    Female 41.9 (31.9-52.0)

    Male 36.5 (27.8-45.1)

0.17

ECOG-PS

    0 47.5 (32.2-62.7) Ref

    1 36.7 (28.4-45.0) 1.31 (0.88-1.97) 0.18

    2 18.2 (13.7-22.7) 3.52 (2.00-6.22) < 0.001a

    3 19.6 (16.2-23.0)

< 0.001a

1.56 (0.53-4.51) 0.41

BMI

    ≤ 25 kg/m2 32.4 (24.5-40.3)

    > 25 kg/m2 47.1 (37.0-57.0)

0.09

Smoking history

    No 42.4 (33.8-51.1)

    Yes 30.1 (20.8-39.4)

0.13

Disease status

    De novo metastatic 38.7 (30.7-46.6)

    Recurrent metastatic 36.5 (19.8-53.2)

0.24

History of adjuvant CT

    No 32.3 (23.1-41.6)

    Yes 43.5 (30.0-57.0)

0.06

Liver metastasis

    No 35.7 (28.3-43.0)

    Yes 39.9 (29.1-50.5)

0.78

Lung metastasis

    No 40.2 (32.8-47.4)

    Yes 32.3 (23.2-41.5)

0.42

Bone metastasis

    No 40.0 (32.7-47.3)

    Yes 31.9 (18.5-45.2)

0.26

Peritoneal metastasis

    No 38.6 (30.0-47.3)

    Yes 38.3 (29.2-47.4)

0.83

Number of metastatic site

    1 40.1 (32.3-48.1)

    2 43.5 (32.0-55.0)

    3 22.9 (13.2-32.5)

    4 and more 27.7 (15.6-39.8)

0.09



Ilhan Y et al. Novel TMI for mCRC

WJGO https://www.wjgnet.com 12 May 15, 2025 Volume 17 Issue 5

Isolated liver metastasis

    No 35.7 (28.8-42.6)

    Yes 45.3 (37.6-53.0)

0.22

History of metastasectomy

    No 32.0 (25.0-38.9) Ref

    Yes 50.4 (39.1-61.7)

0.02a

0.92 (0.59-1.43) 0.72

Tumor location

    Right side colon cancer 31.9 (17.1-46.6)

    Left side colon cancer 45.2 (30.6-59.8)

    Rectum cancer 38.3 (28.7-47.9)

0.29

KRAS

    Wild 30.3 (22.2-38.4)

    Mutant 47.1 (35.6-58.6)

    Unknown 48.3 (33.8-62.8)

0.05

NRAS

    Wild 32.4 (25.4-39.3) Ref

    Mutant 59.9 (-) 0.50 (0.22-1.10) 0.09

    Unknown 56.6 (44.3-68.8)

0.004a

0.54 (0.29-1.02) 0.06

BRAF

    Wild 38.7 (30.4-46.9)

    Mutant 19.6 (5.2-33.9)

    Unknown 43.0 (25.8-60.2)

0.06

MSI status

    Microsatellite stable 39.8 (31.5-48.0)

    MSI-high 45.6 (0.0-91.9)

    Unknown 35.7 (24.8-46.6)

0.79

Best treatment response

    CR - (-) Ref

    PR 45.3 (35.5-55.1) 5.19 (1.60-16.80) 0.006a

    SD 36.7 (24.7-48.7) 6.29 (1.92-20.59) 0.002a

    PD 20.9 (17.7-24.2)

< 0.001a

15.73 (4.71-20.59) < 0.001a

GPS

    0 43.5 (34.2-52.8) Ref

    1 28.7 (21.2-36.2) 1.37 (0.94-1.99) 0.10

    2 59.9 (9.9-109.9)

0.006a

0.69 (0.37-1.27) 0.24

NLR

    < 2.76 45.3 (35.0-55.6) Ref

    ≥ 2.76 29.4 (24.8-33.9)

0.005a

1.46 (1.03-2.08) 0.03a

TMI

    < 1.39 45.6 (32.4-58.8) Ref

    ≥ 1.39 29.5 (24.3-34.5)

0.02a

1.43 (0.99-2.06) 0.049a

aP < 0.05.
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OS: Overall survival; HR: Hazard ratio; CI: Confidence interval; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; BMI: Body mass 
index; CT: Chemotherapy; MSI: Microsatellite instability; CR: Complete response; PR: Partial remission; SD: Stable disease; PD: Progressive disease; GPS: 
Glasgow prognostic score; NLR: Neutrophil-to-lymphocyte ratio; TMI: Tumor marker index.

for both). The study demonstrated that pre-treatment TMI is an important and useful prognostic indicator for resectable 
CRC[8]. In our study, which is the first to investigate TMI in patients with mCRC, similar findings were observed, and 
our study reached its primary endpoint. In our study, mOS was significantly lower in the TMI-high group compared to 
the TMI-low group (29.5 months vs 45.6 months, P = 0.02). Furthermore, although there was no statistical significance, the 
ORRs (42.2% vs 47.0%, P = 0.40) and mPFS (14.0 months vs 16.0 months, P = 0.84) were numerically worse in the TMI-high 
group. Additionally, multivariate analyses showed that high-TMI is an independent negative prognostic factor for OS. In 
conclusion, we believe that the combination of CEA and CA 19-9 tumor markers to form TMI is an important, simple, 
inexpensive, and easily applicable prognostic factor in clinical practice.

Although the optimal cut-off level for the newly developed TMI, based on CEA and CA 19-9, is not yet established, our 
study of 305 patients identified a significant cut-off value of 1.39. This value showed sensitivity and specificity both 
greater than 50%, suggesting its potential as a prognostic factor in CRC at both early and advanced stages. The predictive 
power of the TMI for prognosis in CRC, as indicated by the AUC value of 0.574, is moderate at best. We acknowledge this 
limitation and emphasize the need for caution when interpreting the clinical utility of TMI. While it shows some 
prognostic potential, further validation and studies with larger cohorts are necessary to better understand its role and 
refine its predictive accuracy in conjunction with other established biomarkers.

In addition to TMI, other variables that were statistically significant for PFS and OS in univariate analysis were further 
analyzed in separate multivariate models. As mentioned above, patients with metastases in two or three different regions 
had worse mPFS compared to those with a single metastasis, as expected due to the higher tumor burden. Additionally, 
although not the primary endpoint of our study, clinical conditions such as poor ECOG-PS, lack of response to first-line 
treatment, or disease progression were found to be associated with poor OS. The NLR, an inflammatory index calculated 
by dividing the absolute neutrophil count by the absolute lymphocyte count, which has been shown to have prognostic 
significance in numerous studies in the past decade, was also evaluated in our study. In univariate analysis, the mOS was 
29.4 months in the NLR-high group and 45.3 months in the NLR-low group. Furthermore, multivariate analysis revealed 
that an NLR ≥ 2.76, measured immediately before treatment during the metastatic phase, was an independent poor 
prognostic factor for patients with mCRC (HR = 1.46, 95%CI: 1.03-2.08, P = 0.033). Previous studies in the literature have 
also shown that patients with high NLR have a worse prognosis[23,24]. In our study, the prognostic significance of the 
GPS, calculated based on albumin and C-reactive protein, could not be demonstrated. Our results are consistent with the 
literature, and NLR remains an important, simple, and accessible inflammatory parameter that can provide valuable 
prognostic insights in clinical practice. Additionally, studies have shown that low prognostic immune-nutritional indices 
calculated from albumin and monocyte count, are independent poor prognostic factors in mCRC[25]. These indices, 
similar to TMI, are based on easily accessible clinical parameters and may offer valuable prognostic insights, particularly 
in assessing the patient’s overall immune and nutritional status during the metastatic phase. It is important to note that 
our study represents, to our knowledge, the first investigation of TMI specifically in mCRC. Given the novel nature of 
TMI, it is essential to acknowledge that while it may provide valuable prognostic insights, direct comparisons with other 
established indices, such as NLR, GPS, prognostic immune-nutritional indices require further research. Our study 
demonstrates the potential of TMI as a cost-effective and accessible prognostic tool, similar to other simple indices 
derived from routine clinical parameters. However, additional studies comparing the sensitivity and specificity of these 
markers are needed to better define which index offers the most robust prognostic value in mCRC.

Our study is the first to be conducted in a population of patients with mCRC in the literature. The large sample size, 
multi-center design, the general consistency of the basic demographic and clinical characteristics with existing literature 
data, and the introduction of a newly developed index that can be calculated easily, non-invasively, without additional 
cost, and that can be readily applied in real-world clinical practice, can be considered as the strengths of our study.

Our study has several limitations. First, the unequal distribution of factors that could potentially affect survival, such 
as liver metastasis, metastasectomy status, and KRAS mutation status, due to the retrospective nature of the study, is one 
of the most important limitations. Second, while response rates to first-line treatments are presented, the chemotherapy 
and targeted therapy regimens, as well as the number of cycles patients received, are not clearly defined. This should be 
kept in mind as these factors could potentially influence survival outcomes. Finally, due to the lack of prior prospective 
studies and larger-scale trials in the literature, although we consider the cut-off value of 1.39 to be potentially suitable for 
TMI, the optimal cut-off value remains uncertain. The validity and reliability of this simple and potentially valuable index 
for clinical practice must be confirmed through larger, well-designed prospective studies with more appropriate 
populations.

CONCLUSION
In conclusion, this study demonstrates that survival predictions can be improved using an innovative TMI created by 
combining the tumor markers CEA and CA 19-9 in patients with mCRC. The TMI could be integrated into clinical 
practice as a valuable prognostic tool. Its simplicity, low cost, and ease of application may provide significant clinical 
benefits, especially in settings with limited resources and in developing countries.
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