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Background: α-Fetoprotein-positive colorectal cancer (AFPP-CRC) is a rare type of colorectal cancer 

(CRC), and there have been no comprehensive investigations on prognostic factors of AFPP-CRC. The 

aim of this study was to elucidate the prognostic factors of AFPP-CRC. 

Method: During the years of 2010 to 2020, 127 CRC patients with preoperative elevated serum AFP 

level were collected, after excluding the diagnosis of hepatitis, hepatocirrhosis and hepatocarcinoma. 

The AFPP-CRC group was matched by 1:2 to the AFPN(α-Fetoprotein-negative)-CRC group after 

propensity score matching (PSM) analysis. Prognostic factors were investigated using univariate and 

multivariate Cox regression model. Kaplan-Meier curves were performed among the concerned 

prognostic factors as well. Logistic regression was used in studying associated factors between good and 

poor prognosis groups of AFPP-CRC. 

Result: After adjusting for other confounding factors by PSM, AFP positivity and tumor stage were 

shown to be associated with poorer disease-free survival (DFS). The median of overall survival (OS) was 

26.4 months versus 30.3 months when comparing AFPP-CRC group versus AFPN-CRC group (P=0.09). 

The median of DFS was 23.3 months in the AFPP-CRC group, as compared to 26.0 months in the AFPN-

CRC group (HR:1.77, 95%CI:1.22-2.57, P=0.003). Among AFPP-CRC patients, those who also had poor 

prognosis were characterized by microsatellite stability even after considering other confounding factors 

(OR, 0.18; 95%CI, 0.04-0.63; P=0.01). 

Conclusion: We found higher serum AFP level before surgery was associated with worse DFS in 

patients with CRC, even adjusting for tumor stage. Besides, AFPP-CRC with microsatellite stability 

might had a worse prognosis. 
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Introduction 

Alpha-fetoprotein (AFP) was first discovered in a human fetus in 1956(1). It is defined as a 

glycoprotein deriving from fetal liver, yolk sac and gastrointestinal tract(2), which is synthesized from 6 

months of pregnancy to birth (3). AFP has a high concentration in the fetal blood circulation but decreases 

after birth, making it difficult to detect it in the blood(4). Elevated serum AFP level over 1 year old might 

indicate the presence of hepatocellular carcinoma (HCC) or yolk sac tumor, so elevated serum AFP level 

in adults is usually considered as abnormal(5). In clinical practice, AFP commonly serves as a well-

known tumor marker to screen or monitor HCC and yolk sac tumor. However, apart from HCC and yolk 

sac tumors, other tumors are also associated with high serum levels of AFP, such as gastric cancers(6, 7), 

along with colorectal cancers (CRC)(8), gallbladder cancers(9), bladder cancers(10) and lung cancers(11).  

Since Nakajima first detected AFP positive in a colorectal cancer with liver and lung metastasis in 

1985(12), only a few cases of AFP-producing colorectal cancer have been reported(13-25). Ren et al. 

found that AFP-producing CRC had distinctive clinicopathological characteristics, showing an 

aggressive biological behavior and worse prognosis than traditional CRC(21). Besides, Ren et al. 

considered that serum AFP was significantly higher in patients with lymphatic metastasis than in patients 

without lymphatic metastasis. Feng et al. also found that AFP-positivity was a significant negative 

predictor of overall survival (OS) in patients with CRC as compared with stage-matched CRC not 

producing AFP(22). All these studies indicated that AFP-producing CRC had high malignant potential. 

However, there is no standardized available definition as well as a few cases of AFP-positive CRC 

so far. Studies mentioned above were limited in the number of patients and the results were not 

convincing. Due to small and heterogeneous cohort size and significantly different baseline 

characteristics, most of previous reports could not provide data for a direct comparison between AFP-

positive colorectal cancer AFPP-CRC and AFP-negative colorectal cancer (AFPN-CRC). Furthermore, 

neoadjuvant therapy of chemo/radiotherapy might affect the level of serum AFP. Herein, we attempted 

to elucidate the prognostic factors of AFPP-CRC after strict patients’ inclusion and exclusion. To be 

noted, we used a statistical method called propensity score matching (PSM) to reduce the possible bias 

and the influence of mixed variables, so as to make the comparison between the experimental group and 

the control group more reasonable(26). The aim of this study was to elucidate the prognostic factors of 

AFPP-CRC. 

 



Method 

Patients 

We studied patients diagnosed with colorectal adenocarcinoma in the Sixth Affiliated Hospital of Sun 

Yat-sen University from 2010 to 2020. Patients who were tested serum AFP preoperatively and without 

preoperative chemotherapy, radiotherapy or chemoradiotherapy were considered as AFP-positive(27) 

group when the level of serum AFP levels were greater than 8.78 ng/ml based on the reference of this 

variable in our hospital. The inclusion criteria were as follows: 1. Patients aged 18-90 years old who 

were diagnosed with colorectal adenocarcinoma without any treatment for carcinoma before; 2. Data on 

clinical stage T, clinical stage N, and clinical stage M were available; 3. Preoperative serum AFP was 

tested. Meanwhile, the exclusion criteria were as follows: 1. Patients who underwent chemotherapy, 

radiotherapy or chemoradiotherapy before the surgery; 2. Patients with concomitant diseases that were 

associated with increasing serum AFP levels (i.e., hepatitis, fatty liver, cirrhosis, alcoholic liver, 

hepatocellular carcinoma (HCC) or yolk sac tumor); 3. Pregnant women; 4. Patients were diagnosed 

other types of malignancy such as embryogenic tumor of gonad, gastric tumor, pancreatic tumor etc; 5. 

Patients who had incomplete clinical data. According to the above criteria, a total of 127 patients were 

identified as AFP-positive and enrolled in the present study. Propensity score matching (PSM) for 

reduction of intergroup disparities was performed using R 4.0.2 software. The AFPP-CRC group was 

matched by 1:2 to the AFPN-CRC group after propensity score matching (PSM) analysis. The flow chart 

of patient’s selection was shown in Figure1.The research was approved by the Ethics Review Committee 

of the Sixth Affiliated Hospital of Sun Yat-sen University, as we anonymously retrieved data from 

electronic databases and therefore did not give informed consent. 

Data collection and outcome definition  

The clinicopathological characteristics, including age, sex, body mass index (BMI), preoperative 

serum level of carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA199), carbohydrate 

antigen 12-5 (CA125) and AFP, number of primary tumors, tumor location, liver metastasis, pathologic 

stage, histological differentiation, tumor deposits, peritoneal implantation, serosal invasion, vascular 

infiltration, perineural invasion, microsatellite status, PIK3A mutation status, BRAF mutation status, 

KRAS mutation status and post-operative chemotherapy scheme were recorded. In our study, according 

to the BMI classification in China, we classified the patients as underweight (BMI <18.5 kg/m2), normal 

body weight (BMI 18.5-23.9 kg/m2), overweight and obesity (BMI ≥23.9 kg/m2). Cut-off point for serum 



CEA was 5 ng/ml, serum CA199 was 37 U/ml, and serum CA125 was 35 U/ml, all of which were the 

upper limit of normal reference value in our hospital laboratory. For the definition of tumor location, we 

stipulated that the right colon included cecum, ascending colon and 2/3 of proximal transverse colon, 

while the left colon included 1/3 of distal transverse colon, the descending colon and sigmoid colon. 

Staging was performed according to the American Joint Committee on Cancer (AJCC) TNM Staging 

Classification for Carcinoma of the Colon and rectum (Eighth Edition).(28) Overall survival (OS) was 

defined as the time from surgery to death or final follow-up. Disease-free survival (DFS) was defined as 

the time from surgery to metastasis or recurrence of tumor. Based on the definition of whether the OS is 

more than 3 years, the patients were divided into good prognosis group and poor prognosis group.  

Follow-up 

When it came to follow-up and outcomes, we conducted two rounds of telephone interviews to track 

vital status and cause of death for those who had no vital status information. We telephoned participants 

who did not answer at least 3 times separately were classified as missing and excluded them from data 

analysis. In our study, all patients answered our telephone interviews at last. The last follow-up time were 

March 23 at the year of 2021. 

Statistical Analysis 

We utilized a Person’s χ2 test to measure the differences among variables according to baseline 

characteristics. Survival curves were estimated by the Kaplan-Meier method and differences were 

evaluated by the log-rank test. Prognostic factors were investigated using univariate and multivariate 

Cox regression model. Furthermore, univariate analysis and multivariate logistic regression were used to 

estimate potential risk factors for good and poor prognosis in AFPP-CRC patients. Sensitivity analysis 

was used to verify the results. The accepted level of significance was P < 0.05. SPSS 22.0 package (IBM, 

Chicago, IL, USA) and R 4.0.2 software were used for statistical analyses. 

 

Result 

1. Baseline characteristics 

A total of 127 patients with AFP positive were enrolled in the study. AFPP-CRC patients (n=127) 

were matched to AFPN-CRC patients (n=254) using the nearest neighbor matching within a caliper of 

0.001 by PSM. Variables included in the PSM were age, sex, BMI, clinical stage T, clinical stage N and 

clinical stage M. The clinicopathological characteristics of those patients were summarized in Table 1. 



After PSM, baseline characteristics (age, sex, BMI, clinical stage T, clinical stage N and clinical stage 

M) used for matching were well-balanced. As shown in Table 1, compared with AFPN-CRC, patients 

with AFPP-CRC had higher level of preoperative CEA (44.1% vs. 29.5%, P=0.005), CA199 (24.4% vs 

13.4%, P=0.007), CA125 (15.7% vs. 8.3%, P=0.03). Notably, most of the tumors in AFPP- CRC patients 

were located on the left side (50.4%), while those in AFPN-CRC patients were located on the rectum 

(53.1%, P<0.001). Besides, the number of primary tumor were more in AFPP-CRC than in AFPN- CRC 

(8.7% vs.3.5%, P=0.04). 

Moreover, we observed more AFPP-CRC patients received post-operative chemotherapy as 

compared with AFPN-CRC patients (66.1% vs. 50.0%), along with multi-chemotherapy (61.4% vs. 

46.1%). No significant differences were found according to liver metastasis, TNM stage, histological 

differentiation, tumor deposits, peritoneal implantation, serosal invasion, perineural invasion, 

microsatellite status, PIK3CA mutation status, BRAF mutation status, and KRAS mutation status. 

2. OS and DFS among the recruited patients 

The median follow-up of the recruited 381 patients was 38.6 months. The median of OS was 26.4 

months versus 30.3 months when comparing AFPP-CRC group versus AFPN-CRC group. There 

was no significant difference between AFPN-CRC and AFPP-CRC patients with regard to the OS 

(HR:1.59, 95%CI:0.93-2.73, P=0.09). (Fig.2A) The DFS in AFPP-CRC group (23.3 months) was lower 

as compared with the AFPN-CRC group (26.0months). The AFPP-CRC patients exhibited a trend toward 

worse DFS (HR:1.77, 95%CI:1.22-2.57, P=0.003). (Fig.2B) Besides, log-rank test confirmed DFS was 

significantly different between the two groups (P = 0.009). 5-year DFS rate was 15.8% for AFPN-CRC 

patients and 15.0% for AFPP-CRC patients.  

We further investigated prognostic factors affecting DFS in those recruited patients. In univariate 

analysis, we found post-operative multi-chemotherapy (P=0.04), pre-operative serum CEA level 

(P<0.001), pre-operative serum CA199 level (P<0.001), pre-operative serum CA125 level (P<0.001), 

pre-operative serum AFP level(P=0.008), liver metastasis (P<0.001), pathologic stage III (P<0.001) & 

IV (P<0.001), poorly and undifferentiated histology (P<0.001), peritoneal implantation (P<0.001), 

serosal invasion (P<0.001), vascular infiltration (P<0.001), perineural invasion (P<0.001), tumor 

deposits (P<0.001), BRAF mutation status (P=0.01) were significantly negatively associated to DFS. 

Multivariate analysis revealed that post-operative chemotherapy, pre-operative serum AFP level and 

TNM stage were independent prognostic factors, as shown in Table 2.  



3. DFS and OS among the AFPP-CRC patients 

Prognostic factors of AFPP-CRC on DFS and OS were shown in Fig.3.We could clearly see that 

AFPP-CRC patients with higher level of pre-operative CEA had a worse OS and DFS than those with 

normal level of pre-operative CEA. Interestingly, AFPP-CRC patients with microsatellite stability (MSS) 

had a poorer OS and DFS than those with microsatellite instability (MSI). The patients in AFPP-CRC 

with liver metastasis had a worse OS and DFS than patients with no liver metastasis. In addition, the 

tendency with perineural invasion in AFPP-CRC patients showed a poorer OS and DFS than those with 

no perineural invasion. The figure revealed that the OS and DFS of AFPP-CRC with poorer stage was 

worse than with better stage. Also, the patients in AFPP-CRC with peritoneal metastasis had a worse OS 

and DFS than patients with no peritoneal metastasis. 

5.Logistic regression analysis of good and poor prognosis in AFPP-CRC 

Based on the definition of whether the OS was more than 3 years, we divided AFPP-CRC patients 

into good prognosis group (n=55) and poor prognosis group (n=72). Univariate analysis and multivariate 

logistic regression were used to estimate potential risk factors for the two groups. As shown in Table 3, 

univariate logistic analysis revealed that pre-operative serum CEA level (P=0.003), pre-operative serum 

CA199 level (P=0.01), pre-operative serum CA125 level (P=0.03), liver metastasis(P=0.02), stage 

IV(P=0.006), and microsatellite status (P=0.003) were prognostic factor for AFPP-CRC patients. 

However, multivariate logistic analyses revealed that the presence of MSI (OR:0.18, 95%CI:0.04-0.63, 

P=0.01) was the only independent prognostic factor for AFPP-CRC patients. 

Since the positive value of AFP (>8.78 ng/ml) was defined according to the results of clinical 

laboratory examination in our hospital and the upper normal limits of AFP in many published studies 

was 10 ng/ml, sensitivity analysis was necessary to verify the results. We selected a total of 68 patients 

with AFPP- CRC whose serum AFP was greater than 10 ng/ml and divided them into a good prognosis 

group (n=23) and a poor prognosis group (n=45) according to the above definition. The result was similar, 

shown in the Supplementary Table 1. 

Discussion 

As known, AFPP-CRC is an extremely rare case among CRC. Interestingly, there is no standardized 

available definition for AFPP-CRC yet. Due to small and heterogeneous sample size and significantly 

different baseline characteristics, most of previous reports could not provide data for a direct comparison 

between AFP-positive and AFP-negative CRC. Our study provides unique data on AFPP-CRC before 



surgery and chemo/radiotherapy through baseline characteristics. Moreover, this study involved a large 

sample which could more comprehensively clarify the prognostic factors of AFPP-CRC. We also 

introduced PSM to reduce the impact of possible bias in baseline characteristics between the two groups.  

According to a small quantity of published case reports, compared with traditional CRC, AFP-

producing CRC presented biologically and clinically aggressive and it was usually associated with liver 

and lymphatic metastases(18, 20-22). Besides, the OS was significantly shorter as compared to traditional 

CRC. Although the mechanism by which an increased serum AFP level was linked to worse outcomes 

was not fully understood, Feng et al. (22) who combined PSM and immunohistochemical staining 

demonstrated that AFP-positivity was a significant negative predictor of OS in patients with CRC, and 

the presence of liver metastasis was the only independent prognostic factor in AFP-producing CRC.  

Ren et al. found that AFP-producing CRC had distinctive clinicopathological characteristics, showing an 

aggressive biological behavior and worse prognosis than traditional CRC(21). 

Previous publications only included case series studies or case control studies and did not exclude 

selection bias. Here, we used PSM, which is a well-established method of balancing significant 

differences in baseline characteristics between the two groups. PSM is a statistical method used to reduce 

the impact of possible bias and mixed variables in the observation study, so as to make a more reasonable 

comparison between the experimental group and the control group. There are even indications that PSM 

may produce results similar to those of randomized controlled trials(29). According to the ratio of 1: 2, 

AFPN-CRC were selected as the control group. After PSM, the baseline characteristics (age, sex, BMI, 

clinical T, clinical N, and clinical M) used for matching were well-balanced. Thus, this analysis 

demonstrates that the PSM created well-balanced cohorts. 

The present study showed that a higher utilization of post-operative chemotherapy theme in the AFP-

positive group compared with the AFP-negative group, along with a higher utilization of multi-

chemotherapy. Based on the results of our study, AFPP-CRC patients were more likely to receive 

postoperative chemotherapy, especially multi-chemotherapy, than AFPN- CRC patients. It is generally 

acknowledged that chemotherapy drugs inevitably damage some normal tissues, such as hair follicles, 

bone marrow, digestive tract and so on, while killing cancer cells(30). Nausea and vomiting are the most 

common symptom after chemotherapy(31), which can cause dehydration and electrolyte disorder in 

patients with severe cases. However, the extent and duration of side effects of chemotherapy depend on 

the use of chemotherapy drugs and the doctors’ countermeasures. Thus, chemotherapy may affect the 



DFS and OS of patients to a certain extent.  

The prognosis of AFP-producing CRC was reported to be poor. With regard to the OS, there was no 

significant difference between AFPN-CRC and AFPP-CRC patients. The reason may be that our follow-

up was not long enough, and the median follow-up was 38.6 months. In our study, we observed that the 

AFPP-CRC patients exhibited a trend toward worse DFS as compared with AFPN-CRC. We further 

investigated prognostic factors affecting DFS in all recruited patients. Multivariable regression analysis 

demonstrated that post-operative chemotherapy, pre-operative serum AFP level and pathologic stage 

(TNM) were independent prognostic factors, in line with the study by Feng et al(22).In his study, he also 

found that AFP-positivity and poorer pathologic stage were significant negative predictor of overall OS 

in patients with CRC as compared with stage-matched AFPN-CRC. 

When it comes to elucidate the prognostic factors of AFPP-CRC, we performed Kaplan-Meier curves. 

We found that AFPP-CRC patients with higher level of pre-operative CEA, poorer stage, liver metastasis, 

perineural invasion or peritoneal metastasis had a worse DFS and OS. Feng et al. (22)found that liver 

metastasis was the only independent prognostic factor in AFP-producing CRC. In our study, liver 

metastasis showed significant statistical significance in univariate Cox analysis of the prognosis of 

patients with AFPP-CRC rather than multivariate Cox regression. Similarly, liver metastasis showed 

significant statistical significance in univariate logistic regression analysis of good prognosis of AFPP-

CRC instead of multivariate logistic regression. 

As to microsatellite status, AFPP-CRC patients with MSI had a better OS, but there was not 

statistically significant in DFS. This may indicate that microsatellite status may not be strongly associated 

with recurrence and metastasis in AFPP-CRC patients. A recent study conducted a meta-analysis of 1,164 

MSI-high patients with non-metastatic colorectal cancer. The results showed that BRAF V600E mutation 

was associated with the worst OS, but not with disease recurrence(32, 33). Since previous studies on 

patients with AFPP-CRC did not include microsatellite status factor, the related mechanism needs to be 

explored in subsequent experiments. 

Moreover, we defined that OS was a good prognosis group for more than 3 years and found that poor 

prognosis group in AFPP-CRC characterized by higher pre-operative serum CEA, CA199, CA125 levels, 

stronger liver metastasis, poorer pathologic stage and MSS. The results were consistent with previous 

studies(21-23, 34, 35). Multivariate logistic analysis revealed that the presence of microsatellite status 

was the only independent prognostic factor as compared with the good and poor prognosis in AFPP-CRC. 



More importantly, it is worth noting that AFPP-CRC with MSI has a good prognosis. In our study, 

comparison between good prognosis group and poor prognosis group patients with AFPP-CRC, 

multivariate logistic analysis revealed that the presence of microsatellite status was the only independent 

prognostic factor. DNA repair system is mainly used to repair mismatched bases that escape polymerase 

proofreading immediately during replication, so as to maintain genome stability, avoid cell mutations, 

and indirectly inhibit tumor occurrence(36, 37). Microsatellites are particularly prone to replication errors 

due to their repetitive structure, which are usually repaired by the mismatch repair (MMR) system(37, 

38). Deficient MMR (dMMR) results in a strong mutator phenotype known as microsatellite instability 

(MSI)(39), which is characterized by extensive length polymorphisms of microsatellite sequences 

resulting from DNA polymerase slippage. Following the initial success of melanoma treatment, immune 

checkpoint inhibitor has become a new hot spot in cancer treatment in recent years, and it is a new 

treatment strategy for dMMR/MSI-CRC(38, 40, 41). Based on our study, the tendency with MSI in 

AFPP-CRC patients showed a better prognosis than with MSS in AFPP-CRC, which means that the use 

of checkpoint inhibitors can activate the anti-tumor immunity of human body to kill tumors. 

There were some limitations in the present research. First, the population included in the studies was 

relatively small. Though, our inclusion criteria were strict, and only 127 AFPP-CRC patients among 5274 

CRC patients were included for analysis. More research with a larger population size is needed to confirm 

the findings of the current research. Second, immunohistochemically staining for AFP was not performed 

in our study. The definition of AFP positive was limited to serum level. We could make further 

immunohistochemical analysis in the future. Third, the follow-up time is not long enough, and the median 

follow-up in our study was 38.63 months. Furthermore, although we have studied the clinicopathological 

features related to AFPP-CRC, the exact molecular mechanisms for explaining the invasive biological 

behavior of AFPP-CRC are still unclear and limited. We should further study invasive biological behavior 

at the cellular and molecular levels and develop effective multimodal therapies for AFPP-CRC.  

Conclusion 

We found higher serum AFP level before surgery was associated with worse DFS in patients with 

CRC, even adjusting for tumor stage. Besides, we found AFPP-CRC patients with MSI might had a good 

prognosis, which could help us to guide the treatment for this group of patients. 

 



Figure legends 

Figure 1 Flow chart of patient’s selection. 

Figure 2 Overall survival (OS) (Fig.2A) and disease-free survival (DFS) (Fig.2B) and related to AFP-

positive and AFP-negative colorectal cancer after propensity score matching (PSM). 

Figure 3 Overall survival (OS) related to CEA, microsatellite status, liver metastasis, perineural invasion, 

pathologic stage, and peritoneal implantation in AFP-positive colorectal cancer. (Fig.3A) 

Disease-free survival (DFS) related to CEA, microsatellite status, liver metastasis, perineural invasion, 

pathologic stage, and peritoneal implantation in AFP-positive colorectal cancer. (Fig.3B)  
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AFP: α-Fetoprotein; AFPN-CRC: α-Fetoprotein-negative colorectal cancer; AFPP-CRC: α-Fetoprotein-

positive colorectal cancer; BMI: body mass index; CA125: carbohydrate antigen 12-5; CA199: 

carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; CRC: colorectal cancer; DFS: disease-free 

survival; dMMR: deficient MMR; HCC: hepatocellular carcinoma; HR= hazard ratio; MMR: mismatch 

repair; MSI: microsatellite instability MSS: microsatellite stability; OS: overall survival; PSM: 

propensity score matching; 95%CI = 95 percent confidence interval  

 

Consent for publication  

We reached an agreement of all participants in this study to publish this document. 

 

Competing interests  

The authors declared no financial conflict of interests. 

 

Ethics statement 

Our study was approved by Ethics Review Committee of the Sixth Affiliated Hospital of Sun Yat-sen 

University, as we anonymously retrieved data from electronic databases and therefore did not give 

informed consent. 

 

Reference 



1. C. G. Bergstrand and B. Czar: Demonstration of a new protein fraction in serum from the human 

fetus. Scandinavian journal of clinical and laboratory investigation, 8(2), 174 (1956)  

2. D. Gitlin, A. Perricelli and G. M. Gitlin: Synthesis of -fetoprotein by liver, yolk sac, and 

gastrointestinal tract of the human conceptus. Cancer research, 32(5), 979-982 (1972)  

3. D. GITLIN and M. BOESMAN: Serum a-Fetoprotein, Albumin, and yG-Globulin in theHuman 

Conceptus. Journal of Clinical Investigation, 45, 1826-1838 (1966)  

4. G. J. Mizejewski: Levels of alpha-fetoprotein during pregnancy and early infancy in normal and 

disease states. Obstetrical & gynecological survey, 58(12), 804-826 (2003)  

5. M. Christiansen, C. K. Høgdall, J. R. Andersen and B. Nørgaard-Pedersen: Alpha-fetoprotein in 

plasma and serum of healthy adults: preanalytical, analytical and biological sources of variation and 

construction of age-dependent reference intervals. Scandinavian journal of clinical and laboratory 

investigation, 61(3), 205-215 (2001)  

6. Y. C. Chang, N. Nagasue, S. Abe, H. Taniura, D. D. Kumar and T. Nakamura: Comparison between 

the clinicopathologic features of AFP-positive and AFP-negative gastric cancers. The American journal 

of gastroenterology, 87(3), 321-325 (1992)  

7. N. Koide, A. Nishio, J. Igarashi, S. Kajikawa, W. Adachi and J. Amano: Alpha-fetoprotein-

producing gastric cancer: histochemical analysis of cell proliferation, apoptosis, and angiogenesis. The 

American journal of gastroenterology, 94(6), 1658-1663 (1999)  

8. J. Taguchi, H. Yano, J. Sueda, R. Yamaguchi, M. Kojiro, G. Shirouzu and K. Hashimoto: alpha-

Fetoprotein-producing rectal carcinoma--a case report. The Kurume medical journal, 44(4), 339-348 

(1997)  

9. Y. Sugaya, H. Sugaya, Y. Kuronuma, T. Hisauchi and T. Harada: A case of gallbladder carcinoma 

producing both alpha-fetoprotein (AFP) and carcinoembryonic antigen (CEA). Gastroenterologia 

Japonica, 24(3), 325-331 (1989)  

10. H. Takayama: [A case of bladder cancer producing alpha-fetoprotein (AFP)]. Hinyokika kiyo. Acta 

urologica Japonica, 41(5), 387-389 (1995)  

11. K. Hiroshima, A. Iyoda, T. Toyozaki, Y. Haga, M. Baba, T. Fujisawa, H. Ishikura and H. Ohwada: 

Alpha-fetoprotein-producing lung carcinoma: report of three cases. Pathology international, 52(1), 46-

53 (2002)  

12. T. Nakajima, N. Okazaki, S. Morinaga, M. Tsumuraya, Y. Shimosato and S. Saiki: A case of alpha-

fetoprotein-producing rectal carcinoma. Japanese journal of clinical oncology, 15(4), 679-685 (1985)  

13. K. Kato, M. Matsuda, A. Ingu, M. Imai, S. Kasai, M. Mito and T. Kobayashi: Colon cancer with a 

high serum alpha-fetoprotein level. The American journal of gastroenterology, 91(5), 1045-1046 (1996)  

14. K. Kurihara, F. Konishi, K. Kanazawa, T. Fujii and K. Saito: Alpha-fetoprotein-producing 

carcinoma of the colon: report of a case. Surgery today, 27(5), 453-456 (1997)  

15. S. Yachida, N. Fukushima, Y. Nakanishi, T. Akasu, H. Kitamura, M. Sakamoto and T. Shimoda: 

Alpha-fetoprotein-producing carcinoma of the colon: report of a case and review of the literature. 

Diseases of the colon and rectum, 46(6), 826-831 (2003)  

16. K. Fu, A. Kobayashi, N. Saito, Y. Sano, S. Kato, H. Ikematsu, T. Fujimori, Y. Kaji and S. Yoshida: 

Alpha-fetoprotein-producing colon cancer with atypical bulky lymph node metastasis. World journal of 

gastroenterology, 12(47), 7715-7716 (2006)  

17. H. H. Lin, C. C. Chang, S. H. Yang, S. C. Chang, W. S. Chen, W. Y. Liang, J. K. Lin and J. K. Jiang: 

Elevated serum alpha-fetoprotein in poorly differentiated adenocarcinoma with neuroendocrine 

differentiation of the ascending colon: a case report. World J Surg Oncol, 14, 84 (2016) 



doi:10.1186/s12957-016-0838-0 

18. H. Anzai, S. Kazama, T. Kiyomatsu, T. Nishikawa, T. Tanaka, J. Tanaka, K. Hata, K. Kawai, H. 

Yamaguchi, H. Nozawa, T. Kanazawa, T. Ushiku, S. Ishihara, E. Sunami, M. Fukayama and T. Watanabe: 

Alpha-fetoprotein-producing early rectal carcinoma: a rare case report and review. World J Surg Oncol, 

13, 180 (2015) doi:10.1186/s12957-015-0590-x 

19. J. Li, Y. Liu, J. H. Xu, Z. P. Xu, S. Zheng and K. F. Ding: Expression of hepatocyte growth factor 

and c-Met is characteristic of alpha-fetoprotein-producing colorectal adenocarcinoma: A report of three 

cases. Oncol Lett, 11(1), 731-734 (2016) doi:10.3892/ol.2015.3964 

20. Y. Nakamura, K. Matsuda, S. Yokoyama, K. Tamura, Y. Mitani, H. Iwamoto, Y. Mizumoto, D. 

Murakami, M. Fujimoto and H. Yamaue: Alpha-fetoprotein-producing rectal cancer successfully 

responded to preoperative chemoradiotherapy: case report. Surgical case reports, 4(1), 111 (2018) 

doi:10.1186/s40792-018-0520-6 

21. F. Ren, W. Weng, Q. Zhang, C. Tan, M. Xu, M. Zhang, L. Wang, W. Sheng, S. Ni and D. Huang: 

Clinicopathological features and prognosis of AFP-producing colorectal cancer: a single-center analysis 

of 20 cases. Cancer Manag Res, 11, 4557-4567 (2019) doi:10.2147/CMAR.S196919 

22. Y. Feng, Y. Li, W. Dai, S. Mo, Q. Li and S. Cai: Clinicopathologic Features and Prognostic Factors 

in Alpha-Fetoprotein-Producing Colorectal Cancer: Analysis of 78 Cases. Cell Physiol Biochem, 51(5), 

2052-2064 (2018) doi:10.1159/000495824 

23. N. Karakuchi, K. Toyota, R. Kajikawa, A. Watanabe, Y. Saito, M. Inoue, I. Ohmori, K. Miyamoto, 

M. Ikeda, S. Sadamoto, K. Mandai and T. Takahashi: Alpha-fetoprotein-producing Colon Carcinoma 

with Rapidly Increasing Liver Metastases That Resulted in Death: A Case Report. Journal of the anus, 

rectum and colon, 5(1), 100-106 (2021) doi:10.23922/jarc.2020-038 

24. Y. Y. Yu, T. Ogino and S. Okada: An alpha-fetoprotein-producing carcinoma of the rectum. Acta 

pathologica japonica, 42(9), 684-687 (1992)  

25. N. Asakage, Y. Haraguchi, T. Suzuki, S. Kobayashi and S. Yamasaki: [An autopsy case of alpha-

fetoprotein-producing carcinoma of the sigmoid colon resulting in sudden death]. Nihon Shokakibyo 

Gakkai zasshi = The Japanese journal of gastro-enterology, 107(8), 1296-1304 (2010)  

26. A. Duhamel, J. Labreuche, C. Gronnier and C. Mariette: Statistical Tools for Propensity Score 

Matching. Annals of surgery, 265(6), E79-E80 (2017) doi:10.1097/SLA.0000000000001312 

27. K. E. Stuart, A. J. Anand and R. L. Jenkins: Hepatocellular carcinoma in the United States. 

Prognostic features, treatment outcome, and survival. Cancer, 77(11), 2217-2222 (1996)  

28. M. R. Weiser: AJCC 8th Edition: Colorectal Cancer. Annals of surgical oncology, 25(6), 1454-1455 

(2018) doi:10.1245/s10434-018-6462-1 

29. Z. Zhang, H. J. Kim, G. Lonjon and Y. Zhu: Balance diagnostics after propensity score matching. 

Annals of translational medicine, 7(1), 16 (2019) doi:10.21037/atm.2018.12.10 

30. K. Hauner, P. Maisch and M. Retz: [Side effects of chemotherapy]. Der Urologe. Ausg. A, 56(4), 

472-479 (2017) doi:10.1007/s00120-017-0338-z 

31. B. Schuell, T. Gruenberger, G. V. Kornek, N. Dworan, D. Depisch, F. Lang, B. Schneeweiss and W. 

Scheithauer: Side effects during chemotherapy predict tumour response in advanced colorectal cancer. 

British journal of cancer, 93(7), 744-748 (2005)  

32. A. Malki, R. A. ElRuz, I. Gupta, A. Allouch, S. Vranic and A.-E. Al Moustafa: Molecular 

Mechanisms of Colon Cancer Progression and Metastasis: Recent Insights and Advancements. 

International journal of molecular sciences, 22(1) (2020) doi:10.3390/ijms22010130 

33. F. Battaglin, M. Naseem, H.-J. Lenz and M. E. Salem: Microsatellite instability in colorectal cancer: 



overview of its clinical significance and novel perspectives. Clinical advances in hematology & 

oncology : H&O, 16(11), 735-745 (2018)  

34. X. Liu, Y. Cheng, W. Sheng, H. Lu, Y. Xu, Z. Long, H. Zhu and Y. Wang: Clinicopathologic features 

and prognostic factors in alpha-fetoprotein-producing gastric cancers: analysis of 104 cases. Journal of 

surgical oncology, 102(3), 249-255 (2010) doi:10.1002/jso.21624 

35. H. Zhai, J. Huang, C. Yang, Y. Fu and B. Yang: Serum CEA and CA19-9 Levels are Associated with 

the Presence and Severity of Colorectal Neoplasia. Clinical laboratory, 64(3), 351-356 (2018) 

doi:10.7754/Clin.Lab.2017.170914 

36. N. Chatterjee and G. C. Walker: Mechanisms of DNA damage, repair, and mutagenesis. 

Environmental and molecular mutagenesis, 58(5), 235-263 (2017) doi:10.1002/em.22087 

37. M. Baretti and D. T. Le: DNA mismatch repair in cancer. Pharmacology & therapeutics, 189, 45-

62 (2018) doi:10.1016/j.pharmthera.2018.04.004 

38. P. Benatti, R. Gafà, D. Barana, M. Marino, A. Scarselli, M. Pedroni, I. Maestri, L. Guerzoni, L. 

Roncucci, M. Menigatti, B. Roncari, S. Maffei, G. Rossi, G. Ponti, A. Santini, L. Losi, C. Di Gregorio, 

C. Oliani, M. Ponz de Leon and G. Lanza: Microsatellite instability and colorectal cancer prognosis. 

Clinical cancer research : an official journal of the American Association for Cancer Research, 11(23), 

8332-8340 (2005)  

39. W. Dietmaier, S. Wallinger, T. Bocker, F. Kullmann, R. Fishel and J. Rüschoff: Diagnostic 

microsatellite instability: definition and correlation with mismatch repair protein expression. Cancer 

research, 57(21), 4749-4756 (1997)  

40. E. Vilar and S. B. Gruber: Microsatellite instability in colorectal cancer-the stable evidence. Nature 

reviews. Clinical oncology, 7(3), 153-162 (2010) doi:10.1038/nrclinonc.2009.237 

41. F. A. Sinicrope and D. J. Sargent: Molecular pathways: microsatellite instability in colorectal cancer: 

prognostic, predictive, and therapeutic implications. Clinical cancer research : an official journal of the 

American Association for Cancer Research, 18(6), 1506-1512 (2012) doi:10.1158/1078-0432.CCR-11-

1469 

 

 

 

 

 



Figures

Figure 1

Flow chart of patient’s selection.



Figure 2

Overall survival (OS) (Fig.2A) and disease-free survival (DFS) (Fig.2B) and related to AFPpositive and
AFP-negative colorectal cancer after propensity score matching (PSM).



Figure 3

Overall survival (OS) related to CEA, microsatellite status, liver metastasis, perineural invasion, pathologic
stage, and peritoneal implantation in AFP-positive colorectal cancer. (Fig.3A) Disease-free survival (DFS)
related to CEA, microsatellite status, liver metastasis, perineural invasion, pathologic stage, and peritoneal
implantation in AFP-positive colorectal cancer. (Fig.3B)
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