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Background: High serum levels of alpha-fetoprotein (AFP) are observed in some gastrointest-

inal cancers. However, primary AFP-producing colorectal cancer (CRC) is extremely rare and

causes confusion among clinicians. In this study, we analyzed the clinicopathological features

and clinical outcomes of AFP-producing CRC and provide a brief view of this rare carcinoma.

Patients and methods: Twenty patients with AFP-producing CRC were enrolled at the

Fudan University Shanghai Cancer Center from 2012 to 2015. Clinical information, includ-

ing serum AFP and CEA levels, and outcomes were collected. Tumors were divided into

three histologic types: the common adenocarcinoma (COM) type, mucinous adenocarcinoma

type and hepatoid type (HPT). Immunohistochemical (IHC) staining of GPC3, Hepa-1,

SALL4 and Arg-1 was performed. Additionally, mutations of the KRAS, NRAS and

BRAF genes were examined. Finally, another 40 stage-matched patients with traditional

CRC were enrolled as controls for survival analysis.

Results: AFP-producing CRC was more likely to occur in males (60%) and arose mainly from

the ascending (40%) and sigmoid (35%) colon. In addition, the majority of patients with AFP-

producing CRC had poor differentiation (50%), advanced local invasion (80%) and lymph node

(LN) metastasis (60%). Synchronous distant metastasis was commonly observed (35%).

Interestingly, serum AFP levels were closely associated with LN metastasis.

Histopathologically, the COM type was the most common pattern. In IHC staining, the HPT

pattern was the most distinct due to high positivity rates of GPC3, Hepa-1 and Arg-1. One patient

hadmismatch repair deficiency, and another had a KRASmutation. Patients with AFP-producing

CRC had worse progression-free and overall survival than patients with traditional CRC.

Conclusion: AFP-producing CRC has unique clinical and histopathological characteristics,

showing an aggressive biological behavior and worse prognosis than traditional CRC.

Keywords: AFP-producing colorectal cancer, clinicopathological features, serum AFP,

prognosis

Introduction
Alpha-fetoprotein (AFP) was initially found in a considerable concentration in human

fetal sera.1 Serum AFP levels decrease after birth; thus, elevated AFP is abnormal in

adults. AFP is usually elevated in patients with hepatocellular carcinomas or yolk sac

tumors.2,3 Hence, testing AFP in serum is a useful method for screening and monitoring

these patients. AFP-producing tumors have mainly been reported in organs originating

from the foregut endoderm.4 The majority of AFP-producing cancers originate from the

stomach, bile duct, and pancreas and show a high incidence of liver metastasis and a poor
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prognosis.5 However, AFP-producing colorectal cancer

(CRC) is extremely rare.6–17 One reason for this might be

that colorectal tissues originate from the hindgut endoderm,

differing from stomach tissues, which develop from the fore-

gut. Since the first report of AFP-producing CRC byNakajima

et al in 1985, only 14 cases of AFP-producing cancer6–17 and

several reports of hepatoid adenocarcinoma18–25 in the color-

ectum have been sporadically published in English literature to

date. However, extensive data regarding the clinicopathologi-

cal profiles and prognosis of AFP-producing CRC remain

limited, with most studies in the literature being case reports.

In this study, we aimed to summarize the clinicopathologi-

cal features and survival outcomes of primary AFP-producing

CRC. Further immunohistochemical (IHC) andmolecular stu-

dies were performed to clarify this unique tumor type.

Patients and methods
Patient selection
We studied 20 patients with primary AFP-producing CRC

who underwent surgical resection at Fudan University

Shanghai Cancer Center (FUSCC) from 2012 to 2015.

Another 40 stage-matched patients with traditional CRC

(non-AFP-producing CRC) were also enrolled as a control

group from 2012 to 2014. The control group has the similar

background of age, gender, location and differentiation.

Signed informed consent was obtained from all patients and

the study was approved by the Clinical Research Ethics

Committee of FUSCC. The inclusion criteria were as fol-

lows: the presence of primary sporadic tumors with definite

diagnosis, elevated serum AFP (＞10.00 ng/mL) in patients

with AFP-producing CRC and normal serumAFP in patients

with traditional CRC (non-AFP-producing CRC). The diag-

nosis was histopathologically confirmed by two pathologists,

and histological findings were recorded. Clinical data,

including age and gender, were obtained from medical

records. All patients were prescribed a follow-up regimen

based on the National Comprehensive Cancer Network

guidelines of colon and rectal cancer, with physical, serum,

imaging and colonoscopy examination timely. Cancer and

vital status were recorded by clinical follow-up at our center.

Serum assays for AFP and CEA
Blood samples were obtained from all patients in the

morning during the week before and the week after sur-

gery. The blood sample was centrifuged at 4000 rpm for

10 mins to separate the plasma from the blood cells. AFP

and carcinoembryonic antigen (CEA) were assayed using

a Cobas detection kit (Roche, Basel, CH) according to the

manufacturer’s instructions. The cutoff values for serum

AFP and CEA were 10.00 and 5.20 ng/mL, respectively.

IHC studies
All tumors with unstained slides were available. IHC

staining was performed using Ventana automation with

the corresponding detection system (Ventana Medical

Systems, Tucson, AZ, USA) and antibodies against

GPC3 (clone 1G12, prediluted; Maixin, Fuzhou, Fujian,

People'sRepublic of China), SALL4 (clone 6E3, 1:100;

Biocare, Pacheco, CA, USA), Arg-1 (monoclonal,

1:6,000; Sigma-Aldrich, St. Louis, MO, USA), and

Hepa-1 (clone OCH1E5, 1:100, Maixin).

Microsatellite instability was assessed using IHC staining

for mismatch repair (MMR) proteins, including MLH1

(clone M1, prediluted; Ventana), PMS2 (clone A16-4, pre-

diluted; Ventana), MSH2 (clone G2- 19–1129, prediluted;

Ventana) and MSH6 (clone SP93, prediluted; Ventana). Loss

of expression of any of the MMR proteins was considered

when there was no corresponding IHC staining in the nuclei

in tumor cells, whereas adjacent normal colonic mucosa and/

or stromal cells had nuclear staining by contrast.

Molecular studies
For DNA extraction, the QIAamp DNA mini kit (Qiagen,

Manchester, UK) was used, employing the manufacturer’s

standard protocol. Primers for amplification and pyrose-

quencing were designed using Pyrosequencing Assay

Design Software (Qiagen, Manchester, UK). All the

patients were tested for mutations in KRAS exons 2, 3,

4, NRAS exons 2, 3, 4 and BRAF exon 15. Each sample

was sequenced by an ABI 3500XL instrument using

a BigDye Terminator v. 3.1 Cycle Sequencing kit

(Applied Biosystems, Carlsbad, CA, USA). All samples

were tested by bidirectional sequencing, and the positive

samples were confirmed by two independent experiments.

Statistical analysis
SPSS 20.0 package (IBM, Chicago, IL, USA) and GraphPad

Prism 7.0 software (GraphPad Software, Inc., La Jolla, CA,

USA) were used for statistical analyses and scientific graph-

ing, respectively. Comparisons between groups were deter-

mined by two-sided Mann–Whitney U tests or Fisher’s exact

test, as appropriate. Kaplan–Meier survival curves were

used to compare survival rates. P-values<0.05 were consid-

ered statistically significant.
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Results
Clinicopathological features
The clinicopathological characteristics of the 20 AFP-

producing CRC patients are summarized in Table 1. There

were 12 males (60%) and 8 females (40%) (male to female

ratio=1.5:1). The median age was 60 years, ranging from 33 to

80 years. Eight cases (40%) arose from the ascending colon, 7

cases (35%) arose from the sigmoid colon, 4 cases (20%) arose

from the rectum and only 1 case (5%) arose from the descend-

ing colon. Ten cases (50%) showed poor differentiation, 9

cases (45%) showed moderate differentiation and only one

case showed good differentiation.

With regard to the depth of tumor invasion, early local

invasion (pT1+T2) was observed in 4 patients (20%), and

advanced local invasion (pT3+T4) was observed in 16

patients (80%). Lymph node (LN) metastasis was observed

in 12 patients (60%). Synchronous distant metastasis was

observed in 7 patients (35%), including 6 with liver metas-

tases and 1 patient with peritoneum metastasis. The clin-

icopathological characteristics of the control group are

summarized in Table S1.

Serum AFP levels
All 20 patients had elevated preoperative serum AFP levels

ranging from 12.61 to 181.4 ng/mL (median 24.16 ng/mL).

The level of serum AFP decreased significantly after the

surgery, and the postoperative serum AFP levels ranged from

2.76 to 21.1 (median 6.2 ng/mL) (Table 2). Eleven cases

(55%) had elevated preoperative serum CEA. We further

analyzed the association between preoperative serum AFP

and clinicopathological parameters. When the 20 samples

were stratified based on LN metastasis status, serum AFP

was further significantly higher in AFP-producing CRC

patients with LN metastasis (Figure 1A). However, there

was no significant difference between the AFP level and

local invasion (T stage) or between distant metastasis and

TNM stage (Figure 1B–D).

Pathological findings
The morphology in our cases was classified into three

patterns: the common adenocarcinoma type (COM), muci-

nous adenocarcinoma (MA) type and hepatoid type com-

ponent (HPT). MA was observed in 4 cases (20%), COM

alone was observed in 10 cases (50%), the mixed type

(COM+HPT) was observed in 5 cases (25%),and HPT

alone was observed in only one case (5%) (Table 3,

Figure 2A and B). None of the cases showed an entero-

blastic or yolk sac tumor pattern.

For IHC staining, 5 of 20 cases (25%) showed variable

GPC-3 expression, Hepa-1 was moderately to diffusely

positive in 7 cases (35%), and Arg-1 was positive in 5

cases (25%) (Figure 2C–E). SALL4 was negative in all

cases. Notably, the expression of GPC3, Hepa-1 and Arg-1

was more likely to be found in the HPT pattern, with

positive rates of 66.7%, 83.3% and 66.7%, respectively.

Differences of the expression of these three markers

between the HPT pattern and non-HPT pattern were sta-

tistically significant (P<0.05) (Figure 3).

Only one patient with the COM type exhibited MMR

deficiency (complete loss of MLH1 and PMS2), and

Table 1 Clinicopathological characteristics of 20 patients with

AFP-producing CRC

Characteristics N (%)

Age (years)

≤60 10 (50%)

>60 10 (50%)

Sex

Male 12 (60%)

Female 8 (40%)

Location

Ascending 8 (40%)

Descending 1 (5%)

Sigmoid 7 (35%)

Rectum 4 (20%)

Differentiation

Poorly differentiated 10 (50%)

Moderately differentiated 9 (45%)

Well differentiated 1 (5%)

Depth

T1+T2 4 (20%)

T3+T4 16 (80%)

LN metastasis

Yes 12 (60%)

No 8 (40%)

Distant metastasis

Yes 7 (35%)

No 13 (65%)

pTNM stagea

Ⅰ 1 (5%)

Ⅱ 4 (20%)

Ⅲ 8 (40%)

Ⅳ 7 (35%)

Notes: apatients were staged in accordance with the 8th edition of the AJCC TNM

classification.

Abbreviations: AJCC, American Joint Committee on Cancer; CRC, colorectal

cancer; LN, lymph node.
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Table 2 Changes of serum level of AFP and CEA at the time of preoperation and postoperation

Case Preoperative AFP level
(ng/mL)

Postoperative AFP level
(ng/mL)

Preoperative CEA level
(ng/mL)

Postoperative CEA level
(ng/mL)

1 20.23 2.76 2.46 2.08

2 181.4 21.1 82.32 12.7

3 13.87 3.42 1.11 2.21

4 29.58 8.52 6.34 31.63

5 34.79 5.61 45.48 23.54

6 57.91 3.77 13.39 3.32

7 32.34 14.13 2.57 1.86

8 16.04 10.35 8.28 8.85

9 24.39 3.73 12.24 4.26

10 16.81 5.51 5.28 3.93

11 23.94 9.18 1.92 1.35

12 23.76 3.9 37.65 43.75

13 15.5 9.02 3.89 1.37

14 15.11 6.79 2.55 2.42

15 28.03 17.54 1.93 2.17

16 46.3 3.17 2.61 3.38

17 71.42 14.74 4.4 3.91

18 12.61 8.71 12.98 14.76

19 30.01 3.34 63.98 94.36

20 18.5 3.22 7.37 6.7

Abbreviations: AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen.
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Figure 1 Statistical analysis of the serum AFP between different clinicopathological parameters. (A) The serumAFP levels in patients with LNmetastasis were significantly higher than

those in patients without LN metastasis. There were no significant differences between the AFP level and local invasion (T stage) (B), distance metastasis (C), or TNM stage (D).

Abbreviations: LN, lymph node; NS, not significant.
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another patient with MA type harbored a KRAS mutation

in exon 4 (G146A) (Table 3).

Follow-up
Survival data of the 20 patients were eventually selected for

analysis. The follow-up period ranged from 10 to 64 months

(mean, 36 months; median, 35 months). Nine patients

experienced disease progression, and 8 patients suffered

from CRC-related death. Dividing these 20 patients into

two groups based on the median preoperative serum AFP

level, we found that the AFP-high group had worse pro-

gression-free survival (PFS) than the AFP-low group did.

However, there was no significant association between the

serum AFP level and PFS (P=0.578, Figure 4A) or overall

survival (OS) (P=0.885, Figure 4B). Compared to the 40

staged-matched control patients, the AFP-producing CRC

patients exhibited a trend toward worse PFS (P=0.349,

Figure 4C) and OS (P=0.369, Figure 4D).

Discussion
The incidence of AFP-producing gastric cancer (GC) has

been reported to be 1.3–15%4,26–29 in different countries.

However, the incidence in the colorectum is markedly

lower than that in stomach. In this study, we analyzed 20

cases of AFP-producing CRC. We found some similar

clinical and pathological characteristics demonstrated in

AFP-producing CRC and AFP-producing GC, such as: 1)

they were more likely occur in men; 2) elevated serum

AFP levels; 3) poor differentiation in most cases; 4)

advanced local invasion accounted for a large proportion

of tumors; 5) a high likelihood of LN metastasis and

distant metastasis; and 6) a poor prognosis. These findings

suggested that AFP-producing CRC might have a more

aggressive biological behavior than traditional CRC (non-

AFP-producing CRC). AFP is a remarkable protein in the

fetus, and an increase in serum AFP in these tumors

indicates the possibility of retro-differentiation to the pre-

natal state30 and the presentation of original biological

behaviors by tumor cells, which may result in poor

prognosis.

In our cases, we found three types of histological patterns,

including COM, MA and HPT, in which COM was the most

common type. Therefore, it was difficult for pathologists to

recognize AFP-producing CRC depending on the histologi-

cal features without AFP serum levels. Thus, information on

tumor markers in the serum is the key to the diagnosis of this

unique type of CRC. In addition, AFP-producing GC may

show other histologic patterns, such as the ENT type, yolk

sac tumor type,30–33 medullary type, papillotubular type,34,35

Table 3 Immunohistochemical and molecular findings in AFP-producing CRC

Case Histologic pattern GPC-3 Hepa-1 SALL4 Arg-1 MMR KRAS/NRAS/BRAF

1 MA − − − − − −

2 COM+HPT + + − − − −

3 HPT + + − + − −

4 COM+HPT − + − − − −

5 COM − + − − dMMR −

6 COM − − − − − −

7 MA − − − − − −

8 COM + − − + − −

9 COM − + − − − −

10 MA − − − − − −

11 COM − − − − − −

12 COM+HPT − + − + − −

13 COM+HPT + + − + − −

14 COM − − − − − −

15 COM − − − − − −

16 COM − − − − − −

17 COM+HPT + − − + − −

18 MA − − − − − KRAS G146A

19 COM − − − − − −

20 COM − − − − − −

Abbreviations: COM, common adenocarcinoma type; CRC, colorectal cancer; dMMR, mismatch repair deficient; HPT, hepatoid type; MA, mucinous adenocarcinoma;

MMR, mismatch repair.
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signet ring cell type and undifferentiated type.29 Tumors

arising from the stomach seemed to have a more varied

histological type than those from the colorectum, but only

a limited number of CRC cases were reported. Notably, the

HPTwas a distinct histological pattern due to the unique IHC

expression of GPC3, Hepa-1 and Arg-1, which suggested

hepatocellular differentiation.36,37 Carcinomas with hepato-

cellular differentiation are also called hepatoid adenocarci-

nomas. Most hepatoid adenocarcinomas can be detected by

elevated AFP levels in the serum, but in some cases, AFP

levels are not increased. AFP-producing cancers are not

always derived from hepatoid adenocarcinomas.33 It has

been reported that 40.1% of AFP-producing GC cases are

hepatoid adenocarcinomas.5 Similarly, in our examination of

AFP-producing CRCs, only 1 case (5%) showed a pure HPT

pattern, and 5 cases (25%) exhibited a partial HPT pattern.

Obviously, hepatoid adenocarcinomas are more rare among

AFP-producing CRC than AFP-producing GC, which indi-

cates that the mechanisms of hepatoid adenocarcinomas

and AFP-producing CRCs are likely different from those

of GCs.

There are two main theories about the origin of AFP-

producing cancers. Some researchers found that in many

cases, AFP-producing GCs develop as the COM type in the

mucosa and differentiate into the ENT type and HPT during

the process of tumor invasion and proliferation, acquiring the

ability to produce AFP.31 Fujii et al performed gene analysis

and found that 13qLOH was selectively observed in AFP-

positive ENTand HPT in the area of invasion, suggesting that

changes in histological morphology and the ability to produce

AFP are associated with genetic changes.38 Other changes

lead to the theory of retrodifferentiation to the fetal gut30 or

yolk sac tumor. Li et al found that autocrine HGF/c-Met

activation may be able to induce dedifferentiation of common

adenocarcinoma cells, which revert to a stem cancer cell

phenotype and produce AFP or hepatoid differentiation.17

Regardless of which theories, all of them support the fact

that AFP-producing cancer may arise from traditional

A B

C D E

Figure 2 (A) Poorly differentiated CRC composed of hepatoid type (HE, original magnification×200). (B) Types of histological transitions in AFP-producing CRC, transition

from COM (right side) to HPT (left side) (HE, original magnification×40). (C–E) Immunohistochemical staining: (C) Hepa-1; (D) GPC-3; (E) Arg-1. (immunohistochemistry,

original magnification×200).

Abbreviations: COM, common adenocarcinoma type; CRC, colorectal cancer; HPT, hepatoid type.
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adenocarcinomas and acquire the ability to produce AFP dur-

ing progression. Others found that this type of tumor may be

promoted by inflammatory bowel disease, which could also

lead to traditional adenocarcinomas.21,23–25 In our results, one

patient had MMR deficiency, and another harbored a KRAS

exon 4 mutation, which can also be detected in traditional

adenocarcinomas. However, additional studies are needed to

prove that AFP-producing cancer and traditional adenocarci-

nomas share the same carcinogenesis.

Serum AFP is a useful tool to detect AFP-producing

cancers. In addition, the level of serum AFP decreased

significantly after surgery, which suggests that AFP levels

were correlated with tumor load. In our cases, serum AFP

was significantly higher in patients with LN metastasis

than in patients without LN metastasis, suggesting its

potential value to predict tumor recurrence and for therapy

monitoring. We also found a tendency for high serum AFP

to be positively related to distant metastasis, advanced

TNM stage and poor PFS, although without significance,

which was most likely due to the small number of cases.

These results were consistent with other investigations.

AFP-producing CRC patients with liver metastasis had

extremely high serum AFP levels before surgery.13 In

AFP-producing GC, high serum AFP levels were also

significantly correlated with metachronous liver metastasis

in a report including 104 patients.27 Therefore, serum AFP

was useful to identify patients at a high risk of liver

metastasis and for whom prophylactic treatment was

needed.27 The serum AFP level was also reported as

a prognostic factor in AFP-producing GC.39 In conclusion,

serum AFP was an important marker for patients with

AFP-producing cancer. It might be used to 1) detect and

help diagnose AFP-producing cancer; 2) monitor tumor

load and aid in follow-up; 3) indicate residual tumor and

liver metastasis; and 4) indicate the prognosis.

The survival analysis demonstrated that patients withAFP-

producing CRC had a poorer prognosis than patients with

traditional CRC (non-AFP-producing CRC). This finding

was confirmed in other case reports of CRC13,19 and investiga-

tions of stomach cancer.29,39 However, no difference in survi-

val was observed between patients with the HPT pattern and

those with other patterns among the 20 cases in our study.

According to the literature, hepatoid adenocarcinoma of the

stomach, irrespective of AFP production, had a poorer prog-

nosis than AFP-producing GC without hepatoid

differentiation.40 Thus, we should distinguish hepatoid adeno-

carcinoma and non-hepatoid differentiated carcinoma among

AFP-producing GCs,5 for which high levels of serum AFP
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predict a poor outcome.35 In our study of CRC, a trend was

observed in which the serum AFP-high group had worse PFS

than the AFP-low group. More cases of AFP-producing CRC

should be investigated to confirm these results.

Treatment of AFP-producing CRC was usually according

to traditional adenocarcinomas as resection of the tumor fol-

lowed by adjuvant chemotherapy if needed. The effect of

treatment varied. It is regrettable that some AFP-producing

cancers are resistant to multiple drugs. Zeng et al found that

PFS and disease-specific survival of intestinal hepatoid ade-

nocarcinoma had no relationship with chemotherapy, which

may indicate that this type of tumor is not sensitive to typical

chemotherapy agents. Li et al presented three cases of

AFP-producing CRC resistance to multiple drugs, including

epidermal growth factor receptor inhibitors.17 It was promis-

ing that partial patients could benefit from preoperative

chemoradiotherapy.16 Adjuvant chemotherapy might also

help patients.14,41 A study of AFP-producing GC found that

patients could respond to anti-angiogenic drugs such as

ramucirumab.42 Percutaneous ethanol injection may be an

effective method of treating metastatic liver lesions.27 More

studies are necessary to determine the most suitable strategies

for treating AFP-producing CRC.

Conclusion
AFP-producing CRC is a rare tumor characterized by an

increased possibility of poor differentiation, advanced

local invasion, LN metastasis and distant metastasis.

The histological patterns of AFP-producing CRC

included COM, MA and HPT. Among them, the HPT

pattern was the most distinct for high positivity rates of

GPC3, Hepa-1 and Arg-1, which suggested hepatocellu-

lar differentiation. Serum AFP levels showed potential

value in predicting recurrence. AFP-producing CRC had

more aggressive biological behaviors and poorer prog-

nosis than did non-AFP-producing CRC. Therefore, spe-

cial treatment strategies might be needed for this unique

tumor type.
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Abbreviations: CRC, colorectal cancer; OS, overall survival; PFS, progression-free survival.
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Table S1 Clinicopathological characteristics of 40 stage-matched

patients with traditional CRC (non-AFP-producing CRC)

Characteristics N (%)

Age (years)

≤60 22 (55%)

>60 18 (45%)

Sex

Male 25 (63%)

Female 15 (38%)

Location

Ascending 8 (20%)

Transverse 3 (8%)

Descending 1 (3%)

Sigmoid 16 (40%)

Rectum 12 (30%)

Differentiation

Poorly differentiated 16 (40%)

Moderately differentiated 23 (58%)

Well differentiated 1 (3%)

pTNM stagea

Ⅰ 2 (5%)

Ⅱ 8 (20%)

Ⅲ 16 (40%)

Ⅳ 14 (35%)

Notes: apatients were staged in accordance with the 8th edition of the AJCC TNM

classification.

Abbreviations: AJCC, American Joint Committee on Cancer; CRC, colorectal

cancer.
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