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a b s t r a c t 

Background: Alpha-fetoprotein-producing gastric cancer (AFPGC) poses a therapeutic challenge worldwide be- 

cause of its poor prognosis. This study aimed to evaluate the efficacy and safety of antiangiogenic drug apatinib 

in advanced AFPGC in a real-world setting. 

Methods: From September 2015 to December 2017, twenty-one patients identified with AFPGC from the clinical 

trial AHEAD-G202, an open-label, prospective, multicenter, non-interventional study of apatinib for advanced 

metastatic gastric cancer, were enrolled to perform this analysis. Patients received oral apatinib as monotherapy 

or combination therapy. A treatment cycle was defined as 28 days. The primary outcome was progression-free 

survival (PFS) and overall survival (OS), and the secondary outcomes included safety, objective response rate 

(ORR), and disease control rate (DCR). 

Results: Twenty patients were evaluated for the apatinib efficacy analysis. The ORR of apatinib was 10%, whereas 

the DCR was 70%. The median PFS was 3.5 months [95%confidence interval (CI): 2.34–4.66]. The median OS 

was 4.5 months (95%CI: 3.49–5.51). Median OS of AFPGC patients without carcinoembryonic antigen (CEA) 

elevation achieved 30.8 months. CEA elevation was considered to be a potential independent predictive factor 

for OS ( P = 0.030) and PFS ( P = 0.047) by the analysis of multivariate analysis. The most common grade 3 to 4 

adverse events (AEs) were hypertension (4.8%), hand-foot syndrome (4.8%), anorexia (4.8%), and vomiting and 

nausea (4.8%). 

Conclusion: Apatinib showed promising efficacy and an acceptable safety profile in patients with advanced AF- 

PGC. Antiangiogenic therapy may be a good strategy for the treatment of AFPGC as a rare sub-type of gastric 

cancer. 

Trial registration: AHEAD-G202 (NCT02668380). 
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ntroduction 

Alpha-fetoprotein-producing gastric cancer (AFPGC) is a special type

f gastric cancer. Alpha-fetoprotein (AFP) is a plasma glycoprotein that

s mainly synthesized from the yolk sac and the fetal liver during fetal

evelopment [1] . Elevated serum AFP levels may be detected in solid
Abbreviations: AFPGC, alpha-fetoprotein-producing gastric cancer; PFS, progressi

oembryonic antigen; AFP, alpha-fetoprotein; GC, gastric cancer; HACs, hepatoid ade

hina Food and Drug Administration; ELISA, enzyme-linked immunosorbent assay; E

bjective response rate; DCR, disease control rate; RECIST, Response Evaluation Crite

onfidence interval; PR, partial response; SD, stable disease; PD, progression disease.
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umors of other organs, including stomach, lung, pancreas, gallbladder,

nd colon [2–7] . AFP elevation in gastric cancer (GC) is the most com-

on situation in the extrahepatic tumors [2] . In 1970, Bourreille et al.

8] first reported a case of AFP-elevated gastric cancer with liver metas-

asis; at that point, AFPGC was named. AFPGC exhibits more aggressive

iological behavior than common GC, which may result from a high
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ate of liver metastasis, vascular invasion, and lymph node metastasis

 9 , 10 ]. 

Currently, there are some studies of AFPGC, most of which are cases

r reviews concerning the clinicopathologic features. There are few data

n the literature about the treatment. Common chemotherapeutic regi-

ens, such as platinum, taxane, and fluropyrimidines for GC currently

ave had poor efficacy in AFPGC. Apatinib is an oral tyrosine kinase

nhibitor that selectively targets vascular endothelial growth factor-2

VEGFR-2). The agent was approved by China Food and Drug Adminis-

ration (cFDA) in 2014 for the treatment of advanced GC as third line

herapy in China [11] . AHEAD-G202 is a noninterventional study to in-

estigated the safety and effectiveness of apatinib in advanced gastric

ancer patients in a real-world setting. We analyzed 21 patients with

FPGC as a subgroup of the study AHEAD-G202 (NCT02668380). 

aterials and methods 

thics statement 

This study (AHEAD-G202) was reviewed and approved by the ethic

ommittees or institutions review boards of the institutions below (Ap-

roval code:HS-806) : 

Peking Union Medical College Hospital 

The Fourth Hospital of Hebei Medical University 

Peking University Third Hospital 

Tianjin Medical University Cancer Institute and Hospital 

Shanxi Academy of Medical Sciences, Shanxi Dayi Hospital 

First Hospital of Qinhuangdao 

Written informed consent to participation in the study was obtained

from each patient enrolled in this study. 

atients and treatment 

From September 2015 to December 2017, a total of 337 patients

ith advanced metastatic GC were enrolled in the clinical trial AHEAD-

202. Serum AFP level was detected by enzyme-linked immunosorbent

ssay (ELISA). AFP cut-off value was defined as 20 ng/mL (normal range,

–20 ng/ml), as determined from Roche Cobas 6000 Automatic Elec-

rochemiluminescence Immunoassay Analyzer in the laboratory of our

ospital. All patients with elevated serum AFP levels ( > 20 ng/ml) were

nrolled. 

Patients received apatinib orally at 250–850 mg once daily for 4

eeks per cycle initially. The dose was modified by the oncologists

ccording to the patients’ physical status. The dosage adjustment was

ased on the AEs. The chemotherapy or other targeted therapy com-

ined with apatinib was hinged on physicians’ determination. Continued

reatment until disease progression or intolerable toxicity or withdrew

onsent from the study. 

ata collection and patient evaluation 

All the patients were regularly followed up from the date of en-

ollment in the AHEAD-G202 trial. We collected the data from the pa-

ients’ medical records. All the clinicopathological variables and AEs

ere evaluated in all the patients. We used the Eastern Cooperative On-

ology Group (ECOG) performance scale to evaluate the performance

tatus. Enhanced computed tomography (CT) and laboratory tests were

erformed every 8 weeks during apatinib treatment according to rou-

ine clinical practice. Evaluation of treatment response was based on

esponse Evaluation Criteria in Solid Tumors (RECIST) version 1.1.

reatment-related toxicities were graded according to Common Termi-

ology Criteria Adverse Events (CTCAE) version 4.0. Clinical assessment

nd follow up were undertaken during regular visits at 8–12 weeks ac-

ording to routine clinical practice. 
2 
tatistical analysis 

All the data were analyzed via SPSS 22.0 software (SPSS Inc., IL, US)

 The primary outcome of the study were PFS and OS.The secondary

utcomes included ORR, DCR and safety. Treatment responses and AEs

ere both aggregated in the form of frequency counts and percentages.

he OS was measured from the date of initial administration with ap-

tinib to the date of death due to any cause. The PFS was defined as a

uration from the date of initiation of apatinib to disease progression.

he ORR and DCR were analyzed on the basis of frequency counts. The

RR included complete response (CR) and partial response (PR), which

ere assessed using the RECIST v 1.1. DCR was defined as the percent-

ge of patients with stable disease (SD), CR, or PR. 

All demographic information, clinicopathological data, and

reatment-related data were coded and resembles as a database.

urvival analysis was performed using the Kaplan-Meier method, and

he subgroup analysis was performed according to log-rank statistics.

nivariate analysis and multivariate analysis were performed to evalu-

te the predictive factors. Multivariate analyses were carried out using

he Cox proportional hazards model to analyze. All statistical analyses

ere two sided. P < 0.05 was considered significant. 

esults 

linicopathologic characteristics 

Three hundred thirty-seven patients were enrolled in the AHEAD-

202 study. A total of 21 patients (6.2%) confirmed as AFPGC were in-

luded in the present study. The median age of all patients with AFPGC

as 64 years (range, 37–84 y), and 76.2% of the patients were men.

leven patients were initially diagnosed with metastatic GC, whereas

0 patients had recurrent disease after radical gastrectomy. Sixteen pa-

ients (76.2%) had hepatic metastasis, and five patients (23.8%) were

iagnosed with peritoneal metastasis. Two patients had both hepatic

etastasis and peritoneal metastasis. Some patients also had lymph

odes (61.9%), lung (19.0%), leptomeningeal (4.8%), brain (4.8%) or

drenal (4.8%) metastasis. Compared with the non-AFPGC patients in

he AHEAD-G202 study, 33.2% of the non-AFPGC patients had hepatic

etastasis and 9.2% had peritoneal metastasis. Of the cases, 57.1% were

dentified as poorly differentiated adenocarcinoma, which was consis-

ent with the non-AFPGC patients in the AHEAD-G202 study (57.6%).

wo patients were diagnosed with immunohistochemical AFP-positive

AC. The AFP level of the patients ranged from 26.4 to 56,317 ng/mL,

ith a median value of 167.8 ng/mL. Fifty percent of cases in the AFP

reater than 10,000 ng/mL group were diagnosed with early-occurrence

f liver metastasis. 

reatment with apatinib 

The apatinib treatment regimen was according to the individual

hysician’s choice. Apatinib was used as monotherapy in 11 patients

52.4%). Eleven patients received apatinib combined with other drugs

ncluding S-1 (3 patients), capecitabine (3 patients), irinotecan (2 pa-

ients), paclitaxel-albumin (1 patient), trastuzumab (1 patient), and ox-

liplatin (1 patient). One patient received apatinib as first-line therapy;

even patients received apatinib as second-line therapy; four received

patinib as third-line therapy; and eight received apatinib as ≥ fourth-

ine therapy. The initial dose of apatinib was 500 to 850 mg in 57.2%

f the patients, and 250 mg in 42.8% of the patients. 

fficacy 

Twenty patients were evaluated for the apatinib efficacy analysis

 Table 1 ). Two patients achieved PR, 12 patients had SD, and 6 patients

ad progressive disease (PD). The overall ORR was 10%, and the DCR

as 70%. 
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Fig. 1. Kaplan-Meier estimates of progression- 

free survival (PFS) (A) and overall survival (OS) 

(B) of 21 patients with AFPGC. (A) Median PFS 

was 3.5 months with apatinib. (B) Median OS 

was 4.5 months with apatinib. 

Table 1 

The ORR and DCR of apatinib treatment. 

Factors 

No. Of 

patients(%) 

Response (n) Efficacy 

PR SD PD ORR DCR 

Total 20 (100) 2 12 6 10% 70% 
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Table 2 

Adverse events of 21 patients. 

Adverse 

event 

No. Of patients(%) 

Total Grades 1–2 Grades 3–4 

Hypertension 7 (33.3) 6 (28.6) 1 (4.8) 

Fatigue 5 (23.8) 5 (23.8) 0 

Myelosuppression 4 (19.0) 4 (19.0) 0 

Hand-foot syndrome 3 (14.3) 2 (9.5) 1 (4.8) 

Anorexia 3 (14.3) 2 (9.5) 1 (4.8) 

Oral ulcer 3 (14.3) 3 (14.3) 0 

Hoarseness 2 (9.5) 2 (9.5) 0 

Nausea or Vomiting 2 (9.5) 1 (4.8) 1 (4.8) 

Bradycardia 2 (9.5) 2 (9.5) 0 

Diarrhea 1 (4.8) 1 (4.8) 0 

Proteinuria 1 (4.8) 1 (4.8) 0 

Hematochezia 1 (4.8) 1 (4.8) 0 

Table 3 

Multivariate analysis for PFS. 

Factors HR P 

CEA level 3.654 (1.016–13.136) 0.047 

Grade 3/4 AE 0.225 (0.059–0.855) 0.029 

Table 4 

Multivariate analysis for OS. 

Factors HR P 

CEA level 5.547 (1.184–25.997) 0.030 
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All the patients were followed-up until December 19, 2018. The me-

ian follow-up duration was 27 months (range, 13–30 months). The

aplan-Meier curves of PFS and OS are displayed in Figs 1 A and 1 B. The

edian PFS of all the patients given apatinib was 3.5 months (95% CI:

.34–4.66). The median OS in the whole group was 4.5 months (95%CI:

.49–5.51). The 1-year survival rate was 20%. Four patients (20%) sur-

ived for less than 3 months, nine (45%) for 3 to 6 months, and eight

40%) patients survived for more than 6 months. AFP decreases greater

han 50% were more common in the OS of greater than 6 months group

ompared with the OS of less than 6 months group (62.5% vs. 33%);

owever, the difference was not significant ( P = 0.081). CEA elevation

as more common in OS less than 6 months group compared with the

S of greater than 6 months group (100% vs. 50%, P = 0.029). 

afety 

By last follow-up, all the 21 patients had discontinued apatinib ther-

py due to disease progression or intolerable adverse effects. The median

uration of apatinib treatment was 91 days (range, 5–755 d). Twenty-

ne patients were evaluated for the safety analysis. The most common

Es included hypertension (33.3%), fatigue (23.8%), and myelosuppres-

ion (19.0%). In total, the incidence of grades 3 to 4 AEs was 19.0%

ncluding hypertension (4.8%), hand-foot syndrome (4.8%), anorexia

4.8%), and vomiting and nausea (4.8%). No treatment-related death

ccurred during apatinib administration. Seven patients had reduced

osage because of toxicity. The main reasons for dose reduction were

ypertension, oral ulcer, and diarrhea. One patient withdrew from the

tudy because of hypertension. Hoarseness and bradycardia were ob-

erved respectively in two patients. The details of all AEs are summa-

ized in Table 2 . 

redictive factors 

As shown in Supplemental Table 1, we brought other clinicopatho-

ogic factors into our analysis to investigate the predictive factors. Uni-

ariate analysis showed that CEA level ( P = 0.029, Fig 2 A) and grade 3

r 4 AEs ( P = 0.013, Fig 2 B) were associated with PFS, whereas an asso-

iation with OS was found in CEA elevation ( P = 0.017, Fig 3 ), number

f metastatic organs ( P = 0.02), and grade 3 or 4 AEs ( P = 0.022). We
3 
erformed multivariate analysis using gender, CEA elevation, number

f metastatic organs, liver metastasis, lines of apatinib, and grade 3 or

 AEs( Tables 3 and 4 ). CEA elevation ( P = 0.047) and grade 3 or 4 AEs

 P = 0.029) were considered to be independent predictive factors for PFS

n multivariate analysis. Multivariate analysis for OS demonstrated that

nly CEA elevation was considered to be a potential independent predic-

ive factor ( P = 0.030). Further, median OS of AFPGC patients without

arcinoembryonic antigen (CEA) elevation achieved 30.8 months( Fig 3 ).

iscussion 

AFPGC is a rare tumor that has been reported in 15% of GC in west-

rn countries [12] and in 1.3% to 6.6% of GC in Asian countries in-

luding China [ 13 , 14 ]. Most AFPGC cases are reported by Japan. The

ncidence in the United States is much higher than that in Japan; how-

ver, the reason is unknown. In the current study, 6.2% of the patients

rom AHEAD-G202 were diagnosed with AFPGC. All the patients re-
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Fig. 2. Kaplan-Meier estimates of progression- 

free survival (PFS) for different factors. (A) PFS 

of patients with normal CEA level and those 

with elevated CEA level ( P = 0.029). (B) PFS of 

patients with grades 3 or 4 AEs and those with- 

out grades 3 or 4 AEs ( P = 0.013). 

Fig. 3. Overall survival (OS) of patients with normal CEA level and those with 

elevated CEA level ( P = 0.017). 
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eived an AFP test; thus, the incidence is reliable and is also consistent

ith the morbidity reported in China. Liver metastasis was reported to

ccur in 33% to 72% of AFPGC cases [ 15 , 16 ], which was similar to

hat in our study (76.2%). AFPGC was reported to have higher rates of

eritoneal metastasis and lymph node metastasis [ 10 , 17 ]. Similar data

ere demonstrated in our study in lymph node metastasis (61.9%), and

3.8% of the patients had peritoneal implantation, which was lower

han previously reported (71.2%) [10] . Peritoneal invasion was diffi-

ult to discover, which could be one explanation. The incidence of liver

etastasis and peritoneal metastasis in our study were higher than the

on-AFPGC cases in the AHEAD-G202 study, which showed that it was

 characteristic of AFPGC. In our study, cases with higher AFP level

 > 10,000 ng/mL) seemed more likely to be associated with early oc-

urrence of liver metastases during disease progression. AFP level was

eported to be related to ulcerative type of AFPGC [18] , but there are

imited data about the association of AFP level and other characteristics.

In recent years, although several biological or targeted therapies are

vailable for GC, the prognosis of advanced disease is still poor, with a

-year survival rate that is less than 20%. The median OS of advanced

FPGC was reported to be 9.3 months [19] , which was poorer. The 5-

ear survival rate was 8.3% to 11.9% for all stages of AFPGC [ 20 , 21 ].

here is currently no standard regimen. Some regimens have been re-

orted including S-1, cisplatin, taxane, and fluorouracil [22–24] . The

ombination of platinum and fluropyrimidines are frequently used with

n ORR of 25% to 43.9%, lower than that for triplet regimens (66.7%)

n AFPGC [25] . In a report of 10 cases of metastatic AFPGC, the regi-

en of fluoropyrimidine and platinum, a combination of paclitaxel and
4 
isplatin, or TS-1 single had an ORR as 8.3% and a DCR of 50% [26] .

he combination of irinotecan and mitomycin C showed promising ef-

cacy in an AFPGC case with a DFS of 36 months [27] . The general

RR of chemotherapy in AFPGC was reported to be 8.3% to 66.7%

s a first-line therapy, which is quite diverse among different reports

ecause of the small sample sizes. A report of 7 advanced AFPGC pa-

ients treated with immunotherapy plus chemotherapy compared with

4 patients as control treated with chemotherapy with or without her-

eptin/apatinib as first-line treatment was published [28] . The median

FS was 22.0 months in immunotherapy group (4.3 months in control

roup). The median OS of the control group was 16.0 months (14.0

onths in chemotherapy alone subgroup, 20.0 months in chemotherapy

lus herceptin/apatinib subgroup), while the mOS of patients receiving

mmunotherapy was not reached. This study suggests immunotherapy

lus chemotherapy may be a treatment option for AFPGC patients. There

ere no adequate data on efficacy of therapy as multi-line therapy. 

Kanei et al. [29] reported that vascular endothelial growth factor

ype C (VEGF-C) expressed higher in AFPGC cases compared with com-

on GC. AFP was considered to have the ability of up-regulating the

EGF-C expression, which may lead to unfavorable prognosis [30] .

herefore, the approaches targeting the VEGF-C-VEGFR2 are promising

or AFPGC. Ramucirumab targeting VEGFR2 was reported to be effec-

ive in an AFPGC patient, with an OS of 16 months [31] . Sorafenib is

ne of the anti-VEGF drugs that has been reported to be effective, with

 PFS of 2 and 4 months, respectively, in two AFPGC cases [ 32 , 33 ]. 

Apatinib targeting VEGFR2 has been proven effective in the treat-

ent of advanced GC. Compared with the data in several trials of ap-

tinib in common GC (ORR 2.84% − 13.04%, DCR 34.78–58.33%) [34–

6] , more patients reached disease control (70%), and the ORR (10%)

eemed to be nearly efficient. In preceding studies of apatinib as multi-

ine therapy in common GC, the PFS ranged from 2.6 to 3.7 months,

hich is similar to our results, whereas OS (6.5 mo) seemed better

 34 , 35 ]. The front-line application of apatinib is not common in general

C. Considering the importance of VEGF expression in AFPGC, early

edication of apatinib may be a good strategy. In our study, as a first-

r second-line therapy, apatinib got a PFS of 10 months and an OS of

4 months, which were much better than that in the third or more line

herapy (3.2, 6.4 months) in the current study (Supplemental Table).

he efficacy of triplet-regimen chemotherapy (Docetaxel, cisplatin, 5-

uorouracil; DCF) showed an OS of 9.3 months as the first line in AF-

GC [19] ; however, the AEs of DCF were prominent. Compared with

 DCF regimen as first line, the efficacy of apatinib is worth explor-

ng. This front-line benefit provided us a promising idea for the strategy

f apatinib in AFPGC. Early treatment with anti-VEGF therapy in AF-

GC may be beneficial. As multiline therapy, the efficacy of apatinib is

lso acceptable compared with other regimens in AFPGC. The ORR of

ouble-drug chemotherapy was 8.3% to 26.3% as a multiline therapy,

hich is comparable to our results [ 25 , 26 ]. The PFS of the double-drug

egimen was 3.47 months, which is similar to our overall PFS of 3.5
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onths [26] . The efficacy of apatinib as fourth line showed a PFS of 5

onths in an AFPGC case report, which is promising [37] . We got an

S of 14 months in first- or second-line therapy, which was even better

han the high-intensity DCF regimen. The toxicity of apatinib was more

olerable than that of DCF in real-world application. Our results demon-

trated the preliminary acceptable efficacy of apatinib in multiline and

rontline treatment of AFPGC with low toxicity. The results suggested

hat the antiangiogenic drug apatinib may improve the prognosis of pa-

ients with AFPGC. 

The incidence of grades 3 or 4 AEs in the current study was al-

ost consistent with trials in common GC, except that the occurrence of

norexia (4.8% vs. 0%) and nausea/vomiting (4.8% vs. 0%) was notable

34] . The AEs were considered acceptable, which made apatinib a more

olerable option. 

Some factors were reported to be associated with poor prognosis of

FPGC, including TNM stage [38] , AFP level [39] , and AFP decline [40] .

he CEA elevation was an independent risk factor for poor prognosis in

ur study. The prognostic role of CEA in common GC has been reported

41] . Most articles found that AFP level was a risk factor [39] . There

as no significant difference due to the small sample size in our study.

ith respect to the patients with an AFP decline after the treatment,

e found a difference between subgroups both in PFS and OS analysis,

hereas the p value was not significant. An decline in AFP usually oc-

urs in the duration of effective treatment. Some reports considered AFP

ecline ( ≧ 50%) after chemotherapy as a good predictive factor of AF-

GC [25] . In our study, 45% of the patients demonstrated a decrease in

FP level after apatinib treatment, and most of these cases had a better

herapeutic effect. We deduced that the non-statistical result was limited

y small sample sizes. Focusing on AFP fluctuation may still be helpful

n predicting apatinib efficacy and monitoring recurrence. 

Limited successful options in the treatment of AFPGC have existed

n recent years. Our study provides first-hand efficacy and safety data of

patinib for AFPGC in the real world. The survival benefit was promising

nd the toxicity was consistent with the data in common GC. 

We have limitations of our present study. First, the sample size is not

ufficiently large because of the rare morbidity. Second, the data were

valuated from trials limited to the Asian population. Third, this study

nvolved some heavily pre-treated patients, which may have lead to the

oor tolerance and lower dosage of apatinib. 

In conclusion, AFPGC is a rare type of gastric cancer with a worse

rognosis. The optimal treatment remains a challenge. The current study

rovides more information about the treatment of apatinib in AFPGC in

eal-world setting. The heavily pretreated advanced gastric cancer pa-

ients may benefit from apatinib with acceptable toxicity after dosage

djustment. Anti-VEGFR therapy with apatinib for AFPGC may be a

lternative approach. Further investigations with larger sample sizes

hould be undertaken. 
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