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Clinical characteristics and treatments of patients with alpha-fetoprotein 
producing gastric carcinoma 
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Alpha-fetoprotein (AFP) is a well-known tumor marker of hepatic carcinoma and yolk sac tumor. Alpha-fetoprotein 
producing gastric carcinoma (AFPGC) is a rare type of gastric cancer with high malignancy and poor prognosis, which 
makes it different from other types of gastric cancer. This rare gastric cancer patient subgroup is likely frequently misdiag-
nosed which may be related to lack of knowledge about the disease. The purpose of this article is to summarize the mecha-
nism of AFP positive gastric cancer, classification, biological behavior and treatment, in order to assist clinical practitioners 
to detect AFPGC earlier and treat it better. Previous studies have shown that AFPGC has a complex pathophysiology mecha-
nism. AFPGC is aggressive and characterized by stronger proliferation, neovascularization, lymphatic invasion and distant 
metastasis. Furthermore, so far there has been no standard treatment for patients with AFPGC. Nevertheless, our present 
study summarizes some effective treatments based on previous research. In conclusion, the present study demonstrates the 
importance of detecting AFP routinely in serum and tissues in gastric cancer cases, which will greatly improve the diagnosis 
rate of AFPGC, and in regards to treatment, surgery, chemotherapy, targeted therapy and interventional treatment may 
have positive impacts on AFPGC treatment outcome. However, further study with a larger sample is required to confirm the 
reliability and validity of these methods. 
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Gastric carcinoma is one of the ten common malignant 
tumors in China. Worldwide, gastric cancer mortality ranks 
No. 2, second only to lung cancer [1]. AFP is an oncofetal 
glycoprotein produced by the yolk sac and liver mainly during 
fetal development and to a lesser extent in the fetal gastroin-
testinal tract [2]. The highest serum AFP level occurs during 
12–15 weeks of proliferation in pregnancy, and reduces to 
normal adult level about one year later. AFP is a specific 
marker for the diagnosis of hepatocellular carcinoma and 
yolk sac tumor. AFP also commonly increases in hepatitis, 
cirrhosis, hepatocellular carcinoma, yolk sac tumor, teratoma 
and reproductive system cancer and so on. When endoderm 
derived organs possessed to tumors such as gastrointes-

tinal cancer, pancreatic cancer, gallbladder cancer and lung 
cancer, AFP may also increase to varying degrees. Bourreill 
etc. [3] reported the first case of AFP-positive gastric cancer 
with liver metastasis in 1970. AFPGC refers to the serum and 
gastric cancer tissue containing large amount of AFP with 
the exclusion of other possible hepatitis, cirrhosis, hepatocel-
lular carcinoma and germ cell cancer and other diseases that 
may produce AFP. It is mainly diagnosed by high serum AFP 
levels and immunohistochemistry pathology. Immunohisto-
chemical staining is necessary for the diagnosis of AFPGC. 
There are very few AFPGC cases with negative serological 
and positive immunohistochemistry staining [4], indicating 
the importance of histological examination in the diagnosis 
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of APFGC. Foreign literature shows AFPGC accounts for 
1.3–15% of gastric cancer [5]. The incidence reported in 
China is lower than abroad. This very rare gastric cancer 
patient subgroup is likely frequently misdiagnosed, which 
may be related to clinically inadequate attention and the 
lack of routine investigation of AFP. Besides, it is reported 
that AFPGC is a highly aggressive tumor. Its 5-year survival 
rate and median survival time is lower than in other types of 
common gastric cancer. Awareness of this subgroup should 
be increased to improve early diagnosis and treatment and 
ultimately to improve patient prognosis.

Mechanism

Common specific markers of gastric cancer include CEA, 
CA199 and others. Then why does this type of gastric cancer 
has a high expression of AFP? One view tends to generate 
theory in which the stomach and liver tissues derive from 
endoderm, they evolve from the embryonic foregut in 
embryonic period, while there is a direct continuation of the 
foregut and yolk sac. The primitive cells can produce AFP. 
During gastric cancer process, because of an error occurring 
in cell differentiation, some suppressed genes are activated 
resulting in the potential for full expression of AFP. Its tissue 
morphology is similar to hepatocellular carcinoma tissue or 
yolk sac tumor [6]. SALL4 has been identified as a diagnostic 
marker of germ cell tumors, especially yolk sac tumors, in 
gonadal organs. SALL4 gene plays an important role during 
early embryonic development, organ formation and embry-
onic stem cell proliferation and maintenance of pluripotency. 
In order to clarify the significance of SALL4 as an oncofetal 
protein, Ushiku et al. [7] found by immunohistochemistry 
that SALL4 expression was closely associated with AFP 
expression in AFPGC, while both SALL4 and AFP expres-
sion are negative in normal gastric cancer. The result seems 
to reflect fetal gut differentiation in AFPGC, but we have not 
found in literature that SALL4 gene can promote the high 
expression of AFP. Besides, the authors also proved that 
SALL4 expression was completely negative in hepatoblas-
toma and hepatocellular carcinoma. The other view is that 
AFP comes from metastasizing liver tissues. In some AFPGC 
patients, AFP is negative in the absence of liver metastasis, 
and the level of AFP increases significantly in patients with 
liver metastasis, and the incidence of liver metastasis in 
AFPGC is higher than that in non-AFPGC patients. The 
hypothesis may be that the regeneration or proliferation of 
liver cells around liver metastases produce AFP. This suggests 
that the reason of high expression of AFP is multifactorial.

Classification

Motoyama et al. proposed a concept of histological type 
of AFPGC. They divided AFPGC into three subtypes: one is 
hepatic adenocarcinoma of stomach, the most common type; 
the second one is the fetus gastrointestinal type, whose histo-

logical morphology is similar to 3 months gestational histo-
logical tissue; the third one is like yolk sac tumor, which has 
tissues similar to liver and (or) yolk sac [8]. However, Li et 
al. proposed that AFPGC should be divided into four types: 
hepatoid type, fetal gastrointestinal type, yolk sac tumor type 
and mixed type.

Aggressive behavior and poor prognosis

AFPGC is highly invasive and has poorer biological 
behavior than other gastric cancer [9]. The median survival 
time of AFPGC patients is significantly shorter than that of 
other gastric cancers [10]. The 5-year survival rate of the 
AFP-positive group was significantly poorer than that of 
the AFP-negative group [11–12] (Table 1). It is mainly in 
middle-aged men that poorly differentiated adenocarcinoma 
commonly occurs in the antrum, and more performance 
for the advanced gastric cancer is Bormann II, Bormann 
III stage. It has the characteristics of stronger proliferation, 
lower cell apoptosis and more neovascularization compared 
with AFP negative gastric cancer [13]. It has a high transfer 
rate, and it is more associated with liver metastasis and 
lymphatic metastasis [14–16] (Table 2). Liver metastases 
are mostly diffuse with poor prognosis and survival of less 
than 1 year. The prognosis of AFPGC is related to tumor 
size, the depth of invasion, lymphatic metastasis, patholog-
ical stage, liver metastasis, vascular tumor invasion [17] and 
the expression of P21 [18]. A high level of serum AFP can 
also be used for evaluating the prognosis of gastric cancers 
whether in the presence or absence of liver metastasis [19]. 
Follow up of AFP levels in AFPGC may allow prediction of 
early treatment response and can be a better indicator than 
CEA for follow up in response evaluation [20]. AFP expres-
sion should also be used as a marker for the subsequent 
treatment in order to detect the progression or recurrence 
of disease earlier. In order to explain the different biological 
behavior with common gastric cancer, cellular factors such as 
Ki-67, c-Met, vascular endothelial growth factor-C, STAT3, 
hepatocyte growth factor and its receptor, have been inves-
tigated in AFP producing gastric adenocarcinoma and cell 
lines [21–23]. However, the exact molecular mechanism of 
the aggressive behavior is far from clear.

Treatment

At present, there is no standard treatment of AFPGC, 
common gastric cancer treatment is used as the reference 
standard. We have collected recent literature to present 

Table 1. 5-year survival rate of AFPGC.
    5-year survival rate (%)
 cases AFP producing GC AFP non-producing GC
Liu X, 2010 [11] 104 28 38
Liu X, 2015 [12] 65 4.7 16.5
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patients’ treatment of AFPGC [24–29] (Table 3). Radical 
surgery is a good means to extend patients’ survival (30). If 
liver metastases are present, the removal of the liver is neces-
sary [31]. The unresectable liver metastases can be consid-
ered for interventional therapy. Studies confirmed that 
patients with AFPGC should receive postoperative adjuvant 
chemotherapy regardless of the stage. LFEP (5-fu, leucovorin 
(LV), etoposide (vp-16) and cisplatin (DDP)) can be given 
to advanced patients who cannot be operated. The use of 
irinotecan has also been reported. More and more doctors 
use S-1 in the treatment of advanced AFPGC, which shows 
a good prospect [32]. It has been proved that the sensitivity 
of chemotherapy drugs differed from the Lauren types of 
AFPGC patients. Diffuse gastric cancer can benefit more 
from paclitaxel, S-1 and irinotecan [33]. At present, there is 
no large scale clinical research about APFGC-related targeted 
therapy. There are case reports of sorafenib, apatinib, trastu-
zumab that had efficacy in the treatment of AFPGC [34]. 
AFPGC treatment still needs further study and clinical data 
accumulation and analysis of randomized controlled trials in 
order to confirm which treatment is the most effective.

Conclusion
In summary, AFPGC is a rare, aggressive and malig-

nant cancer with a high rate of missed diagnosis. It has the 
characteristics of stronger aggressive biological activity, later 
staging, lymph node metastasis, vascular invasion, liver 
metastasis, short survival and poor prognosis. All physi-
cians should pay attention to this rare subgroup to improve 
its diagnosis and treatment. Physicians encountering high 
levels of AFP, following the general examination should 
consider the possibility of AFPGC, except for hepatocellular 
carcinoma, active liver disease, genitourinary system tumors 
and other diseases. For diagnosed gastric cancer the detec-
tion rate of this type is also low, mostly because serum APF 
is not routinely ordered, and the pathology laboratory rarely 
conducts AFP immunohistochemistry in gastric tissue. 
Therefore, it is recommended that physicians routinely exam 
the level of serum AFP in gastric cancer patients, especially 
in patients with liver metastasis, and that pathological speci-
mens of routine AFP immunohistochemistry can greatly 
improve the detection rate of AFPGC. Clinicians can inter-
vene early, provide more treatment measures and improve 

Table 2. Comparison of clinicopathologic characteristics between AFP positive and negative groups.
  Chun H, 2016 [14] Wang D, 2015 [15] Liang H, 2016 [18]

AFPGC AFPGC AFPGC

  producing
non-

producing
p-value producing

non-
producing

p-value producing
non-

producing
p-value

Tumor size (cm) 4 3.5 0.725 5.68 4.38 0.001 6.2 5.7 0.379
Vascular invasion (%) 22.85 7.89 0.002 82.2 66.7 0.032 87.5 86.67 0.598
Liver metastasis (%) 14.29 3.64 0.002 57.78 3.73 0 62.5 11.11 0.001
Lymph node metastasis (%) 68.57 48.86 0.023 77.78 63.67 0.037 75 88.89 0.1
Nerve invasion (%) 35.55 34.9 0.193 62.22 54.16 0.295
Recurrence (%) 28.57 16.24 0.058       84.38 62.22 0.029

Table 3. Patients’ treatment and outcome of AFPGC.
Author Treatment Long-term efficacy

Kim C, 2012 [24] sorafenibin combination with capecitabine and cisplatin as a first line
ORR 62.5%
PFS 10 months
OS 14 months

Adachi Y, 2003 [25]
preoperative

5-year survival rate 22%
OS 14 months

radical operation
5-year survival rate 42%
OS 24 months

Gan T, 2012 [26] radical operation
1-year survival rate 51.7%
3-year survival rate 31%
5-year survival rate 10.3%

Galvez-Munoz E, 2009 [27] Palliative total gastrectomy; palliative chemotherapy with cisplatin and 
capecitabine (6 cycles) OS 8 months

Xie Y, 2015 [28]
Surgery for cure in 85% OS 12 months
Adjuvant chemotherapy offered in 12/16 (75%) resected patients DFS 7 months

Kochi M, 2004 [29] FLEP chemotherapy for AFPGC of stage IV OS 15.8 months

ORR: objective response rate; PFS: progression free survival; OS: overall survival; DFS: disease free survival
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[11]	 LIU X, CHENG Y, SHENG W, LU H, XU Y et al. Clinico-
pathologic features and prognostic factors in alpha-fetopro-
tein-producing gastric cancers: analysis of 104 cases. J Surg 
Oncol 2010; 102: 249–255. https://doi.org/10.1002/jso.21624

[12]	 LIU X, YANG M, GAO J, ZHANG S, XI Y. [Clinicopatho-
logic features and prognosis of 51 patients with alpha-feto-
protein-producing gastric cancer]. Zhonghua Zhong Liu Za 
Zhi 2015; 3: 231–234. 

[13]	 KOIDE N, NISHIO A, IGARASHI J, KAJIKAWA S, ADA-
CHI W et al. Alpha-fetoprotein-producing gastric cancer: 
histochemical analysis of cell proliferation, apoptosis and an-
giogenesis. Am J Gastroenterol 1999; 94: 1658–1663. https://
doi.org/10.1111/j.1572-0241.1999.01158.x

[14]	 CHUN H, KWON SJ. Clinicopathological Characteristics of 
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[15]	 WANG D, LI C, XU Y, XING Y, QU L et al. Clinicopatholog-
ical characteristics and prognosis of alpha-fetoprotein posi-
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2015; 8: 6345–6355.
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ing of alpha-fetoprotein producing gastric adenocarcinoma. 
Oncotarget 2016; 7: 28448–28459. https://doi.org/10.18632/
oncotarget.8571

[17]	 WEN S, LIU Z, HU X. Clinical features and prognostic anal-
ysis of α-fetoprotein positive gastric cancer. Zhonghua Wei 
Chang Wai Ke Za Zhi 2016; 19: 67–70.

[18]	 LIU X, YU H, CAI H, WANG Y. Expression of CD24, p21, 
p53, and c-myc in alpha-fetoprotein-producing gastric 
cancer: Correlation with clinicopathologic characteristics 
and survival. J Surg Oncol 2014; 109: 859–864. https://doi.
org/10.1002/jso.23599

[19]	 CHEN Y, QU H, JIAN M, SUN G, HE Q. High level of serum 
AFP is an independent negative prognostic factor in gas-
tric cancer. Int J Biol Makers 2015; 30: 387–393. https://doi.
org/10.5301/jbm.5000167

[20]	 TATLI AM, URAKCI Z, KALENDER ME, ARSLAN H, 
TASTEKIN D et al. Alpha-fetoprotein (AFP] elevation gastric 
adenocarcinoma and importance of AFP change in tumor re-
sponse evaluation. Asian Pac J Cancer Prev 2015; 16: 2003–2007.
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SUGAI H et al. Evaluation of VEGF and VEGF-C expression 
in gastric cancer cells producing alpha-fetoprotein. J Gastro-
enterol 2003; 38: 540–547. https://doi.org/10.1007/s00535-
002-1099-y

[22]	 AMEMIYA H, KONO K, TAKAHASHI A, KAMEI S, SUGAI 
H et al. c-Met expression in a gastric cancer cell line produc-
ing alpha-fetoprotein. Surg Today 2004; 34: 115–122. https://
doi.org/10.1007/s00595-003-2668-2

[23]	 JIA Y, LIU D, XIAO D, MA X, HAN S et al. Expression 
of AFP and STAT3 is involved in arsenic trioxide-induced 
apoptosis and inhibition of proliferation in AFP-producing 
gastric cancer cells. PLoS One 2013; 8: e54774. https://doi.
org/10.1371/journal.pone.0054774

[24]	 KIM C, LEE JL, CHOI YH, KANG BW, RYU MH et al. 
Phase I dose-finding study of sorafenib in combination with 
capecitabine and cisplatin as a first-line treatment in patients 
with advanced gastric cancer. Invest New Drugs 2012; 30: 
306–315. https://doi.org/10.1007/s10637-010-9531-2

prognosis. Both clinicians and pathologists should be familiar 
with the clinical and pathological features of the disease, in 
order to avoid misdiagnosis and missed diagnosis. In the 
process of tumor treatment and follow-up visit, AFP expres-
sion level should be closely monitored, because it is possible 
to evaluate the treatment effect, and indicate the tumor recur-
rence and metastasis. The treatment should consider a variety 
of methods, including surgery, chemotherapy, interventional 
therapy, targeted therapy, and there is a potential therapeutic 
option for this rare disease. As the number of cases is still 
limited, further randomized controlled trials are necessary to 
confirm the efficacy of the treatment for AFPGC.

References

[1]	 JERNAL A, BRAY F, CENTER MM, FERLAY J, WARD E et 
al. Global cancer statistics. Ca Cancer J Clin 2011; 61: 69–90. 
https://doi.org/10.3322/caac.20107

[2]	 SUN NB, SUN Q, LIU Q, ZHANG TX, ZHU Q et al. A-
fetoprotein-producing gastric carcinoma: a case report of 
a rare subtype and literature review. Oncol Lett 2016; 11: 
3101–3104. https://doi.org/10.3892/ol.2016.4372

[3]	 BOURREILLE J, METAYER P, SAUGER F, MATRAY F, 
FONDIMARE A. [Existence of alpha fetoprotein during gas-
tric-origin secondary cancer of the liver]. Presse Med 1970; 
78: 1277–1278.

[4]	 HIRASAKI S, TANIMIZU M, TSUZUKI T, TSUBOUCHI E, 
HIDAKA S et al. Seronegative alphafetoprotein-producing 
early gastric cancer treated with endoscopic mucosal resec-
tion and additional surgery. Intern Med 2004; 43: 926–930.

[5]	 HIRAJIMA S, KOMATSU S, ICHIKAWA D, KUBOTA T, 
OKAMOTO K et al. Liver metastasis is the only independent 
prognostic factor in AFP-producing gastric cancer. World J 
Gastroenterol 2013; 19: 6055–6061. https://doi.org/10.3748/
wjg.v19.i36.6055

[6]	 LIU X, CHENG Y, SHENG W, LU H, XU X et al. Analysis of 
clinicopathologic features and prognostic factors in hepatoid 
adenocarcinoma of the stomach. Am J Surg Pathol 2010; 34: 
1465–1471. https://doi.org/10.1097/PAS.0b013e3181f0a873

[7]	 USHIKU T, SHINOZAKI A, SHIBAHARA J, IWASAKI Y, 
TATEISHI Y et al. Sall4 represents fetal gut differentiation of 
gastric cancer, and is diagnostically useful in distinguishing 
hepatoid gastric carcinoma from hepatocellular carcinoma. 
Am J Surg Pathol 2010; 34: 533–540. https://doi.org/10.1097/
PAS.0b013e3181d1dcdd

[8]	 MOTOYAMA T, AIZAWA K, WATANABE H, FUKASE 
M, SAITO K. α-Fetoprotein producing gastric carcinomas: 
a comparative study of three different subtypes. Acta Pathol 
Jpn 1993; 43: 654–661.

[9]	 SHIBATA Y, SATO K, KODAMA M, NANJYO H. Alpha-
fetoprotein-producing early gastric cancer of the remnant 
stomach: report of a case. Surg Today 2007; 37: 995–999. 
https://doi.org/10.1007/s00595-007-3501-0

[10]	 LEW DH, JUNG WT, KIM HJ, MIN HJ, HA CY et al. [Clini-
copathological characteristics and prognosis of alpha-feto-
protein producing gastric cancer]. Korean J Gastroenterol 
2013; 62: 327–335.

https://doi.org/10.1002/jso.21624
https://doi.org/10.1111/j.1572-0241.1999.01158.x
https://doi.org/10.1111/j.1572-0241.1999.01158.x
https://doi.org/10.5230/jgc.2011.11.1.23
https://doi.org/10.18632/oncotarget.8571
https://doi.org/10.18632/oncotarget.8571
https://doi.org/10.1002/jso.23599
https://doi.org/10.1002/jso.23599
https://doi.org/10.5301/jbm.5000167
https://doi.org/10.5301/jbm.5000167
https://doi.org/10.1007/s00535-002-1099-y
https://doi.org/10.1007/s00535-002-1099-y
https://doi.org/10.1007/s00595-003-2668-2
https://doi.org/10.1007/s00595-003-2668-2
https://doi.org/10.1371/journal.pone.0054774
https://doi.org/10.1371/journal.pone.0054774
https://doi.org/10.1007/s10637-010-9531-2
https://doi.org/10.3322/caac.20107
https://doi.org/10.3892/ol.2016.4372
https://doi.org/10.3748/wjg.v19.i36.6055
https://doi.org/10.3748/wjg.v19.i36.6055
https://doi.org/10.1097/PAS.0b013e3181f0a873
https://doi.org/10.1097/PAS.0b013e3181d1dcdd
https://doi.org/10.1097/PAS.0b013e3181d1dcdd
https://doi.org/10.1007/s00595-007-3501-0


330 W. GONG, Y. SU, A. LIU, J. LIU, D. SUN, T. JIANG, J. XIANG, C. CHI, P. SUN

[25]	 ADACHI Y, TSUCHIHASHI J, SHIRAISHI N, YASUDA K, 
ETOH T et al. AFP-producing gastric carcinoma: multivari-
ate analysis of prognostic factors in 270 patients. Oncology 
2003; 65: 95–101. https://doi.org/10.1159/000072332

[26]	 GAN T, XIA T, LI W, LUO YS, CHEN YJ et al. Clinicopathol-
ogy and Prognosis of Alpha-fetoprotein-producing Gastric 
Cancer. Acta Medicinae Universitatis Scientiae et Technolo-
giae Huazhong 2012; 41: 481–484.

[27]	 GALVEZ-MUNOZ E, GALLEGO-PLAZAS J, GONZALEZ-
OROZCO V, MENARGUEZ-PINA F, RUIZ-MACIA JA et 
al. Hepatoid adenocarcinoma of the stomach - a different 
histology for not so different gastric adenocarcinoma: A 
case report. Int Semin Surg Oncol 2009; 6: 13. https://doi.
org/10.1186/1477-7800-6-13

[28]	 XIE Y, ZHAO Z, LI P, WANG Y, GUO C et al. Hepatoid ad-
enocarcinoma of the stomach is a special and easily misdi-
agnosed or missed diagnosed subtype of gastric cancer with 
poor prognosis but curative for patients of pN0/1: the experi-
ence of a single center. Int J Clin Exp Med 2015; 8: 6762–6772.

[29]	 KOCHI M, FUJII M, KAIGA T, TAKAHASHI T, MORISHI-
TA Y et al. FLEP Chemotherapy for a-Fetoprotein-Produc-
ing Gastric Cancer. Oncology 2004; 66: 445–449. https://doi.
org/10.1159/000079498

[30]	 BAEK SK, HAN SW, OH DY, IM SA, KIM TY et al. Clini-
copathologic characteristics and treatment outcomes of 
hepatoid adenocarcinoma of the stomach, a rare but unique 
subtype of gastric cancer. BMC Gastroenterol 2011; 11: 56. 
https://doi.org/10.1186/1471-230X-11-56

[31]	 NISHIWADA S, WATANABE A, YOSHIKAWA T, ISHIOKA 
K, MUKOGAWA T et al. [A case of AFP-producing gastric 
cancer with peritoneal metastasis treated effectively with 
chemotherapy, mainly using S-1 and trastuzumab]. Gan To 
Kagaku Ryoho 2013; 40: 511–514.

[32]	 FANG Y, WANG L, YANG NR, GONG XL, ZHANG Y et 
al: Successful multimodal therapy for an α-fetoprotein-
producing gastric cancer patient with simultaneous liver 
metastases. Oncol Lett 2015; 10: 3021–3025. https://doi.
org/10.3892/ol.2015.3731

[33]	 LI J, QIN S, XU J, GUO W, XIONG J et al. Apatinib for che-
motherapy refractory advanced metastatic gastric cancer: 
results from a randomized, placebo controlled, parallel arm, 
phase II trial. J Clin Oncol 2013; 31: 3219–3225. https://doi.
org/10.1200/JCO.2013.48.8585

[34]	 AMANO L, SAWAI N, MIZUNO C, SHAURA Y, NISHI-
WAKI M et al. [A case of HER-2-positive and AFP-pro-
ducing gastric cancer successfully treated by trastuzumab/
docetaxel/S-1 combination therapy]. Gan To Kagaku Ryoho 
2012; 39: 2541–2544.

https://doi.org/10.1159/000072332
https://doi.org/10.1186/1477-7800-6-13
https://doi.org/10.1186/1477-7800-6-13
https://doi.org/10.1159/000079498
https://doi.org/10.1159/000079498
https://doi.org/10.1186/1471-230X-11-56
https://doi.org/10.3892/ol.2015.3731
https://doi.org/10.3892/ol.2015.3731
https://doi.org/10.1200/JCO.2013.48.8585
https://doi.org/10.1200/JCO.2013.48.8585

