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ABSTRACT
Periampullary adenocarcinomas are rare neoplasm that originates from the 

pancreatic head, the ampulla of vater, the distal bile duct or the duodenum. Surgical 
resection followed by adjuvant therapy is considered as the standard of care treatment 
for these carcinomas. Despite several advances in diagnostics and therapeutics, only 
5% of these patients have an overall survival of five years or more. Currently, there 
is a dearth of viable therapeutic targets for this disease. The role of HER2 in cancer 
biology has been studied extensively in several tumour subtypes, and HER2 based 
targeted therapies have shown to have therapeutic benefits on different cancers. In 
this case report, we present a case of HER2 positive distal common bile duct carcinoma 
– a subtype of periampullary carcinoma with multiple relapses where multi-analyte
testing with Encyclopedic Tumor Analysis (ETA) (Exacta®) identified amplification and
over expression of HER2 gene which was used as a potential target to treat the patient
with trastuzumab. Synchronous in vitro chemosensitivity profiling on Circulating Tumor
Asscociated Cells (C-TACs) isolated from blood aided us to design the personalized
chemotherapeutic regimen with cyclophosphamide and methotrexate. The combination
of trastuzumab with cyclophosphamide and methotrexate yielded excellent treatment
response with the patient remaining in complete response till the last follow-up. Our
study suggests HER2 directed therapy as a potent pathway for treatment in the subset
of HER-2 amplified distal common bile duct carcinomas.

INTRODUCTION

Periampullary adenocarcinoma has two different 
morphological types with different prognosis and treatment 
modality. Pancreatobiliary type (PB type) includes 
pancreatic cancer, distal common bile duct (CBD) cancer, 
and some of the ampullary carcinomas and is associated 

with poor prognosis. Intestinal type (I type) periampullary 
adenocarcinoma include duodenal carcinoma and some 
of the ampullary carcinomas and have better prognosis 
[1–3]. However, 12% of patients show mixed subtype 
with both intestinal and pancreatobiliary differentiation 
[4]. Pancreaticoduodenectomy (PD), often known as the 
Whipple procedure is the standard of care for resectable 
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pancreatic cancer and premalignant lesions in the 
periampullary region. However, the 5-year postresection 
survival rate of pancreatobiliary tumors is 20% [5]. It has 
been reported that after resection 39–67% of patients will 
have a recurrence with intrahepatic and local recurrence [6].

Due to the high recurrence rates and poor outcomes 
of these carcinomas, adjuvant therapy, including 
chemotherapy, radiotherapy and chemoradiotherapy, 
should be considered. To our knowledge, the ideal 
sequence and combination of adjuvant chemotherapy 
or radiotherapy after resection of these tumors remains 
unclear and is an area of active research.

Postoperative adjuvant radiation therapy with and 
without concomitant chemotherapy also has limited 
benefit with frequent relapses and high mortality [7]. 
Therefore, novel approaches are needed in the treatment 
of relapsed metastatic periampullary carcinomas to help 
improve survival. HER2, (Human epithelial growth factor 
receptor 2), a family of tyrosine kinase receptor are shown 
to be overexpressed in several human cancers [8]. HER2 
mediated signaling is essential for many cellular processes 
such as cell survival, proliferation and growth [9]. HER2 
gene amplification has been reported in pancreatic cancer 
and has been associated with shorter survival rate [10–
12]. Role of HER2 targeted therapies is well established 
in breast cancer and gastric cancers [13, 14], and its use 
is currently being explored in other cancer subtypes also. 
However, the efficacy of HER2 targeted therapies in 
periampullary cancers is still emerging [5, 15].

Here, we report a case of distal CBD subtype of 
periampullary carcinoma who has had excellent durable 

response after HER2 targeted therapy in combination with 
chemotherapy designed based on Encyclopedic Tumor 
Analysis (ETA) (Exacta®) [16]. Encyclopedic Tumor 
Analysis (ETA) (Exacta®) offers integrative multi-analyte 
investigations of the tumor which captures in depth 
information about the multi-layered tumor interactome. 
Patient can be guided for label-and organ-agnostic, 
personalized multi-drug therapy recommendations based 
on inputs from multiple molecular biomarkers as well as in 
vitro chemosensitivity testing on viable tumor cells.

CASE PRESENTATION

A 55 years-old male was diagnosed with moderately 
differentiated periampullary carcinoma (pT3N0). The 
MRCP images showed defect in distal common bile duct 
(CBD) causing obstruction of lumen with subsequent 
dilation of proximal CBD and intra hepatic biliary dilation. 
The patient underwent ERCP guided stent placement and 
the ERCP brush cytology was suggestive of differentiated 
periampullary adenocarcinoma grade II. The patient 
underwent Whipples surgery after PET CT scan images 
revealed that the stent was displaced in lower CBD and 
duodenum. Postoperatively the patient received adjuvant 
radiation of 45 Gy/ #25 /3DCRT which were followed 
by 2 cycles of adjuvant chemotherapy with cisplatin and 
gemcitabine (Figure 1A).

Despite receiving adjuvant treatments, he was found 
to have disease progression after ~1.6 years of diagnosis, 
with metastases to the periportal, paraesophageal and left 
supraclavicular lymph node, which was confirmed by 

Figure 1: (A) The clinical timeline of the 55-year-old male diagnosed with distal CBD type of periampullary carcinoma. (B) Transverse 
sections of representative PET-CT scan images before treatment (Baseline) and after start of Cyclophosphamide + Methotrexate + 
Trastuzumab regimen depicted complete response.
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a biopsy of the left supraclavicular lymph node. At the 
time of disease progression, the patient opted for multi-
analyte testing with Encyclopedic Tumor Analysis (ETA) 
(Exacta®) which included next generation sequencing 
analysis that was carried out on the FFPE tumor tissue 
DNA, transcriptomic analysis, and chemosensitivity assay 
which was performed on circulating tumor associated 
cells (C-TACs) isolated from peripheral blood sample 
[17]. This multi-analysis identified amplification and over 

expression of HER2 gene which was used as a potential 
target to design a treatment regimen for the patient 
with trastuzumab in combination with chemotherapy 
agents Methotrexate and Cyclophosphamide (Table 1). 
The patient was treated with trastuzumab (318 mg), 
cyclophosphamide (750 mg) and methotrexate (1.5 gm) at 
21 days cycle based on the Exacta® analysis. The overview 
of the therapy procedure is summarised in Figure 1A. 
Figure 1B delineates the clinical outcome in terms of 

Table 1: Encyclopedic tumor analysis (ETA) findings
Sample Type Received Gene Name Molecular alteration
(left supraclavicular node biopsy) TP53 p. C141R SNV (32% MAF)

TP53 p. R158C SNV (2.2% MAF)
CDKN2A p. G122D SNV (2.9% MAF)
ABL1 p. T315I SNV (2.1% MAF)
SYNE1 p. K7182fs*17 SNV (4.6% MAF)
CDK12, PGAP3, ERBB2 (17q12 - 
17q12)

CNV (18 gain)

CCNE1 (19q12 - 19q12) CNV (14 gain)
AR (IHC) Negative

Blood Chemo-sensitivity on C-TACs Cyclophosphamide 38% and Methotrexate 44% 
CD

MAF – Mutant allele frequency; SNV – Single nucleotide variation; CNV – copy number variation; DGE – Differential gene 
expression; C-TACs – Circulating Tumor Associated cells; CD – Cell death.

Figure 2: (A) Transcriptome analysis depicting upregulated genes based on the fold change values. (B) CNV plot depicting copy number 
amplification. Highlighted is the amplification of CDK12, PGAP3, and ERBB2 in chromosome 17.
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disease response by representative PET- CT scan images 
of pre- and post-treatment. Before therapy, a baseline PET-
CT scan was done to document the disease status, in terms 
of increased metabolic activity and size of pelvic, multiple 
mediastinal, supraclavicular and left cervical lymph nodes. 
After the start of ETA guided therapy, the metastatic 
lesions depicted in Figure 1B were almost resolved after 
90 days follow-up PET-CT scan compared to the baseline 
scan.

Next generation sequencing analysis was carried out 
on the FFPE tumor tissue DNA. Tumor mutation analysis 
detected mutations in genes TP53 (p. C141R), CDKN2A 
(p. G122D), SYNE1 (p. K7182fs*17) (Table 1). The gene 
expression analysis showed the expression of 8183 genes 
in which 3109 genes were differentially regulated. Out of 
3109 genes 1374 genes were upregulated and 1735 genes 
were downregulated (data not shown). Representative 
up-regulated genes are depicted in Figure 2A. The 
copy number analysis revealed 18 copy number gain 
in chromosome 17 (CDK12, PGAP3, ERBB2) while 3 
copy number gain in chromosome 3 (RNF213, EPHB1, 
PIK3CB, FOXL2, ATR) and 14 copy number gain in 
chromosome 14 (CCNE1) (Table 1 and Figure 2B).

Patient received 11 cycles for 7.7 months of 
the combination therapy of Cyclophosphamide + 
Methotrexate + Trastuzumab. ETA produced a good 
clinical output as there was no disease at the anastomotic 
site or active distant metastases was not seen. There 
were no significant therapy related AEs, and the patient 
experienced transient mild/moderate fatigue, Nausea 
which were managed clinically. Overall, with complete 
response patient achieved PFS of 6.9 months and OS of 
20.3 months.

DISCUSSION

The periampullary adenocarcinoma (PAC) is 
a heterogeneous group of neoplasm arising from the 
head of the pancreas, the distal common bile duct, 
and the duodenum. Pancreaticoduodenectomy is the 
standard clinical management for this disease [18]. 
The postoperative clinical management options are not 
standardized due to the rarity of the disease. Gemcitabine-
based regimen and fluorouracil-based regimen are mostly 
used as postoperative treatment options [19–22]. In the 
present case, after the Whipple’s procedure the patient was 
given a combination of gemcitabine and cisplatin for 2 
cycles followed by adjuvant radiation. However, the patient 
developed progressive disease after 5 months of treatment 
completion. The patient was offered multi-analyte testing 
guided treatment based on ETA approach. It is well known 
that the histological subtype and genetic signature of the 
patient may influence the prognosis and treatment response 
and investigation of molecular profile of the patient could 
provide opportunities to design personalized treatment 
regimen for better prognosis and survival.

The NGS analysis of the tumor resected from the 
patient showed amplification and deletion of many genes 
and revealed HER2 gene amplification with 18 copy 
number gain in chromosome 17. The gene expression 
analysis also showed over expression of HER2 genes 
with high fold change. Epithelial growth factor receptors 
(HER1 (EGFR), HER2 (ERBB2), HER3 (ERBB3), and 
HER4 (ERBB4)) are one of the commonly overexpressed 
tyrosine kinase receptor families in several cancer types. 
Approximately 25% of invasive breast cancer patients are 
characterized by the overexpression of the HER2 receptor 
and/or HER2 gene amplification with poor prognosis [23, 
24]. HER2 is effectively used as a predictive biomarker 
for anti-HER2 targeted therapy in breast cancer, gastric 
cancer. Trastuzumab, a recombinant humanized anti-HER2 
monoclonal antibody, combined with chemotherapeutic 
agents has showed improved overall survival in HER2 
positive advanced or metastasized gastric or breast cancer 
patients [25, 26]. Various studies have demonstrated the 
amplification or overexpression of HER2 in 0–23% of 
periampullary adenocarcinoma patients [4, 11, 27, 28]. 
The integration of genomic and transcriptomic data of 
60 patients identified CCNE1 and ERBB2 as the putative 
driver genes in periampullary adenocarcinoma [29]. 
Data regarding management with targeted therapy with 
trastuzumab and chemotherapy and other HER 2 directed 
combinations are emerging for advanced metastatic 
periampullary carcinoma [30, 31].

In this study, we presented a case of advanced 
moderately differentiated periampullary adenocarcinoma 
– the distal CBD subtype where integrative, multi-analyte 
Exacta® testing helped identify the candidate genes for 
potential targeted therapy and the chemotherapy regimen 
with the chemosensitivity testing. Identification of HER-
2 amplification led to an opportunity to use trastuzumab 
based combination therapy that resulted in excellent 
response. This label-/organ-agnostic treatment approach 
helped to achieve better clinical outcome in the present 
case as described previously [16, 32]. HER2 amplification 
represents potential molecular target for treatment in the 
subset of HER-2 amplified periampullary carcinomas.

Author contributions

R.N. Counselling of Patient, Review of Treatment 
Recommendations and Clinical Management; D.P., 
D.A., J.J., Review of Treatment Recommendations, 
Data Analysis and Administration; A.G. Review of 
Treatment Recommendations and Review of Study by 
Ethics Committee and Approvals; Ajay. S. Clinical data 
management and evaluation; P.K., Z.R., P.D. drafted the 
initial manuscript; S.L., A.S., R.D. reviewed and revised 
the manuscript; N.S, J.S., S.A. performed the sequencing 
experiment and bioinformatics data analysis; S.P. carried 
out chemo-sensitivity analysis. All authors have read and 
approved the final manuscript.



Oncotarget4199www.oncotarget.com

CONFLICTS OF INTEREST

R.N., S.L., A.S., J. S., declare no potential conflict 
of interests. P.K., Z.R., P.D., D.P., A.G., N.S., S.A., S.P., 
J.J., Ajay S., and D.A., are in full-time employment with 
DCGL. R.D. is the Founder and Chairman and Managing 
Director of DCGL.

FUNDING

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

REFERENCES

 1. Elebro J, Heby M, Gaber A, Nodin B, Jonsson L, Fristedt R, 
Uhlén M, Jirström K, Eberhard J. Prognostic and treatment 
predictive significance of SATB1 and SATB2 expression 
in pancreatic and periampullary adenocarcinoma. J Transl 
Med. 2014; 12:289. https://doi.org/10.1186/s12967-014-
0289-8. [PubMed]

 2. Westgaard A, Pomianowska E, Clausen OP, Gladhaug IP. 
Intestinal-type and pancreatobiliary-type adenocarcinomas: 
how does ampullary carcinoma differ from other 
periampullary malignancies? Ann Surg Oncol. 2013; 
20:430–439. https://doi.org/10.1245/s10434-012-2603-0. 
[PubMed]

 3. Westgaard A, Tafjord S, Farstad IN, Cvancarova M, Eide 
TJ, Mathisen O, Clausen OP, Gladhaug IP. Pancreatobiliary 
versus intestinal histologic type of differentiation is an 
independent prognostic factor in resected periampullary 
adenocarcinoma. BMC Cancer. 2008; 8:170. https://doi.
org/10.1186/1471-2407-8-170. [PubMed]

 4. Hechtman JF, Liu W, Sadowska J, Zhen L, Borsu L, Arcila 
ME, Won HH, Shah RH, Berger MF, Vakiani E, Shia J, 
Klimstra DS. Sequencing of 279 cancer genes in ampullary 
carcinoma reveals trends relating to histologic subtypes 
and frequent amplification and overexpression of ERBB2 
(HER2). Mod Pathol. 2015; 28:1123–1129. https://doi.
org/10.1038/modpathol.2015.57. [PubMed]

 5. O'Hayer K, Farber J, Yeo CJ, Sama AR. HER-2-Positive 
Ampullary Adenocarcinoma: A Case Report. Case Rep 
Pancreat Cancer. 2015; 1:7–10. https://doi.org/10.1089/
crpc.2015.29004.koh. [PubMed]

 6. Ohtsuka M, Miyazaki M. Long-Term Survival After 
Resection of Periampullary Cancer, in The Pancreas. 2018; 
1097–1106. 

 7. Holzheimer RG, Mannick JA. Surgical Treatment: 
Evidence-Based and Problem-Oriented. Munich. 2001. 
[PubMed]

 8. Yan M, Schwaederle M, Arguello D, Millis SZ, Gatalica 
Z, Kurzrock R. HER2 expression status in diverse cancers: 
review of results from 37,992 patients. Cancer Metastasis 

Rev. 2015; 34:157–164. https://doi.org/10.1007/s10555-
015-9552-6. [PubMed]

 9. Iqbal N, Iqbal N. Human Epidermal Growth Factor 
Receptor 2 (HER2) in Cancers: Overexpression and 
Therapeutic Implications. Mol Biol Int. 2014; 2014:852748. 
https://doi.org/10.1155/2014/852748. [PubMed]

10. Ata A, Polat A, Serinsöz E, Sungur MA, Arican A. 
Prognostic value of increased HER2 expression in cancers 
of pancreas and biliary tree. Pathol Oncol Res. 2015; 
21:831–838. https://doi.org/10.1007/s12253-014-9847-x. 
[PubMed]

11. Aloysius MM, Lobo DN, Rowlands BJ, Madhusudan S, 
Ilyas M, Zaitoun AM. HER-2/Neu overexpression is a 
rare event in peri-ampullary cancer: assessment using the 
HercepTest. Histopathology. 2009; 55:236–237. https://doi.
org/10.1111/j.1365-2559.2009.03351.x. [PubMed]

12. Komoto M, Nakata B, Amano R, Yamada N, Yashiro M, 
Ohira M, Wakasa K, Hirakawa K. HER2 overexpression 
correlates with survival after curative resection of pancreatic 
cancer. Cancer Sci. 2009; 100:1243–1247. https://doi.
org/10.1111/j.1349-7006.2009.01176.x. [PubMed]

13. Meric-Bernstam F, Johnson AM, Dumbrava EEI, Raghav 
K, Balaji K, Bhatt M, Murthy RK, Rodon J, Piha-Paul 
SA. Advances in HER2-Targeted Therapy: Novel Agents 
and Opportunities Beyond Breast and Gastric Cancer. 
Clin Cancer Res. 2019; 25:2033–2041. https://doi.
org/10.1158/1078-0432.CCR-18-2275. [PubMed]

14. Veronesi GS, Consani S, Ruhnke LA. The influence 
of casting methods on the surface microhardness and 
crystalline formation of aluminum-copper alloys. J Prosthet 
Dent. 1992; 67:26–29. https://doi.org/10.1016/0022-
3913(92)90042-9. [PubMed]

15. Elebro J, Heby M, Warfvinge CF, Nodin B, Eberhard 
J, Jirström K. Expression and Prognostic Significance 
of Human Epidermal Growth Factor Receptors 1, 2 
and 3 in Periampullary Adenocarcinoma. PLoS One. 
2016; 11:e0153533. https://doi.org/10.1371/journal.
pone.0153533. [PubMed]

16. Nagarkar R, Patil D, Crook T, Datta V, Bhalerao S, Dhande 
S, Palwe V, Roy S, Pandit P, Ghaisas A, Page R, Kathuria H, 
Srinivasan A, et al. Encyclopedic tumor analysis for guiding 
treatment of advanced, broadly refractory cancers: results 
from the RESILIENT trial. Oncotarget. 2019; 10:5605–
5621. https://doi.org/10.18632/oncotarget.27188. [PubMed]

17. Akolkar D, Patil D, Crook T, Limaye S, Page R, Datta V, 
Patil R, Sims C, Ranade A, Fulmali P, Fulmali P, Srivastava 
N, Devhare P, et al. Circulating ensembles of tumor-
associated cells: A redoubtable new systemic hallmark of 
cancer. Int J Cancer. 2020; 146:3485–3494. https://doi.
org/10.1002/ijc.32815. [PubMed]

18. Ramfidis VS, Syrigos KN, Saif MW. Ampullary and 
periampullary adenocarcinoma: new challenges in 
management of recurrence. JOP. 2013; 14:158–160. https://
doi.org/10.6092/1590-8577/1471. [PubMed]

https://doi.org/10.1186/s12967-014-0289-8
https://doi.org/10.1186/s12967-014-0289-8
https://www.ncbi.nlm.nih.gov/pubmed/25323550
https://doi.org/10.1245/s10434-012-2603-0
https://www.ncbi.nlm.nih.gov/pubmed/22956064
https://doi.org/10.1186/1471-2407-8-170
https://doi.org/10.1186/1471-2407-8-170
https://www.ncbi.nlm.nih.gov/pubmed/18547417
https://doi.org/10.1038/modpathol.2015.57
https://doi.org/10.1038/modpathol.2015.57
https://www.ncbi.nlm.nih.gov/pubmed/25975284
https://doi.org/10.1089/crpc.2015.29004.koh
https://doi.org/10.1089/crpc.2015.29004.koh
https://www.ncbi.nlm.nih.gov/pubmed/30631802
https://www.ncbi.nlm.nih.gov/pubmed/21028753
https://doi.org/10.1007/s10555-015-9552-6
https://doi.org/10.1007/s10555-015-9552-6
https://www.ncbi.nlm.nih.gov/pubmed/25712293
https://doi.org/10.1155/2014/852748
https://www.ncbi.nlm.nih.gov/pubmed/25276427
https://doi.org/10.1007/s12253-014-9847-x
https://www.ncbi.nlm.nih.gov/pubmed/25416598
https://doi.org/10.1111/j.1365-2559.2009.03351.x
https://doi.org/10.1111/j.1365-2559.2009.03351.x
https://www.ncbi.nlm.nih.gov/pubmed/19694833
https://doi.org/10.1111/j.1349-7006.2009.01176.x
https://doi.org/10.1111/j.1349-7006.2009.01176.x
https://www.ncbi.nlm.nih.gov/pubmed/19432892
https://doi.org/10.1158/1078-0432.CCR-18-2275
https://doi.org/10.1158/1078-0432.CCR-18-2275
https://www.ncbi.nlm.nih.gov/pubmed/30442682
https://doi.org/10.1016/0022-3913(92)90042-9
https://doi.org/10.1016/0022-3913(92)90042-9
https://www.ncbi.nlm.nih.gov/pubmed/1548601
https://doi.org/10.1371/journal.pone.0153533
https://doi.org/10.1371/journal.pone.0153533
https://www.ncbi.nlm.nih.gov/pubmed/27070783
https://doi.org/10.18632/oncotarget.27188
https://www.ncbi.nlm.nih.gov/pubmed/31608137
https://doi.org/10.1002/ijc.32815
https://doi.org/10.1002/ijc.32815
https://www.ncbi.nlm.nih.gov/pubmed/31785151
https://doi.org/10.6092/1590-8577/1471
https://doi.org/10.6092/1590-8577/1471
https://www.ncbi.nlm.nih.gov/pubmed/23474562


Oncotarget4200www.oncotarget.com

19. Neoptolemos JP, Moore MJ, Cox TF, Valle JW, Palmer DH, 
McDonald AC, Carter R, Tebbutt NC, Dervenis C, Smith 
D, Glimelius B, Charnley RM, Lacaine F, et al. Effect of 
adjuvant chemotherapy with fluorouracil plus folinic acid 
or gemcitabine vs observation on survival in patients with 
resected periampullary adenocarcinoma: the ESPAC-3 
periampullary cancer randomized trial. JAMA. 2012; 
308:147–156. https://doi.org/10.1001/jama.2012.7352. 
[PubMed]

20. Primrose JN, Fox RP, Morement H, Chan O, Rees C, Ma 
YT, Hickish T, Falk S, Finch-Jones M, Pope I, Corrie 
P. Capecitabine compared with observation in resected 
biliary tract cancer (BILCAP): a randomised, controlled, 
multicentre, phase 3 study. Lancet Oncol. 2019; 20:663–673. 
https://doi.org/10.1016/S1470-2045(18)30915-X. [PubMed]

21. Edeline J, Benabdelghani M, Bertaut A, Watelet J, Hammel 
P, Joly JP, Boudjema K, Fartoux L, Bouhier-Leporrier 
K, Jouve JL, Faroux R, Guerin-Meyer V, Kurtz JE, et al. 
Gemcitabine and Oxaliplatin Chemotherapy or Surveillance 
in Resected Biliary Tract Cancer (PRODIGE 12-ACCORD 
18-UNICANCER GI): A Randomized Phase III Study. J 
Clin Oncol. 2019; 37:658–667. https://doi.org/10.1200/
JCO.18.00050. [PubMed]

22. Ebata T, Hirano S, Konishi M, Uesaka K, Tsuchiya Y, 
Ohtsuka M, Kaneoka Y, Yamamoto M, Ambo Y, Shimizu 
Y, Ozawa F, Fukutomi A, Ando M, et al. Randomized 
clinical trial of adjuvant gemcitabine chemotherapy versus 
observation in resected bile duct cancer. Br J Surg. 2018; 
105:192–202. https://doi.org/10.1002/bjs.10776. [PubMed]

23. Oh DY, Bang YJ. HER2-targeted therapies - a role beyond 
breast cancer. Nat Rev Clin Oncol. 2020; 17:33–48. https://
doi.org/10.1038/s41571-019-0268-3. [PubMed]

24. Soerjomataram I, Louwman MW, Ribot JG, Roukema JA, 
Coebergh JW. An overview of prognostic factors for long-
term survivors of breast cancer. Breast Cancer Res Treat. 
2008; 107:309–330. https://doi.org/10.1007/s10549-007-
9556-1. [PubMed]

25. Meza-Junco J, Au HJ, Sawyer MB. Trastuzumab for gastric 
cancer. Expert Opin Biol Ther. 2009; 9:1543–1551. https://
doi.org/10.1517/14712590903439702. [PubMed]

26. Albanell J, Baselga J. Trastuzumab, a humanized anti-HER2 
monoclonal antibody, for the treatment of breast cancer. 
Drugs Today (Barc). 1999; 35:931–946. [PubMed]

27. Baumhoer D, Zlobec I, Tornillo L, Dietmaier W, Wuensch 
PH, Hartmann A, Sessa F, Ruemmele P, Terracciano LM. 
Immunophenotyping and oncogene amplifications in tumors 
of the papilla of Vater. Virchows Arch. 2008; 453:579–588. 
https://doi.org/10.1007/s00428-008-0669-7. [PubMed]

28. Ajiki T, Kamigaki T, Hasegawa Y, Fujino Y, Suzuki Y, 
Takeyama Y, Ku Y, Kuroda Y. Proliferating cell nuclear 
antigen, p53, and c-erbB-2 expression in relation to 
clinicopathological variables and prognosis in cancer of the 
ampulla of Vater. Hepatogastroenterology. 2001; 48:1266–
1270. [PubMed]

29. Sandhu V, Wedge DC, Bowitz Lothe IM, Labori KJ, 
Dentro SC, Buanes T, Skrede ML, Dalsgaard AM, Munthe 
E, Myklebost O, Lingjærde OC, Børresen-Dale AL. The 
Genomic Landscape of Pancreatic and Periampullary 
Adenocarcinoma. Cancer Res. 2016; 76:5092–5102. https://
doi.org/10.1158/0008-5472.CAN-16-0658. [PubMed]

30. Javle M, Churi C, Kang HC, Shroff R, Janku F, Surapaneni 
R, Zuo M, Barrera C, Alshamsi H, Krishnan S, Mishra L, 
Wolff RA, Kaseb AO, et al. HER2/neu-directed therapy for 
biliary tract cancer. J Hematol Oncol. 2015; 8:58. https://
doi.org/10.1186/s13045-015-0155-z. [PubMed]

31. Yarlagadda B, Kamatham V, Ritter A, Shahjehan F, 
Kasi PM. Trastuzumab and pertuzumab in circulating 
tumor DNA ERBB2-amplified HER2-positive refractory 
cholangiocarcinoma. NPJ Precis Oncol. 2019; 3:19. https://
doi.org/10.1038/s41698-019-0091-4. [PubMed]

32. Ranade A, Patil D, Bhatt A, Dhasare R, Datta V, Datar R, 
Akolkar D. Adaptive, Iterative, Long-Term Personalized 
Therapy Management in a Case of Stage IV Refractory 
NSCLC. J Pers Med. 2019; 9:34. https://doi.org/10.3390/
jpm9030034. [PubMed]

https://doi.org/10.1001/jama.2012.7352
https://www.ncbi.nlm.nih.gov/pubmed/22782416
https://doi.org/10.1016/S1470-2045(18)30915-X
https://www.ncbi.nlm.nih.gov/pubmed/30922733
https://doi.org/10.1200/JCO.18.00050
https://doi.org/10.1200/JCO.18.00050
https://www.ncbi.nlm.nih.gov/pubmed/30707660
https://doi.org/10.1002/bjs.10776
https://www.ncbi.nlm.nih.gov/pubmed/29405274
https://doi.org/10.1038/s41571-019-0268-3
https://doi.org/10.1038/s41571-019-0268-3
https://www.ncbi.nlm.nih.gov/pubmed/31548601
https://doi.org/10.1007/s10549-007-9556-1
https://doi.org/10.1007/s10549-007-9556-1
https://www.ncbi.nlm.nih.gov/pubmed/17377838
https://doi.org/10.1517/14712590903439702
https://doi.org/10.1517/14712590903439702
https://www.ncbi.nlm.nih.gov/pubmed/19916733
https://www.ncbi.nlm.nih.gov/pubmed/12973420
https://doi.org/10.1007/s00428-008-0669-7
https://www.ncbi.nlm.nih.gov/pubmed/18936968
https://www.ncbi.nlm.nih.gov/pubmed/11677943
https://doi.org/10.1158/0008-5472.CAN-16-0658
https://doi.org/10.1158/0008-5472.CAN-16-0658
https://www.ncbi.nlm.nih.gov/pubmed/27488532
https://doi.org/10.1186/s13045-015-0155-z
https://doi.org/10.1186/s13045-015-0155-z
https://www.ncbi.nlm.nih.gov/pubmed/26022204
https://doi.org/10.1038/s41698-019-0091-4
https://doi.org/10.1038/s41698-019-0091-4
https://www.ncbi.nlm.nih.gov/pubmed/31453370
https://doi.org/10.3390/jpm9030034
https://doi.org/10.3390/jpm9030034
https://www.ncbi.nlm.nih.gov/pubmed/31284461



