
Oncotarget439www.oncotarget.com

www.oncotarget.com Oncotarget, 2023, Vol. 14, pp: 439-443

Research Perspective

HER3- A key survival pathway and an emerging therapeutic 
target in metastatic colorectal cancer and pancreatic ductal 
adenocarcinoma

Omkar Desai1,2 and Rui Wang1,2,3

1Department of Surgery, Case Western Reserve University, Cleveland, OH 44106, USA
2Case Comprehensive Cancer Center, Case Western Reserve University, Cleveland, OH 44106, USA
3Department of Surgery, Division of Surgical Oncology, University Hospitals Cleveland Medical Center, Cleveland, OH 44106, 
USA

Correspondence to: Rui Wang, email: rxw517@case.edu
Keywords: HER3; colorectal; pancreatic cancer; metastasis; microenvironment
Received: March 15, 2023 Accepted: April 24, 2023 Published: May 10, 2023

Copyright: © 2023 Desai and Wang. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited.

ABSTRACT
Colorectal cancer (CRC) and pancreatic ductal adenocarcinoma (PDAC) are 

highly metastatic cancers with poor survival rates. The tumor microenvironment has 
been shown to play a critical role in cancer progression and response to therapies. 
Endothelial cells (ECs) are a key component of the tumor microenvironment and 
promote cancer cell survival by secreting soluble factors that activate cancer-
promoting signaling pathways. Studies from us and others identified HER3 as a key 
mediator of liver EC-induced chemoresistance and cancer cell growth in metastatic 
CRC and PDAC. In this article, we discuss that HER3-targeted therapies may be 
effective in treating patients with HER3-expressing CRC and PDAC, and highlight 
the importance of applying HER3 expression as a predictive biomarker for patient 
response to HER3-targeted therapies. We also discuss the challenges encountered in 
past clinical trials of HER3-targeted therapies, including the role of NRG1 gene fusions, 
alternative HER3 activation mechanisms, and adaptive resistance mechanisms. Finally, 
we conclude by suggesting the future directions of HER3-targeted therapies, including 
novel approaches to overcome chemoresistance and promote cancer cell death.

Colorectal cancer (CRC) is the second leading 
cause of cancer-related deaths in the United States [1]. 
Approximately 20% of CRC cases are already metastatic 
at the time of diagnosis [2], while almost half of all 
patients with CRC eventually develop distant metastasis 
[3]. Pancreatic ductal adenocarcinoma (PDAC) is the third 
leading cause of cancer-related deaths in the United States 
and is predicted to become second within the next decade 
[4]. Nearly 50% of patients with PDAC have metastasis at 
the time of diagnosis and almost all patients with PDAC 
eventually develop distant metastasis [5–7]. Treatments 
are only marginally effective in patients with metastatic 
diseases, and the 5-year survival rates of metastatic CRC 
(mCRC) and metastatic PDAC (mPDAC) are 15.1% and 
3.1%, respectively [2, 5]. Therefore, it is imperative to 
understand the regulation of cancer cell survival pathways 

in order to develop novel therapeutic strategies that can 
improve outcomes in patients with mCRC and mPDAC.

In the last decade, extensive research has 
been conducted to understand the effects of the 
microenvironment on cancer cells. Several preclinical 
studies have demonstrated that endothelial cells (ECs), a 
key component of the tumor microenvironment, promote 
cancer cell survival by secreting soluble factors in a 
paracrine fashion, which in turn activate cancer-promoting 
signaling pathways such as AKT, NF-κB and epithelial-
mesenchymal transition pathway [8, 9]. The liver is 
the most common site of distant metastasis [10], with a 
metastatic prevalence of up to 80% in CRC and PDAC 
[11, 12]. It has a unique EC-rich microenvironment with 
up to 40% of the stroma being ECs [13–15]. Thus, the 
EC-rich microenvironment may affect metastatic cancer in 
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the liver in a paracrine fashion. Following this logic, our 
laboratory recapitulated the liver EC microenvironment 
by isolating primary ECs from non-neoplastic liver 
tissues and established an in vitro model using liver EC 
conditioned medium (CM) to determine the effects of EC-
secreted factors on CRC cells, with CM from CRC cells 
as controls. Using this model, we discovered that liver 
EC-secreted soluble factors increased cell proliferation 
and enhanced chemoresistance in CRC cells by activating 
survival pathways, such as AKT [16]. We further 
identified ERB-B2 receptor tyrosine kinase 3 (ErbB3, also 
known as HER3) as a key mediator of liver EC-induced 
chemoresistance and cell growth in CRC cells [16]. 
Consequently, administering a HER3 inhibitor, sapitinib 
(AZD8931), blocked the liver EC-induced CRC tumor 
growth in a subcutaneous (subQ) xenograft model [16]. 
Together these findings highlight the paracrine role of 
liver ECs in activating the HER3-AKT axis and promoting 
CRC survival. On a separate note, 40–50% of patients with 
mCRC harbor KRAS mutations, which lead to constitutive 
activation in downstream survival pathways [17, 18]. As a 
result, inhibitions of upstream effectors, such as HER3 and 
other ErbB receptors, have little effect on cancer cells with 
KRAS mutations. Indeed, therapies targeting epidermal 
growth factor receptor (EGFR), which is another member 
of the ErbB family, are rendered ineffective in patients 
with mCRC with KRAS mutations [18, 19]. Surprisingly, 
in our study we found that EC-induced activation of 
HER3 and downstream pathways in CRC is independent 
of KRAS mutation status [20]. As a result, HER3 inhibition 
led to significant anti-cancer effects in both KRAS wild-
type and KRAS-mutant mCRC cells, and seribantumab, 
a humanized HER3 antibody, decreased tumor growth 
and sensitized tumors to fluorouracil chemotherapies in a 
liver injection orthotopic mCRC model [20]. These results 
suggest that HER3-targeted therapies may be useful in 
treating patients with KRAS wild-type or KRAS-mutant 
mCRC, either as monotherapy or in combination with 
standard-of-care chemotherapies. 

Interestingly, the pro-survival paracrine role of liver 
ECs is also seen in other types of cancers that metastasize 
to the liver. We recently discovered that liver ECs secreted 
neuregulins (NRGs), which activated the HER3-AKT 
signaling axis in HER3-expressing mPDAC cells (HER3 
+ve) [21]. Blocking the NRG-HER3 signaling axis with 
seribantumab effectively inhibited cell proliferation in 
HER3 +ve mPDAC [21]. Conversely, in mPDAC cells 
without HER3 expression (HER3 −ve), seribantumab was 
ineffective [21], thus suggesting an oncogenic role of liver 
ECs in PDAC that is independent of HER3. This body 
of work highlights that HER3-targeted therapies can be 
effective in treating patients with HER3 +ve mPDAC, and 
HER3 expression can be used as a predictive biomarker 
for patient response to HER3-targeted therapies. 

In complement to our studies, prior preclinical 
studies have shown that HER3-targeted therapies with 

antibodies and inhibitors have been effective in blocking 
tumor growth in several types of cancers [22, 23], 
specifically breast cancer [24], head and neck squamous 
cell carcinoma (HNSCC) [25], PDAC [25], and non-small 
cell lung cancer (NSCLC) [26]. However, translating the 
preclinical findings to clinical studies has shown limited 
impact on patient outcomes. In a NSCLC clinical trial, the 
addition of HER3 antibody seribantumab to the standard 
of care EGFR inhibitor, erlotinib, showed no improvement 
in the progression-free survival compared to erlotinib 
alone [27]. Similar inconclusive results were seen in 
breast and ovarian cancer clinical trials (NCT01421472) 
(NCT01447706) [28]. However, a major limitation in 
these human studies was that appropriate predictive 
biomarkers such as HER3 expression were not used as 
an inclusion/exclusion criteria for patient enrollment. 
For example, only ~30% of primary PDAC and ~60% of 
mPDAC express HER3 [29, 30]. Based on our studies, 
only HER3 +ve cells and tumors are susceptible to HER3-
targeted therapies [21]. Therefore failure of HER3-targeted 
therapies in previous clinical trials may have been due to a 
significant number of enrolled patients constituting HER3 
−ve tumors. Outcomes of those trials remain controversial 
and warrants further investigation. On a positive note, in 
the aforementioned clinical trials, a small subset of patients 
with gene fusion mutations in neuregulin 1 (NRG1), the 
established HER3 ligand, responded exceptionally well 
to HER3-targeted therapies [27]. NRG1 gene fusion 
mutations are caused by DNA rearrangements, resulting 
in the creation of a “chimera protein” by the fusion of 
NRG1 domains with partner proteins (such as ATP1B1, 
APP, C74, SDC4, and others) [31, 32]. As a result, NRG1 
fusion proteins are highly expressed on the cell membrane 
and induce HER3 activation. Following the encouraging 
data from patients with NRG1 fusion mutations, a phase II 
clinical trial was initiated to assess the safety and efficacy 
of seribantumab in patients with advanced solid tumors 
that harbor NRG1 gene fusion mutations (CRESTONE 
NCT04383210). Preliminary data from this clinical trial 
indicates that seribantumab has a favorable safety profile 
with a few dose-limiting toxicities and delivered durable 
response to seribantumab in patients with NRG1 gene 
fusion, with an investigator-assessed objective response 
rate of 36% in NSCC and 33% in PDAC. These results 
suggest that NRG1 fusions can be a predictive biomarker 
for patient response to HER3-targeted therapies. However, 
NRG1 fusion mutations are extremely rare and occur in 
only ~0.2% of all solid tumors [32, 33]. Thus, identifying 
HER3 expression as another predictive biomarker for 
patient response to HER3-targeted therapies will have 
a significant and broad translational impact on treating 
patients with HER3 +ve solid tumors in future clinical 
trials.

An emerging perspective is that alternative HER3 
activation mechanisms may be a reason for resistance 
to developed HER3 therapies. Recent unexpected 
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findings suggest that other soluble factors secreted from 
the EC microenvironment activate HER3 in an NRG1-
independent manner, potentially leading to a novel 
mechanism for HER3 activation that is independent 
from the canonical heterodimerization with other ErbB 
receptors, including EGFR and HER2 [16, 21, 34]. 
Our recent unpublished data suggests that EC-secreted 
leucine-rich α-2 glycoprotein 1 (LRG1) directly binds to 
and activates HER3 as a novel ligand [35]. It is possible 
that LRG1 binds to HER3 differently from NRGs. 
Hence, therapies such as seribantumab, which block 
NRG1-HER3 binding [36], may be ineffective. Further 
studies are warranted to investigate the HER3 signaling 
pathway and novel strategies aimed at blocking alternative 
HER3 activation mechanisms such as LRG1 need to be 
developed.

Furthermore, significant preclinical and clinical 
studies have determined that cancer cells may compensate 
for ErbB receptor inhibitions by overexpressing the non-
targeted ErbB receptors as resistance mechanisms. This 
type of acquired resistance has been seen in lung tumors, 
where resistance to EGFR inhibitors (EGFRi) was 
associated with compensatory up-regulation of HER3, and 
combining EGFR and HER3 inhibitions led to improved 
anti-cancer effects compared to EGFRi alone [37]. Similar 
acquired resistance has been noted in breast cancer, where 
resistance to trastuzumab (HER2 antibody) was linked 
to upregulation of HER3 expression [38, 39]. As per 
this principle, it is possible that when treated with HER3 
antibodies and inhibitors, cancer cells activate EGFR/
HER2 or other alternative survival pathways to continue 
proliferation in a HER3-independent manner. Hence, the 
combination of blocking multiple ErbB family receptors 
may offer pharmacological opportunities to overcome 
resistance to a specific ErbB inhibition. However, distinct 
from the previously failed clinical trials, checking for 
HER3 expression/activation will be a key predictive 
biomarker to identify patients who may benefit from 
combination therapies in future clinical trials.

Novel HER3 antibody-drug conjugates (ADCs) 
have recently surfaced as an alternative strategy to 
improve the efficacy of HER3-targeted therapies. In 
these ADCs, antibody carriers provide targeted tumor 
cell delivery of cytotoxic drugs (payload). One such 
ADC is patritumab-deruxtecan, in which a HER3-specific 
antibody, patritumab, is attached to a topoisomerase I 
inhibitor payload [40]. Another HER3 antibody ADC uses 
a novel self-immolative T moiety for traceless conjugation 
and release of exatecan (topoisomerase I inhibitor) to 
overcome multidrug resistance in colon and lung cancer 
[41]. ADCs targeting HER3 may have an advantage over 
HER3 antibody monotherapy, since HER3-targeted ADCs 
only necessitate cancer cells to express HER3 for their 
cytotoxic effects to occur and are not solely dependent on 
blocking HER3. Developing additional ADCs using HER3 
antibodies such as patritumab and seribantumab may be 

revolutionary in managing patients with HER3 +ve solid 
tumors.

In summary, we discovered that the surrounding 
liver EC microenvironment plays a key role in activating 
HER3 and promoting cell survival in mCRC and mPDAC, 
and potentially other types of cancer that metastasize 
to the liver. As HER3-targeted therapies have limited 
impact in patients with solid tumors in clinical trials to 
date, we speculate that lack of a predictive biomarker for 
patient response to therapies, alternative HER3 activation 
mechanisms, and adaptive resistance mechanisms such as 
upregulation of non-targeted ErbB receptors, may be some 
of the contributing factors. Therefore, identifying HER3 
expression and/or activation as a predictive biomarker and 
elucidating alternative HER3 activation mechanisms will 
improve the efficacy of existing HER3-targeted therapies 
and help develop novel therapeutic strategies for blocking 
HER3-mediated survival pathways. Moreover, refining 
existing therapies by developing additional ADCs and 
combining HER3-targeted therapies with standard-
of-care treatments may improve patient outcomes in 
future clinical trials. In conclusion, cancer treatment has 
witnessed a paradigm shift in recent years, and novel 
targeted therapeutic strategies continue to pave their way 
to disrupt the tumor microenvironment.

Author contributions

Omkar Desai: Conception and design, writing and 
review of the manuscript. Rui Wang: Conception and 
design, writing and review of the manuscript, supervision. 

CONFLICTS OF INTEREST

Authors have no conflicts of interest to declare.

REFERENCES

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer 
statistics, 2023. CA Cancer J Clin. 2023; 73:17–48. https://
doi.org/10.3322/caac.21763. [PubMed]

2. National Cancer Institute Surveillance, Epidemiology, and 
End Results Program. Cancer stat facts: colorectal cancer. 
Accessed February, 2023. https://seer.cancer.gov/statfacts/
html/colorect.html.

3. Van Cutsem E, Oliveira J, and ESMO Guidelines Working 
Group. Advanced colorectal cancer: ESMO clinical 
recommendations for diagnosis, treatment and follow-
up. Ann Oncol. 2009 (Suppl 4); 20:61–63. https://doi.
org/10.1093/annonc/mdp130. [PubMed]

4. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 
2022. CA Cancer J Clin. 2022; 72:7–33. https://doi.
org/10.3322/caac.21708. [PubMed]

5. National Cancer Institute Surveillance, Epidemiology, and 
End Results Program. Cancer stat facts: Pancreatic Cancer. 

https://doi.org/10.3322/caac.21763
https://doi.org/10.3322/caac.21763
https://pubmed.ncbi.nlm.nih.gov/36633525
https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/colorect.html
https://doi.org/10.1093/annonc/mdp130
https://doi.org/10.1093/annonc/mdp130
https://pubmed.ncbi.nlm.nih.gov/19454465
https://doi.org/10.3322/caac.21708
https://doi.org/10.3322/caac.21708
https://pubmed.ncbi.nlm.nih.gov/35020204


Oncotarget442www.oncotarget.com

Accessed February, 2023. https://seer.cancer.gov/statfacts/
html/pancreas.html.

 6. Giovannetti E, van der Borden CL, Frampton AE, Ali 
A, Firuzi O, Peters GJ. Never let it go: Stopping key 
mechanisms underlying metastasis to fight pancreatic 
cancer. Semin Cancer Biol. 2017; 44:43–59. https://doi.
org/10.1016/j.semcancer.2017.04.006. [PubMed]

 7. Zhang L, Jin R, Yang X, Ying D. A population-based 
study of synchronous distant metastases and prognosis in 
patients with PDAC at initial diagnosis. Front Oncol. 2023; 
13:1087700. https://doi.org/10.3389/fonc.2023.1087700. 
[PubMed]

 8. Wang YH, Dong YY, Wang WM, Xie XY, Wang ZM, 
Chen RX, Chen J, Gao DM, Cui JF, Ren ZG. Vascular 
endothelial cells facilitated HCC invasion and metastasis 
through the Akt and NF-κB pathways induced by paracrine 
cytokines. J Exp Clin Cancer Res. 2013; 32:51. https://doi.
org/10.1186/1756-9966-32-51. [PubMed]

 9. Lathia JD, Mack SC, Mulkearns-Hubert EE, Valentim CL, 
Rich JN. Cancer stem cells in glioblastoma. Genes Dev. 
2015; 29:1203–17. https://doi.org/10.1101/gad.261982.115. 
[PubMed]

10. Mielgo A, Schmid MC. Liver Tropism in Cancer: The 
Hepatic Metastatic Niche. Cold Spring Harb Perspect Med. 
2020; 10:a037259. https://doi.org/10.1101/cshperspect.
a037259. [PubMed]

11. Siebenhüner AR, Güller U, Warschkow R. Population-based 
SEER analysis of survival in colorectal cancer patients with 
or without resection of lung and liver metastases. BMC 
Cancer. 2020; 20:246. https://doi.org/10.1186/s12885-020-
6710-1. [PubMed]

12. Ryan DP, Hong TS, Bardeesy N. Pancreatic 
adenocarcinoma. N Engl J Med. 2014; 371:2140–41. 
https://doi.org/10.1056/NEJMc1412266. [PubMed]

13. Gracia-Sancho J, Caparrós E, Fernández-Iglesias A, Francés 
R. Role of liver sinusoidal endothelial cells in liver diseases. 
Nat Rev Gastroenterol Hepatol. 2021; 18:411–31. https://
doi.org/10.1038/s41575-020-00411-3. [PubMed]

14. Terai M, Mastrangleo M, Sato T. Immunological 
aspect of the liver and metastatic uveal melanoma. J 
Cancer Metastasis Treat. 2017; 3:231–43. https://doi.
org/10.20517/2394-4722.2017.39.

15. Inverso D, Shi J, Lee KH, Jakab M, Ben-Moshe S, 
Kulkarni SR, Schneider M, Wang G, Komeili M, Vélez 
PA, Riedel M, Spegg C, Ruppert T, et al. A spatial vascular 
transcriptomic, proteomic, and phosphoproteomic atlas 
unveils an angiocrine Tie-Wnt signaling axis in the liver. 
Dev Cell. 2021; 56:1677–93.e10. https://doi.org/10.1016/j.
devcel.2021.05.001. [PubMed]

16. Wang R, Bhattacharya R, Ye X, Fan F, Boulbes DR, Ellis 
LM. Endothelial Cells Promote Colorectal Cancer Cell 
Survival by Activating the HER3-AKT Pathway in a 
Paracrine Fashion. Mol Cancer Res. 2019; 17:20–29. https://
doi.org/10.1158/1541-7786.MCR-18-0341. [PubMed]

17. Imamura Y, Lochhead P, Yamauchi M, Kuchiba A, Qian 
ZR, Liao X, Nishihara R, Jung S, Wu K, Nosho K, Wang 
YE, Peng S, Bass AJ, et al. Analyses of clinicopathological, 
molecular, and prognostic associations of KRAS codon 61 
and codon 146 mutations in colorectal cancer: cohort study 
and literature review. Mol Cancer. 2014; 13:135. https://doi.
org/10.1186/1476-4598-13-135. [PubMed]

18. van ‘t Erve I, Wesdorp NJ, Medina JE, Ferreira L, Leal A, 
Huiskens J, Bolhuis K, van Waesberghe JTM, Swijnenburg 
RJ, van den Broek D, Velculescu VE, Kazemier G, Punt 
CJA, et al. KRAS A146 Mutations Are Associated With 
Distinct Clinical Behavior in Patients With Colorectal Liver 
Metastases. JCO Precis Oncol. 2021; 5:PO2100223. https://
doi.org/10.1200/PO.21.00223. [PubMed]

19. Therkildsen C, Bergmann TK, Henrichsen-Schnack T, 
Ladelund S, Nilbert M. The predictive value of KRAS, 
NRAS, BRAF, PIK3CA and PTEN for anti-EGFR treatment 
in metastatic colorectal cancer: A systematic review and 
meta-analysis. Acta Oncol. 2014; 53:852–64. https://doi.or
g/10.3109/0284186X.2014.895036. [PubMed]

20. Rathore M, Zhang W, Wright M, Bhattacharya R, Fan F, 
Vaziri-Gohar A, Winter J, Wang Z, Markowitz SD, Willis 
J, Ellis LM, Wang R. Liver Endothelium Promotes HER3-
Mediated Cell Survival in Colorectal Cancer with Wild-
Type and Mutant KRAS. Mol Cancer Res. 2022; 20:996–
1008. https://doi.org/10.1158/1541-7786.MCR-21-0633. 
[PubMed]

21. Rathore M, Zhang W, Wright M, Zarei M, Vaziri-Gohar A, 
Hajihassani O, Abbas A, Feng H, Brody J, Markowitz SD, 
Winter J, Wang R. Liver Endothelium Microenvironment 
Promotes HER3-mediated Cell Growth in Pancreatic Ductal 
Adenocarcinoma. J Cancer Sci Clin Ther. 2022; 6:431–45. 
https://doi.org/10.26502/jcsct.5079182. [PubMed]

22. Haikala HM, Jänne PA. Thirty Years of HER3: From Basic 
Biology to Therapeutic Interventions. Clin Cancer Res. 
2021; 27:3528–39. https://doi.org/10.1158/1078-0432.CCR-
20-4465. [PubMed]

23. Mishra R, Patel H, Alanazi S, Yuan L, Garrett JT. HER3 
signaling and targeted therapy in cancer. Oncol Rev. 2018; 
12:355. https://doi.org/10.4081/oncol.2018.355. [PubMed]

24. Collins D, Jacob W, Cejalvo JM, Ceppi M, James 
I, Hasmann M, Crown J, Cervantes A, Weisser M, 
Bossenmaier B. Direct estrogen receptor (ER) / HER 
family crosstalk mediating sensitivity to lumretuzumab 
and pertuzumab in ER+ breast cancer. PLoS One. 
2017; 12:e0177331. https://doi.org/10.1371/journal.
pone.0177331. [PubMed]

25. Hong M, Yoo Y, Kim M, Kim JY, Cha JS, Choi MK, 
Kim U, Kim K, Sohn Y, Bae D, Cho HS, Hong SB. A 
Novel Therapeutic Anti-ErbB3, ISU104 Exhibits Potent 
Antitumorigenic Activity by Inhibiting Ligand Binding 
and ErbB3 Heterodimerization. Mol Cancer Ther. 2021; 
20:1142–52. https://doi.org/10.1158/1535-7163.MCT-20-
0907. [PubMed]

https://seer.cancer.gov/statfacts/html/pancreas.html
https://seer.cancer.gov/statfacts/html/pancreas.html
https://doi.org/10.1016/j.semcancer.2017.04.006
https://doi.org/10.1016/j.semcancer.2017.04.006
https://pubmed.ncbi.nlm.nih.gov/28438662
https://doi.org/10.3389/fonc.2023.1087700
https://pubmed.ncbi.nlm.nih.gov/36776324
https://doi.org/10.1186/1756-9966-32-51
https://doi.org/10.1186/1756-9966-32-51
https://pubmed.ncbi.nlm.nih.gov/23941552
https://doi.org/10.1101/gad.261982.115
https://pubmed.ncbi.nlm.nih.gov/26109046
https://doi.org/10.1101/cshperspect.a037259
https://doi.org/10.1101/cshperspect.a037259
https://pubmed.ncbi.nlm.nih.gov/31548227
https://doi.org/10.1186/s12885-020-6710-1
https://doi.org/10.1186/s12885-020-6710-1
https://pubmed.ncbi.nlm.nih.gov/32293337
https://doi.org/10.1056/NEJMc1412266
https://pubmed.ncbi.nlm.nih.gov/25427123
https://doi.org/10.1038/s41575-020-00411-3
https://doi.org/10.1038/s41575-020-00411-3
https://pubmed.ncbi.nlm.nih.gov/33589830
https://doi.org/10.20517/2394-4722.2017.39
https://doi.org/10.20517/2394-4722.2017.39
https://doi.org/10.1016/j.devcel.2021.05.001
https://doi.org/10.1016/j.devcel.2021.05.001
https://pubmed.ncbi.nlm.nih.gov/34038707
https://doi.org/10.1158/1541-7786.MCR-18-0341
https://doi.org/10.1158/1541-7786.MCR-18-0341
https://pubmed.ncbi.nlm.nih.gov/30131447
https://doi.org/10.1186/1476-4598-13-135
https://doi.org/10.1186/1476-4598-13-135
https://pubmed.ncbi.nlm.nih.gov/24885062
https://doi.org/10.1200/PO.21.00223
https://doi.org/10.1200/PO.21.00223
https://pubmed.ncbi.nlm.nih.gov/34820593
https://doi.org/10.3109/0284186X.2014.895036
https://doi.org/10.3109/0284186X.2014.895036
https://pubmed.ncbi.nlm.nih.gov/24666267
https://doi.org/10.1158/1541-7786.MCR-21-0633
https://pubmed.ncbi.nlm.nih.gov/35276002
https://doi.org/10.26502/jcsct.5079182
https://pubmed.ncbi.nlm.nih.gov/36644317
https://doi.org/10.1158/1078-0432.CCR-20-4465
https://doi.org/10.1158/1078-0432.CCR-20-4465
https://pubmed.ncbi.nlm.nih.gov/33608318
https://doi.org/10.4081/oncol.2018.355
https://pubmed.ncbi.nlm.nih.gov/30057690
https://doi.org/10.1371/journal.pone.0177331
https://doi.org/10.1371/journal.pone.0177331
https://pubmed.ncbi.nlm.nih.gov/28493933
https://doi.org/10.1158/1535-7163.MCT-20-0907
https://doi.org/10.1158/1535-7163.MCT-20-0907
https://pubmed.ncbi.nlm.nih.gov/33782100


Oncotarget443www.oncotarget.com

26. Yonesaka K, Hirotani K, Kawakami H, Takeda M, Kaneda 
H, Sakai K, Okamoto I, Nishio K, Jänne PA, Nakagawa 
K. Anti-HER3 monoclonal antibody patritumab sensitizes 
refractory non-small cell lung cancer to the epidermal 
growth factor receptor inhibitor erlotinib. Oncogene. 
2016; 35:878–86. https://doi.org/10.1038/onc.2015.142. 
[PubMed]

27. Sequist LV, Gray JE, Harb WA, Lopez-Chavez A, 
Doebele RC, Modiano MR, Jackman DM, Baggstrom 
MQ, Atmaca A, Felip E, Provencio M, Cobo M, 
Adiwijaya B, et al. Randomized Phase II Trial of 
Seribantumab in Combination with Erlotinib in Patients 
with EGFR Wild-Type Non-Small Cell Lung Cancer. 
Oncologist. 2019; 24:1095–102. https://doi.org/10.1634/
theoncologist.2018-0695. [PubMed]

28. Liu JF, Ray-Coquard I, Selle F, Poveda AM, Cibula D, Hirte 
H, Hilpert F, Raspagliesi F, Gladieff L, Harter P, Siena S, 
Del Campo JM, Tabah-Fisch I, et al. Randomized Phase II 
Trial of Seribantumab in Combination With Paclitaxel in 
Patients With Advanced Platinum-Resistant or -Refractory 
Ovarian Cancer. J Clin Oncol. 2016; 34:4345–53. https://
doi.org/10.1200/JCO.2016.67.1891. [PubMed]

29. Li Q, Zhang L, Li X, Yan H, Yang L, Li Y, Li T, Wang J, 
Cao B. The prognostic significance of human epidermal 
growth factor receptor family protein expression in 
operable pancreatic cancer : HER1-4 protein expression 
and prognosis in pancreatic cancer. BMC Cancer. 2016; 
16:910. https://doi.org/10.1186/s12885-016-2889-6. 
[PubMed]

30. Camblin AJ, Pace EA, Adams S, Curley MD, Rimkunas 
V, Nie L, Tan G, Bloom T, Iadevaia S, Baum J, Minx 
C, Czibere A, Louis CU, et al. Dual Inhibition of IGF-
1R and ErbB3 Enhances the Activity of Gemcitabine 
and Nab-Paclitaxel in Preclinical Models of Pancreatic 
Cancer. Clin Cancer Res. 2018; 24:2873–85. https://doi.
org/10.1158/1078-0432.CCR-17-2262. [PubMed]

31. Aguirre AJ. Oncogenic NRG1 Fusions: A New Hope for 
Targeted Therapy in Pancreatic Cancer. Clin Cancer Res. 
2019; 25:4589–91. https://doi.org/10.1158/1078-0432.CCR-
19-1280. [PubMed]

32. Jonna S, Feldman RA, Swensen J, Gatalica Z, Korn WM, 
Borghaei H, Ma PC, Nieva JJ, Spira AI, Vanderwalde 
AM, Wozniak AJ, Kim ES, Liu SV. Detection of NRG1 
Gene Fusions in Solid Tumors. Clin Cancer Res. 2019; 
25:4966–72. https://doi.org/10.1158/1078-0432.CCR-19-
0160. [PubMed]

33. Drilon A, Somwar R, Mangatt BP, Edgren H, Desmeules P, 
Ruusulehto A, Smith RS, Delasos L, Vojnic M, Plodkowski 
AJ, Sabari J, Ng K, Montecalvo J, et al. Response to 
ERBB3-Directed Targeted Therapy in NRG1-Rearranged 

Cancers. Cancer Discov. 2018; 8:686–95. https://doi.
org/10.1158/2159-8290.CD-17-1004. [PubMed]

34. Finigan JH, Faress JA, Wilkinson E, Mishra RS, Nethery 
DE, Wyler D, Shatat M, Ware LB, Matthay MA, Mason 
R, Silver RF, Kern JA. Neuregulin-1-human epidermal 
receptor-2 signaling is a central regulator of pulmonary 
epithelial permeability and acute lung injury. J Biol 
Chem. 2011; 286:10660–70. https://doi.org/10.1074/jbc.
M110.208041. [PubMed]

35. Rathore MG, Zhang W, Wright Ml, Winter J, Li Y, Wang Z, 
Wang R. Abstract 3177: Liver endothelium secreted LRG1 
is a novel ligand of HER3 to promote metastatic colorectal 
cancer growth. Cancer Research. 2022; 82:3177. https://doi.
org/10.1158/1538-7445.Am2022-3177.

36. Schoeberl B, Kudla A, Masson K, Kalra A, Curley M, 
Finn G, Pace E, Harms B, Kim J, Kearns J, Fulgham A, 
Burenkova O, Grantcharova V, et al. Systems biology 
driving drug development: from design to the clinical 
testing of the anti-ErbB3 antibody seribantumab (MM-121). 
NPJ Syst Biol Appl. 2017; 3:16034. https://doi.org/10.1038/
npjsba.2016.34. [PubMed]

37. Romaniello D, Marrocco I, Belugali Nataraj N, Ferrer I, 
Drago-Garcia D, Vaknin I, Oren R, Lindzen M, Ghosh 
S, Kreitman M, Kittel JC, Gaborit N, Bergado Baez G, 
et al. Targeting HER3, a Catalytically Defective Receptor 
Tyrosine Kinase, Prevents Resistance of Lung Cancer to a 
Third-Generation EGFR Kinase Inhibitor. Cancers (Basel). 
2020; 12:2394. https://doi.org/10.3390/cancers12092394. 
[PubMed]

38. Schlam I, Tarantino P, Tolaney SM. Overcoming Resistance to 
HER2-Directed Therapies in Breast Cancer. Cancers (Basel). 
2022; 14:3996. https://doi.org/10.3390/cancers14163996. 
[PubMed]

39. Narayan M, Wilken JA, Harris LN, Baron AT, Kimbler KD, 
Maihle NJ. Trastuzumab-induced HER reprogramming 
in “resistant” breast carcinoma cells. Cancer Res. 2009; 
69:2191–94. https://doi.org/10.1158/0008-5472.CAN-08-
1056. [PubMed]

40. Lu Y, Shimizu S, Sawamura R, Tajima N, He L, Lee 
M, Abutarif M, Shi R. Population Pharmacokinetics of 
Patritumab Deruxtecan in Patients With Solid Tumors. 
J Clin Pharmacol. 2023; 63:77–90. https://doi.org/10.1002/
jcph.2137. [PubMed]

41. Weng W, Meng T, Zhao Q, Shen Y, Fu G, Shi J, Zhang 
Y, Wang Z, Wang M, Pan R, Ma L, Chen C, Wang L, 
et al. Antibody-Exatecan Conjugates with a Novel Self-
immolative Moiety Overcome Resistance in Colon and 
Lung Cancer. Cancer Discov. 2023; 13:950–73. https://doi.
org/10.1158/2159-8290.CD-22-1368. [PubMed]

https://doi.org/10.1038/onc.2015.142
https://pubmed.ncbi.nlm.nih.gov/25961915
https://doi.org/10.1634/theoncologist.2018-0695
https://doi.org/10.1634/theoncologist.2018-0695
https://pubmed.ncbi.nlm.nih.gov/30975923
https://doi.org/10.1200/JCO.2016.67.1891
https://doi.org/10.1200/JCO.2016.67.1891
https://pubmed.ncbi.nlm.nih.gov/27998236
https://doi.org/10.1186/s12885-016-2889-6
https://pubmed.ncbi.nlm.nih.gov/27871278
https://doi.org/10.1158/1078-0432.CCR-17-2262
https://doi.org/10.1158/1078-0432.CCR-17-2262
https://pubmed.ncbi.nlm.nih.gov/29549161
https://doi.org/10.1158/1078-0432.CCR-19-1280
https://doi.org/10.1158/1078-0432.CCR-19-1280
https://pubmed.ncbi.nlm.nih.gov/31164372
https://doi.org/10.1158/1078-0432.CCR-19-0160
https://doi.org/10.1158/1078-0432.CCR-19-0160
https://pubmed.ncbi.nlm.nih.gov/30988082
https://doi.org/10.1158/2159-8290.CD-17-1004
https://doi.org/10.1158/2159-8290.CD-17-1004
https://pubmed.ncbi.nlm.nih.gov/29610121
https://doi.org/10.1074/jbc.M110.208041
https://doi.org/10.1074/jbc.M110.208041
https://pubmed.ncbi.nlm.nih.gov/21247898
https://doi.org/10.1158/1538-7445.Am2022-3177
https://doi.org/10.1158/1538-7445.Am2022-3177
https://doi.org/10.1038/npjsba.2016.34
https://doi.org/10.1038/npjsba.2016.34
https://pubmed.ncbi.nlm.nih.gov/28725482
https://doi.org/10.3390/cancers12092394
https://pubmed.ncbi.nlm.nih.gov/32847130
https://doi.org/10.3390/cancers14163996
https://pubmed.ncbi.nlm.nih.gov/36010990
https://doi.org/10.1158/0008-5472.CAN-08-1056
https://doi.org/10.1158/0008-5472.CAN-08-1056
https://pubmed.ncbi.nlm.nih.gov/19276389
https://doi.org/10.1002/jcph.2137
https://doi.org/10.1002/jcph.2137
https://pubmed.ncbi.nlm.nih.gov/36053771
https://doi.org/10.1158/2159-8290.CD-22-1368
https://doi.org/10.1158/2159-8290.CD-22-1368
https://pubmed.ncbi.nlm.nih.gov/36693125

