
Oncoscience73www.oncoscience.us

www.oncoscience.us Oncoscience, Vol. 7 (9-10), September 2020

Does the natural product, honokiol, have value in the battle 
against osimertinib resistance?
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Worldwide, lung cancer is the leading cause of 
cancer deaths. The invention of epidermal growth factor 
receptor-tyrosine kinase inhibitors (EGFR-TKIs) have 
revolutionized treatment for non-small cell lung cancer 
(NSCLC) patients with activating EGFR mutations. 
EGFR-TKIs are the first targeted therapy available for 
lung cancer, and show improvement over chemotherapy 
as a first-line treatment [1]. Unfortunately, the 
emergence of acquired resistance limits long-term 
benefits for patients. Resistance to early generations of 
EGFR-TKIs are predominately due to the appearance 
of the T790M resistance mutation, which accounts for 
41-62% of relapse cases [1]. Third-generation EGFR-
TKIs, such as osimertinib (AZD9291/TAGRISSOTM), 
were developed to target the acquired T790M mutation 
and the common activated mutations, such as 19del and 
L858R, while limiting activity against wild-type EGFR. 
Osimertinib is now approved as a second line treatment 
after acquired resistance to earlier EGFR-TKIs due 
to the T790 mutation, and as a first line treatment for 
NSCLC patients with the common activated EGFR 
mutations. It shows improved progression-free survival 
compared to earlier generation EGFR-TKIs [2] with the 
advantage of significantly improving overall survival 
[3]. However, acquired resistance to osimertinib has 
also emerged. On average, patients relapsed after 18.9 
months when using osimertinib as a first-line treatment, 
and 10.1 months when used as a second-line treatment 
[2, 4]. Therefore, it is imperative to develop novel 
strategies to overcome osimertinib acquired resistance 
and increase patient survival and quality of life.

Many current cancer treatments are derived 
from or made to mimic natural products that have 
been used as traditional medicine for centuries [5]. 
Honokiol (HNK) is a compound found in the leaves 
and bark of Magnolia trees [5]. HNK has been used in 
traditional Chinese and Japanese medicine for a variety 
of issues, including gastrointestinal disorders, strokes, 

allergies, anxiety and depression [5]. HNK has a range 
of biological activity, including anti-oxidative, anti-
inflammatory, and anti-microbial effects [5]. Preclinical 
studies have demonstrated that HNK has antitumor 
effects on several human cancers, including lung, breast, 
prostate, colon, skin, and gall bladder [5]. 

Our recent study has shown that HNK and its 
derivatives possess promising activity in overcoming 
osimertinib acquired resistance in a preclinical 
setting [6]. In this study, the combination of HNK and 
osimertinib synergistically decreased survival and 
colony formation in osimertinib-resistant cell lines 
with different resistance mechanisms. The combination 
also significantly enhanced induction of apoptosis 
compared to each agent alone. Therefore, it is apparent 
that HNK re-sensitizes osimertinib-resistant cell lines 
to osimertinib. The combination facilitated degradation 
of Mcl-1, resulting in effective reduction of Mcl-1 levels 
in different osimertinib-resistant cell lines. Enforced 
expression of ectopic Mcl-1 in an osimertinib-resistant 
cell line compromised the ability of osimertinib and 
HNK combination to enhance induction of apoptosis. It 
appears that Mcl-1 reduction is an important mechanism 
accounting for enhanced induction of apoptosis by 
the combination in osimertinib-resistant cells. Bim 
elevation may also play a role in mediating induction 
of apoptosis by the combination in some resistant cell 
lines, since Bim levels were increased in one of the 
tested cell lines by the combination. Additionally, Bim 
knockout in this cell line significantly reduced cell 
response to the combination. Beyond these in vitro 
findings, the combination of HNK and osimertinib also 
effectively inhibited the growth of osimertinib-resistant 
tumors in vivo, causing smaller tumor size and weight 
compared to vehicle controls or single agent treatment. 
The combination did not decrease the body weight of 
mice, indicating that this combination is well-tolerated 
by the mice.
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As a natural product, HNK has been used as 
a nutritional supplement in humans; therefore, it is 
well-tolerated and safe [7]. Acquired C797S mutation 
is now a defined mechanism for the emergence of 
acquired resistance to osimertinib and accounts for 
20-30% of resistant cases when osimertinib is used 
as a second-line treatment [8]. There are no effective 
options for the treatment of resistant tumors with triple 
mutations of EGFR at 19del, T790M and C797S. The 
intriguing finding in our study is that the HNK and 
osimertinib combination is effective against the growth 
of osimertinib-resistant tumors harboring EGFR 19del, 
T790M and C797S triple mutations. Approximately 33% 
of patients with EGFR-mutant NSCLC develop brain 
metastasis [9], which is the main cause of mortality 
in this population. While osimertinib has improved 
efficacy against brain metastases [10], another valuable 
feature of HNK is that it can readily cross the blood-
brain barrier and the blood-cerebrospinal fluid barrier 
[11], making it a suitable candidate for combining with 
osimertinib. Hence, HNK has unique features to meet 
the urgent clinical need of overcoming osimertinib 
resistance.

One potential drawback or concern regarding the 
use of natural products is their relatively weak biological 
activities. In our study, we have shown that CAz-p, a 
derivative of HNK, exerted similar effects as HNK in 
decreasing the survival and enhancing the induction 
of apoptosis of several osimertinib-resistant cell lines, 
including one with EGFR triple mutations, at a much 
lower concentration range than HNK. Therefore, it is 
possible to use HNK and CAz-p as lead compounds 
for developing novel agents with optimized efficacy 
and pharmacological characteristics to overcome 
osimertinib acquired resistance.

Our findings have identified HNK and its 
derivatives as potential candidates for overcoming 
acquired resistance to osimertinib caused by varied 
mechanisms such as C797S mutation, providing strong 
preclinical support for testing this potential strategy 
for overcoming acquired osimertinib resistance in the 
clinic. Further studies to fully understand the underlying 
molecular mechanisms and to develop HNK derivatives 
that can overcome osimertinib acquired resistance are 
thus warranted.

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interest.

REFERENCES

1.	 Zhang H. Osimertinib making a breakthrough in lung cancer 
targeted therapy. OncoTargets Ther. 2016; 9:5489–93. 
https://doi.org/10.2147/OTT.S114722.

2.	 Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, 
Chewaskulyong B, Lee KH, Dechaphunkul A, Imamura 
F, Nogami N, Kurata T, Okamoto I, Zhou C, Cho BC, et 
al, and FLAURA Investigators. Osimertinib in Untreated 
EGFR-Mutated Advanced Non-Small-Cell Lung Cancer. 
N Engl J Med. 2018; 378:113–25. https://doi.org/10.1056/
NEJMoa1713137. PMID:29151359

3.	 Ramalingam SS, Vansteenkiste J, Planchard D, Cho BC, 
Gray JE, Ohe Y, Zhou C, Reungwetwattana T, Cheng Y, 
Chewaskulyong B, Shah R, Cobo M, Lee KH, et al, and 
FLAURA Investigators. Overall Survival with Osimertinib 
in Untreated, EGFR-Mutated Advanced NSCLC. N 
Engl J Med. 2020; 382:41–50. https://doi.org/10.1056/
NEJMoa1913662. PMID:31751012

4.	 Mok TS, Wu YL, Ahn MJ, Garassino MC, Kim HR, 
Ramalingam SS, Shepherd FA, He Y, Akamatsu H, Theelen 
WS, Lee CK, Sebastian M, Templeton A, et al, and AURA3 
Investigators. Osimertinib or Platinum-Pemetrexed in 
EGFR T790M-Positive Lung Cancer. N Engl J Med. 2017; 
376:629–40. https://doi.org/10.1056/NEJMoa1612674. 
PMID:27959700

5.	 Banik K, Ranaware AM, Deshpande V, Nalawade SP, 
Padmavathi G, Bordoloi D, Sailo BL, Shanmugam MK, 

Figure 1: Schematic summary of HNK and osimertinib 
combination against osimertinib resistance. 

https://doi.org/10.2147/OTT.S114722
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1056/NEJMoa1713137
https://pubmed.ncbi.nlm.nih.gov/29151359
https://doi.org/10.1056/NEJMoa1913662
https://doi.org/10.1056/NEJMoa1913662
https://pubmed.ncbi.nlm.nih.gov/31751012
https://doi.org/10.1056/NEJMoa1612674
https://pubmed.ncbi.nlm.nih.gov/27959700


Oncoscience75www.oncoscience.us

Fan L, Arfuso F, Sethi G, Kunnumakkara AB. Honokiol 
for cancer therapeutics: A traditional medicine that can 
modulate multiple oncogenic targets. Pharmacol Res. 2019; 
144:192–209. https://doi.org/10.1016/j.phrs.2019.04.004. 
PMID:31002949

6.	 Zang H, Qian G, Arbiser J, Owonikoko TK, Ramalingam 
SS, Fan S, Sun SY. Overcoming acquired resistance of 
EGFR-mutant NSCLC cells to the third generation EGFR 
inhibitor, osimertinib, with the natural product honokiol. 
Mol Oncol. 2020; 14:882–95. https://doi.org/10.1002/1878-
0261.12645. PMID:32003107

7.	 Sarrica A, Kirika N, Romeo M, Salmona M, 
Diomede L. Safety and Toxicology of Magnolol and 
Honokiol. Planta Med. 2018; 84:1151–64. https://doi.
org/10.1055/a-0642-1966. PMID:29925102

8.	 Murtuza A, Bulbul A, Shen JP, Keshavarzian P, Woodward 
BD, Lopez-Diaz FJ, Lippman SM, Husain H. Novel Third-
Generation EGFR Tyrosine Kinase Inhibitors and Strategies 
to Overcome Therapeutic Resistance in Lung Cancer. Cancer 
Res. 2019; 79:689–98. https://doi.org/10.1158/0008-5472.
CAN-18-1281. PMID:30718357

9.	 Franchino F, Rudà R, Soffietti R. Mechanisms and Therapy 
for Cancer Metastasis to the Brain. Front Oncol. 2018; 8:161. 
https://doi.org/10.3389/fonc.2018.00161. PMID:29881714

10.	 Le T, Gerber D. Newer-Generation EGFR Inhibitors in Lung 
Cancer: How Are They Best Used? Cancers (Basel). 2019; 
11:366. https://doi.org/10.3390/cancers11030366.

11.	 Wang X, Duan X, Yang G, Zhang X, Deng L, Zheng H, 
Deng C, Wen J, Wang N, Peng C, Zhao X, Wei Y, Chen 
L. Honokiol crosses BBB and BCSFB, and inhibits brain 
tumor growth in rat 9L intracerebral gliosarcoma model and 
human U251 xenograft glioma model. PLoS One. 2011; 
6:e18490. https://doi.org/10.1371/journal.pone.0018490. 
PMID:21559510

https://doi.org/10.1016/j.phrs.2019.04.004
https://pubmed.ncbi.nlm.nih.gov/31002949
https://doi.org/10.1002/1878-0261.12645
https://doi.org/10.1002/1878-0261.12645
https://pubmed.ncbi.nlm.nih.gov/32003107
https://doi.org/10.1055/a-0642-1966
https://doi.org/10.1055/a-0642-1966
https://pubmed.ncbi.nlm.nih.gov/29925102
https://doi.org/10.1158/0008-5472.CAN-18-1281
https://doi.org/10.1158/0008-5472.CAN-18-1281
https://pubmed.ncbi.nlm.nih.gov/30718357
https://doi.org/10.3389/fonc.2018.00161
https://pubmed.ncbi.nlm.nih.gov/29881714
https://doi.org/10.3390/cancers11030366
https://doi.org/10.1371/journal.pone.0018490
https://pubmed.ncbi.nlm.nih.gov/21559510

