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ABSTRACT
Metastatic cholangiocarcinoma (CCA) has poor prognosis. Chemotherapy in this indication demonstrated a limited 

benefit. Adding immunotherapy to standard chemotherapy is associated with an increase in median progressio.-

free survival (mPFS) and increase in the response rate. An interesting therapeutic option for patients who have 

experienced progression during first line of treatment are targeted therapies. It is estimated that in over 50% of 

patients with CCA molecular tests based on next-generation sequencing (NGS) make it possible to identify genomic 

disorders, potentially enabling the use of targeted treatment. The most frequently reported disorders are fusions in 

the gene encoding fibroblast growth factor receptor 2 (FGFR2) and mutations in the IDH1 gene encoding isocitrate 

dehydrogenase (IDH). Ivosidenib is an oral reversible inhibitor of the abnormal form of IDH1 enzyme. The use of 

ivosidenib in patients with CCA and the IDH1 gene mutation after failure of previous therapy was evaluated in a phase 

III ClarIDHy study. The results of the trial confirmed its beneficial effect in terms of both PFS and overall survival (OS).
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Cholangiocarcinoma (CCA) includes a heterogene-
ous group of tumors originating from cells of intra- or 
extrahepatic bile ducts. The incidence of this cancer in 
Europe is estimated at 0.5/100 000 to 3.4/100 000 [1]. 
Extrahepatic bile duct tumors, due to their location, in-
clude perihilar CCA (perihilar eCCA, so-called Klatskin 
tumor) accounting for 50 to 70% of cases, and periph-
eral tumors (distal eCCA) diagnosed in 30–40% of 
patients. On the other hand, intrahepatic CCA (iCCA) 
is diagnosed in about 10% of patients [2]. The majority 
(60–70%) of tumors originating from the biliary tract 
are diagnosed in the local stage, without the possibility 
of radical resection, or in the metastatic stage. Median 
overall survival (mOS) in this group of patients usually 
does not exceed 12 to 15 months [3]. A possibility of sur-
gical resection of the primary lesion slightly improves the 
prognosis, as disease recurrence is observed in over 60% 
of patients undergoing primary surgical treatment [4].

Treatment of patients with locally advanced disease 
without the possibility of primary surgical treatment and 
patients in the disseminated stage includes primarily 
systemic therapies and, in selected patients, palliative 
radiotherapy or local treatment [stereotactic radio-
therapy, intra-arterial chemotherapy (IAC)]. A limited 
benefit from the use of chemotherapy in this indication 
was demonstrated, among others, by Glimelius et al. 
[5]. The use of regimens based on the combination of 
5-fluorouracil with leucovorin and etoposide or, in the 
case of elderly patients, 5-fluorouracil with leucovorin, 
led to a slight improvement in the quality of life and 
increased mOS by 3.5 months in relation to patients 
receiving symptomatic treatment alone. The value of 
regimens based on the combination of gemcitabine and 
platinum derivatives has been confirmed, among oth-
ers, in a meta-analysis of 104 studies involving a total of 
2 800 patients diagnosed with CCA [6]. As it was shown, 
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the use of doublet regimens increased the response rate 
and control of tumor growth. Very interesting conclu-
sions can also be drawn from the study by Valle et al. 
[7] analyzing the effect of gemcitabine in combination 
with cisplatin versus gemcitabine alone in patients with 
locally advanced or metastatic CCA or gallbladder 
cancer. A total of 410 patients were included in the 
analysis. Median overall survival in the group of patients 
treated with the doublet regimen was 11.7 months, and 
it was 3.6 months longer than that observed in patients 
receiving gemcitabine monotherapy (8.1 months). The 
use of the combination of gemcitabine and cisplatin 
also led to a 36% reduction in the risk of cancer-related 
death (HR = 0.64; p < 0.001). Tolerability of treatment 
in both groups was similar; only in patients receiving 
the doublet regimen, neutropenia, as a complication of 
systemic treatment, was observed more often.

The introduction of immune checkpoint inhibitors 
anti-CTL4 antibodies, anti-programmed death receptor 
1 (anti-PD1) and anti-programmed cell death ligand 1  
(anti-PD-L1) antibodies  into cancer therapy resulted in 
significant progress in the treatment of many cancers and 
initiated studies assessing the clinical effect and safety of 
immunotherapy in the treatment of patients with advanced 
CCA. One of them was the randomized multicenter 
phase III TOPAZ-1 study evaluating the efficacy and 
safety of chemoimmunotherapy based on a combination 
of doublet chemotherapy (cisplatin plus gemcitabine) with 
durvalumab versus chemotherapy alone in the first line 
of treatment in patients with advanced CCA. A total of 
685 patients were included in the study. As compared to 
chemotherapy alone, the use of chemoimmunotherapy 
led to a 20% reduction in the risk of cancer-related death 
(HR = 0.80; p = 0.021) with a slight increase in mOS 
(12.8 months vs. 11.5 months, respectively). The benefit 
of adding immunotherapy to standard chemotherapy was 
also shown in the increased 2-year survival rate (24.9% 
vs. 10.4%, respectively) [8]. The use of combination 
therapy was also associated with an increase in median 
progression-free survival (mPFS) from 5,7 to 7.2 months 
with significant reduction (25%) in the risk of disease 
progression (HR = 0.75; p = 0.001), and an 8% increase 
in the response rate (26.7% vs. 16.7%) [9]. Importantly, 
the combination of chemotherapy and durvalumab led to 
a therapeutic effect regardless of the presence or absence 
of microsatellite instability and the number of genome 
mutations [10].

As mentioned above, cholangiocarcinomas have 
a poor prognosis, and the vast majority of patients, 
despite first-line treatment, experience disease progres-
sion. In some patients with good performance status or 
with mild organ impairment after first-line treatment, 

the use of regimens based on the combination of 
5-fluorouracil with oxaliplatin or irinotecan in the next 
treatment line may be considered. As demonstrated in 
the ABC-06 study, the use of the FOLFOX regimen 
in the second treatment line, resulted in a 0.9-month 
increase in median overall survival (6.2 vs. 5.3 months, 
respectively) and a 31% reduction in the risk of death 
(HR = 0.69; p = 0.31) as compared to symptomatic 
therapy [11]. The results of irinotecan-based combina-
tion therapies used in the second treatment line were 
comparable to those observed in the group of patients 
receiving the FOLFOX regimen [12, 13]. Interesting 
results were also delivered by the NIFTY study, which 
showed the advantage of the regimen with liposomal 
irinotecan in combination with 5-fluorouracil and leu-
covorin over 5-fluorouracil and leucovorin in terms of 
increase in mPFS (7.1 months vs. 1.4 months, HR = 0.56; 
p = 0.0019) in the Asian population [14].

Another interesting therapeutic option is tar-
geted therapies developed along with molecular 
research characterizing potential therapeutic tar-
gets. Cholangiocarcinoma is a genetically very diverse 
cancer. It is estimated that in over 50% of patients, mo-
lecular tests based on next-generation sequencing (NGS) 
make it possible to identify genomic disorders, poten-
tially enabling the use of targeted treatment [15, 16].  
The most frequently reported disorders are fusions in 
the gene encoding fibroblast growth factor receptor 2 
(FGFR2) and mutations in the IDH1 gene encoding 
isocitrate dehydrogenase (IDH). This enzyme catalyzes 
decarboxylation of isocitrate, resulting in the formation 
of carbon dioxide and alpha-ketoglutarate (a-KG). 
Mutations in the genes encoding IDH1 and IDH2 occur 
in a variety of cancers, particularly frequently in acute 
myeloid leukemias and gliomas. These disorders do not 
deactivate the functions of encoded enzymes but lead 
to gain of new enzymatic activity, e.g. catalyzing the 
reduction of alpha-ketoglutarate to 2-hydroxyglutarate 
(2-HG), present in normal cells in low concentration 
[17]. Increased 2-HG concentration leads to increased 
DNA and histone methylation, genetic instability, im-
paired cell differentiation, and consequently neoplastic 
transformation [18].

Ivosidenib (AG-120) is an oral reversible inhibitor 
of the abnormal form of IDH1 enzyme. The mechanism 
of action of the drug involves inhibiting the enzymatic 
activity of the protein resulting from mutation in the 
IDH1 gene and, consequently, reducing the intracel-
lular concentration of 2-hydroxyglutarate [19]. The 
clinical effect and safety of ivosidenib were assessed in 
a phase I study [20], including 73 patients diagnosed with 
CCA with IDH1 mutation. In this study, ivosidenib was 
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Figure 1. ClarIDHy study — design and endpoints (based on [22]); CCA — cholangiocarcinoma; DoR — duration of response; ECOG PS 
— Eastern Cooperative Oncology Group performance status; EORTC — European Organisation for Research and Treatment of Cancer; 
IDH — isocitrate dehydrogenase;  IRC — independent radiology center; mIDH — mutant isocitrate dehydrogenase; NGS — next-
generation sequencing; ORR — objective response rate; OS — overall survival; PFS — progression-free survival; QD — once daily;  
QLQ-BIL21 — Cholangiocarcinoma and Gallbladder Cancer module; QLQ-C30 — Quality of Life Questionnaire Core 30;  
QoL — quality of life; RECIST — Response Evaluation Criteria in Solid Tumors; TTR — time to response

administered at doses ranging from 200 to 1200 mg/day 
without dose-limiting toxicities. The median time to 
disease progression for the dose of 500 mg/day was 
3.8 months; the 6-month and 12-month progression-free 
survival rates were 40.1% and 21.8%, respectively; 
4 patients (5%) achieved partial remission. Median 
overall survival was 13.8 months. The treatment was 
well tolerated. Common adverse events observed during 
treatment were fatigue (42%), nausea (34%), diarrhea 
(32%), abdominal pain (27%), loss of appetite (27%), 
and vomiting (23%). The most common adverse events 
grade 3 and higher by Common Terminology Criteria 
for Adverse Events (CTCAE) were ascites (5%) and 
anemia (4%). The results of a phase I study led to the 
design of randomized multicenter placebo-controlled 
phase III ClarIDHy study [21, 22] evaluating the ef-
ficacy and safety of ivosidenib in patients with IDH1-
mutated CCA in the second and third lines of systemic 
treatment. The study included 187 patients with good 
performance status [Eastern Cooperative Oncology 
Group (ECOG) 0–1], who had received previously no 
more than 2 lines of gemcitabine or 5-fluorouracil-based 
chemotherapy. Patients were randomly assigned in 
a 2:1 ratio to the ivosidenib (n = 126) or placebo (n = 61) 
arms, and randomization was stratified by the number 
of prior treatment lines. The ClarIDHy study protocol 
allowed for crossover of patients in the placebo group 
to the experimental arm after disease progression. 
Following the results of previous studies, ivosidenib was 

administered in 28-day cycles, in a single daily dose of 
500 mg, and the treatment was continued until disease 
progression or unacceptable or unmanageable toxicity. 
Radiological assessment of therapy effectiveness was 
performed every 6 weeks during the first 48 weeks of 
the treatment, and then every 8 weeks. The primary 
endpoint was PFS assessed using RECIST 1.1 crite-
ria. The secondary endpoints were OS, duration of 
response (DoR), time to response (TTR), and quality 
of life (QoL) (Fig. 1 [22]). Based on the obtained data, 
the use of ivosidenib led to an increase in mPFS by 
1.3 months (2.7 months vs. 1.4 months, respectively) 
and a 63% reduction in the risk of disease progres-
sion as compared to the control arm (HR = 0.37; 
p < 0.0001). The 6-month and 12-month PFS rates were 
32% and 22%, respectively, and none of the patients 
in the control arm achieved PFS at 6 months (Fig. 2 
[22]). Median overall survival was 10.3 months in the 
ivosidenib group and 7.5 months in the control group. 
The increase in mOS was accompanied by a 21% re-
duction in the risk of cancer-related death; however, 
with no statistical significance (HR = 0.79; p = 0.09). 
Taking into account the acceptable crossover of pa-
tients from the control arm to the ivosidenib arm after 
confirmed disease progression, mOS was assessed us-
ing rank preserving structural failure time (RPSFT) 
statistical analysis, based on which mOS in the control 
group was corrected from 7.5 months to 5.1 months 
(HR = 0.49; p < 0.001). Importantly, the benefit of 

Key eligibility criteria

• ≥ 18 years of age
• Histologically confirmed diagnosis 

of CCA 
• Centrally confirmed mIDH1 status by NGS
• ECOG PS score 0 or 1
• 1–2 prior therapies (at least one 

gemcitabine- or 5-fluorouracil-containing 
regimen)

• Measurable lesion as defined by RECIST v 1.1
• Adequate hematologic, hepatic, and renal 

function

• Primary endpoint: PFS by blinded IRC
• Key secondary endpoints: OS, ORR
• Other secondary endpoints: DoR, TTR, QoL assessed using EORTC QLQ-C30, EORTC QLQ-BIL21, safety and tolerability
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• A multicenter, randomized, double-blind, phase III study to evaluate ivosidenib vs. placebo in adult patients with advanced 
CCA with an IDH mutation (February 2017–January 2019)
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ivosidenib treatment was independent of the number 
of previous treatment lines used before study enroll-
ment (Fig. 3 [21]).

Data related to treatment toxicity showed a relatively 
good tolerance of ivosidenib administered in a single 
dose of 500 mg. The most commonly observed adverse 
events were grades 1 and 2 diarrhea, nausea, and fatigue. 

Serious adverse events were experienced by 30% of 
patients treated with ivosidenib and 22% of patients in 
the placebo group. The most frequent grade 3 or higher 
adverse event by CTCAE was ascites, reported in 7% of 
patients in both analyzed groups. Grade 4 by CTCAE 
hyperbilirubinemia, grade 3 by CTCAE cholestatic jaun-
dice, grade 2 by CTCAE QT interval prolongation, and 

Figure 2. Primary endpoint — progression-free survival (PFS) (modified from [22] with permission from Elsevier). All randomized 
patients as of January 31, 2019; CI — confidence interval; HR — hazard ratio; IRC — independent radiology center; NE — not 
estimable; PR — partial response; SD — stable disease 

Figure 3. Overall survival and treatment duration in the intent-to-treat population (modified from [21]). All randomized patients 
as of May 31, 2020; *Patients without documentation of death at the data cutoff date were censored at the date the patient was 
last known to be alive or the data cutoff date, whichever was earlier; adj. — adjusted; CI — confidence interval; HR — hazard 
ratio; OS — overall survival; RPSFT — rank-preserving structural failure time
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grade 3 by CTCAE pleural effusion (1 case each) were 
considered treatment-related. There were 4 (3%) deaths 
reported in the ivosidenib group, due to pneumonia, 
sepsis, intestinal obstruction, and pulmonary embolism 
(1 case each), but none of them were considered by the 
investigators as treatment-related. In the placebo group, 
all deaths were due to disease progression. Dose reduc-
tion and treatment discontinuation due to toxicity were 
required in 4 (3%) and 7 (6%) patients treated with 
ivosidenib, respectively. 

The use of ivosidenib in patients with CCA and the 
IDH1 gene mutation after failure of previous therapy 
seems to be an attractive therapeutic option. This treat-
ment has a relatively good toxicity profile and the results 
of the ClarIDHy study confirmed its beneficial effect in 
terms of both PFS and OS. Patients with advanced CCA 
should be routinely tested for the presence of mutations 
in the IDH1 gene to identify those who may benefit from 
ivosidenib therapy. Questions regarding the sequential 
targeted therapies and the benefits of combining them 
with other forms of anticancer therapies remain open. 

Article Information and Declarations

Author contributions

Authors contributed equally.

Funding

Funded by Servier Polska Sp. z o.o.

Acknowledgments

None.

Conflict of interest

A.C.: declares no conflict of interest. 
T.K.: lecture fees AstraZeneca, Servier, Roche, BMS

Supplementary material

None.

References

1. Banales JM, Cardinale V, Carpino G, et al. Expert consensus docu-
ment: Cholangiocarcinoma: current knowledge and future perspec-
tives consensus statement from the European Network for the Study 
of Cholangiocarcinoma (ENS-CCA). Nat Rev Gastroenterol Hepatol. 
2016; 13(5): 261–280, doi: 10.1038/nrgastro.2016.51, indexed in 
Pubmed: 27095655.

2. Blechacz B, Komuta M, Roskams T, et al. Clinical diagnosis and stag-
ing of cholangiocarcinoma. Nat Rev Gastroenterol Hepatol. 2011; 
8(9): 512–522, doi: 10.1038/nrgastro.2011.131, indexed in Pubmed: 
21808282.

3. Bridgewater J, Galle PR, Khan SA, et al. Guidelines for the diagnosis 
and management of intrahepatic cholangiocarcinoma. J Hepatol. 
2014; 60(6): 1268–1289, doi: 10.1016/j.jhep.2014.01.021, indexed in 
Pubmed: 24681130.

4. Choi SB, Kim KS, Choi JY, et al. The prognosis and survival outcome of 
intrahepatic cholangiocarcinoma following surgical resection: associa-
tion of lymph node metastasis and lymph node dissection with survival. 
Ann Surg Oncol. 2009; 16(11): 3048–3056, doi: 10.1245/s10434-009-
0631-1, indexed in Pubmed: 19626372.

5. Glimelius B, Hoffman K, Sjödén PO, et al. Chemotherapy improves 
survival and quality of life in advanced pancreatic and biliary cancer. 
Ann Oncol. 1996; 7(6): 593–600, doi: 10.1093/oxfordjournals.annonc.
a010676, indexed in Pubmed: 8879373.

6. Eckel F, Schmid RM. Chemotherapy in advanced biliary tract carci-
noma: a pooled analysis of clinical trials. Br J Cancer. 2007; 96(6): 
896–902, doi: 10.1038/sj.bjc.6603648, indexed in Pubmed: 17325704.

7. Valle J, Wasan H, Palmer DH, et al. ABC-02 Trial Investigators. Cisplatin 
plus gemcitabine versus gemcitabine for biliary tract cancer. N Engl 
J Med. 2010; 362(14): 1273–1281, doi: 10.1056/NEJMoa0908721, 
indexed in Pubmed: 20375404.

8. Oh DY, He A, Qin S, et al. A phase 3 randomized, double-blind, place-
bo-controlled study of durvalumab in combination with gemcitabine 
plus cisplatin (GemCis) in patients (pts) with advanced biliary tract 
cancer (BTC): TOPAZ-1. J Clin Oncol. 2022; 40(4_suppl): 378–378, 
doi: 10.1200/jco.2022.40.4_suppl.378.

9. Woods E, Le D, Jakka BK, et al. Changing Landscape of Systemic 
Therapy in Biliary Tract Cancer. Cancers (Basel). 2022; 14(9), doi: 
10.3390/cancers14092137, indexed in Pubmed: 35565266.

10. Kang S, El-Rayes BF, Akce M. Evolving Role of Immunotherapy in 
Advanced Biliary Tract Cancers. Cancers (Basel). 2022; 14(7), doi: 
10.3390/cancers14071748, indexed in Pubmed: 35406520.

11. Lamarca A, Palmer DH, Wasan HS, et al. Advanced Biliary Cancer 
Working Group. Second-line FOLFOX chemotherapy versus active 
symptom control for advanced biliary tract cancer (ABC-06): a phase 
3, open-label, randomised, controlled trial. Lancet Oncol. 2021; 22(5): 
690–701, doi: 10.1016/S1470-2045(21)00027-9, indexed in Pubmed: 
33798493.

12. Caparica R, Lengelé A, Bekolo W, et al. FOLFIRI as second-line 
treatment of metastatic biliary tract cancer patients. Autops Case 
Rep. 2019; 9(2): e2019087, doi: 10.4322/acr.2019.087, indexed in 
Pubmed: 31528622.

13. Choi InS, Kim KiH, Lee JuH, et al. A randomised phase II study of 
oxaliplatin/5-FU (mFOLFOX) versus irinotecan/5-FU (mFOLFIRI) 
chemotherapy in locally advanced or metastatic biliary tract cancer 
refractory to first-line gemcitabine/cisplatin chemotherapy. Eur J Can-
cer. 2021; 154: 288–295, doi: 10.1016/j.ejca.2021.06.019, indexed in 
Pubmed: 34303267.

14. Yoo C, Kim KP, Jeong JHo, et al. Liposomal irinotecan plus fluorouracil 
and leucovorin versus fluorouracil and leucovorin for metastatic biliary 
tract cancer after progression on gemcitabine plus cisplatin (NIFTY): 
a multicentre, open-label, randomised, phase 2b study. Lancet On-
col. 2021; 22(11): 1560–1572, doi: 10.1016/S1470-2045(21)00486-1, 
indexed in Pubmed: 34656226.

15. Lowery MA, Ptashkin R, Jordan E, et al. Comprehensive Molecular Pro-
filing of Intrahepatic and Extrahepatic Cholangiocarcinomas: Potential 
Targets for Intervention. Clin Cancer Res. 2018; 24(17): 4154–4161, 
doi: 10.1158/1078-0432.CCR-18-0078, indexed in Pubmed: 29848569.

16. Ross JS, Wang K, Gay L, et al. New routes to targeted therapy of 
intrahepatic cholangiocarcinomas revealed by next-generation se-
quencing. Oncologist. 2014; 19(3): 235–242, doi: 10.1634/theoncolo-
gist.2013-0352, indexed in Pubmed: 24563076.

17. Dang L, White DW, Gross S, et al. Cancer-associated IDH1 mutations 
produce 2-hydroxyglutarate. Nature. 2009; 462(7274): 739–744, doi: 
10.1038/nature08617, indexed in Pubmed: 19935646.

18. Cerchione C, Romano A, Daver N, et al. IDH1/IDH2 Inhibition in 
Acute Myeloid Leukemia. Front Oncol. 2021; 11: 639387, doi: 
10.3389/fonc.2021.639387, indexed in Pubmed: 33898313.

19. Popovici-Muller J, Lemieux RM, Artin E, et al. Discovery of AG-120 
(Ivosidenib): A First-in-Class Mutant IDH1 Inhibitor for the Treatment of 
IDH1 Mutant Cancers. ACS Med Chem Lett. 2018; 9(4): 300–305, doi: 
10.1021/acsmedchemlett.7b00421, indexed in Pubmed: 29670690.

20. Lowery MA, Burris HA, Janku F, et al. Safety and activity of ivosidenib 
in patients with IDH1-mutant advanced cholangiocarcinoma: a phase 
1 study. Lancet Gastroenterol Hepatol. 2019; 4(9): 711–720, doi: 
10.1016/S2468-1253(19)30189-X, indexed in Pubmed: 31300360.

21. Zhu AX, Macarulla T, Javle MM, et al. Final Overall Survival Efficacy 
Results of Ivosidenib for Patients With Advanced Cholangiocarcinoma 
With IDH1 Mutation: The Phase 3 Randomized Clinical ClarIDHy 
Trial. JAMA Oncol. 2021; 7(11): 1669–1677, doi: 10.1001/jamaon-
col.2021.3836, indexed in Pubmed: 34554208.

22. Abou-Alfa GK, Macarulla T, Javle MM, et al. Ivosidenib in IDH1-mutant, 
chemotherapy-refractory cholangiocarcinoma (ClarIDHy): a multicen-
tre, randomised, double-blind, placebo-controlled, phase 3 study. Lan-
cet Oncol. 2020; 21(6): 796–807, doi: 10.1016/S1470-2045(20)30157-1,  
indexed in Pubmed: 32416072.

http://dx.doi.org/10.1038/nrgastro.2016.51
https://www.ncbi.nlm.nih.gov/pubmed/27095655
http://dx.doi.org/10.1038/nrgastro.2011.131
https://www.ncbi.nlm.nih.gov/pubmed/21808282
http://dx.doi.org/10.1016/j.jhep.2014.01.021
https://www.ncbi.nlm.nih.gov/pubmed/24681130
http://dx.doi.org/10.1245/s10434-009-0631-1
http://dx.doi.org/10.1245/s10434-009-0631-1
https://www.ncbi.nlm.nih.gov/pubmed/19626372
http://dx.doi.org/10.1093/oxfordjournals.annonc.a010676
http://dx.doi.org/10.1093/oxfordjournals.annonc.a010676
https://www.ncbi.nlm.nih.gov/pubmed/8879373
http://dx.doi.org/10.1038/sj.bjc.6603648
https://www.ncbi.nlm.nih.gov/pubmed/17325704
http://dx.doi.org/10.1056/NEJMoa0908721
https://www.ncbi.nlm.nih.gov/pubmed/20375404
http://dx.doi.org/10.1200/jco.2022.40.4_suppl.378
http://dx.doi.org/10.3390/cancers14092137
https://www.ncbi.nlm.nih.gov/pubmed/35565266
http://dx.doi.org/10.3390/cancers14071748
https://www.ncbi.nlm.nih.gov/pubmed/35406520
http://dx.doi.org/10.1016/S1470-2045(21)00027-9
https://www.ncbi.nlm.nih.gov/pubmed/33798493
http://dx.doi.org/10.4322/acr.2019.087
https://www.ncbi.nlm.nih.gov/pubmed/31528622
http://dx.doi.org/10.1016/j.ejca.2021.06.019
https://www.ncbi.nlm.nih.gov/pubmed/34303267
http://dx.doi.org/10.1016/S1470-2045(21)00486-1
https://www.ncbi.nlm.nih.gov/pubmed/34656226
http://dx.doi.org/10.1158/1078-0432.CCR-18-0078
https://www.ncbi.nlm.nih.gov/pubmed/29848569
http://dx.doi.org/10.1634/theoncologist.2013-0352
http://dx.doi.org/10.1634/theoncologist.2013-0352
https://www.ncbi.nlm.nih.gov/pubmed/24563076
http://dx.doi.org/10.1038/nature08617
https://www.ncbi.nlm.nih.gov/pubmed/19935646
http://dx.doi.org/10.3389/fonc.2021.639387
https://www.ncbi.nlm.nih.gov/pubmed/33898313
http://dx.doi.org/10.1021/acsmedchemlett.7b00421
https://www.ncbi.nlm.nih.gov/pubmed/29670690
http://dx.doi.org/10.1016/S2468-1253(19)30189-X
https://www.ncbi.nlm.nih.gov/pubmed/31300360
http://dx.doi.org/10.1001/jamaoncol.2021.3836
http://dx.doi.org/10.1001/jamaoncol.2021.3836
https://www.ncbi.nlm.nih.gov/pubmed/34554208
http://dx.doi.org/10.1016/S1470-2045(20)30157-1
https://www.ncbi.nlm.nih.gov/pubmed/32416072

