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Apatinib is a multitarget tyrosine kinase inhibitor marketed in China for the treatment of advanced gastric cancer (GC) and hepatocellular carcinoma (HCC). It has also been used off-label for the treatment of many other malignancies. To comprehensively evaluate the efficacy of apatinib as a targeted therapy in the treatment of malignancies, we conducted systematic online and manual searches of the literature on apatinib in the treatment of malignancies. In this review, we first summarized the efficacy of apatinib against various malignancies based on clinical trials where results have been reported. In prospectively registered trials, apatinib has been proven to be effective against GC, HCC, lung cancer, breast cancer, sarcoma, esophageal cancer, colorectal cancer, ovarian cancer, cervical cancer, cholangiocarcinoma, diffuse large B-cell lymphoma, nasopharyngeal carcinoma, and differentiated thyroid cancer. The response biomarkers for apatinib were also reviewed. This review will serve as a good reference for the application of apatinib in clinical studies and the design of clinical trials.
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Introduction

Apatinib is a multitarget tyrosine kinase inhibitor (TKI) developed by Hengrui Pharmaceutical Company, China. The targets that apatinib can inhibit include VEGFR1 (IC50 = 70 nM), VEGFR2 (1 nM), c-RET (13 nM), c-KIT (429 nM), and c-SRC (530 nM). Current evidence suggests that apatinib has a limited ability to inhibit PDGFRα (IC50 > 1000 nM), EGFR (> 10000 nM), HER-2 (> 10000 nM), and FGFR1 (> 10000 nM) (1).

Apatinib was approved for use in China in 2014 for the treatment of advanced gastric adenocarcinoma or gastroesophageal junction adenocarcinoma that had progressed or relapsed after at least two previous systemic chemotherapy treatments (2). Since then, apatinib has been widely used in China not only for advanced gastric cancer (GC) but also for a wide range of other malignancies in an off-label manner (3). In December 2020, apatinib was approved for increased use in China for the treatment of patients with advanced hepatocellular carcinoma (HCC) who had previously failed or were intolerant to at least one first-line systemic therapy. To date, apatinib has shown promising activity against many malignancies (3, 4). However, no review articles extensively evaluating the efficacy of apatinib as a targeted therapeutic agent for the treatment of malignancies have been published in the past 3 years. Thus, in this review, we first performed systematic online and manual searches of the literature. Next, we summarized the results of all registered clinical trials of apatinib for malignancy treatment and then searched for studies on efficacy markers of apatinib. Finally, based on the review, we have discussed the current problems to be solved in the clinical application of apatinib and the future directions of clinical research.



Efficacy of Apatinib in Different Malignancies

To fully evaluate the efficacy of apatinib as a targeted therapeutic agent in the treatment of malignancies, systematic online searching and hand searching were conducted. The period included for this search was from January 2005 to July 2021. The inclusion criteria were as follows: 1) trials with a registration number; 2) prospective phase I, II, or III clinical trials; 3) trials of apatinib in the treatment of malignancies; and 4) trials with complete data published in open-access magazines. The retrieved literature and clinical trials were classified according to histological type of disease.


GC

GC was the first cancer to be tested when apatinib entered clinical trials (Table 1). Results from one of the earliest phase II trials of apatinib for metastatic GC showed that among 144 patients with metastatic GC who had experienced treatment failure with two or more chemotherapy regimens, those treated with apatinib showed improved progression-free survival (PFS) and overall survival (OS) (5). A subsequent phase III clinical trial showed that for the 267 enrolled patients with advanced gastric or gastroesophageal junction adenocarcinoma, for whom two or more prior lines of chemotherapy had failed, apatinib significantly prolonged median OS (6.5 months for the apatinib group vs 4.7 months for the placebo group) and median PFS (2.6 months for the apatinib group vs 1.8 months for the placebo group) compared with placebo (6). As a result, apatinib was approved for marketing in China in 2014 (2, 15). However, the two clinical trials have attracted criticism and skepticism. These criticisms include: 1) compared with the placebo group, the apatinib group showed limited improvement in survival of GC patients; 2) the analysis of the basic measures was insufficient, and in some of the parameters, there were large differences between the trial and placebo groups; 3) the toxicity analysis was insufficient, considering apatinib was highly toxic at a dose of 850 mg/day (16–19). However, these doubts have not affected the large-scale clinical use of apatinib in patients with advanced GC in China.


Table 1 | Clinical trials on apatinib treatment for GC included in this review.



Subsequent clinical trial results revealed that apatinib showed acceptable efficacy and safety in real-world Chinese patients with metastatic GC (7, 8); low doses of apatinib (250 mg or 500 mg/day) were tolerated by and beneficial to patients with advanced GC who had been heavily treated previously (9), and a lower dose of apatinib achieved comparable OS and PFS with a higher daily dose of apatinib while maintaining better safety (20). Apatinib has been further tested in other therapeutic scenarios. The findings suggested that apatinib combined with paclitaxel-based chemotherapy might be effective and tolerable in patients with chemotherapy-refractory GC (10); apatinib combined with S-1 was not superior to other chemotherapy regimens as first-line therapy for advanced GC (12); apatinib plus neoadjuvant chemotherapy followed by resection in patients with locally advanced gastric adenocarcinoma showed favorable activity and manageable safety (11); apatinib showed promising efficacy and an acceptable safety profile in patients with advanced alpha-fetoprotein-producing GC (13). According to the results of a recent clinical trial, apatinib combined with chemotherapy and PD-1 inhibitor exerted encouraging antitumor activity and manageable toxicity as first-line therapy for patients with advanced or metastatic gastric or gastroesophageal junction adenocarcinoma (14). In general, apatinib is currently considered a third-line or higher-line treatment option for advanced GC in China and is being continuously tested in combination therapies and various treatment scenarios for GC.



HCC

The clinical trials of apatinib for HCC have only been conducted in recent years (Table 2). Results from a clinical trial in 2017 showed that transcatheter arterial chemoembolization (TACE) in combination with apatinib was superior to TACE alone in the long-term treatment of advanced HCC. The combination of TACE with apatinib can prolong the PFS of patients and has confirmed safety (21). In 2020, a phase III clinical trial of apatinib for advanced HCC showed that apatinib significantly improved OS in patients with pretreated advanced HCC compared to placebo (median 8.7 vs. 6.8 months, respectively), with a manageable safety profile (26). This result led to the approval of apatinib by the China Food and Drug Administration in late 2020 as an agent for additional indications in advanced HCC. Other clinical trials also confirmed the efficacy and safety of apatinib in advanced HCC (22, 23). Apatinib combined with a PD-1 inhibitor showed promising efficacy and manageable safety in patients with advanced HCC both in the first- and second-line settings, and apatinib at a dose of 250 mg was recommended as a combination therapy for advanced HCC treatment in further studies (24, 25). Based on the above clinical trial results, apatinib combined with PD-1 inhibitors has the potential to replace apatinib monotherapy in the treatment of advanced HCC (27). With its approval for the treatment of advanced HCC, apatinib will be further studied in the treatment of HCC. At present, the importance of apatinib in the treatment of HCC is significantly superior to its importance in GC treatment.


Table 2 | Clinical trials on apatinib for HCC treatment included in this review.





Lung Cancer

In addition to the two approved indications above, lung cancer is the indication with the largest number of apatinib-related clinical trials (Table 3). In 2018, a phase II clinical trial showed that apatinib had some efficacy with an objective response rate (ORR) of 13.2% and a median PFS of 3.06 months, and manageable toxicity in patients with advanced non-squamous non-small-cell lung cancer (NSCLC) (28). Although this trial revealed only a modest efficacy of apatinib against NSCLC, this drug has been increasingly tested in lung cancer. Results from the next three phase II clinical trials suggested that apatinib exhibited efficacy and an acceptable safety profile in previously heavily treated extensive-stage small-cell lung cancer (SCLC) patients. Further exploration of apatinib in phase III trials is warranted (30, 31, 34). Another phase II clinical trial reported that low-dose apatinib monotherapy might be an option for patients with advanced lung squamous cell carcinoma (33). These clinical trial results indicated that apatinib exerted some clinical activity against all lung cancer subtypes but did not have an advantage over several other lung cancer treatment agents. Owing to the limited efficacy of apatinib as a single agent in lung cancer, an increasing number of clinical trials have begun to investigate apatinib plus alternative agents or therapies, the most common of which is apatinib in combination with chemotherapy. These clinical trials included a phase I trial of apatinib plus docetaxel in advanced lung adenocarcinoma (29); a multicenter, phase II trial of apatinib plus docetaxel in advanced non-squamous NSCLC (35); a phase II trial of apatinib in combination with pemetrexed-platinum chemotherapy in chemo-naive non-squamous NSCLC (36); a randomized, controlled, multicenter clinical trial of apatinib plus docetaxel or pemetrexed in unresectable NSCLC (37); a nonrandomized clinical trial of apatinib plus vinorelbine in wild-type advanced NSCLC (38); and an open-label, multicenter, single-arm phase II trial of apatinib with etoposide capsules in extensive-stage SCLC (41). These studies conclude that apatinib combined with chemotherapy shows promising efficacy and manageable toxicity in enrolled patients. Apatinib plus chemotherapy seemed to be more effective than apatinib alone, and there was no significant increase in toxicity. However, as there are no randomized controlled clinical trials, we cannot identify the difference between the combination regimen and the monotherapy regimen. In addition, phase II and III trials have shown that apatinib plus gefitinib as first-line therapy resulted in superior PFS to placebo plus gefitinib in advanced EGFR-mutant NSCLC. Combination therapy resulted in more adverse events but did not interfere with the quality of life of patients (39, 42). Finally, combined apatinib and camrelizumab showed encouraging antitumor activity and acceptable toxicity in both advanced SCLC (32) and non-squamous NSCLC patients (40). These results suggest that apatinib has great potential in combination with other targeted or immunological agents. In conclusion, apatinib monotherapy has shown activity in all subtypes of lung cancer; however, its efficacy is inferior to that of other established therapies. Currently, apatinib can only be used in combination with other therapies as a treatment option for patients with advanced lung cancer who have failed multiline therapy. In the treatment of advanced lung cancer, the combination of apatinib with other drugs or treatment regimens is the current and next stage of research.


Table 3 | Clinical trials on apatinib for lung cancer treatment included in this review.





Sarcoma

Pazopanib was approved by the US Food and Drug Administration in 2014 for increased indications of advanced soft tissue sarcoma (STS) (43). This event inspired clinical researchers in China to apply apatinib, the first domestically produced multitarget TKI similar to pazopanib, in the treatment of sarcoma (Table 4). In 2019, the first phase II clinical trial to report results demonstrated the activity (with an ORR of 15.25%) and safety of apatinib in the treatment of advanced STSs (44). Another phase II clinical trial showed that apatinib was a sensitive drug for advanced osteosarcoma, with an ORR of 43.24% after the failure of chemotherapy, with a similar duration of response compared to other TKIs (45). Although the results of these two clinical trials have been somewhat controversial, apatinib is of great interest in the treatment of osteosarcoma and STSs because there are fewer drugs available for advanced sarcomas. In 2020, another phase II trial showed that apatinib showed good efficacy in advanced STS patients, with an ORR of 23.68% (47). This result evidences the efficacy of apatinib in treating STSs. However, there are more than 70 types of STSs, and different subtypes of STSs respond differently to apatinib. Therefore, it is necessary to validate the efficacy of apatinib in different subtypes. Notably, a phase II trial showed that the combination of apatinib and a PD-1 inhibitor did not prolong PFS in comparison to single-agent apatinib in treating advanced osteosarcoma (48), which suggests that the efficacy of apatinib plus PD-1 inhibitors in osteosarcoma is very limited. Nevertheless, although the results of clinical trials of apatinib plus PD-1 inhibitor in STSs are not yet available, based on current evidence, such a combination regimen is desirable (49, 50). In conclusion, apatinib represents a significant development in the treatment of osteosarcoma and STSs, although it is less effective than first-line and second-line chemotherapy. A better therapeutic scenario for apatinib in the treatment of sarcomas remains to be developed.


Table 4 | Clinical trials on apatinib for sarcoma treatment included in this review.





Breast Cancer

Clinical trials of apatinib in breast cancer began early (Table 5). In 2014, multicenter phase II trials showed that apatinib exhibited objective efficacy and manageable toxicity in heavily pretreated metastatic non-triple-negative breast cancer (NTNBC) (with an ORR of 16.7%) (51) and in TNBC (with an ORR of 10.7%) (52). Although these two clinical trials initially showed that the activity of apatinib in breast cancer was similar to that of other multitarget TKIs of the same class, the efficacy of apatinib was considered limited in breast cancer in comparison to a large number of established therapies (51). Therefore, the activity of apatinib monotherapy against breast cancer has not been further tested. Hopes are pinned on the combination of apatinib and other drugs. In 2020, a phase II trial showed that apatinib combined with etoposide capsules is effective and tolerable in heavily pretreated, metastatic HER2-negative breast cancer patients (53). Another phase II trial showed that the ORR of an apatinib plus PD-1 inhibitor regimen was markedly higher than the previously reported ORR of anti-PD-1/PD-L1 antibody or apatinib monotherapy in advanced TNBC (54). Two recent clinical trials have shown that apatinib is active and safe in combination with endocrine therapy or oral vinorelbine for the treatment of HER2-negative breast cancer (55, 56). These four clinical trials with small sample sizes preliminarily proved that apatinib combined with other drugs has promising activity in the treatment of breast cancer. These combination regimens should be validated in large, controlled, prospective clinical trials. In conclusion, the efficacy of apatinib monotherapy in breast cancer is assumed to be limited, and the efficacy of apatinib in combination with other drugs or therapies needs to be further tested.


Table 5 | Clinical trials on apatinib for breast cancer treatment included in this review.





Esophageal Cancer

In 2020, a phase II trial showed that apatinib was effective as second- or further-line treatment for advanced esophageal cancer, with an ORR of 7.7% (2/26) (57); another clinical trial involving 40 patients reported similar results (58). The results of these two clinical trials suggested that apatinib monotherapy is not ideal for the treatment of advanced esophageal cancer (Table 6). In another phase II clinical trial, apatinib plus PD-1 inhibitor combined with liposomal paclitaxel and nedaplatin as a first-line treatment showed antitumor activity (with an ORR of 80.0%) and manageable safety in patients with advanced esophageal cancer (59). However, it is not possible to make definite interpretations regarding the contribution of apatinib in this complex combination of treatments. In conclusion, based on current evidence, apatinib has moderate efficacy against advanced esophageal squamous cell carcinoma, and clinical trials with large sample sizes are needed to identify the optimal setting for the use of apatinib in esophageal cancer.


Table 6 | Clinical trials on apatinib for the treatment of malignant tumors included in this review.





Colorectal Cancer

In 2019, a phase II trial showed that apatinib monotherapy exerted promising efficacy in patients with refractory colorectal cancer, with a median PFS of 3.9 months (Table 6) (60). In another trial, apatinib monotherapy exhibited encouraging efficacy (with an ORR of 8.3% and a median PFS of 4.8 months) with manageable toxicities in chemotherapy-refractory metastatic colorectal cancer (62). These results indicate that apatinib has a certain efficacy against colorectal cancer, which is worthy of further verification in clinical trials with larger sample sizes. However, results from another phase II clinical trial, already published in 2020, showed that combination with a PD-1 inhibitor failed to improve the efficacy of apatinib in treating metastatic colorectal cancer (61). The researchers concluded that this situation was caused by insufficient effective doses due to the high toxicity of the combination therapy. In conclusion, apatinib may have moderate activity against colorectal cancer. Clinical trials with large sample sizes are needed to determine whether apatinib is more efficacious as a single agent or in combination with other agents for the treatment of advanced colorectal cancer.



Other Cancers

In 2018, a phase II trial showed that the combination of apatinib with oral etoposide showed promising efficacy (with an ORR of 54.3%) and manageable toxicities in patients with platinum-resistant or platinum-refractory ovarian cancer (Table 6) (63). However, the study had a small sample size, and the significance of apatinib in this combination regimen is unclear (69). The activity of apatinib in ovarian cancer needs to be further validated in clinical trials with large sample sizes. As in ovarian cancer, only one phase II clinical trial has reported the activity of apatinib in advanced cervical cancer. This clinical trial showed that apatinib plus PD-1 inhibitor showed promising antitumor activity (with an ORR of 55.6%) and manageable toxicities in patients with advanced cervical cancer (64). Larger randomized controlled trials are warranted to validate these findings.

In addition, several recent phase II clinical trials have confirmed that apatinib monotherapy has certain efficacy and good safety in the treatment of advanced cholangiocarcinoma (ORR, 11.5%) (65), relapsed or refractory diffuse large B-cell lymphoma (ORR, 43.8%) (66), metastatic or locoregionally recurrent nasopharyngeal carcinoma (ORR, 36.4%) (67), and radioiodine-refractory differentiated thyroid cancer (ORR, 80%) (68). These clinical trials have only initially shown the efficacy and safety of apatinib in these malignancies (Table 6). Therefore, we cannot conclude the true efficacy of apatinib in these malignancies owing to the small sample sizes of these single-arm clinical trials. Extensive clinical trials are needed to confirm the efficacy and optimal use of apatinib in these malignancies.




Biomarkers of Response to Apatinib in Different Malignancies

In addition to efficacy and safety in various malignancies, response biomarkers are an important topic in clinical research of apatinib. We searched all literature related to potential biomarkers of the antitumor efficacy of apatinib in the treatment of malignancies and screened out all possible efficacy biomarkers currently reported. The results are presented in Tables 7 and 8.


Table 7 | Response biomarkers of apatinib associated with improved outcomes in the treatment of malignancies.




Table 8 | Response biomarkers of apatinib associated with poor outcomes in the treatment of malignancies.



As shown in Tables 7 and 8, several potential biomarkers have been reported to predict the response of patients to apatinib. According to the predicted outcomes, these biomarkers can be classified as those associated with improved outcomes (Table 7) or those associated with poor outcomes (Table 8). Based on their properties, these biomarkers can be divided into three categories: adverse event markers, routine test markers, and genetic test markers. Adverse event markers include hypertension, proteinuria, hand and foot syndrome (HFS), lung cavitation, anorexia, pneumothorax, and hypothyroidism. Routine test markers include phosphorylated VEGFR2, higher baseline TILs or a greater increase in tumor-infiltrating CD8+ T cells during therapy, lower baseline plasma HGF/IL-8, a decrease in plasma IL-8, an increase in plasma TIM-3/CD152 during therapy, higher baseline CD4+ T-cell or B-cell proportion in blood, leukopenia, platelet-to-lymphocyte ratio, lymphocyte-to-monocyte ratio, prognostic nutritional index, clinical-radiomics nomograms, adipose tissue area, neutrophil-to-lymphocyte ratio, and carbohydrate antigen 19–9. Genetic test markers include cfDNA concentration, MIKI67 mutations, HPD-related mutations, STK11/KEAP1, PIK3CA, PTEN, ERBB3, PI3K/AKT, and TMB mutations.

Nevertheless, owing to high technical requirements and cost, it is difficult to screen for genetic test biomarkers on a large scale in clinical practice. In contrast, adverse event and routine test biomarkers are highly effective and can be easily implemented in various diagnostic and treatment institutions on a large scale. However, although many potential prognostic markers of apatinib have been reported, none of them have been widely used in clinical practice. The main reasons include the following: First, the level of the currently available evidence is not high; current studies on the potential biomarkers of apatinib are either retrospective studies or adjunct to efficacy and safety trials, and only a few prospectively registered trials have focused on prognostic biomarkers. Second, prognostic biomarker studies are still in the exploratory stage. Significant differences in efficiency were observed between different types of markers in various malignancies. Third, the prediction efficiency of individual markers is not high, leading to a lack of value for these markers in the clinical setting. The combined prediction of multiple markers may be needed to improve their predictive efficiency and clinical application value. What is exciting is that some researchers have tried to model this type of joint prediction (77).

In conclusion, there are still many problems to be solved in the study of apatinib-related prognostic biomarkers, and prospectively registered trials with large sample sizes aimed to identify specific markers should be conducted.



Discussion

To the best of our knowledge, this review is the first to summarize the efficacy and prognostic biomarkers of apatinib in various malignancies over the last 3 years. In this review, we first summarized the efficacy of apatinib against various malignancies in clinical trials where results have been reported. Apatinib is currently approved in China for the treatment of advanced GC and HCC. In addition to these two malignancies, apatinib has been studied in detail against lung cancer, breast cancer, and sarcoma. Apatinib has a great application value for the treatment of these tumor species. Moreover, the efficacy of apatinib against esophageal cancer, colorectal cancer, ovarian cancer, cervical cancer, cholangiocarcinoma, diffuse large B-cell lymphoma, nasopharyngeal carcinoma, and differentiated thyroid cancer has been proven in prospectively registered trials. Additionally, we reviewed the current literature on biomarkers of apatinib response. According to their properties, these biomarkers can be divided into three categories: adverse event, routine test, and genetic test markers. The findings of this review have a good reference value for the application of apatinib in clinical studies and the design of clinical trials.

This review identified some problems and phenomena in apatinib treatment. The first is the narrow range of apatinib monotherapy scenarios. As a monotherapy regimen, apatinib may be difficult to be approved for additional cancer indications. Long-term, off-label use of apatinib may be required for the treatment of malignancies other than GC and HCC. Second, clinical trials of apatinib in combination with other drugs or therapies are still in the early stages of development. It seems that apatinib can be used in combination with other anticancer therapies. Currently, the most studied is the combination of apatinib and camrelizumab (a PD-1 inhibitor from the same manufacturer). Studies on apatinib in combination with common chemotherapeutic agents are also increasing. We predict that the next approved clinical indication for apatinib is likely to be in the form of combination therapy with other drugs or therapies. Third, the optimal scenario for apatinib in most malignancies is unclear. Although apatinib monotherapy is approved for advanced GC and advanced HCC, combination regimens based on apatinib may be more effective. Current evidence suggests that apatinib monotherapy in many malignancies is not a substitute for existing mature regimens, but the optimal use of apatinib in a particular cancer (e.g., as a monotherapy or in combination? Combination with which agent or therapy? As a neoadjuvant or advanced multiline therapy?) is unclear. Finally, the current research on response biomarkers of apatinib is limited. On the one hand, the current level of evidence obtained by apatinib prognostic marker studies is not high. On the other hand, even though many therapeutic markers have been reported and each therapeutic marker has a different predictive value in different tumor species, the overall predictive efficiency is not high.

To solve these problems, the next clinical study of apatinib can follow three major directions. The first is to further expand the use of apatinib in different malignancies. There are hundreds of types of malignant tumors (85), and as a late-marketed multitarget TKI, apatinib has fewer clinical trials compared with other multitarget TKIs in the same class, such as pazopanib and sorafenib (86, 87). Prospective, registered clinical trials of apatinib should be conducted for various malignancies that respond to multitarget TKIs. The second is to continue to expand and determine the best application scenarios of apatinib for specific tumor species. Third, through a systematic study of the available evidence on response biomarkers of apatinib, we established that there are some effective response biomarkers for this drug. However, to improve the level of evidence and our understanding of these biomarkers, prospective registration trials with large sample sizes focusing on specific biomarkers should be conducted.

In conclusion, this review summarized the current knowledge on the efficacy and response biomarkers of apatinib for malignancy treatment, highlighted the current problems to be solved in the clinical application of apatinib, and proposed promising directions for future clinical research. Although much work remains to be done, apatinib will eventually advance from a new targeted drug for many malignancies to a cornerstone drug, similar to cyclophosphamide and doxorubicin among common chemotherapy drugs.
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patients

190

E

Glinical outcome.

The modan PFS was 6.0 months in the TACE group and 125
monihs n the TACE with apatind group, with sgifcant dference
Tho ORR was %0.4%. Tho modan OS and PFS wero 138 and 8.7
monihs.respectiely

“Tne mecian RFS was 7.6 monihs. The 1-year PFS rate and 1-year
OS rato v 36.19% and 96.3%, respectvely

The ORR was 34.3% and 22.5% i th frst- and sacondine.
olors,respaciiely. The median PES in the conorts was 5.7 and
5.5 months, espectely. The 12-month sunival rate was 74.7% and
68.2%, respectively

The ORR was 10.7%, Tho mecdan PFS and OS wero 3.7 and 192
monins,respecinely

The median OS was sgnfcanty improved i the apaind group
‘compared with that in the pacedo group (median 8.7 vs 6.8 months)
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publication of
patients
Achanced sarcoma ater 2019 Apatiib 500 my/oay 5 ThoORRwas 1525% andtemedan PRSwas  (49)
chomotherapy fakre 793 montrs
Advanced osteosarcoma atr fadee 2019 Apali 500-750 mg/cy 37 ThoORRwas 4324% the meden PFSwas 450 (45)
of sanderd mulimodal hrapy monihs, and he median OS was 9.87 monihs
Advanced chordoma. 2020 Apatib 500 m/oay 30 TheORRWas37%.and themedan PRSwas 18 (i6)
montrs
Achanced STS after tho taikre of 2020 Apatiib 500 myioay 42 ThoORRWas2368% tho medan PFSwas 787 (47)
ackiamycin based chemotherapy months, and he modan OS was 17.56 months
Advanced osteosarcoma 2020 Apatinb 500 m/day pls 43 Tho ORRwas 209%, and the G-month PFS rate e
progressing aftr chamaiherapy camvaizuma 200 mg overy 2 s 50.9%
wesks.
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‘ear of
publication

Type of disease

Prseatod advancod non:
cauamous NSCLG

2018

Advanced kng 2019

Extansive-stags SCLC 2010

Extonsive-stage SCLG after
WO or e previous
voatments, incudng a
patnu-based regimen
Extansive-s1ags SCLC

2019

Advanced kng squamous 2020
oot crcioma
Extonsive-stage SCLG after
koo of two or more inos
of chomothorapy
Advanced non-squamous
NSCLG wih wi-ypo.
EGFR

Chemo-naive non-
squamous NSCLC

2020

2020

Urvesectae ocaly
achancod or advancod
NSCLG wihout drvor
utatons that bad
progressed folowing fst-
70 chemotherapy.
Wictype achanced
NSCLC after socond o
voatment fakso

Advanced non-squamous
NSCLG harbosng EGFR 19
deton or 21 LBSSR pont
mutaton

200

Advanoed ron-squamots.
NSCLC proviously veated
Wit chemotherapy
Extansie-stage SCLC that
rad progrosse foloning
o 1 oo previous
nerapies

Adbvanced EGFR-mutant
NSCLG

2021

2021

Drugs or therapies.

Apati 750 0r 500 mg/cay

‘Apatin 250-500 mo/dey and docelaxel
60 myin’ every 3 woeks

‘Apatinb 250 mo/day curing the chematherapy
interva, and as maintanance therapy alter 4-6
oycles

Apati 500 mg/day

‘Apatind 375 mgay pus canveizumab 200 mg
every 2 wesks.
Apatin 250 mo/ay

Apativd 500 mo/day

At 500 mo/day s tavonous doceiel
(60 mon? at oy 1 evey 3 ks o -6
oroes)

At 250 mo/cay it venous
pomatreed (500 mg/)paioum carboplat
AUC = 5 or cisplatin 75 mg/y) chemotherapy
vy 21 daysfor s eatmant cyces, olowed
oy mainienance ilhapains 250 g once sy
Apai comtinad vith o cycs of docetael
orpemetered

‘Apatied> 500 mg/ay and oxal vioreline
60 mgim’ onco weoky

‘Conort A apatinio 500 mg + geftin 250 mg) s
Cohort B (apaind 250 mg + gefib 250 mg)

‘Apatindb 250-500 mycay n combination with
travenous camveizuma 200 mg very 2
weeks.

Apatind (260 mo/day continsoush) and
etoposide capsules (50 mg/cay,on days 1-21,
e 28 days)

A+G group (apatib 500 mo/day pus gefn
250 m/day) vs P+G group (pcebo pus
eftind 250 mo/day)

Number

patients.

o

2

o

rd

105

13

Giinical outcome

Tho ORR was 13.2%, the modan PFS was.
3,06 months, and the medan O was 7.69
months.

Tho mocdan PFS vias 2.76 months.

Tho medden PFS vas 7.8 3nd 4.9 months
e comtinaton and chemotherapy OURS.
respectively. The median OS was 12.1 and
82 months i tha combinaton and
chemotherapy groups, respectvely

Tho ORR was 18.4%, tho modan PFS was.
30 months, and the median OS was 58
months

Tha ORR vias 34.0%, he meden PFS was 36
monts, nd the meden OS was 84 monehs
The ORR s 16.7%, e meden PFS was 49
months, and the medan OS was 69 months
Tho ORR was 13.6%, the modan PFS was.
5.4 months, and the median OS was 100
months.

Tho ORR was 27.6%, the modian PFS was.
5.3 months, and the median OS was 96
months

Tho ORR was 80%, the meckan PFS was 7.7
months, and he meckan OS vias 20.1 monihs.

Tho ORR was 27%, and the mecian PFS was.
547 months.

Tho ORR was 36.7%, the modian PFS was.
4.5 months, and the median OS was 100
months.

Oftho 11 patots evakatdo for eficacy,
‘Gobort A achiowed an ORR of 80.0% and
reached a modian PFS of 19.2 monts,
‘whereas Cobort B attanad an ORR and
median PFS of 833% and 13.4 monts,
rospeciively

Inth eficacy cvaetio popuatn = 94, e
(ORRwas 30.9%, tho mockan PFS was 89 5.7
monts, 0 tho el sl was 15 monts
Tho ORR was 20.8%, tho modan PFS was.
30 months, and the medan OS was 50
months.

Tho modan PFS vas 137 15 102 morths
o AYG group vs e P4 group, respectivly
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Tumor species.
studied

Breast cancer
Corvical Carcer
Gastrc cancer

ool
Non-smal- cel
ung cancer

Non-squamous
von-small ol
ung cancer

Biomarker Name

Gene variats i cIDNA
ERBBS mutations
Ceraiovaton

EBV ONA ther

‘GONA concentration,
MIKIG? mctations and HPD-
relted mutations.

Prosenco of ONS metastass
atbaseine

Drugs or therapies.

Apatid in combiraton
vith ora vooreloine
Apatind andt
Camvelzumat
Apatind

Apatid

Apatind and
Camvelzumat

Apatids in combnaton
vith pemetrexed platioum
chamotherapy

Conclusion

Pationts with o gene varant detectoc and lowes variant ael fequencies
i GIONA at baseine showed onger PFS.
ERBB3 mutatons consated with poor Sunial

(CEA evaion was considesd 10 ba a potental ndependent precictie
factor associated wih shoter PFS and 0.

High EBV DNA tr e signifcant prognosti factors assocated win
Shorte PFS,

High cONA concentiation, MIKIS7 mutatons and HPD-related mtations
wero ndepondent ik actors and werse PFS predictors for apatin® and
camveizumal combined therap.

T mPFS in the responders wihout CNS metastass at baseine was.
‘sinifcanty longer than that i 1hose wi présence of CNS metastass at
basaine,

BFS. croorasaion-fee scrvivet OF, ovemsl suniear BBV DNA, Eostaiv-Bar sive DA NS, Contel nervous Siom.
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Tumor Biomarker Name Drugs o Conelusion Reference

species therapies.

studied

Breast cancer  P-VEGFRE, hypertenson Apatiib, P-VEGFR2 and hypertension were independent precicive )

factorsfo both PFS and clial banoft rate

Breast cancer  No gene variant detected and lowervariant ldle  Apatiiband  Patienis wih no gene variant detected and lowervariantalde (56)
roquencis in cONA ! basolno vinorine froquencies i CIDNA at baseino showed onger PFS.

Breast cancer  Hypertension and potenuria Apatiiband ocal The medan PFS of patiens who had hypertension and )

etoposide proteinuria was longer than that o those wihout hypertonsion
and protoiuria

Breast cancer  High percentage of baseina TiLs Apainiband  High percentage of baseino TLs (~10%) was assocated with  (54)
camveizumab  igher ORR and favorablo PFS.

Breast cancer  Highor baseing TLs o a reater increaso of tumor- Apatinband  Higher baseino TILs o a greater increaso of mor-nfiating (1)
inftraing CD8+ T cefs durng thorapy, lower  camveizumab CDB+ T cals Guring herapy,lowor basoine plasma HGF/LS,
baseino plasma HGF/L8, a docrease of pasma a decreaso of pasma I8, an increase of phsa TM-3/

L8, anncreaso of plasma TIM-YCDIS2 during (CO152 during terapy. Hgher baseine CO4» T cels o 8 csls
therapy, hgher basalng DA+ T cols o B cols proporioniin biood ae potential bomarkers assodiated vith
proporton i blood botter outcomes.

Conviea  Genelc allcaions i1 PKICA, PTEN, ERBES, and  Apatiiband  Genstic ateraions n PKCA, PTEN, PRIAKT pattway, and (72)

Cancr PIK/AKT patiiay,as el as TMB. Camvelzumab  TMB were associated with mproved outcomes,

Cobrectal  Neutopniymphocyte ra, casbonyciate antgen  Apatin Low baseine neutrophifymphocyte raio, ey carbonydate  (62)

cancr 199, and S anigen 19- dacrease, and HFS wero assocatod with

improved PFS.

Gastc cancer Hypertonsion, proteinuria, HFS. Apatii, Prosenco of hypertension, protenura, o HFS dug o st (79)

ycie of apatid eatment was a vitle bomarker of anttumor
eficacy in metastatic gasirc cancer patients.

Gastc cancer Hypertension, proteinuria andior HES Apatiib/pacitaxel  The occurence of ypertension, prolainuri andios HFS were (1)

ndependent fctors associted with bettr suial otcomos.

Gasti cancer Leukopena, and HFS. Apatii ancior The potential biomarkers assocated with longer PFS were ]
taxaldoostaxel  oocutenca of ukopenia and HFS.

Gastc cance Lung cavtation Apatinb. Lung caviaton deveopment was bensfcil n patents )

and kng ecening apatinb therapy regardess of whether they had

cancr primary or metastatc kg cancer.

HOG AR Apainbpls  Thomedan PFS and OS n the PLR <150 goupwero longer  (75)
wansastedal han those i the PLR >150 grovp.
chemoomboization

HOO Hypertension Apatib. Apatib-related hypertension can potentaly predict proonged (76)

sunival.

Hoo Tho i adiomics nomograms. Apatiibphss  The cinicalradiomics nomograms, a nonnvasie preteaiment  (77)
wansarteral preciion too that inoorporate radomics sgnature and AFP,
chemosmbolzation demonsirated good prescton accsacy for OS and PFS in

theso patents.
Hoo WA, PN Apatiiband  The remisson ras i patents with high LR vas highor than  (79)
Camvelzumab  hat i patents with low LVR, and th remission ato
patients with hgh I was hgher than that i patons withlow.
PN,
NSOLG Hyperension Apatib Hypertension was independenty associted wih mproved )
PFS and 0S on both unvarte and mutvariate analyses.

NSCLG STKHAEAPT mutation Apatiiband  Patienis with STKT1/KEAP! mutaton might derve more w0
Gamvelzumab  bonefis from 1 combinaton,

Ovarian Ausposs tsswo area Apatinband oral High Aipos tissus area wero sgricanty assocated wih )

cancer etoposide batter outcomes

Ostoosarcoma_ Aoreia, hypertensin, proumathoras, and Apatinb. Aporoxia, hypertenson, preumothora, and hypothyrodsm ©
Pypothyrodsm might b markers for  favorablo incal outcome owing

apatind- reated refactory Osteosarcoma.

Osteosarcoma Preumothorax and cavtaton kg metastases.  Apatin Proumothorax and cavtation n kg metastases may be ©)

efcive progaostc markers

Sacoma  Hypertension, poteinura, Apatinb e development of ypertension, HES, or protenuia may )
HES indicate a avorable pognoss.

Sacoma  Hypertenson, protenura, Apatinb Tho subfocts who experonced hypertonsion, HES, or an
S protainuria had signifcanty onger OS than those wihout these

gs

Tyrod BRAFVE0E mutation Apatin, Patients ith BRAFVEOOE mutaton had alonger medan PFS(69)

cancer ompared with patients with BRAF v type.

AE. acherso aven; P-VEGERE, Phosphoryeto vascl andothelal -owh octor recapto 2; HFS, D an 001 syckome; PES, progeesson 90 sl I, tnor ¥itatg
pmphocyte: ORR, objoctioresponsorat; S, oeral suvia: NSCLC, o smal-col g cancar; HCC, Ppetocolu carchoms; LR, palob to-ymphocyorat; LM, hmphocyte
R ihbtolaic iy I Sia s e i





OEBPS/Images/table1.jpg
Type of
disoaso

efactory
metastac GO

efactory
achancad or
motasiatc

motastatic GO
Advanced
metasiatic
agha-
etoprte
producng GC
Ahanced
ASG)

GG, gastic cancer: PFS, prograsson- oo sunhil: 05, oval suia ASG, adanccarcooma of 1 stomaoh o gastrossophages kncton; POF, packtaxe, oraipiat, and

Year of
publication

2018

2016

2021

2001

Drugs or therapies.

Placebo vs apati 850 may/day vs apati 425
mg twice daly

Apati 850 mg/day or plaoabo once daly

Apstind monctherapy or apatind plus
chemotherapy

Apatio 500 mo/ay

Apatinb 250 g vs apatinb 425-500 g vs
‘apatib 675-850 mg onco daly.

‘Apativt 850 mg/day in comtinaton with weokly
pactaxel or the POF regimen

“Theee preoperative cycles of S-1 (80-120 mg/day.
on days 1-14 and cuaplt (190 mgn on day
1)and o cyces ofapatin (500 mo/dayfor 21
ys) 1 vk tervas, folowed by surgey
Apatinb 500 mo/cay,days 1-21: 51 40 me/
twice daly, days 1-14

Apatt manotherapy or patds s oier g

‘Canveizumab combined with chemotherapy
folowed by caneszumab pls b

R titiol PR oAl vabsinns e ik Casa solindcisclionia.

Total
number
of
patients

144

27

7

21

120

s

Cliical outcome

The median PFS tines were 1.40, 367, 20 320
months, respeciively. The median OS times were 2.0,
483, 2nd 4.27 monits, espectiely

Median PFS (2.6 vs 1.8 monis) and medan OS (85 vs.
47 month) were signicanty mproved n the apatid>
oroup compared with those i the placebo group

Pationts who recened combinaton therapy achioved
signicanty onger medan PFS (6,18 s 352 marths)
anct modian 0S (8.72 vs 5.92 morihe) compared it
hose who received monoiherapy
Mo ORR was 10.60%, The madian PFS and OS were
40 and 8.2 months, respectiely

The median PFS and OS werd 4.08 and 627 monts,
433 7.43 months, and 287 and 787 mnths or
tholow, mid- 2nd Hgh-dose groups,respectvoly, and
‘wers comparabl betwean he vee dose groups.

Tho ORR was 11.1%, tho mecian PFS was 3.5 montrs,
andi tha medan O vias 4.7 months

The ORR vas 79.3%

The median PFS was .21 months, and the medan OS
was 7.49 months

The ORR of apaiib wias 10%, the mecan PFS was 35
months, and he mocdan OS was 4.5 months

The ORR was 58.3%, the median PFS was 6.8 months,
ancitho mecian O was 149 months
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Type of disease

Hoanly protrated acanced non-
™G

Heavly pretrated metastatc
™G

Heavly retreated metastatc
prcast cancer

Advanced TNBC afe faluro of
s than tves nes o sytemic
ecapy
HER2-nogative breast cancor
fching chest wal motastasis

Heavly retrated HER-negatve
metastatic breastcancer
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Year of
publication

2014

2014

2020

2020

2021

2021

Drugs or therapies.

Aty 500 mo/cay

Apatiib 500 mg/ay

Apatiib 450-500 meycay, nd etoposido
capsuies 50 mgm’ on days 110 10 for 21
s

Apalin 250 mg/day plus camveizumal
200 mg very 2 wosks.

Apatib 500 mo/day
Apatii 500 mgya25 mg daly pls ol

vinoeiine 60 mg/m’ on days 1,8, and 15
of avery cyce

Number

patients

El

o

Clinical outcome

The ORR was 16.7%, the median PFS
was 4.0 monhs, and the meckan O was
103 monihs.

The ORR was 10.7%, the median PFS
was 3.3 months, and the medan O was
106 morihs.

The ORR was 35.5%, the median PFS
was 69 months, and tha medkan O was
204 months

The ORR was 43.3%, and the mackan PFS
was 37 monits

The ORR was 12:3%, the median PFS
was 4.9 months, and the medan O was.
18 morits

The ORR was 17.1%, the median PFS
was 52 months, and the medkan O was
17.4 monthe.
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