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Abstract

Gastroesophageal cancers are among the most prevalent cancers globally and represent 
the third leading cause of cancer-related mortality worldwide. Surgical resection remains 
the primary curative approach for localised and locally advanced stages, but its effective-
ness is limited for locally advanced diseases, evidenced by a low 5-year survival rate of 
around 25%. High relapse rates post-surgery, particularly in Western populations, neces-
sitate the use of neoadjuvant, adjuvant or perioperative strategies involving chemother-
apy and radiation to improve surgical outcomes. Neoadjuvant chemoradiation therapy 
has demonstrated a significant improvement in overall survival. Recent advances have 
identified several target genes and pathways involved in the pathogenesis and progres-
sion of these cancers, leading to the development of targeted drugs, including immu-
notherapy, anti-HER-2 antibodies and anti-vascular endothelial growth factor receptor 
antibodies. These targeted therapies are emerging as promising interventions for better 
patient outcomes and personalised treatment approaches and, therefore, could eventu-
ally evolve into a novel therapeutic regimen for gastroesophageal cancer.
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Introduction

Gastroesophageal cancers, encompassing malignancies of the esophagus, gastroesopha-
geal junction (GEJ) and stomach, are among the most prevalent cancers globally. Their 
incidence shows geographical variation, with rates spanning from 3.0 to 32.2 per 100,000 
individuals, influenced by factors such as country and gender. Collectively, they stand as 
the third leading cause of cancer-related mortality worldwide [1].

Localised and locally advanced disease accounts for 18% of esophageal cancers (EC) [2] 
and 28% of gastric cancers (GC) [3] at the time of diagnosis. Primary tumour location and 
histology determines management in this setting [4]. 

While surgical resection remains the primary curative approach, its efficacy is limited in 
the context of locally advanced disease, with a mere 25% 5-year survival rate [5] and over 
30% of patients in the Asian population and up to 70% in the Western population relapse 
even after complete resection and adjuvant therapies [6, 7]. Therefore, neoadjuvant, 
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adjuvant and perioperative strategies incorporating chemotherapy (CT) and radiation are crucial to optimise surgical outcomes. Neoadjuvant 
chemoradiation therapy has demonstrated significant improvements, with a 10-year overall survival (OS) rate reaching 38% [8], while peri-
operative CT achieves a notable 5-year OS rate of 48.5% [9]. Neoadjuvant therapy not only provides proven benefits but is also established 
as the standard of care, facilitating tumour burden reduction, preoperative tumour response assessment and ultimately enhancing clinical 
outcomes.

Several target genes and pathways implicated in the pathogenesis and progression of GC and EC have been identified, driving rapid develop-
ments in therapeutic drug exploration. These targeted drugs primarily encompass immunotherapy (IO), anti-human epidermal growth factor 
receptor-2 (HER-2) antibodies and anti-vascular endothelial growth factor receptor (VEGFR) antibodies. Emerging as promising approaches 
for improved patient outcomes and tailored interventions [10].

Neoadjuvant anti-VEGF

Tumour angiogenesis plays a crucial role in cancer cell proliferation and metastasis. In GC, numerous clinical trials investigating anti-angio-
genic therapies. In the open-label phase II/III trial ST03, a total of 1,063 patients diagnosed with resectable gastric, GEJ or EC were included. 
These patients were randomly assigned to receive either perioperative CT (epirubicin, cisplatin and capecitabine) alone or in combination 
with bevacizumab. The results indicated that the addition of bevacizumab to perioperative CT failed to enhance rates of R0 resection or 
3-year survival compared to CT alone (61% versus 64%, p = 0.47; 48.1% versus 50.3%, p = 0.36, respectively). Furthermore, the administra-
tion of bevacizumab was associated with a higher incidence of compromised wound healing [11].

However, a different approach yielded more promising results. Zheng et al [12] reported the findings of a single-arm phase II clinical trial 
showcasing encouraging results with the preoperative utilisation of the SOX (S-1 and oxaliplatin) alongside apatinib for locally advanced 
gastric adenocarcinoma (AC). Among a total of 29 enrolled patients, the objective response rate achieved was 79.3% (95% CI, 60.3%–92.0%) 
and the disease control rate was 96.6% (95% CI, 82.2%–99.9%). The pathologic complete response rate was 13.8% (95%CI, 1.2%–26.3%). 
Notably, the documented adverse reactions were deemed manageable and well-tolerated [12].

Additionally, Lin et al [13] explored the same combination therapy in a multicenter, prospective, single-group, open-label, phase II study. In 
this trial, 48 eligible patients received perioperative treatment with apatinib plus SOX, resulting in a pathological response rate of 54.2% (95% 
CI, 39.2%–68.6%). Interestingly, tumours located in the upper one-third of the stomach exhibited a better response, suggesting potential 
site-specific effects [13].

Ramucirumab, an additional anti-VEGFR agent, underwent evaluation in this scenario. The RAMSES/5-fluorouracil, oxaliplatin, leucovorin 
and docetaxel (FLOT)7 trial, a randomised Phase II/III investigation, explored the incorporation of the VEGFR-2 inhibitor ramucirumab 
into FLOT as perioperative therapy for resectable esophageal gastric adenocarcinoma (EGA). As no discernible difference in the patho-
logical complete response (pCR)/pathological subtotal response rate between the treatment arms was found, the trial did not advance to 
phase III. Nevertheless, the combination arm exhibited a significantly higher R0 resection rate compared to FLOT alone (82% versus 96%;  
p = 0.009). Furthermore, a trend towards improved median disease-free survival (DFS) by 9 months was observed (HR 0.75, p = 0.218) [14].

Neoadjuvant anti HER2 therapy

The overexpression and amplification of HER2 is detected in approximately 15%–20% of EGA cases, particularly in tumours originating from 
the GEJ with an intestinal tumour type according to Lauren classification. In the advanced setting, HER2 positivity serves as a reliable pre-
dictive marker for treatment with trastuzumab (T) when combined with platinum-based CT and pembrolizumab in patients with combined 
positive score (CPS) greater or equal to one [15], resulting in a survival benefit for patients. However, currently, no HER2-directed therapy is 
available in the neoadjuvant or perioperative setting for gastric, GEJ or EC [16].

In the NRG Oncology/RTOG-1010 phase III trial, 203 untreated HER2-overexpressing esophageal AC patients from the USA were enrolled. 
They were randomly assigned to receive CT (paclitaxel plus carboplatin) and radiotherapy (RT) ± T as perioperative treatment. The experimen-
tal arm did not significantly improve DFS (HR = 0.99, 95% CI = 0.71–1.39, p = 0.97) or OS (HR = 1.04, 95% CI = 0.71–1.50, p = 0.85) [17].
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A phase II, one-arm trial, presented by Hofheinz et al [18, 19] investigated the combination of T with CT. In this instance with 5-fluoroura-
cil, oxaliplatin, leucovorin and docetaxel (FLOT) as perioperative treatment in patients with locally advanced EGA. Among the 56 enrolled 
patients in this trial, PRETARCA, the R0 resection rate was 92.9%. pCR was observed in 12 patients (21.4%). The median DFS was 42.5 
months and the 3-year OS rate was 82.1% [18]. After this trial, a randomised phase II/III trial with the incorporation of pertuzumab (P) to 
T and FLOT was designed by the same authors. This trial was closed prematurely, without transition into phase III, after the results of the 
JACOB trial were reported. Eighty-one patients were randomly assigned to perioperative FLOT alone or combined with T and P during the 
phase II part. The pCR rate was significantly improved in the experimental arm (A: 12% versus B: 35%; p = 0.02). Likewise, the rate of patho-
logic lymph node negativity was higher with T + P (A: 39% versus B: 68%) [19]. 

Another trial that explored the efficacy of combining T alone or with P with perioperative CT for gastric and GEJ cancer, was the phase II 
EORTC 1203 INNOVATION trial. Conducted collaboratively by the Korean Cancer Study Group and the Dutch Upper GI Cancer group, 
although this trial was prematurely terminated due to slow accrual, 172 patients were randomised in a 1:2:2 ratio to receive CT alone, CT + 
T or CT + T + P. Combination with CT + T + P showed lower compliance than the other arms (only 81.3% completed neoadjuvant treatment 
versus 90.9% and 92.2%), predominantly owing to toxicity. Even though the primary endpoint analysis did not meet the pre-specified criteria 
of efficacy for the combination of CT + T + P, the addition of P to T and CT resulted in an increased major pathological response rate (MpRR) 
of 13.7% (80% CI: (0.7%, 26.7%), one-sided p = 0.099) [20].

The EPOC2003 trial, assessed trastuzumab-deruxtecan (T-DXd), an antibody-drug conjugate containing a humanised anti-HER2 IgG1 mono-
clonal antibody with the same amino acid sequence as trastuzumab, covalently linked to a topoisomerase I inhibitor. This phase II study 
included 27 Japanese patients with locally advanced HER2-positive gastric and GEJ AC. Treatment consisted of three cycles of T-DXd admin-
istered every 3 weeks, followed by surgery. Twenty-six patients completed the three planned courses of T-DXd, while one discontinued due 
to toxicity. R0 resection was achieved in 25 patients. The MpRR was a modest 14.8% [21].

Neoadjuvant IO

While not precisely a targeted therapy, immune checkpoint inhibitors (ICIs), primarily targeting programmed cell death protein 1 (PD-1) 
or programmed cell death ligand 1 (PD-L1), aim to reinvigorate CD8+ cytotoxic T cells to identify and eliminate (neo)antigens presented 
by tumour cells or antigen-presenting cells. Immune checkpoints are membrane proteins that regulate immune responses physiologically. 
Tumour cells subvert immune surveillance by impairing neoantigen presentation, recruiting immune suppressor cells and expressing inhibi-
tory molecules, thereby hindering the immune reaction through the blockade of co-stimulatory signals and activation of the immune check-
point pathway (e.g., anti-PD-1 and its ligand PD-L1), leading to T cell anergy and exhaustion [22]. The use of ICI has significantly improved 
OS for patients with gastroesophageal carcinoma in advanced stages [23]. These findings suggest that neoadjuvant PD-1 blockers may elicit 
a potent systemic immune response, potentially eradicating residual micrometastases post-surgical removal of the primary tumour. Addition-
ally, traditional CT has shown the ability to enhance tumour antigenicity, disrupt suppressive immune pathways and enhance effector T cell 
responses [24]. 

The mismatch repair deficient (dMMR)/microsatellite instability-high (MSI-H) phenotype, is present in about 5%–22% of gastric and GEJ 
ACs. Generally depended on the geographical differences, the different tumour stages and the approaches utilised to analyze the MSI status, 
rising to 48% in patients over 85 years old [25]. MSI-H has emerged as a significant predictive biomarker for ICIs [26].

Several clinical trials have investigated the efficacy and safety of IO in the neoadjuvant setting for resectable gastroesophageal cancer, 
exploring various scenarios and combinations.

IO plus CT

The advent of IO in the treatment landscape for gastroesophageal cancer represents a significant paradigm shift, offering promising thera-
peutic perspectives. Initial trials combining IO with CT have shown considerable potential. One pioneering trial in this area, PALACE-1, a 
phase Ib trial, enrolled 22 Chinese patients with resectable esophageal squamous cell carcinoma, regardless of PD-L1 status, who received 
preoperative Pembrolizumab alongside concurrent chemoradiotherapy. Results from this trial indicated that the combination did not prolong 
the timing of surgery and induced a pCR in 55.6% of resected tumours [27].
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Subsequent numerous trials (Table 1) have further explored the efficacy of this combination, primarily within Asian populations. The pre-
liminary findings of the DANTE/IKF-s633 trial, involving 295 patients with resectable gastroesophageal AC, randomly assigned patients to 
receive perioperative FLOT with or without atezolizumab. Within this German study, where 8% of patients exhibited MSI-H, the addition of 
atezolizumab led to a higher pCR rate (ypT0N0 24% versus 15%, p = 0.032). This discrepancy was more pronounced in the PD-L1 CPS ≥10 
and MSI-H subpopulation. Importantly, differences persisted even upon excluding patients who were dMMR [28]. 

Table 1. Clinical trials of IO + CT +/- RT.

Trial Author and 
year

IO Combination 
therapy

Control 
arm

Perioperative 
treatment

Histology Population N Main result

MATTERHON Janjigian, 
2024

Durvalumab FLOT FLOT Yes AC WW 948 pCR: 19% versus 
7% (p < 0.00001).
Asia: 19% versus 6%.
Non-Asia: 19% 
versus 8%

KEYNOTE 
58516/5/25 
10:01:0016/5/25 
10:01:00

Shitara, 2023 Pembrolizumab CDDP+C+5Fu CT Yes AC WW 804 pCR: 12.9% versus 
2.0% (p < 0.00001)
mEFS: NR versus 
25.3 m (p = 0.0198)

DANTE/IKF-S633 Lorenzen, 
2024

Atezolizumab FLOT FLOT Yes AC European 295 pCR: 24% versus 
15% (p = 0.032)

PANDA Verschoor, 
2024

Atezolizumab DOC No Yes AC Netherlands 21 pCR: 70% (CI 95%, 
46%–88%)

PERFECT Ende, 2021 Atezolizumab CDBCA + 
Paclitaxel + RT

No No AC Netherlands 40 pCR: 30%

NCT02918162 Rufi, 2022 Pembrolizumab CAPOX No Yes AC American 36 pCR: 20.6%

KEYSTONE 001 Jiang, 2023 Pembrolizumab CDDP + 
Paclitaxel

No No SCC Asian 49 pCR: 42.2%.
ORR: 95.6%

NCT03488667 Sun, 2022 Pembrolizumab mFOLFOX No Yes AC American 35 pCR: 19%

NCT05602935 Zhong, 2024 Camrelizumab SOX No Yes AC Asian 29 pCR: 10.3% (3/29)

BRES-1 Yang, 2023 Camrelizumab CDDP + Nab-
Pacltaxel

No No SCC Asian 19 pCR: 45%

ChiCTR2000030610 Liu et al [22], 
2022

Camrelizumab FLOT FLOT No AC Asian 61 pCR: 11.5% versus 
4.8%.
R0: 100% versus 
90.5%

NICE Liu et al [22], 
2022

Camrelizumab CBDCA + 
Nab-Pacltaxel

No No SCC Asian 60 pCR: 39.2%

NIC-ESCC2019 Liu et al [22], 
2022

Camrelizumab CDDP + Nab-
Pacltaxel

No No SCC Asian 56 pCR: 35.3% (95% 
CI, 21.7%–48.9%)

Neo-PLANET Tang, 2022 Camrelizumab CAPOX + RT No No AC Asian 36 pCR: 33.3% (95% 
CI, 18.6–51.0)

NCT04460066 Li et al [39], 
2023

Socazolizumab CDDP + Nab-
Paclitaxel

CT No SCC Asian 64 pCR: 41.4% versus 
27.6% (p = 0.311)

(Continued)
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Table 1. Clinical trials of IO + CT +/- RT.

NCT04890392 Yin, 2022 Tislelizumab SOX No No AC Asian 32 pCR: 25%

CRISEC Yang, 2022 Tislelizumab CDDP + Nab-
Paclitaxel + RT

No No SCC Asian 30 pCR: 46.7%

TD-NICE Yan, 2022 Tislelizumab CBDCA + 
Nab-Paclitaxel

No No SCC Asian 45 pCR: 50%

NCT04065282 Jiang, 2022 Sintilimab CAPOX No No AC Asian 36 pCR: 19.4%

SIN-ICE Duan, 2021 Sintilimab CT (platinum 
based)

No No SCC Asian 23 pCR: 35.5%

NCT04341857 Li et al [27], 
2021

Sintilimab FLOT No Yes AC Asian 20 pCR: 18.8%

NCT03288350 Alcindor, 
2020

Avelumab mDCF No Yes AC Canadian 28 pCR: 22%

NCT03490292 Uboha, 2022 Avelumab CBDCA + 
Paclitaxel + RT

Yes No AC + SCC American 22 pCR: 26%

NCT02844075 Lee, 2019 Pembrolizumab CBDCA + 
Paclitaxel + RT

No Yes SCC Asian 28 pCR: 46.1%, 1
2m-OS 80.8%, 
18m-OS 73.1%

PALACE-1 Li et al [27], 
2021

Pembrolizumab CBDCA + 
Paclitaxel + RT

No No SCC Asian 20 pCR: 55.6%

PEN-ICE Duan, 2022 Pembrolizumab CT (platinum 
based)

No No SCC Asian 18 pCR: 46.2%

ESONICT-2 Gao, 2022 Toripalimab CDDP + 
Docetaxel

No No SCC Asian 20 pCR: 16.7%

SCALE-1 Jiang, 2022 Toripalimab CBDCA + 
Paclitaxel + RT

No No SCC Asian 22 pCR: 55%

NCT04437212 Xu, 2022 Toripalimab CDDP + 
Paclitaxel + RT

No Yes SCC Asian 20 pCR: 54%

NCT03165994 Ko, 2022 Sotigalimab CBDCA + 
Paclitaxel + RT

No No AC + SCC Asian 34 pCR 36%

CDDP: cisplatin; C: capecitabine; 5Fu: 5Fluorouracilo; CT: chemotherapy; WW: world wide; pCR: pathological complete response; mEFS: median event free 
survival; NR: not reached; m: months; FLOT: 5fluorouracilo + leucovorin + oxaliplatin + docetaxel; R0: complete resection; SCC: squamous cell carcinoma; 
CAPOX: capecitabine + oxaliplatin; RT: radiotherapy; CI: confident interval; SOX: S1 + oxaliplatin; mDCF: cisplatin + docetaxel + 5fluorouracil; FOLFOX: 
5fluorouracilo + oxaliplatin; IO: immunotherapy; CBDCA: carboplatin; mOS: median overall survival

Conversely, the MATTERHORN Phase III trial, assessed the PD-1 inhibitor Durvalumab alongside FLOT in 948 patients with locally advanced, 
resectable gastric or GEJ AC. This global study includes patients from Europe 53%, Asia 19%, South America 19% and North America 9%. 
Durvalumab plus FLOT exhibited a statistically significant 19% in pCR compared to a 7% in the FLOT-only arm, representing a 12% absolute 
improvement (OR = 3.08, p < 0.00001). The OS results, which were its primary end point, has not been presented yet. Even though patients 
with PD-L1 expression <1% did not derive benefit from the addition of durvalumab, notable benefits were observed in both MSI-H and non-
MSI-H subgroups [29]. Another Phase III trial, KEYNOTE-585, assessed perioperative CT (cisplatin-5FU or FLOT) ± pembrolizumab in locally 
advanced, resectable gastroesophageal AC. While pembrolizumab led to an enhanced pCR rate (12.9% versus 2.0%; p < 0·00001), this did 
not translate into significant improvements in either event-free and OS [30].

(Continued)
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The ongoing phase II/III EA2174 trial, studies the benefit of adding perioperative nivolumab and ipilimumab to CT (carboplatin + paclitaxel) 
and RT in patients with locoregional esophageal and GEJ AC [31]. While the phase II IMAGINE trial is studying FLOT ± nivolumab ± relatlimab 
(an anti-LAG3 monoclonal antibody) [32]. These and other ongoing trials continue to explore novel treatment approaches in this challenging 
disease landscape.

IO alone

The French single-arm multicenter phase II study, NEONIPIGA, evaluated preoperative nivolumab and ipilimumab followed by postoperative 
nivolumab in resectable dMMR/MSI-H gastric/GEJ AC. Among the 32 included patients, 27 (84%) completed the planned six cycles of neo-
adjuvant therapy. Of the 29 patients that underwent surgery, 17 (58.6%; 90% CI, 41.8 to 74.1) achieved pCR [33]. Another trial, INFINITY, a 
single-arm multi-cohort phase II trial, investigated the activity and safety of tremelimumab + durvalumab as neoadjuvant (Cohort 1) or defini-
tive (Cohort 2) treatment for MSI-H, dMMR and Epstein-Barr Virus-negative resectable gastric/GEJ AC. Among the 18 patients included in 
Cohort 1, where patients received a 12-week treatment with tremelimumab and durvalumab followed by surgery, a pCR rate of 60% and a 
major-complete pathological response of 80% were observed, with PD-L1 CPS showing no association with outcomes and tumour mutation 
burden (TMB) demonstrating a non-significant trend of correlation with pCR [34].

Subsequently, in a multicenter single-arm phase I trial by Hasegawa et al [35] 31 patients with resectable GC underwent neoadjuvant 
nivolumab monotherapy, irrespective of their PD-L1 expression, MMR status or TMB. This trial showcased a major pathological response 
(MPR) of 16%, mostly in patients with positive PD-L1 expression, MSI-H and/or high TMB [35]. Furthermore, a single-arm prospective phase 
1b trial (NATION-1907) investigated the safety profile and preliminary therapeutic efficacy of neoadjuvant PD-L1 blockade with Adebre-
limab in resectable esophageal SCC. Of the 25 eligible patients, 16% had CPS >10. A MPR, was seen in 24% of the patients. Differences 
between responders and no responders were not associated with TMB nor MSI [36]. 

An ongoing 4-cohort phase II trial, IMHOTEP, will recruit endometrial, colorectal, gastric and other cancers with localised MSI-H/dMMR and 
treat them with a single dose of Pembrolizumab. This is one of the first clinical trials investigating perioperative ICI in localised MSI/dMMR 
in a tumour-agnostic setting [37].

IO and anti-VEGF

Various targeted therapies have demonstrated efficacy in patients with advanced GC and GEJ AC, including anti-angiogenic agents and 
ICIs. Preclinical data have illustrated extensive immune modulatory effects within the tumour microenvironment induced by antiangiogenic 
agents, providing a rationale for investigating dual blockade of VEGF and immune checkpoints [38].

One trial in the locally advanced setting trying this combination was recently published by Lin et al [7, 13] The multicenter randomised, phase 
2 trial (NCT04195828), 106 patients with gastric AC were randomly assigned to receive neoadjuvant camrelizumab and apatinib combined 
with nab-paclitaxel plus S-1 (CA-SAP) or CT SAP alone (SAP) for 3 cycles. CA-SAP was associated with a significantly higher MPR rate (33.3%) 
than SAP (17.0%, p  =  0.044). The CA-SAP group also had a significantly higher objective response rate (66.0% versus 43.4%, p  =  0.017) and 
R0 resection rate (94.1% versus 81.1%, p  =  0.042) than the SAP group. A trend toward a higher MPR rate in patients with MSI-H [7].

DRAGON IV trial is an open label, phase III trial, that studies perioperative camrelizumab combined with rivoceranib and S1 plus Oxaliplatin 
(SOX) versus standard of care for locally advanced resectable gastric or GEJ AC. With 360 patients randomised, the trial reported a pCR rate 
of 18.3% (95% CI 13.0–24.8) for SOX combined with IO and anti-VEGF therapy, compared to 5.0% (95% CI 2.3–9.3) for SOX alone, repre-
senting a statistically significant improvement of 13.7% (95% CI 7.2–20.1, p < 0.0001). Moreover, the MPR rate was 51.1% versus 37.8%, 
respectively [39]. 

Although not a randomised trial, Wang et al [40] reported in 2023 the findings of a prospective cohort study involving 73 patients with 
locally advanced GC. Patients were treated with PD-1 inhibitors (sintilimab, camrelizumab or toripalimab) in combination with apatinib and 
CT (SOX or CAPOX) or with apatinib and CT alone. The triple combination group was designated as PAC (n = 39), while the other group was 
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labeled as AC (n = 34). The PAC group demonstrated a higher objective response rate compared to the AC group (74.4% versus 58.8%, p = 
0.159). Furthermore, the PAC group exhibited a trend toward a more favourable response profile than the AC group (p = 0.081). Notably, 
progression-free survival (p = 0.019) and OS (p = 0.049) were extended in the PAC group, while DFS tended to be longer although not sta-
tistically significant (p = 0.056) [40].

Discussion

The management of gastroesophageal cancers presents significant challenges, necessitating a multidisciplinary approach that often involves 
CT, radiation and surgery [41, 42]. In the locally advanced setting, neoadjuvant therapy offers several advantages, including the opportu-
nity to assess tumour response and tailor subsequent treatments accordingly. It also holds the potential to improve R0 resection rates and 
enhance compliance with systemic therapy, while providing valuable insights into tumour biology [43].

While SCC of the esophagus may benefit more from neoadjuvant radiation compared to AC [8], the treatment paradigm for gastric AC 
revolves around perioperative CT, as demonstrated by landmark trials like MAGIC [44] and FLOT4 [9]. The integration of neoadjuvant and 
perioperative therapies has shown significant progress in various combinations for esophageal, GEJ and GC eligible for resection. IO and tar-
geted therapy represent promising avenues in this context, with ongoing research focusing on targets such as VEGFR, HER2 and PD-L1 [10]. 

While IO has revolutionised the treatment landscape in advanced-stage disease [23, 45], its role in neoadjuvant settings remains less 
defined. In locally advanced resectable esophageal SCC, incorporating IO into standard neoadjuvant chemoradiotherapy has not substantially 
increased the pCR but has raised concerns about increased toxicity [10]. Evidence for neoadjuvant IO is primarily derived from small-scale 
single-arm phase I/II trials and is not yet ready for widespread application. To notice, the precedent of a very similar tumour model, such as 
squamous cell carcinoma of the head and neck, from five negative phases three trials when IO was attempted to be added to chemoradiation. 

In contrast, evidence for neoadjuvant IO in locally advanced gastroesophageal AC is emerging from phase III trials such as KN585 and MAT-
TERHON. These trials have shown promising increases in pCR rates, with a combined total benefit in pCR of 10.9% and 12%, respectively 
[29, 30]. However, data on long-term survival outcomes remain limited. This, especially the results seen in KEYNOTE-585 questions whether 
pCR is an adequate subrrogate for EFS and OS.

Several challenges must be addressed before neoadjuvant IO can be widely adopted. These include identifying predictive biomarkers to 
guide patient selection and understanding the role of adjuvant therapy post-surgery. For instance, in the INFINITY trial, the finding that all 
patients who achieved pCR had negative circulating tumour DNA status before surgery [34] raises the hypothesis about the potential utility 
of adjuvant therapy or the necessity of surgery in this scenario. Further research is needed to confirm this hypothesis and determine the 
optimal course of action.

Not only IO is a field of research in the neoadjuvant setting. Targeted therapies such as trastuzumab [46] and T-Dx have shown efficacy 
in advanced GC [47], albeit in a limited subset of patients, only 20% of patients with GC are suitable for this targeted therapy. While trials 
like INNOVATION and PETRARCA reported increased MpRR of 13.7% and 13%, respectively [20, 48], with anti-HER2 treatment, further 
research is needed to refine treatment strategies and expand the patient population eligible for targeted therapy.

Anti-angiogenic therapy currently serves as an additional therapeutic approach for patients with advanced GC in the second-line setting, 
as evidenced by the RAINBOW trial, which demonstrates its ability to prolong patient survival and improve quality of life [49]%. Despite its 
favourable outcomes and clinical utility, further prospective randomised studies are necessary to evaluate the efficacy of drugs used in this 
therapy during the early stages. However, promising improvements in clinical outcomes have been observed in patients treated with CT and 
anti-angiogenic treatment, as reported by Lin et al [13] and Zheng [12].

While significant strides have been made in neoadjuvant therapy for gastroesophageal cancers, numerous challenges and unanswered ques-
tions remain. Even though, there is always a risk that multitargeted therapy might constitute a too expensive approach depending on the 
possibilities of particular medicinal facilities, further research is imperative to optimise treatment strategies, identify predictive biomarkers 
and expand the scope of targeted therapies to benefit a broader patient population.
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Conclusion

In conclusion, the integration of targeted therapy into neoadjuvant treatment has emerged as a focal point in the realm of gastroesophageal 
cancer therapy. Despite several studies yielding unsatisfactory outcomes, this treatment approach remains promising, offering the potential 
to evolve into a novel therapeutic regimen for gastroesophageal cancer.

Future directions

Despite the strides made in the multimodal treatment of GC, recurrences remain prevalent. Consequently, research has shifted focus toward 
unraveling the onco-molecular biology mechanisms and identifying various target genes associated with pathogenesis and progression. The 
exploration of drugs targeting these genes has rapidly evolved within the realm of GC therapy.

While emerging targets like Claudin 18.2 are gaining traction in the advanced setting, investigations into new combinations and treatments 
targeting these novel markers are upcoming in the early-stage direction.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

No funding was received for this work.

Author contributions

Study conception and design, interpretation of results and draft manuscript preparation: B. Freile, F. Esteso.

All authors reviewed the results and approved the final version of the manuscript.

References

 1. Sung H, Ferlay J, and Siegel RL, et al (2021) Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries CA Cancer J Clin 71 209–249 https://doi.org/10.3322/caac.21660 PMID: 33538338

 2. Cancer of the Esophagus - Cancer Stat Facts SEER [https://seer.cancer.gov/statfacts/html/esoph.html]

 3. Cancer of the Stomach - Cancer Stat Facts. SEER [https://seer.cancer.gov/statfacts/html/stomach.html]

 4. Treatment by Cancer Type NCCN [https://www.nccn.org/guidelines/category_1]

 5. Herskovic A, Russell W, and Liptay M, et al (2012) Esophageal carcinoma advances in treatment results for locally advanced disease: 
review Ann Oncol 23 1095–1103 https://doi.org/10.1093/annonc/mdr433

 6. Viúdez-Berral A, Murua Choir M, and Arias de la Vega F, et al (2012) Situación actual en el tratamiento del cáncer gástrico Rev Esp Enferm 
Dig 104 134–141 https://doi.org/10.4321/S1130-01082012000300006 PMID: 22449155

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.1921
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://seer.cancer.gov/statfacts/html/esoph.html
https://seer.cancer.gov/statfacts/html/stomach.html
https://www.nccn.org/guidelines/category_1
https://doi.org/10.1093/annonc/mdr433
https://doi.org/10.4321/S1130-01082012000300006
http://www.ncbi.nlm.nih.gov/pubmed/22449155


Re
vi

ew

ecancer 2025, 19:1921; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2025.1921 9

 7. Lin JX, Tang YH, and Zheng HL, et al (2024) Neoadjuvant camrelizumab and apatinib combined with chemotherapy versus chemo-
therapy alone for locally advanced gastric cancer: a multicenter randomized phase 2 trial Nat Commun 15 41 https://doi.org/10.1038/
s41467-023-44309-5 PMID: 38167806 PMCID: 10762218

 8. Eyck BM, van Lanschot JJB, and Hulshof MCCM, et al (2021) Ten-year outcome of neoadjuvant chemoradiotherapy plus surgery for 
esophageal cancer: the randomized controlled CROSS trial JCO 39 1995–2004 https://doi.org/10.1200/JCO.20.03614

 9. Sisic L, Crnovrsanin N, and Nienhueser H, et al (2023) Perioperative chemotherapy with 5-FU, leucovorin, oxaliplatin, and docetaxel 
(FLOT) for esophagogastric adenocarcinoma: ten years real-life experience from a surgical perspective Langenbecks Arch Surg 408 81 
https://doi.org/10.1007/s00423-023-02822-7 PMID: 36763220 PMCID: 9918580

10. Su PF and Yu JC (2022) Progress in neoadjuvant therapy for gastric cancer Oncol Lett 23 1–11 https://doi.org/10.3892/ol.2022.13292

11. Cunningham D, Stenning SP, and Smyth EC, et al (2017) Peri-operative chemotherapy with or without bevacizumab in operable oesoph-
agogastric adenocarcinoma (UK Medical Research Council ST03): primary analysis results of a multicentre, open-label, randomised 
phase 2–3 trial Lancet Oncol 18 357–370 https://doi.org/10.1016/S1470-2045(17)30043-8 PMID: 28163000 PMCID: 5337626

12. Zheng Y, Yang X, and Yan C, et al (2020) Effect of apatinib plus neoadjuvant chemotherapy followed by resection on pathologic response 
in patients with locally advanced gastric adenocarcinoma: a single-arm, open-label, phase II trial Eur J Cancer 130 12–19 https://doi.
org/10.1016/j.ejca.2020.02.013 PMID: 32171104

13. Lin JX, Xu YC, and Lin W, et al (2021) Effectiveness and safety of apatinib plus chemotherapy as neoadjuvant treatment for locally 
advanced gastric cancer: a nonrandomized controlled trial JAMA Network Open 4 e2116240 https://doi.org/10.1001/jamanet-
workopen.2021.16240 PMID: 34241629 PMCID: 8271357

14. Goetze TO, Hofheinz RD, and Gaiser T, et al (2023) Perioperative FLOT plus ramucirumab for resectable esophagogastric adenocarci-
noma: a randomized phase II/III trial of the German AIO and Italian GOIM Int J Cancer 153 153–163 https://doi.org/10.1002/ijc.34495

15. Stenger M Adding Pembrolizumab to Trastuzumab and chemotherapy in HER2-positive gastric/gastroesophageal junction adenocar-
cinoma: KEYNOTE-811 [https://ascopost.com/news/november-2023/adding-pembrolizumab-to-trastuzumab-and-chemotherapy-in-
her2-positive-gastricgastroesophageal-junction-adenocarcinoma-keynote-811/]

16. Grillo F, Fassan M, and Sarocchi F, et al (2016) HER2 heterogeneity in gastric/gastroesophageal cancers: from benchside to practice 
World J Gastroenterol 22 5879–5887 https://doi.org/10.3748/wjg.v22.i26.5879 PMID: 27468182 PMCID: 4948273

17. Safran HP, Winter K, and Ilson DH, et al (2022) Trastuzumab with trimodality treatment for oesophageal adenocarcinoma with 
HER2 overexpression (NRG Oncology/RTOG 1010): a multicentre, randomised, phase 3 trial Lancet Oncol 23 259–269 https://doi.
org/10.1016/S1470-2045(21)00718-X PMID: 35038433 PMCID: 8903071

18. Hofheinz RD, Hegewisch-Becker S, and Kunzmann V, et al (2021) Trastuzumab in combination with 5-fluorouracil, leucovorin, oxalipla-
tin and docetaxel as perioperative treatment for patients with human epidermal growth factor receptor 2-positive locally advanced 
esophagogastric adenocarcinoma: a phase II trial of the Arbeitsgemeinschaft Internistische Onkologie Gastric Cancer Study Group Int 
J Cancer 149 1322–1331 https://doi.org/10.1002/ijc.33696 PMID: 34019698

19. Hofheinz RD, Merx K, and Haag GM, et al (2022) FLOT versus FLOT/Trastuzumab/Pertuzumab perioperative therapy of human epider-
mal growth factor receptor 2-positive resectable esophagogastric adenocarcinoma: a randomized phase II trial of the AIO EGA study 
group J Clin Oncol 40 3750–3761 https://doi.org/10.1200/JCO.22.00380 PMID: 35709415

20. Wagner AD, Grabsch HI, and Mauer M, et al (2023) Integration of trastuzumab (T), with or without pertuzumab (P), into perioperative 
chemotherapy (CT) of HER-2 positive gastric (GC) and esophagogastric junction cancer (EGJC): first results of the EORTC 1203 INNO-
VATION study, in collaboration with the Korean Cancer Study Group, and the Dutch Upper GI Cancer group JCO 41 4057 https://doi.
org/10.1200/JCO.2023.41.16_suppl.4057

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.1921
https://doi.org/10.1038/s41467-023-44309-5
https://doi.org/10.1038/s41467-023-44309-5
http://www.ncbi.nlm.nih.gov/pubmed/38167806
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10762218
https://doi.org/10.1200/JCO.20.03614
https://doi.org/10.1007/s00423-023-02822-7
http://www.ncbi.nlm.nih.gov/pubmed/36763220
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9918580
https://doi.org/10.3892/ol.2022.13292
https://doi.org/10.1016/S1470-2045(17)30043-8
http://www.ncbi.nlm.nih.gov/pubmed/28163000
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5337626
https://doi.org/10.1016/j.ejca.2020.02.013
https://doi.org/10.1016/j.ejca.2020.02.013
http://www.ncbi.nlm.nih.gov/pubmed/32171104
https://doi.org/10.1001/jamanetworkopen.2021.16240
https://doi.org/10.1001/jamanetworkopen.2021.16240
http://www.ncbi.nlm.nih.gov/pubmed/34241629
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8271357
https://doi.org/10.1002/ijc.34495
https://ascopost.com/news/november-2023/adding-pembrolizumab-to-trastuzumab-and-chemotherapy-in-her2
https://ascopost.com/news/november-2023/adding-pembrolizumab-to-trastuzumab-and-chemotherapy-in-her2
https://doi.org/10.3748/wjg.v22.i26.5879
http://www.ncbi.nlm.nih.gov/pubmed/27468182
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4948273
https://doi.org/10.1016/S1470-2045(21)00718-X
https://doi.org/10.1016/S1470-2045(21)00718-X
http://www.ncbi.nlm.nih.gov/pubmed/35038433
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8903071
https://doi.org/10.1002/ijc.33696
http://www.ncbi.nlm.nih.gov/pubmed/34019698
https://doi.org/10.1200/JCO.22.00380
http://www.ncbi.nlm.nih.gov/pubmed/35709415
https://doi.org/10.1200/JCO.2023.41.16_suppl.4057
https://doi.org/10.1200/JCO.2023.41.16_suppl.4057


Re
vi

ew

ecancer 2025, 19:1921; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2025.1921 10

21. Takahari D, Kawazoe A, and Machida N, et al (2022) Phase 2 study of trastuzumab deruxtecan in the neoadjuvant treatment for patients 
with HER2-positive gastric and gastroesophageal junction adenocarcinoma (EPOC2003) JCO 40 TPS4161 https://doi.org/10.1200/
JCO.2022.40.16_suppl.TPS4161

22. Liu C, Yang M, and Zhang D, et al (2022) Clinical cancer immunotherapy: current progress and prospects Front Immunol 13 961805 
https://doi.org/10.3389/fimmu.2022.961805 PMID: 36304470 PMCID: 9592930

23. Janjigian YY, Shitara K, and Moehler M, et al (2021) First-line nivolumab plus chemotherapy versus chemotherapy alone for advanced 
gastric, gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a randomised, open-label, phase 3 trial 
Lancet 398 27–40 https://doi.org/10.1016/S0140-6736(21)00797-2 PMID: 34102137 PMCID: 8436782

24. Yan Y, Kumar AB, and Finnes H, et al (2018) Combining immune checkpoint inhibitors with conventional cancer tTherapy Front Immunol 
9 1739 https://doi.org/10.3389/fimmu.2018.01739

25. Polom K, Marrelli D, and Roviello G, et al (2017) Molecular key to understand the gastric cancer biology in elderly patients-the role of 
microsatellite instability J Surg Oncol 115 344–350 https://doi.org/10.1002/jso.24513

26. Duan Y and Xu D (2023) Microsatellite instability and immunotherapy in gastric cancer: a narrative review Precis Cancer Med 6 https://
doi.org/10.21037/pcm-22-48

27. Li C, Zhao S, and Zheng Y, et al (2021) Preoperative pembrolizumab combined with chemoradiotherapy for oesophageal squamous cell 
carcinoma (PALACE-1) Eur J Cancer 144 232–241 https://doi.org/10.1016/j.ejca.2020.11.039

28. Lorenzen S, Götze TO, and Thuss-Patience P, et al (2024) Perioperative atezolizumab plus fluorouracil, leucovorin, oxaliplatin, and 
docetaxel for resectable esophagogastric cancer: interim results from the randomized, multicenter, phase II/III DANTE/IKF-s633 trial 
JCO 42 410–420 https://doi.org/10.1200/JCO.23.00975

29. Helwick C Additional analysis of MATTERHORN confirms global benefit of durvalumab plus FLOT in gastric/gastroesophageal cancer - 
the ASCO post [https://ascopost.com/news/january-2024/additional-analysis-of-matterhorn-confirms-global-benefit-of-durvalumab-
plus-flot-in-gastricgastroesophageal-cancer/]

30. Shitara K, Rha SY, and Wyrwicz LS, et al (2024) Neoadjuvant and adjuvant pembrolizumab plus chemotherapy in locally advanced 
gastric or gastro-oesophageal cancer (KEYNOTE-585): an interim analysis of the multicentre, double-blind, randomised phase 3 study 
Lancet Oncol 25 212–224 https://doi.org/10.1016/S1470-2045(23)00541-7

31. Eads JR, Graham N, and Gibson MK, et al (2021) A phase II/III study of perioperative nivolumab and ipilimumab in patients (pts) with 
locoregional esophageal (E) and gastroesophageal junction (GEJ) adenocarcinoma: results of a safety run-in—a trial of the ECOG-
ACRIN Cancer Research Group (EA2174) JCO 39 4064–4064 https://doi.org/10.1200/JCO.2021.39.15_suppl.4064

32. Essen University Hospital (2023) Perioperative Immunotherapy vs. Chemo-Immunotherapy Stratified by Early Response Evaluation in Patients 
With Advanced Gastric Cancer (GC) and Adenocarcinoma of the Esophago-Gastric Junction (AEG) (Essen: Essen University Hospital) [https://
clinicaltrials.gov/study/NCT04062656]

33. André T, Tougeron D, and Piessen G, et al (2023) Neoadjuvant nivolumab plus ipilimumab and adjuvant nivolumab in localized deficient 
mismatch repair/microsatellite instability-high gastric or esophagogastric junction adenocarcinoma: the GERCOR NEONIPIGA phase 
II study J Clin Oncol 41 255–265 https://doi.org/10.1200/JCO.22.00686

34. Pietrantonio F, Raimondi A, and Lonardi S, et al (2023) INFINITY: a multicentre, single-arm, multi-cohort, phase II trial of tremelimumab 
and durvalumab as neoadjuvant treatment of patients with microsatellite instability-high (MSI) resectable gastric or gastroesophageal 
junction adenocarcinoma (GAC/GEJAC) JCO 41 358–358 https://doi.org/10.1200/JCO.2023.41.4_suppl.358

35. Hasegawa H, Shitara K, and Takiguchi S, et al (2022) A multicenter, open-label, single-arm phase I trial of neoadjuvant nivolumab mono-
therapy for resectable gastric cancer Gastric Cancer 25 619–628 https://doi.org/10.1007/s10120-022-01286-w PMID: 35254550 
PMCID: 9013329

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.1921
https://doi.org/10.1200/JCO.2022.40.16_suppl.TPS4161
https://doi.org/10.1200/JCO.2022.40.16_suppl.TPS4161
https://doi.org/10.3389/fimmu.2022.961805
http://www.ncbi.nlm.nih.gov/pubmed/36304470
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9592930
https://doi.org/10.1016/S0140-6736(21)00797-2
http://www.ncbi.nlm.nih.gov/pubmed/34102137
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8436782
https://doi.org/10.3389/fimmu.2018.01739
https://doi.org/10.1002/jso.24513
https://doi.org/10.21037/pcm-22-48
https://doi.org/10.21037/pcm-22-48
https://doi.org/10.1016/j.ejca.2020.11.039
https://doi.org/10.1200/JCO.23.00975
https://ascopost.com/news/january-2024/additional-analysis-of-matterhorn-confirms-global-benefit-of-
https://ascopost.com/news/january-2024/additional-analysis-of-matterhorn-confirms-global-benefit-of-
https://doi.org/10.1016/S1470-2045(23)00541-7
https://doi.org/10.1200/JCO.2021.39.15_suppl.4064
https://clinicaltrials.gov/study/NCT04062656
https://clinicaltrials.gov/study/NCT04062656
https://doi.org/10.1200/JCO.22.00686
https://doi.org/10.1200/JCO.2023.41.4_suppl.358
https://doi.org/10.1007/s10120-022-01286-w
http://www.ncbi.nlm.nih.gov/pubmed/35254550
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9013329


Re
vi

ew

ecancer 2025, 19:1921; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2025.1921 11

36. Yin J, Yuan J, and Li Y, et al (2023) Neoadjuvant adebrelimab in locally advanced resectable esophageal squamous cell carcinoma: a 
phase 1b trial Nat Med 29 2068–2078 https://doi.org/10.1038/s41591-023-02469-3 PMID: 37488287 PMCID: 10427424

37. Coutzac C, Bibeau F, and Ben Abdelghani M, et al (2022) Immunotherapy in MSI/dMMR tumors in the perioperative setting: the IMHO-
TEP trial Dig Liver Dis 54 1335–1341 https://doi.org/10.1016/j.dld.2022.07.008 PMID: 35907691

38. Saeed A, Park R, and Sun W (2021) The integration of immune checkpoint inhibitors with VEGF targeted agents in advanced gastric 
and gastroesophageal adenocarcinoma: a review on the rationale and results of early phase trials J Hematol Oncol 14 13 https://doi.
org/10.1186/s13045-021-01034-0 PMID: 33436042 PMCID: 7802258

39. Li C, Zhao S, and Zheng Y, et al (2023) 1512MO Perioperative camrelizumab (C) combined with rivoceranib (R) and chemotherapy 
(chemo) versus chemo for locally advanced resectable gastric or gastroesophageal junction (G/GEJ) adenocarcinoma: the first interim 
analysis of a randomized, phase III trial (DRAGON IV) Ann Oncol 34 S852 https://doi.org/10.1016/j.annonc.2023.09.1425

40. Wang C, Wang Z, and Zhao Y, et al (2023) Neoadjuvant PD-1 inhibitor plus apatinib and chemotherapy versus apatinib plus che-
motherapy in treating patients with locally advanced gastric cancer: a prospective, cohort study J Gastric Cancer 23 328 https://doi.
org/10.5230/jgc.2023.23.e17 PMID: 37129156 PMCID: 10154141

41. Lordick F, Carneiro F, and Cascinu S, et al (2022) Gastric cancer: ESMO clinical practice guideline for diagnosis, treatment and follow-up 
Ann Oncol 33 1005–1020 https://doi.org/10.1016/j.annonc.2022.07.004 PMID: 35914639

42. Obermannová R, Alsina M, and Cervantes A, et al (2022) Oesophageal cancer: ESMO clinical practice guideline for diagnosis, treatment 
and follow-up Ann Oncol 33 992–1004 https://doi.org/10.1016/j.annonc.2022.07.003 PMID: 35914638

43. Hu J, Yang Y, and Ma Y, et al (2022) Survival benefits from neoadjuvant treatment in gastric cancer: a systematic review and meta-
analysis Syst Rev 11 136 https://doi.org/10.1186/s13643-022-02001-7 PMID: 35788246 PMCID: 9252040

44. Cunningham D, Allum WH, and Stenning SP, et al (2006) Perioperative chemotherapy versus surgery alone for resectable gastroesoph-
ageal cancer N Engl J Med 355 11–20 https://doi.org/10.1056/NEJMoa055531 PMID: 16822992

45. Chau I (2023) Pembrolizumab as a first-line treatment for advanced gastric cancer Lancet Oncol 24 1158–1159 https://doi.org/10.1016/
S1470-2045(23)00526-0 PMID: 37875145

46. Bang YJ, Van Cutsem E, and Feyereislova A, et al (2010) Trastuzumab in combination with chemotherapy versus chemotherapy alone 
for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, randomised 
controlled trial Lancet 376 687–697 https://doi.org/10.1016/S0140-6736(10)61121-X PMID: 20728210

47. Shitara K, Bang YJ, and Iwasa S, et al (2020) Trastuzumab deruxtecan in previously treated HER2-positive gastric cancer N Engl J Med 
382 2419–2430 https://doi.org/10.1056/NEJMoa2004413 PMID: 32469182

48. Hofheinz RD, Haag GM, and Ettrich TJ, et al (2020) Perioperative trastuzumab and pertuzumab in combination with FLOT versus FLOT 
alone for HER2-positive resectable esophagogastric adenocarcinoma: final results of the PETRARCA multicenter randomized phase II 
trial of the AIO J Clin Oncol 38 4502 https://doi.org/10.1200/JCO.2020.38.15_suppl.4502

49. Wilke H, Muro K, and Van Cutsem E, et al (2014) Ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients with previ-
ously treated advanced gastric or gastro-oesophageal junction adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial 
Lancet Oncol 15 1224–1235 https://doi.org/10.1016/S1470-2045(14)70420-6 PMID: 25240821

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.1921
https://doi.org/10.1038/s41591-023-02469-3
http://www.ncbi.nlm.nih.gov/pubmed/37488287
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10427424
https://doi.org/10.1016/j.dld.2022.07.008
http://www.ncbi.nlm.nih.gov/pubmed/35907691
https://doi.org/10.1186/s13045-021-01034-0
https://doi.org/10.1186/s13045-021-01034-0
http://www.ncbi.nlm.nih.gov/pubmed/33436042
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7802258
https://doi.org/10.1016/j.annonc.2023.09.1425
https://doi.org/10.5230/jgc.2023.23.e17
https://doi.org/10.5230/jgc.2023.23.e17
http://www.ncbi.nlm.nih.gov/pubmed/37129156
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10154141
https://doi.org/10.1016/j.annonc.2022.07.004
http://www.ncbi.nlm.nih.gov/pubmed/35914639
https://doi.org/10.1016/j.annonc.2022.07.003
http://www.ncbi.nlm.nih.gov/pubmed/35914638
https://doi.org/10.1186/s13643-022-02001-7
http://www.ncbi.nlm.nih.gov/pubmed/35788246
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9252040
https://doi.org/10.1056/NEJMoa055531
http://www.ncbi.nlm.nih.gov/pubmed/16822992
https://doi.org/10.1016/S1470-2045(23)00526-0
https://doi.org/10.1016/S1470-2045(23)00526-0
http://www.ncbi.nlm.nih.gov/pubmed/37875145
https://doi.org/10.1016/S0140-6736(10)61121-X
http://www.ncbi.nlm.nih.gov/pubmed/20728210
https://doi.org/10.1056/NEJMoa2004413
http://www.ncbi.nlm.nih.gov/pubmed/32469182
https://doi.org/10.1200/JCO.2020.38.15_suppl.4502
https://doi.org/10.1016/S1470-2045(14)70420-6
http://www.ncbi.nlm.nih.gov/pubmed/25240821

