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Abstract

:

HER2 targeted therapies have significantly improved prognosis of HER2-positive breast and gastric cancer. HER2 overexpression and mutation is the pathogenic driver in non-small cell lung cancer (NSCLC) and colorectal cancer, however, to date, there are no approved HER2-targeted therapies with these indications. Trastuzumab deruxtecan (T-DXd) is a novel HER2-directed antibody drug conjugate showing significant anti-tumor activity in heavily pre-treated HER2-positive breast and gastric cancer patients. Preliminary data have shown promising objective response rates in patients with HER2-positive NSCLC and colorectal cancer. T-DXd has an acceptable safety profile, however with concerns regarding potentially serious treatment-emergent adverse events. In this review we focus on the pharmacologic characteristics and toxicity profile of T-Dxd, and provide an update on the most recent results of clinical trials of T-DXd in solid tumors. The referenced papers were selected through a PubMed search performed on 16 March 2021 with the following searching terms: T-DXd and breast cancer, or gastric cancer, or non-small cell lung cancer (NSCLC), or colorectal cancer. Oral presentation, abstracts, and posters presented at the American Society of Clinical Oncology (ASCO, Alexandria, VA, USA) 2020 and the European Society for Medical Oncology (ESMO, Lugano, Switzerland) 2020 annual meetings were retrieved for data on T-DXd. We also overview ongoing research and data of combination therapies currently under investigation, which will impact on future therapeutic strategies. Clinicaltrials.gov was searched to identify ongoing clinical trials of T-DXd alone or in combination in solid tumors.
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1. Introduction


HER2 targeted therapies have dramatically improved the prognosis of HER2-positive breast cancer patients in the adjuvant and neoadjuvant settings and in metastatic disease [1], and of patients with HER2-positive metastatic gastric cancer [2]. To date, several anti-HER2 drugs have been approved for the treatment of breast cancer: dual blockade with trastuzumab and pertuzumab, both anti-HER2 humanized monoclonal antibodies (mAb), in combination with chemotherapy is approved as first line treatment for metastatic disease [3]; the antibody–drug conjugate (ADC) trastuzumab emtansine (T-DM1) and the HER2 kinase inhibitor lapatinib are currently approved for further lines of treatment [4,5]. Trastuzumab in combination with chemotherapy is the standard frontline treatment for HER2-positive metastatic gastric cancer [2]. Even if less common, HER2 overexpression and mutation is the pathogenic driver even in other types of solid tumors, as non-small cell lung cancer (NSCLC) [6], colorectal [7], and biliary tract cancers [8]. However, to date there are no approved HER2-targeted therapies for HER2-expressing solid tumors with these indications.



Trastuzumab deruxtecan (T-DXd) (DS-8201; ENHERTU®) is a novel HER2-directed ADC which was discovered by Daiichi Sankyo Company, Ltd. (Tokyo, Japan) and jointly developed by Daiichi Sankyo Company, Ltd. in collaboration with AstraZeneca (Cambridge, UK) [9]. T-DXd has been evaluated as treatment of several HER2-expressing cancers, including HER2-positive and HER2-low breast cancer, HER2-positive gastric cancer, HER2-expressing colorectal cancer, and HER2-expressing or -mutated NSCLC [9]. T-DXd has shown significant anti-tumor activity in patients with heavily pre-treated HER2-positive metastatic breast cancer [10], thus leading to an accelerated Food and Drug Administration (FDA, Silver Spring, MD, USA) approval in 2019 [11]. Several trials are currently underway to explore T-DXd in a wide range of HER2-expressing tumors with promising preliminary results.



In this review we focus on the molecular and pharmacologic characteristics, and toxicity profile of this novel anti-HER2 compound, and provide an update on the most recent results of ongoing clinical trials of T-DXd in solid tumors. We also overview ongoing clinical research in this field and provide data of combination therapies currently under investigation, which will impact on future therapeutic strategies.




2. HER2 Targeting by T-DXd: Preclinical Studies


HER2 belongs to the human epidermal growth factor receptor (HER) family of four tyrosine kinases consisting of EGFR (HER1, erbB1), HER2 (erbB2, HER2/neu), HER3 (erbB3) and HER4 (erbB4) [12]. All together, these receptors regulate key cellular processes including proliferation, motility, and survival. The role of HER2 in human carcinogenesis was first established when it was discovered that ~15–20% of breast cancers show HER2 amplification and overexpression, a genetic feature associated with aggressive biologic behavior and worse prognosis [13]. HER2 overexpression has a highly transforming potential, and the amplification of HER2 locus is an early event in breast cancer carcinogenesis [14]. Approximately 15–20% of advanced gastric and gastroesophageal junction cancers, have overexpression or amplification of HER2 [2]. Mutations and amplification of ERBB2 have also been reported in ~4% of NSCLC, 2–5% of colorectal cancers, 5–20% of biliary tract tumors, and in up to 60% of salivary duct carcinomas [6,7,8,15].



HER2 overexpression is a strong predictive factor for response to anti-HER2 therapies, which target different regions of the HER2 protein [16]. T-DXd is a monoclonal antibody-drug conjugate (ATC code: L01XC41). T-DXd is composed of (1) an anti-HER2 humanized monoclonal immunoglobulin G1 antibody (MAAL-9001), with the same amino acid sequence as trastuzumab; (2) a cleavable maleimide tetrapeptide linker, which is selectively cleaved by cathepsins upregulated in cancer cells and in the tumor microenvironment to allow the release of the cytotoxic drug; and (3) the exatecan derivative MAAA-1181a (DXd), a DNA topoisomerase I inhibitor with a 10-fold higher inhibitory potency compared with SN-38, the active metabolite of irinotecan [17]. Upon binding to HER2, T-DXd disrupts HER2 signaling and mediates antibody-dependent cell-mediated cytotoxicity. In addition, after binding, T-DXd undergoes internalization and intracellular cleavage, resulting in release of deruxtecan. Upon release, deruxtecan causes DNA damage and apoptotic cell death. Figure 1 shows the structure and mechanism of action of T-DXd.



T-DXd was specifically designed to improve on the characteristics of other anti-HER2 ADC. Trastuzumab has been shown to modulate topoisomerase I expression in extracellular vesicles released by HER2 positive cancer cells. In this regard, combining a topoisomerase inhibitor, DXd, with trastuzumab, could have a potentially increased anti-tumor effect [18]. Compared with TDM-1, T-DXd shows a higher drug-to-antibody ratio (DAR, approximately 8 vs. 3 to 4), allowing efficient delivery to HER2 expressing tumor cells. Its cytotoxic payload has a short half-life, thus increasing the cytotoxic effect but minimizing the systemic exposure and limiting the off-target toxicity in normal cells [17]. Moreover, the payload has a high membrane permeability, which allows a cytotoxic effect on tumor cells in close proximity to targeted cells, regardless of their HER2 expression levels. This cytotoxic bystander effect has been confirmed both in in vitro and in vivo HER2-negative cells which were destroyed in presence of HER2-overexpressing cells [19]. In colorectal cancer cell lines with different levels of HER2 protein expression (without HER2/neu gene amplification), Takegawa et al., observed that HER2-overexpressing cells were sensitive to T-DXd, but not to other anti-HER2 agents [19]. This specific feature of T-DXd might potentially increase its therapeutic effect in those tumors harboring heterogeneous HER2 expression, as NSCLC and colorectal cancer [20,21].



In vitro and in vivo pharmacologic activities of T-DXd were evaluated and compared with TDM-1 in HER2-positive cell lines and patient-derived xenograft (PDX) models [17]. This study confirmed a higher membrane permeability of DXd as compared with DM1, along with high stability in plasma. The achievement of increased DAR allowed antitumor effects also on HER2-low expressing tumor models, while T-DM1 was not effective in these models. Moreover, in the PDX model, T-DXd showed potent antitumor activity against T-DM1 primary insensitive tumor cells, likely due to a higher sensitivity of T-DM1 to p-glycoprotein mediated efflux [17].



Overall, molecular characteristics of T-DXd and preclinical evidences support its role in HER2-low expressing tumors, as well as in tumors expressing HER2 protein in the absence of HER2 amplification, thus expanding the population of patients who will potentially benefit from such treatment.




3. Therapeutic Applications


The safety, tolerability, and activity of T-DXd in patients with advanced HER2-expressing breast and gastric and gastroesophageal junction tumors were assessed in a dose-escalation phase 1 trial, the DS8201-A-J101 (NCT02564900) [22]. In the first part of this trial, 24 patients were enrolled and received T-DXd from 0.8 to 8.0 mg/kg once every 3 weeks. Based on the results of the dose escalation phase, the maximum tolerated dose (MTD) was not reached, and the recommended phase 2 dosing (RP2D) was set on 5.4 or 6.4 mg/kg. In this small, heavily pretreated study population, T-DXd demonstrated promising antitumor activity (disease control rate (DCR) 91%), even in low HER2-expressing tumors [22].



In the dose expansion part of the study, T-DXd at the recommended doses (i.e., 5.4 mg/kg and 6.4 mg/kg once every 3 weeks) was assessed in five cohorts: advanced metastatic HER2-positive breast cancer progressed on prior TDM-1, HER2-positive gastric, or gastroesophageal junction cancer progressed on prior trastuzumab, HER2-low expressing breast cancer (i.e., immunohistochemistry (IHC) 1+ or 2+, in-situ hybridization (ISH) negative), other HER2-expressing (defined as IHC 3+, 2+, or 1+ or amplified) or HER2-mutated solid tumors [23,24]. During the dose expansion part of the trial, the MTD of 6.4 mg/kg once every 3 weeks was chosen based on the principle of highest tolerated dose without dose-limiting toxicities. Results of the dose expansion phase among HER2-positive breast and gastric cancer patients will be discussed in details in further sections [23,24]. The safety and efficacy results among HER2-positive (non-breast/non-gastric) solid tumors have recently been published [25]. Overall, 60 patients received ≥1 dose of 6.4 mg/kg T-DXd (colorectal cancer, n = 20; NSCLC, n = 18; and other, n = 22, including 8 salivary gland tumors; 2 breast cancers (1 HER2 low and 1 HER2 status missing per central laboratory assessment); 2 esophageal cancers; 2 endometrial cancers; 2 Paget disease; 2 biliary tract cancer; and 1 case each of pancreatic cancer, uterine cervix carcinoma, extraskeletal myxoid chondrosarcoma, and small-intestine adenocarcinoma). In this heterogeneous population, the median progression free survival (PFS) was 7.2 (95% confidence interval (CI), 4.8–11.1) months and the confirmed objective response rate (ORR) was 28.3%. Interestingly, among patients with NSCLC median PFS was 11.3 (95% CI, 8.1–14.3) months, and ORR was 72.7%. Confirmed disease response was observed in the following tumor types: HER2-expressing and mutant NSCLC, colorectal, salivary gland, biliary tract, and endometrial cancers [24]. Treatment with T-DXd resulted in an acceptable safety profile, consistent across patients’ cohorts, however with concerns regarding the onset of potentially serious treatment-emergent adverse events (TEAE) [25]. Table 1 shows the main results of major clinical trials of T-DXd.



3.1. Breast Cancer


T-DXd showed promising activity in the cohort of HER2-positive breast cancer patients (n = 115) pretreated with TDM-1 in the phase 1 trial (NCT02564900; data cut-off August 2018) [23]. Patients were treated with the recommended doses for expansion: the confirmed ORR was 59.5%, and DCR was 93.7%. The median PFS was 22.1 months, and the median overall survival (OS) was not reached. In the same phase 1 trial, T-DXd demonstrated antitumor activity also in the cohort of patients with HER2-low–expressing breast cancer refractory to standard therapies (n = 54) [26]: confirmed ORR was 37.0%, with median duration of response (DOR) of 10.4 months. The median PFS was 11.1 months, and the median OS was 29.4 (95% CI, 12.9 to 29.4) months [26].



Based on these positive results, the activity of T-DXd was evaluated in patients with HER2-positive metastatic breast cancer who had been previously treated with ≥2 anti-HER2 agents, including TDM-1, in the phase 2 DESTINY-Breast01 trial (NCT03248492) [10]. This two-part trial randomized patients to receive T-DXd 5.4 mg/kg (n = 50), 6.4 mg/kg (n = 48) or 7.4 mg/kg (n = 21) once every 3 weeks in part 1 (pharmacokinetics and dose-finding) of the trial; based on efficacy and tolerability results, the RP2D was 5.4 mg/kg once every 3 weeks (n = 184, of whom n = 50 from part 1), administered until disease progression or unacceptable treatment-related toxicity. After a median follow up of 11.0 months (data cut-off: August 2019), the confirmed ORR was 60.9%, and the confirmed DCR was 97.3%. The median time to response was 1.6 months, the median DOR 14.8 months, and the median duration of PFS was 16.4 months. The median OS was not reached, but estimated OS was 93.9% at 6 months, and 86.2% at 12 months. Results of two subgroup analyses of this trial have been presented at the 2020 American Society for Clinical Oncology (ASCO) annual meeting. The first report underlines a connection of the following variables with improved response and survival outcomes during treatment with T-DXd: hormone receptor positive status, fewer prior treatment regimens, pertuzumab given in the first or second line, and normal renal and hepatic function [27]. Notwithstanding, T-DXd demonstrated strong efficacy in all clinical subgroups analyzed. The second analysis reported data on T-DXd for patients with brain metastases at baseline and upon disease progression: T-DXd showed comparable efficacy among patients with brain metastases at baseline. Moreover, brain disease progression was noted at time of progression in only 8% of patients without brain disease involvement at the time of treatment initiation [28].



On 20 December 2019, the FDA granted accelerated approval to T-DXd for patients with unresectable or metastatic HER2-positive breast cancer who have received ≥2 prior anti-HER2-based regimens in the metastatic setting [11]. The recommended T-DXd dose is 5.4 mg/kg given once every 3 weeks until disease progression or unacceptable toxicity. On 10 December 2020, the European Medicines Agency’s (EMA, Amsterdam, The Netherlands) Committee for Medicinal Products for Human Use (CHMP) adopted a positive opinion, recommending the granting of a conditional marketing authorization for T-DXd [29].



To date, five randomized phase 3 trials of T-DXd in breast cancer patients are underway, for HER2-positive (DESTINY-Breast02, NCT03523585; DESTINY-Breast03, NCT03529110) and HER2-low (DESTINY-Breast04, NCT03734029; DESTINY-Breast06, NCT04494425) metastatic disease, and for HER2-positive primary breast cancer who do not achieve complete response after neoadjuvant therapy (DESTINY-Breast05, NCT04622319). Several other phase 1b and 2 trials are evaluating the role of T-DXd for HER2-positive and HER2-low disease in further lines of treatment, or in presence of central nervous system metastases, and in patients with triple negative breast cancer (Table 2).




3.2. Gastric Cancer


Overall, 44 patients with HER2-positive gastric or gastroesophageal junction cancer treated with T-DXd in the phase I trial were evaluable for safety and anti-tumor activity [24]. Eligibility criteria included disease progression on previous trastuzumab treatment. After a median follow-up of 5.5 months (data cut-off 10 August 2018), the confirmed ORR was 43.2%, and 79.5% of patients achieved DCR. The median time to response was 1.4 months, and the median DOR was 7.0 months. The median PFS was 5.6 months, and the median OS was 12.8 months. In a post-hoc subgroup analysis of 24 patients previously treated with irinotecan, ORR was 41.7% and DCR was 79.2% [24].



The randomized phase 2 trial DESTINY-Gastric01 evaluated T-DXd compared with chemotherapy in patients with HER2-positive advanced gastric or gastroesophageal junction adenocarcinoma who had progressed on at least two previous therapies, including trastuzumab (NCT03329690) [30]. In this trial, patients were randomly assigned in a 2:1 ratio to receive T-DXd 6.4 mg/kg once every 3 weeks (n = 125), or physicians’ choice chemotherapy (n = 62; 55 received irinotecan, and 7 received paclitaxel). Updated results of this trial were presented at the 2020 ASCO annual meeting (data cutoff 8 November 2019) [31]: confirmed ORR with T-DXd was 42.9% vs. 12.5% with chemotherapy, and DCR was 85.7% vs. 62.5%; median DOR was 11.3 vs. 3.9 months; median PFS was 5.6 vs. 3.5 months. OS was significantly prolonged with T-DXd, with a median OS of 12.5 vs. 8.4 months, and a 12-month OS of 52.1% with T-DXd vs. 28.9% with chemotherapy.



The efficacy of T-DXd was also evaluated in two HER2-low gastric cancer exploratory cohorts, including patients with IHC 2+/ISH− (cohort 1, n = 20), or IHC 1+ (cohort 2, n = 24) [32]. In cohort 1, confirmed ORR was 26.3%, with confirmed DCR of 89.5%. Median PFS was 4.4 months, and median OS 7.8 months, with a 12-month OS rate of 40.0%. Confirmed ORR in cohort 2 was 9.5%, and confirmed DCR was 71.4%. Median PFS was 2.8 months and median OS was 8.5 months, with a 12-month OS rate of 25.7%.



On 15 January 2021, the FDA approved T-DXd for adult patients with locally advanced or metastatic HER2-positive gastric cancer or gastroesophageal junction adenocarcinoma who have received a prior trastuzumab-based therapy regimen [33].



At the present time, two phase 2 trials in HER2-positive gastric cancer patients who progressed on prior trastuzumab are evaluating T-DXd as a monotherapy (DESTINY-Gastric02, NCT04014075) or in combination with chemotherapy and trastuzumab (DESTINY-Gastric03, NCT04379596) (Table 2).




3.3. NSCLC


Preclinical data suggest that the presence of activated HER2 in NSCLC cells, regardless of the addiction status to its downstream signaling pathways, can be used as a carrier to convey chemotherapeutic agents into cancer cells [34]. The clinical activity of T-DM1 in patients with ERBB2-amplified or-mutated lung cancers was confirmed in the context of a histology-agnostic phase II basket trial (NCT02675829) [35]. Indeed, the superior efficacy of T-DXd compared to TDM-1 has been demonstrated in lung tumors mouse models [34].



The DESTINY-Lung01 trial is an ongoing phase II study of T-DXd in patients with non-squamous NSCLC overexpressing HER2 or with HER2-activating mutation (NCT03505710). Preliminary data from this trial confirmed a promising clinical activity, with high ORR and durable responses among patients with HER2 mutations (n = 42) [36]. After a median follow-up of 8.0 months (data cut-off 25 November 2019), the median treatment duration was 7.75 months (range, 0.7–14.3 months). Confirmed ORR was 61.9%, median DOR was not reached, and DCR was 90.5%. The estimated median PFS was 14.0 mo (95% CI, 6.4–14.0 mo). Notably, 45.2% of patients had central nervous system metastases.



The four phase 2 studies and one phase 1 study in patients with HER2-positive or mutated NSCLC are ongoing: the DESTINY-Lung01 (NCT03505710), and the DESTINY-Lung02 (NCT04644237) evaluate T-DXd as monotherapy, while the DESTINY-Lung03 (NCT04686305), and the HUDSON trial (NCT03334617) investigate the combination of T-DXd with immunotherapy, chemotherapy, and novel anticancer agents.




3.4. Colorectal Cancer


Due to the high incidence worldwide of colorectal cancer, anti-HER2 targeted therapies have recently become an attractive matter of investigation, even if the incidence of ERBB2 genomic alterations is relatively low among patients with metastatic colorectal cancer [37]. Preliminary results have shown promising activity for the combination of trastuzumab with either lapatinib or pertuzumab in patients with heavily pretreated colorectal cancer with ERBB2 amplification [38,39].



T-DXd is currently under investigation in a phase 2 trial, in patients with HER2-expressing metastatic colorectal cancer that progressed on ≥2 prior systemic treatment regimens (DESTINY-CRC01, NCT03384940) (Table 2). In this study, patients are subdivided in 3 cohorts according to HER2 expression levels (A: HER2 IHC 3+ or IHC 2+/ISH+; B: IHC 2+/ISH−; C: IHC 1+). Preliminary data showed a remarkable activity of T-DXd in a cohort of 78 patients with heavily pretreated HER2 positive colorectal cancer (n = 53 in cohort A; n = 7 in cohort B; and n = 18 in cohort C) [40]. At data cutoff (9 August 2019), median treatment duration was 3.5 months (95% CI, 2.1–4.3 months). The confirmed ORR was 45.3% (95% CI, 31.6–59.6%) in cohort A; median DOR was not reached (95% CI, 4.2 months-NE). The DCR was 83.0% (95% CI, 70.2–91.9%); median PFS was 6.9 months (95% CI, 4.1 months-NE); median OS was not reached. No responses were observed in cohorts B or C.





4. Safety Profile


The safety of T-DXd was evaluated in a pooled analysis of 234 patients with HER2-positive breast cancer who received at least one dose of T-DXd 5.4 mg/kg in the DESTINY-Breast01 (NCT03248492), and in the phase 1 trial DS8201-A-J101 (NCT02564900) [9,10,22]. The most common adverse events (AE) (i.e., frequency ≥20%; any grade according to the common terminology criteria for adverse events (CTCAE), version 4.0)) were: nausea, fatigue, vomiting, alopecia, constipation, decreased appetite, anemia, neutropenia, diarrhea, leukopenia, cough, and thrombocytopenia. The most commonly reported (i.e., frequency ≥5%) grade 3–4 AEs were neutropenia (16%), anemia (7%), nausea (7%), fatigue (6%), and leukopenia (6%). Serious adverse events (SAE) occurred in 20% of patients, and included: interstitial lung disease (ILD), pneumonia, vomiting, nausea, cellulitis, hypokalemia, and intestinal obstruction. ILD (all grades) occurred in 9% of patients, with a median time to fist onset of 4.2 months.



Permanent treatment discontinuation due to SAEs occurred in 9% of patients, in most cases because of ILD (6% of patients). Dose interruptions and dose reductions because of treatment related toxicity were required in 33% and 18% of patients, respectively. Fatal outcomes due to AEs occurred in 4.3% of patients, with ILD being the most frequent cause (2.6%), followed by acute hepatic failure and acute kidney injury, general physical health deterioration, pneumonia and hemorrhagic shock (0.4% each).



The safety profile of T-DXd among patients with metastatic gastric cancer was consistent with that observed in the phase 1 trial, with the most common AEs (i.e., (frequency ≥30%; any grade) being neutropenia, anemia, nausea, and decreased appetite [22,24,31]. Most cases of ILD and pneumonitis in this group of patients were grade 1 or 2 in severity, and no deaths related to ILD were reported. Preliminary data from ongoing clinical trials of patients with colorectal cancer and NSCLC receiving T-DXd, show a comparable safety profile even in these patients’ population [36,40].



Overall, treatment with T-DXd appears to be relatively well tolerated, even if mature data on quality-of-life are not available yet. The incidence and seriousness of ILD is of concern, and careful monitoring for signs and symptoms of ILD is mandatory. Further data from ongoing clinical trials and post-marketing surveillance will allow the implementation of guidelines for early diagnosis and management of T-DXd-induced ILD. Based on the available safety results, T-DXd prescribing information includes a boxed warning to advise health professionals of the risk of ILD, as well as embryo-fetal toxicity [9].




5. Conclusions and Future Perspectives


T-DXd represents a promising therapeutic agent for HER2-expressing solid tumors. Given its outstanding success as treatment of HER2-expressing tumors, T-DXd is currently under evaluation in several clinical trials, either as a monotherapy or in combination with novel anti-cancer agents. Several phase 1 and 2 trials are investigating T-DXd in HER2-expressing solid tumors, mostly as a monotherapy but also in combination with immunotherapy (NCT03523572, NCT04042701), or PARP inhibitors (NCT04585958) (Table 2).



Available data suggest that T-DXd will become an important therapeutic weapon for the treatment of metastatic HER2-positive breast cancer patients. Based on the FDA approval, the role of T-DXd in the current treatment algorithm settles in the third line, after progression on prior trastuzumab and pertuzumab plus chemotherapy, and T-DM1. In this setting, the main competitor of T-DXd is tucatinib, a highly selective and potent anti-HER2 kinase inhibitor, which has shown promising activity in patients with metastatic breast cancer when combined with trastuzumab and capecitabine [41], specifically in those with active brain metastases [42]. At the present time, data of T-DXd efficacy among patients with brain metastases are lacking, thus suggesting that T-DXd might potentially represent the treatment of choice in previous lines for patients with extracranial only disease.



Results of ongoing clinical trials might move back T-DXd to previous lines of treatment for metastatic disease. The ongoing randomized phase 3, DESTINY-Breast03 trial is evaluating a head-to-head comparison of T-DXd and T-DM1 in patients with HER2-positive breast cancer progressed on prior trastuzumab plus chemotherapy. Trials are also evaluating T-DXd as a possible treatment strategy in the neoadjuvant and adjuvant settings. T-DXd represents an emerging treatment strategy for patients with HER2-low tumors. In this regard, Daiichi Sankyo and Roche are collaborating in the development of a HER2-low companion diagnostic test, using the VENTANA HER2 assay to identify patients with low-expressing HER2 cancers [11]. T-DXd might become a valid alternative to chemotherapy in patients with HER2-low, hormonal positive breast cancer who have exhausted available endocrine-based therapies. Nevertheless, T-DXd is under investigation in patients with triple negative breast cancer, which has historically been characterized by aggressive biology and negative prognosis.



Among patients with HER2-positive gastric cancer, T-DXd holds a promising future. To date no HER2-directed therapies other than trastuzumab have shown a significant benefit in patients with HER2-positive gastric cancer [43,44]. Moreover, the therapeutic armamentarium for the treatment of metastatic HER2-positive gastric cancer progressed on prior trastuzumab limits to single agent chemotherapy, with modest improvements in OS and low rates of disease response [45]. Indeed, T-DXd has shown impressive improvement in disease response and survival compared with chemotherapy, even in patients with HER2-low expressing tumors. Preliminary results suggest that a novel treatment strategy for patients with HER2-positive gastric cancer is approaching.



With the advent of T-DXd, HER2 might become an important therapeutic target for patients with NSCLC and colorectal cancer. Several targeted agents have been investigated as potential treatments for HER2-expressing or mutated NSCLC, including single agent afatinib [46], and trastuzumab combined with chemotherapy [47], with limited results [48]. T-DM1 achieved better response rates, ranging from 20% to 50% across different studies [35,49], however significantly lower compared to those observed with T-DXd (ORR 61.9%). Even in patients with HER2-positive colorectal cancer, single agent T-DXd has demonstrated ORR exceeding 50% compared with 30% observed with the combination of trastuzumab with either lapatinib or pertuzumab [38,39]. Overall, preliminary evidence suggest that results of ongoing clinical trials will contribute to positively modify the treatment paradigm of HER2-positive tumors in the next future.
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Figure 1. Mechanism of action of trastuzumab deruxtecan (T-DXd): following binding to HER2 on tumor cells, T-DXd undergoes internalization and intracellular linker cleavage by lysosomal ezymes. Upon release, the membrane permeable DXd enters the nucleus and causes DNA damage and apoptotic cell death. 
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Table 1. Summary of the main results of clinical trials of T-DXd.
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Trial Name, NCT Number

	
Type of Study

	
Condition(s)

	
Sample Size

	
Median Follow Up

	
ORR

	
DCR

	
mDOR

	
mPFS

	
mOS






	
DS8201-A-J101, NCT02564900

	
Phase 1

	
HER2-positive mBC pretreated with T-DM1

	
n = 115

	
9.9 mo

	
59.5%

	
93.7%

	
20.7 mo

	
22.1 mo

	
NR




	
HER2-low mBC refractory to standard therapies

	
n = 54

	
NA

	
37%

	
87%

	
10.4 mo

	
11.1 mo

	
29.4 mo




	
HER2-positive mGC/GEJC pretreated with ≥2 therapies, including TTZ

	
n = 44

	
5.5 mo

	
43.2%

	
79.5%

	
7.0 mo

	
5.6 mo

	
12.8 mo




	
HER2-positive metastatic solid tumors 1

	
n = 22

	
9.5 mo

	
27.3%

	
81.8%

	
NR

	
11.0 mo

	
23.4 mo




	
HER2-expressing or mutated metastatic NSCLC

	
n = 18

	
11.0 mo

	
55.6%

	
83.3%

	
9.9 mo

	
11.3 mo

	
NR




	
HER2-expressing metastatic CRC

	
n = 20

	
3.0 mo

	
5%

	
80%

	
7.4 mo

	
4 mo

	
15.6 mo




	
DESTINY-Breast01, NCT03248492

	
Phase 2

	
HER2-positive mBC pretreated with ≥2 anti-HER2 agents

	
n = 184

	
11.0 mo

	
60.9%

	
97.3%

	
14.8 mo

	
16.4 mo

	
NR




	
DESTINY-Gastric01, NCT03329690

	
Phase 2, randomized

	
HER2-positive mGC/GEJC pretreated with ≥2 therapies, including TTZ

	
n = 125

	
NA

	
42.9%

	
85.7%

	
11.3 mo

	
5.6 mo

	
12.5 mo




	
DESTINY-Lung01, NCT03505710 *

	
Phase 2

	
HER2-expressing or mutated metastatic NSCLC

	
n = 42

	
8.0 mo

	
61.9%

	
90.5%

	
NR

	
14.0 mo

	
NA




	
DESTINY-CRC01, NCT03384940 *

	
Phase 2

	
HER2-expressing metastatic CRC

	
n = 78 2

	
NA

	
45.3%

	
83%

	
NR

	
6.9 mo

	
NR








* Preliminary results (ongoing clinical trials). 1 Patients in this cohort included: n = 8 salivary gland tumors; n = 2 breast cancers (1 HER2 low and 1 HER2 status missing per central laboratory assessment); n = 2 esophageal cancers; n = 2 endometrial cancers; n = 2 Paget disease; n = 2 biliary tract cancer; n = 1 pancreatic cancer, n = 1 uterine cervix carcinoma, n = 1 extraskeletal myxoid chondrosarcoma, and n = 1 small-intestine adenocarcinoma. 2 Response and survival results are reported for the cohort of patients with HER2 positive (IHC 3+) tumors (n = 53). Abbreviations: CI, confidence interval; CRC, colorectal cancer; GEJC, gastroesophageal junction cancer; DCR, disease control rate; DOR, duration of response; IHC, immunohistochemistry; mBC, metastatic breast cancer; mGC, metastatic gastric cancer; mo, months; mOS, median overall survival; mPFS, median progression-free survival; NA, not available; NR, not reached; NSCLC, non-small cell lung cancer; ORR, objective response rate; T-DM1, trastuzumab emtansine; TTZ, trastuzumab.
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Table 2. Overview of the main ongoing clinical trials of T-DXd in solid tumors (source: clinicaltrials.gov; and rctportal.niph.go.jp; accessed: 16 March 2021).
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Trial Name,

NCT Number

	
Type of Study

	
Condition(s)

	
Drug(s)

	
Estimated Sample Size

	
Primary Endpoint(s)






	
Breast cancer




	
DESTINY-Breast02, NCT03523585

	
Phase 3, randomized

	
HER2-positive metastatic BC, progressed on prior TDM-1

	
T-DXd

Investigator’s choice CT (TTZ/lapatinib + capecitabine)

	
n = 600

	
PFS by BICR




	
DESTINY-Breast03,

NCT03529110

	
Phase 3, randomized

	
HER2-positive metastatic BC, progressed on prior TTZ + taxane

	
T-DXd

T-DM1

	
n = 500

	
PFS by BICR




	
DESTINY-Breast04,

NCT03734029

	
Phase 3, randomized

	
HER2-low metastatic BC, progressed on prior CT

	
T-DXd

Investigator’s choice CT

	
n = 540

	
PFS by BICR




	
DESTINY-Breast05,

NCT04622319

	
Phase 3, randomized

	
HER2-positive primary BC who do not achieve CR after neoadjuvant therapy

	
T-DXd

T-DM1

	
n = 1600

	
IDFS




	
DESTINY-Breast06, NCT04494425

	
Phase 3, randomized

	
HER2-low HR-positive metastatic BC

	
T-DXd

Investigator’s choice CT

	
n = 850

	
PFS




	
DESTINY-Breast07, NCT04538742

	
Phase 1b/2, randomized

	
HER2-positive metastatic BC, in second or later lines of treatment

	
T-DXd monotherapy or in combination 1

	
n = 350

	
AEs and SAEs frequency




	
DESTINY-Breast08, NCT04556773

	
Phase 1b

	
HER2-low metastatic BC

	
T-DXd + capecitabine/durvalumab+paclitaxel/capivasertib/anastrozole/fulvestrant

	
n = 185

	
AEs and SAEs frequency




	
HER2CLIMB-04, NCT04539938

	
Phase 2, single arm

	
HER2- positive metastatic BC, progressed on ≥2 prior anti-HER2-based regimens

	
T-DXd + tucatinib

	
n = 70

	
ORR




	
NCT04553770

	
Phase 2, randomized

	
HER2-low HR-positive early stage BC

	
T-DXd +/− anastrozole

	
n = 88

	
pCR rate




	
DEBBRAH, NCT04420598

	
Phase 2, single arm, multicohort

	
HER2-positive or HER2-low BC with CNS disease

	
T-DXd

	
n = 39

	
PFS, CNS ORR, OS




	
BEGONIA, NCT03742102

	
Phase 1b/2

	
Triple negative BC

	
durvalumab + T-DXd vs. durvalumab + other anti-cancer agents 2

	
n = 170

	
AEs, ORR




	
Gastric cancer




	
DESTINY-Gastric02, NCT04014075

	
Phase 2, single arm

	
HER2-positive gastric cancer, progressed on prior TTZ

	
T-DXd

	
n = 74

	
ORR by BICR




	
DESTINY-Gastric03,

NCT04379596

	
Phase 1b/2, randomized

	
HER2-positive gastric cancer, progressed on prior TTZ

	
T-DXd monotherapy or in combination 3

TTZ, 5FU/capecitabine + cisplatin/oxaliplatin

	
n = 220

	
AEs and SAEs frequency,

ORR




	
NSCLC




	
DESTINY-Lung01, NCT03505710

	
Phase 2, single arm

	
HER2-expressing or mutated NSCLC

	
T-DXd

	
n = 170

	
ORR by BICR




	
DESTINY-Lung02, NCT04644237

	
Phase 2, randomized

	
HER2-mutated metastatic NSCLC

	
T-DXd 6.4 mg/kg q3w

T-DXd 5.4 mg/kg q3w

	
n = 150

	
ORR by BICR




	
DESTINY-Lung03, NCT04686305

	
Phase 1b

	
HER2-positive treatment naive non-squamous NSCLC

	
T-DXd + durvalumab +/−CDDP/CBDCA or pemetrexed

	
n = 120

	
AEs and SAEs frequency




	
HUDSON, NCT03334617

	
Phase 2, biomarker directed, umbrella study

	
NSCLC, progressed on prior anti-PD1/PD-L1 therapy

	
durvalumab + T-DXd vs. durvalumab + other novel anti-cancer agents 4

	
n = 410

	
ORR




	
Miscellaneous




	
DESTINY-CRC01, NCT03384940

	
Phase 2

	
HER2-expressing colorectal cancer, progressed on ≥2 prior lines of CT

	
T-DXd

	
n = 90

	
ORR




	
NCT04616560

	
Phase 2, single arm

	
Newly diagnosed or recurrent HER2-positive osteosarcoma 5

	
T-DXd

	
n = 77

	
% of event-free patients at 24 weeks




	
DESTINY-PanTumor01, NCT04639219

	
Phase 2, single arm

	
HER2-expressing metastatic solid tumors

	
T-DXd

	
n = 100

	
ORR by BICR




	
DESTINY-PanTumor02,

NCT04482309

	
Phase 2, single arm

	
HER2-expressing metastatic solid tumors 6

	
T-DXd

	
n = 280

	
ORR




	
HERB,

JMA-IIA00423

	
Phase 2, single arm

	
HER2-expressing biliary tract cancer

	
T-DXd

	
n = 32

	
ORR




	
NCT03523572

	
Phase 1b

	
HER2-expressing BC, urothelial cancer

	
T-DXd + nivolumab

	
n = 99

	
AEs frequency, ORR




	
NCT04585958

	
Phase 1

	
Uterine serous carcinoma, HER2-positive or -expressing solid tumors

	
T-DXd + olaparib

	
n = 51

	
MTD, AEs frequency




	
NCT04042701

	
Phase 1b

	
HER2-positive BC, HER2-expressing or mutated NSCLC

	
T-DXd + pembrolizumab

	
n = 115

	
MTD, ORR








1 Combination therapies include: durvalumab, pertuzumab, paclitaxel, durvalumab and paclitaxel. 2 Anti-cancer agents include paclitaxel monotherapy, or in combination with capivasertib, or oleclumab. 3 Combination therapies include: 5FU, capecitabine, durvalumab, 5FU/capecitabine + oxaliplatin, 5FU/capecitabine + durvalumab. 4 Novel anti-cancer agents include: olaparib, AZD9150, AZD6738, vistusertib (AZD2014), oleclumab, cediranib, ceralasertib. 5 Patients with confirmed HER2 expression of >10% of tumor cells are eligible for enrolment in this trial. 6 This trial includes 7 tumor-specific cohorts: urothelial bladder cancer, biliary tract cancer, cervical cancer, endometrial cancer, ovarian cancer, pancreatic cancer, and rare tumors. Abbreviations: AEs, adverse events; BC, breast cancer; BICR, blinded independent central review; CBDCA, carboplatin; CDDP, cisplatin; CNS, central nervous system; CR, complete response; CT, chemotherapy; HR, hormone receptors; IDFS, invasive disease-free survival; MTD, maximum tolerated dose; NSCLC, non-small cell lung cancer; ORR, objective response rate; pCR, pathologic complete response; PFS, progression-free survival; q3w, once every 3 weeks; SAEs, serious adverse events; T-DM1, trastuzumab emtansine; T-DXd, trastuzumab deruxtecan; TTZ, trastuzumab; 5-FU, 5-fluorouracile.
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