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The treatment of non-small cell lung cancer (NSCLC), particularly lung adenocarcinoma (LUAD), represents a significant oncological challenge due to its aggressive behavior, high metastatic potential and poor prognosis. HER2 mutation is a rare but critical oncogenic driver associated with resistance to traditional therapies among NSCLC subtypes, including chemotherapy and tyrosine kinase inhibitors (TKIs). Trastuzumab deruxtecan (T-DXd), a next-generation antibody-drug conjugate, combines HER2-targeted therapy with a potent cytotoxic payload, enabling specific tumor cell eradication and addressing intratumoral heterogeneity through its bystander effect. This case report details the treatment of a 69-year-old male with advanced HER2 exon 20-mutant LUAD and widespread metastases. Following the family’s refusal of chemotherapy, T-DXd was initiated, leading to prolonged disease stabilization over 14 treatment cycles, demonstrating a progression-free survival of at least 13 months. Imaging assessments revealed a consistent reduction in the primary lung lesion size, with stable disease (SD) observed according to RECIST criteria. Despite a mixed response in brain metastases, T-DXd demonstrated a favorable safety profile without significant adverse events. While pivotal trials such as DESTINY-Lung02 and DESTINY-Lung05 have demonstrated robust efficacy and survival benefits of T-DXd as subsequent lines of therapy, our patient’s tolerance and sustained SD support the therapeutic potential of T-DXd as a first line treatment in certain real-world scenarios. In addition, this case reinforces the importance of molecular profiling in guiding personalized treatment strategies and highlights the need for further research, particularly in overcoming challenges related to central nervous system metastases. Overall, T-DXd represents a promising advancement in HER2-mutant NSCLC management, offering hope for improved outcomes in this underserved patient population.
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INTRODUCTION
Non-small cell lung cancer (NSCLC) is a leading cause of cancer-related mortality worldwide (Bray et al., 2024), and among its various subtypes, lung adenocarcinoma (LUAD) is the most prevalent. HER2 (human epidermal growth factor receptor 2) mutations represent a rare but significant oncogenic driver primarily observed in LUAD. These mutations, often located in exon 20, are present in approximately 2%–4% of NSCLC cases (Cheng et al., 2016; Harada et al., 2023). Clinically, HER2-mutant NSCLC is characterized by its aggressive behavior, including rapid disease progression, high metastatic potential and poor overall prognosis (Tan and Tan, 2022). Thus, response to conventional treatment modalities, such as platinum-based chemotherapy and immune checkpoint inhibitors, remains suboptimal in this subset of patients (Wu et al., 2019).
Although tyrosine kinase inhibitors (TKIs) targeting HER2, such as afatinib and neratinib, have shown some activity, their efficacy is often hindered by incomplete inhibition of HER2 signaling and the rapid emergence of resistance (Cooper and Gainor, 2022). Additionally, monoclonal antibody-based therapies, such as trastuzumab, have shown limited clinical benefits in HER2-mutant NSCLC when used as monotherapy (Cooper and Gainor, 2022), likely due to insufficient tumor penetration and inadequate downstream signaling blockade. To address these limitations, dual approaches combining TKIs or antibodies with chemotherapy have been explored, but these strategies often result in significant toxicity, which restricts their clinical applicability (Mazieres et al., 2016; Cooper and Gainor, 2022). Overall, the limitations of current treatment options highlight the pressing need for novel and more effective strategies to specifically target the unique molecular and structural characteristics of HER2-mutant NSCLC.
In this regard, Trastuzumab deruxtecan (T-DXd) represents a groundbreaking advancement in the treatment of HER2-mutant NSCLC (Kou et al., 2023). As an antibody-drug conjugate (ADC), T-DXd combines a monoclonal antibody targeting HER2 with a potent cytotoxic payload, enabling highly specific delivery of chemotherapy to HER2-expressing tumor cells, thereby overcoming several limitations associated with traditional HER2-directed therapies (Trail et al., 2018). A key feature of T-DXd is its high drug-to-antibody ratio (DAR), which ensures a strong cytotoxic effect, even in tumors with moderate HER2 expression levels (Nakada et al., 2019). Moreover, T-DXd introduces a “bystander effect” (Bartsch, 2020), wherein the released payload diffuses into neighboring tumor cells, irrespective of HER2 expression, and this is particularly advantageous in heterogeneous tumors, such as HER2-mutant NSCLC, where intratumoral heterogeneity and varying levels of HER2 expression often leads to treatment failure (Hinohara and Polyak, 2019). Thus, by targeting HER2-positive tumor cell populations, T-DXd provides a more comprehensive approach to tumor eradication, particularly in advanced HER2-mutant NSCLC, where conventional therapies have shown limited success.
Herein, we present the case of a patient with advanced HER2 exon 20-mutated LUAD, who despite the extensive metastases, the family refused chemotherapy due to concerns over treatment-related toxicities. Based on the latest recommendations from the Chinese Society of Clinical Oncology (CSCO) and National Comprehensive Cancer Network (NCCN) guidelines, T-DXd was proposed as a targeted therapeutic option (Li B. T. et al., 2023; Riely and Wood, 2024). His prolonged stable disease and excellent tolerance to the treatment highlight the potential of T-DXd as a first-line therapy, especially in real-world scenarios where conventional therapies may not be feasible.
CASE PRESENTATION
A 69-year-old male patient (weight: 69 kg; height: 160 cm) presented with a lung nodule detected during a routine health examination in October 2023. His medical history included grade 3 hypertension (diagnosed in 2010; highest recorded: 155/115 mmHg) that could be controlled with nifedipine sustained-release tablets and a prior radical prostatectomy for acinar adenocarcinoma of the prostate in June 2022 plus adjuvant therapy with goserelin and bicalutamide. He had no history of smoking and drinking.
Clinical findings and diagnosis
On physical examination, the patient had a Performance Status (PS) score of 0, and no palpable lymphadenopathy was detected in the cervical, supraclavicular or axillary regions. Cardiopulmonary examination was unremarkable, with normal heart sounds and clear lung fields upon auscultation.
To assess the extent of the disease, comprehensive imaging examinations were performed. On 4 October 2023, a chest, abdominal, and pelvic computed tomography (CT) scan revealed a 29 × 35 × 39 mm soft tissue mass in the left lower lobe near the pulmonary hilum (Figure 1A). Additional findings included multiple metastatic lesions in both lungs, with the largest in the right middle lobe measuring approximately 7 × 7 mm, a bone lesion in the third lumbar vertebra (L3), appearing as a 5 × 6 mm osteolytic lesion. Subsequent magnetic resonance imaging (MRI) scan of the brain demonstrated multiple abnormal enhancing nodules in both cerebral and cerebellar hemispheres, with the largest lesion in the right cerebellar region, measuring approximately ×85 mm (Figure 1B). Additional findings included mild white matter changes in the periventricular region consistent with Fazekas grade II, indicative of age-related brain alterations, thickening of the bilateral tentorium cerebelli, with associated T2-weighted hyperintensities in the right tentorium, measuring about 9 × 3 mm. These findings suggested metastatic lesions and associated structural abnormalities. Positron emission tomography-CT (PET-CT) scan confirmed the presence of multiple metastases in the lungs, liver and bones (Figure 1C).
[image: Figure 1]FIGURE 1 | Imaging, Histopathology and Molecular Diagnostics. Initial tumor sizes at diagnosis on (A) CT, (B) MRI, and (C) PET-CT. (D) Histopathological characterization of the tumor, with immunohistochemical staining showing positivity for cytokeratin (CK) (left panel, magnification ×40), TTF-1 (middle panel, magnification ×100) and Napsin A (right panel, magnification ×200), indicative of pulmonary adenocarcinoma origin.
To obtain a definitive diagnosis, a bronchoscopy with endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) of a hilar lymph node (LN station 11) on the left side near the lower respiratory tract was performed on 12 October 2023, and histopathological examination revealed the presence of metastatic LUAD. Immunohistochemical staining demonstrated positivity for cytokeratin (CK), thyroid transcription factor-1 (TTF-1) and Napsin A, which are markers indicative of pulmonary adenocarcinoma origin (Figure 1D). The tumor cells were negative for NKX3.1, prostate-specific antigen (PSA), and P40, ruling out prostate origin and squamous differentiation. The Ki-67 proliferation index was approximately 5%, suggesting a moderate rate of tumor cell proliferation. Fluorescent amplification-refractory mutation system (ARMS)-PCR analysis of mutations in nine genes of lung cancer on 18 October 2023, detected HER2 exon 20 insertion mutation (A775_G776insYVMA), which is known to be associated with aggressive tumor behavior, and found no EGFR mutations and no ALK, ROS1, or RET rearrangement, and others.
Treatments
Given the advanced stage of the disease, classified as cT2aN0M1c (stage IVB), and considering that the patient was unaware of his diagnosis, with his family strongly opposed to chemotherapy due to concerns of treatment-related toxicities, a decision was made to administer targeted therapy, and on 31 October 2023, he was initiated on 370 mg T-DXd (5.4 mg/kg) every 3 weeks. The timeline is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Events Timeline. Depiction of the clinical course of the patient, including initial diagnosis, imaging findings, initiation of Trastuzumab Deruxtecan (T-DXd) therapy, follow-up imaging results, and overall treatment outcomes over the 14 treatment cycles.
The patient’s response to therapy was closely monitored through regular imaging assessments. After two cycles of treatment (11 December 2023), CT scans of the chest, abdomen and pelvis revealed a slight reduction in the size of the primary lung lesions (largest lesion: 28 × 25 × 39 mm), slight reduction in the size of the L3 lesion, and no significant progression in the other lesions. The brain MRI showed a slight decrease in the size of the metastatic lesions, and according to both the Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1) and the Response Assessment in Neuro-Oncology (RANO) criteria, the patient was evaluated to have a stable disease (SD). After the fourth cycle, on 25 January 2024, CT and MRI scan demonstrated a continued slight reduction in the size and number of the lungs (largest lesion: 28 × 26 × 37 mm), L3 and cerebral lesions, and the patient remained as SD as per the RECIST v1.1 and RANO criteria.
After eight cycles of treatment, on 14 April 2024, imaging showed that the primary lung lesions had further reduced in size to 25 × 23 × 32 mm, while the L3 lesion size remained unchanged and the brain metastases had slightly increased in both number and size (largest lesion: 9 × 3 mm). Overall, the disease status was SD.
After the 10th cycle, on 9 July 2024, a mixed response was observed. While some lesions showed slight enlargement, others remained stable or continued to decrease in size, with the primary largest lung lesion reducing to 20 × 21 × 29 mm. Despite these variations, the disease was still evaluated as SD according to the RECIST v1.1 criteria. After completing 14 cycles of T-DXd, on 4 October 2024, the primary lung lesion was found to show a slight but continuous decrease in size to 17 × 21 × 27 mm, while the L3 lesion size remained unchanged, and the brain metastases had slightly enlarged compared to previous assessments, but the number of metastatic lesions remained unchanged. Nevertheless, the overall evaluation was considered to be progressive response. The overall changes in the lesions from baseline are shown in Figure 3.
[image: Figure 3]FIGURE 3 | Response Evaluation. Graphical representation of the changes in the size of the primary lung lesion, lumbar and brain metastases over 14 cycles of T-DXd therapy, evaluated using the RECIST v1.1 and RANO criteria, highlighting sustained stable disease and mixed responses in brain metastases.
Throughout the treatment course, the patient tolerated the therapy well, with no significant adverse events reported. Regular blood tests, including complete blood counts and biochemical profiles, remained within normal limits, indicating a favorable safety profile for the administered therapy. CT enhanced chest scan, ECG and echocardiography as well as laboratory investigations found no evidence of T-DXd related interstitial lung disease and cardiotoxicity.
DISCUSSION
For this 69-year-old male patient with advanced HER2 exon 20 mutated NSCLC and widespread metastases to the lungs, liver, bones and brain, T-DXd demonstrated promising efficacy and safety for more than 13 months since diagnosis. IHC staining revealed the tumor’s pulmonary origin and ruled out a prostate origin, and genetic testing identified a HER2 exon 20 mutation, which is associated with aggressive tumor behavior and poor prognosis (Friedlaender et al., 2022), while the Ki-67 proliferation index of 5% indicated moderate tumor cell proliferation, suggesting an active but not highly aggressive tumor growth rate. Together, these emphasized the significance of determining molecular characteristics of a tumor for individualized treatment, which has been particularly effective for this patient.
T-DXd, a next-generation ADC, comprises a HER2-targeting monoclonal antibody linked to the cytotoxic payload deruxtecan via a stable linker, enabling targeted delivery to HER2-expressing tumor cells. Its unique bystander effect allows the payload to impact neighboring tumor cells with lower HER2 expression, which improves efficacy even in heterogeneous tumors (Yver et al., 2020). Compared to previous generations of HER2-targeted therapies, T-DXd offers enhanced potency, improved tumor penetration and reduced off-target toxicity (Nakada et al., 2019), which might have led to the observed good therapeutic outcomes of our patient, thereby addressing one of the major challenges of traditional therapies-overcoming tumor heterogeneity.
The clinical efficacy of T-DXd in HER2-mutant NSCLC has been demonstrated in several trials such as DESTINY-Lung01 (Li et al., 2022), DESTINY-Lung02 (Goto et al., 2023), and DESTINY-Lung05 (Cheng et al., 2024). In DESTINY-Lung01 (Li et al., 2022), T-DXd achieved promising objective response rate (ORR) in patients with HER2-mutant metastatic NSCLC and superior to that typically observed with standard therapies. Similarly, DESTINY-Lung02 (Goto et al., 2023), which focused on heavily pretreated patients, reported an ORR of 50% in those patients receiving 5.4 mg/kg dose, with 1.0% complete responses and 48.0% partial responses, highlighting its effectiveness in a challenging patient population. In terms of progression-free survival (PFS), the latest data from DESTINY-Lung02 presented at the 2024 American Society of Clinical Oncology (ASCO) meeting reported a median PFS of 10 months and an overall survival (OS) of 19 months, which highlights the significant efficacy of T-DXd compared to the approximate ≤7 months of OS typically observed with conventional chemotherapy (Cooper and Gainor, 2022). Due to these compelling results, T-DXd was approved by the US Food and Drug Administration (Phillips, 2024). Following this, the DESTINY-Lung05 trial, a multi-center, open-label Phase 2 study conducted in China further reinforced the efficacy of T-DXd in HER2-mutant metastatic non-squamous NSCLC after disease progression on at least one prior line of treatment, which led to its Grade II recommendation in subsequent-line HER2-mutant NSCLC treatment in the CSCO 2024 guidelines and continued recommendation as the preferred therapy for subsequent-line treatment of HER2-mutant NSCLC in both adenocarcinoma and squamous cell carcinoma subtypes by the NCCN Guidelines (2024 V2) (Riely and Wood, 2024), thereby positioning T-DXd as a key therapeutic option for patients with limited treatment choices.
Although T-DXd has not yet received an approved indication in the first line setting for HER2 mutant NSCLC, the DESTINY-Lung04 study in first line setting is ongoing, and its data have not yet been published. However, given the promising efficacy of T-DXd in second-line and later treatments, as well as the family’s refusal of chemotherapy, we discussed with the family and decided to use T-DXd as a first-line treatment. In China, close relatives often choose not to disclose a cancer diagnosis to patients due to cultural values that emphasize protecting loved ones from emotional distress (Liu et al., 2018). Families believe that knowing the diagnosis could harm the patient’s mental and physical health; therefore, they often prioritize the patient’s perceived wellbeing over full transparency (Kao and Goh, 2013). In this present case, the patient’s family also strongly opposed chemotherapy and thus T-DXd was prescribed. He demonstrated sustained SD over 14 cycles, aligning with the promising outcomes observed in clinical trials, which provided essential insights into the potential efficacy of T-DXd in the first line treatment for HER2 mutant NSCLC.
DESTINY-Lung01 reported a median PFS of 7.1 months (95% CI, 5.5–9.8) and a median OS of 13.8 months (95% CI, 9.8–20.9) for patients with central nervous system (CNS) involvement. Moreover, exploratory pooled analyses from DESTINY-Lung01 and DESTINY-Lung02 revealed that among patients with measurable BM, T-DXd reduced BM size in approximately half of those receiving the 5.4 mg/kg dose and one-third of those receiving the 6.4 mg/kg dose, with complete resolution observed in three cases (Li Yingge et al., 2023). Though T-DXd has promising intracranial antitumor activities, the molecular mechanism underlying its CNS activity remains elusive. Trastuzumab administered intravenously reaches the cerebrospinal fluid in the CNS at only 1%–10% of its serum concentration (Stemmler et al., 2007). The variable response in brain metastases, which might be due to its limited ability to penetrate the blood brain barrier or tumor heterogeneity, suggests the need for a combination approach such as intracranial radiotherapy or the concurrent use of CNS penetrant small molecule inhibitor. However, data on the impact of non-selective HER2 TKIs like afatinib, dacomitinib, and pyrotinib on the central nervous system (CNS) are lacking.
Despite that safety profiles were similar between patients with and without BM at baseline, grade ≥3 and serious adverse events were more frequent in those with BM. Comparatively, the brain metastases of our patient demonstrated mixed responses, which may suggest limitations in T-DXd to fully penetrate the blood-brain barrier or tumor heterogeneity, raising considerations for further improvement of the drug’s efficacy through combination with other drugs or radiotherapy for such cases. Despite this, our patient experienced no significant adverse events, demonstrating T-DXd’s tolerability even after prolonged treatment, particularly for those who may not be candidates for more aggressive chemotherapy regimens.
In conclusion, this case suggests that T-DXd may be a feasible first-line option in select patients, but further clinical evidence is needed. Given the promising efficacy of T-DXd, there is a clear need for further research, particularly in exploring combination strategies and addressing challenges such as CNS metastasis control, as observed in our patient due to the mixed responses in brain lesions. Future trials could investigate ways to improve CNS penetration and explore novel combination regimens to further improve treatment responses and quality of life.
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