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The immune checkpoint inhibitor atezolizumab is approved for PD-L1-positive triple-negative breast cancer (TNBC). However, no activity of atezolizumab in PD-L1-negative TNBC has been reported to date. Here, we present the case study of a woman with TNBC with low tumor infiltrating lymphocytes and PD-L1-negative disease, which achieved a significant response to atezolizumab monotherapy and durable response after the combination of atezolizumab and nab-paclitaxel. The comprehensive genomic analysis that we performed in her tumor and plasma samples revealed high tumor mutational burden (TMB), presence of the APOBEC genetic signatures, high expression of the tumor inflammation signature, and a HER2-enriched subtype by the PAM50 assay. Some of these biomarkers have been shown to independently predict response to immunotherapy in other tumors and may explain the durable response in our patient. Our work warrants further translational studies to identify biomarkers of response to immune checkpoint inhibitors in TNBC beyond PD-L1 expression and to better select patients that will benefit from immunotherapy.
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Introduction

Triple-negative breast cancer (TNBC) lacks expression of estrogen receptor (ER), progesterone receptor (PR), and the human epidermal growth factor receptor 2 (HER2); accounts for 15%–20% of all breast cancers; affects young women; and is highly aggressive. While targeted therapies are available for ER-positive (ER+) and HER2-positive (HER2+) breast cancer, chemotherapy remains the standard of care for TNBC. Among the different subtypes, TNBC is the most immunogenic and has the highest median number of tumor-infiltrating lymphocytes (TILs), PD-L1 expression, and tumor mutational burden (TMB), all of which are associated with immune activity (1). In this context, immunotherapy with atezolizumab, an anti-PD-L1 drug antibody, has been approved for PD-L1-positive (PD-L1+) (i.e., ≥1% PD-L1+ tumor-infiltrating immune cells) advanced TNBC in combination with nab-paclitaxel (2). On the other side, activity of pembrolizumab monotherapy in patients with pre-treated metastatic breast cancer with high TMB has recently been reported (3). However, no activity of immune checkpoint inhibitors in PD-L1-negative TNBC has been observed to date, and the predictive value of TMB beyond PD-L1 expression is still unknown.

Here, we describe a case of a woman with an initial diagnosis of HER2+ localized tumor treated with curative therapy that relapsed 9 years later being an ER+/HER2-negative metastatic breast cancer. She progressed to first-line endocrine therapy and palbociclib, a CDK4/6 inhibitor, and whose tumor became then triple-negative. Molecular characterization of her metastatic TNBC observed absence of PD-L1 expression, but high TMB, presence of the Apolipoprotein B mRNA Editing Catalytic Polypeptide-like (APOBEC) genetic signatures, high expression of the tumor inflammation signature (TIS), and a HER2-enriched subtype by the PAM50 assay. Based on this tumor profile, Hospital Clinic Molecular Tumor Board indicated one cycle of atezolizumab followed by atezolizumab in combination with nab-paclitaxel. Plasma circulating tumor DNA (ctDNA) and radiological imaging were used to assess treatment efficacy. The patient presented in this report has given her consent for publication.



Case Presentation

A 44-year-old white Spanish woman with no significant familiar or medical history was initially diagnosed with a left breast cancer in 2008 (pT2N3M0). The pathology report revealed an ER+, PR-positive, and HER2+ invasive carcinoma of the breast. She underwent surgery in October 2008 and received adjuvant anti-HER2-based chemotherapy, followed by locoregional radiotherapy and endocrine therapy.

In April 2018, the patient was diagnosed with right supraclavicular and axillary positive lymph nodes (17 mm and 3 mm) by ultrasound. Bone metastasis was detected by PET/CT scan. A core biopsy of the right supraclavicular lymph nodes was performed and revealed an ER+ and HER2-negative invasive lobular carcinoma. In this tumor biopsy, an amplicon-based DNA sequencing panel of pan-cancer genes showed the presence of a PIK3CA E545K (18% mutant allelic frequency [MAF]) and 726F (16% MAF) somatic mutations. As a first-line treatment, she received fulvestrant and palbociclib (125 mg daily, 3 weeks on, 1 week off) until May 2019 (13 months of treatment), when bone and lymph node progressions were observed.

Two new biopsies of the right breast and axillary node were performed and revealed a TNBC lobular carcinoma. In the breast lesion, the tumor had a Ki67 of 18% and less than 1% TILs and was PD-L1-negative by immunohistochemistry (Ventana PD-L1 antibody clone SP142). Intrinsic subtype by PAM50/Prosigna® revealed a HER2-enriched subtype with low levels of ERBB2 mRNA. A DNA sequencing panel of 431 genes showed PIK3CA E545K and TP53 Q331* mutations, a high TMB of 38.5 mutations per megabase (mut/Mb) and an APOBEC-mutational profile, including signatures S2 and S13. Guardant360 74-gene panel confirmed the presence of multiple somatic mutations, including PIK3CA E545K mutation with a variant allele fraction of 12.2%.

Based on these results, the clinical case was presented at our weekly multidisciplinary Tumor Board at Hospital Clinic of Barcelona. Since activity of immunotherapy in patients with breast cancer with high TMB has been reported (3), a regimen of single-agent immunotherapy combined with chemotherapy was planned. More specifically, in July 2019, the patient received one dose of 1200 mg atezolizumab monotherapy and after 3 weeks continued with 1200 mg atezolizumab (day 1) plus weekly 100 mg/m2 nab-paclitaxel. In August 2021 (24 months of treatment), the patient continues on treatment presenting a maintained partial response and an excellent performance status. The treatment history is summarized in Figure 1A.




Figure 1 | Patient treatment timeline and DNA alterations. (A) Patient treatment timeline. (B) Mutant Allelic Frequency (MAF; %) in T1 (sample of 2008), T2 (sample of 2018), and T2-PD (sample of 2019) determined using the VHIO-300 panel. Variants classified as pathogenic or likely pathogenic are highlighted in bold; variants matching APOBEC DNA-sequence signature are underlined. (C) Overlap of somatic mutations between T1, T2, and T2-PD using the VHIO-300 panel and whole-exome sequencing (WES). (D) TMB expressed as mutations/megabase in T1, T2, and T2-PD using the VHIO-300 panel and WES. (E) COSMIC mutational signatures of age, APOBEC defect (APOBEC), defective mismatch repair/microsatellite instability (dMMR/MSI) reflected as small insertions and deletions (INDELs), ultraviolet light (UV), polymerase E defect (POLE), and aflotoxin effect in T1, T2, and T2-PD determined by WES. (F) MAF distribution for APOBEC-related and other mutations in T1, T2, and T2-PD determined by WES.





Genomic Analyses

Analysis of the DNA from the three tumor specimens and a buffy coat blood sample by next-generation sequencing using the VHIO-300 capture-based panel of 431 pan-cancer related genes and whole-exome sequencing (WES) revealed an independent genetic origin of samples from 2008 and 2018, while the tumor from 2019 clearly was a progression (PD) of the 2018 lesion. Thus, samples were relabeled as T1 (breast sample, 2008), T2 (lymph node sample, 2018), and T2-PD (breast sample, 2019). Genomic analyses revealed a completely different mutational profile of T1 versus T2 and T2-PD; the vast majority of mutations in T2 were also present in T2-PD, while none of them were present in T1, and 34 somatic variants were found exclusively in T2-PD (e.g., RB1 S567* and a nonsense NF1 mutation in residue Q315*) (Figures 1B, C). In addition, TMB was low in T1 compared to T2 and T2-PD (Figure 1D). Analysis of COSMIC mutational signatures from the WES results showed a dominant pattern related to age in T1, while the high TMB in T2 and T2-PD was linked to a sequence context preference of cytosine mutations caused by APOBEC enzymes (4) (Figure 1E). Finally, a study of MAF distribution showed a clonal peak for APOBEC-related mutations in T2, with increased average MAF % in T2-PD, plus a second peak of subclonal mutations also linked to APOBEC defect in the T2-PD (Figure 1F).

RNA from T2 and T2-PD were analyzed at the nCounter Breast Cancer 360 Panel. ESR1 expression was decreased in T2-PD compared to T2, consistent with the immunohistochemistry results. Both T2 and T2-PD were classified as HER2-enriched and showed high expression of immune signatures (i.e., MHC-II, IFN-gamma, TIS, antigen presenting machinery) (Figure 2A). PD-L1 and PD1 mRNA expression was low.




Figure 2 | Gene expression and molecular and clinical response to atezolizumab and nab-paclitaxel. (A) The Wheel Plots depict the relative expression of each signature for T2 and T2-PD samples determined using the Breast Cancer 360 nCounter-based gene expression panel. Signatures are grouped based on the biological process in which they belong. The Luminal A, Luminal B, HER2-enriched, and Basal-like subtype correlation scores are shown as a radial arc. Signature scores (0–16, low to high) are represented as radial projections. (B) Guardant360 Tumor Response Map showing the highest variant allele fraction (%) and MAF (%) assessed in ctDNA using Guardant360 results before treatment, after 3 weeks of atezolizumab monotherapy, and after combining atezolizumab and nab-paclitaxel. (C) CT scan. Red arrows indicate lesions on the soft tissue of the chest wall (top) and a mammary node (middle) and bone (bottom) during treatment.



Since ctDNA can be a surrogate of response to therapy and long-term outcome (5), liquid biopsies were collected before atezolizumab, after 3 weeks of atezolizumab monotherapy and after 3 weeks of atezolizumab plus nab-paclitaxel. Plasma samples were sequenced using the standardized Guardant360 assay. Mutations in 37 genes were identified in the plasma sample before immunotherapy and highest variant allele frequency (VAF) was 12.2%. After atezolizumab monotherapy, the only detectable mutation was PDGFRA D691E (VAF = 0.1%). After 1 month of atezolizumab plus nab-paclitaxel, the only mutation detected was ALK R1061Q (VAF = 0.5%) (Figure 2B), and after 2 months, a chest CT scan confirmed a partial response as observed on the soft tissue of the chest wall and a mammary node, and in December 2020, the patient continued in clinical and radiological response (Figure 2C). Bone metastasis was followed up by CT scan every 3 months, with stable disease as the best response.



Discussion

Acquisition of genomic alterations and changes in gene expression profiles may lead to treatment failure and disease progression. Here, we report a patient diagnosed of ER+/HER2-negative metastatic breast cancer who progressed to first-line endocrine therapy in combination with CDK4/6 inhibition, and the progressive disease lost ER expression and became TNBC; it was PD-L1-negative and benefited from atezolizumab in combination with nab-paclitaxel. Although our study cannot identify the main cause of the patient’s response to atezolizumab alone and in combination with nab-paclitaxel, the extensive molecular characterization performed could provide clues about the features associated with immunotherapy benefit in PD-L1-negative TNBC.

The genomic analysis performed revealed that the pre-treatment ER+/HER2-negative tumors and the progression tumor samples after endocrine therapy and palbociclib had the following features: (1) high TMB, (2) presence of the APOBEC genetic signatures, (3) HER2-enriched, and (4) high expression of immune gene signatures such as TIS or interferon-gamma but not PD-L1 or PD1 mRNA. However, some molecular features were different between the two time points. For example, NF1 and RB1 mutations and lower expression of ER were identified in the progression sample, which also had a higher TMB score. Consistently, loss of ER and acquisition of NF1 mutations have been associated with resistance to endocrine therapy (6), while acquisition of RB1 mutations, APOBEC signatures, and the HER2-enriched subtype has been associated with resistance to palbociclib (7, 8). Moreover, the APOBEC genetic signatures have been previously associated with the HER2-enriched subtype and high TILs (9, 10). Indeed, APOBEC genetic signatures contribute to the acquisition of subclonal mutations, leading to genomic instability and potential neoantigens expression, which could induce immune response (11). The genetic origin of the APOBEC signatures in this case remains unknown. Among the possible explanations, we excluded germline loss of APOBEC3B (12). Unfortunately, we were not able to study the expression levels of APOBEC3B (13).

Currently, three biomarkers have been clinically validated as predictors of response to immune checkpoint blockade in TNBC [i.e., PD-L1 (2)] and across cancer types (i.e., TMB (3, 14) and mismatch repair deficiency (15). Indeed, the immunotherapy drug pembrolizumab for the treatment of patients with TMB-high tumors is approved by the Food and Drug Administration (FDA) (14). In TNBC, a modest benefit of immune checkpoint blockade has been observed in patients who are PD-L1-positive (2), which has led to the approval of the combination of atezolizumab plus nab-paclitaxel in PD-L1+ TNBC by the FDA. Other suggested predictive factors of response to immune checkpoint blockade include the TIS score (16), the APC signature (17), PD1 mRNA expression (18), and a T cell–inflamed gene expression profile (19). Some of these biomarkers have been shown to independently predict response to immunotherapy and may capture distinct features of neoantigenicity. Therefore, composite biomarkers may help better identify those patients that benefit to immune checkpoint inhibition and warrant further translational studies to improve patient selection.

To conclude, we present the case study of a TNBC with low TILs and PD-L1-negative disease, which achieved a significant response to atezolizumab monotherapy and durable response after the combination of atezolizumab and nab-paclitaxel, possibly explained by the APOBEC signatures, the high TMB, the high TIS score, and the HER2-enriched subtype, or the combination of several of these features. Moreover, the addition of chemotherapy could have helped turn the cold tumor microenvironment into hot, recruiting more T cells and improving response to atezolizumab (20). After 24 months, the patient continues in clinical and radiological response.



Patient Perspective

After progression to first-line treatment (palbociclib + ET), the patient is really satisfied with a 24-month response to a well-tolerated scheme of atezolizumab plus weekly nab-paclitaxel with just alopecia G1 (she is using a cold cap to prevent it) and hepatotoxicity G2 that has been recovered just to delay treatment 1–2 weeks three times during these 2 years. She maintains an active life with ECOG 0.
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