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Pemetrexed (used as a platinum doublet or as a maintenance regimen) is an established therapy for patients with advanced non-squamous non-small-cell lung cancer (NSCLC). In addition, certain gene rearrangements (e.g., ALK, ROS1, RET) appear to especially benefit from the use of pemetrexed. Inferior outcomes with pemetrexed compared to other chemotherapies in patients with NSCLC demonstrating squamous histology removed these patients from the labeled indication for the drug. While most squamous cases do not harbor driver oncogenes, rare exceptions exist. Whether the poor outcomes with pemetrexed extend to NSCLC with squamous component harboring driver oncogenes remains unexplored. In this case series, we describe two patients with adenosquamous histology harboring an ROS1 and ALK gene arrangement, respectively, who derived significant benefit from pemetrexed-based therapy. These cases suggest that the value of pemetrexed may need to be re-explored in adenosquamous NSCLC harboring such alterations.
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Introduction

First-line pemetrexed-platinum combinations and second-line pemetrexed monotherapy are licensed therapies for patients with metastatic non-squamous non-small-cell lung cancer (NSCLC) (1–4). The original monotherapy license granted in 2004 by the FDA was across all NSCLC histologies, but from 2008, differential efficacy data restricted its FDA-licensed indication across lines of therapy only to those NSCLC patients with non-squamous histology. In a phase III randomized study of first line cisplatin and pemetrexed versus cisplatin and gemcitabine in patients with locally advanced or metastatic NSCLC, the pemetrexed combination was associated with significantly better overall survival but only among those with adenocarcinoma or large cell histology (1). Among those with squamous histology, the gemcitabine doublet was associated with significantly better overall survival (1). Similar findings were seen in a phase III trial comparing pemetrexed with docetaxel in the second-line setting (2, 3).

Since the histology-based label restrictions on pemetrexed were implemented, molecular profiling of NSCLC for specific somatic driver oncogenes to predict benefit from targeted therapies has become commonplace, particularly in adenocarcinoma (4). Some of these oncogenes, most notably ALK and ROS1 gene rearrangements, have also been associated with exaggerated sensitivity to pemetrexed (5, 6). While driver oncogenes are most commonly seen in conjunction with adenocarcinoma histology, they may also occur in cases of NSCLC with either squamous or adenosquamous histology, especially among patients with little or no smoking history (7, 8). Adenosquamous histology in NSCLC, representing a cancer displaying at least 10% of both adenocarcinoma and squamous cancer elements, is rare, representing <3% of all NSCLC cases (9). This mixed-histology subtype of NSCLC has the same reported EGFR and KRAS mutation rate as comparable adenocarcinoma cases, with the same driver mutations observed in both components (9). The allocation of adenosquamous cases was not explicitly mentioned in the pemetrexed treatment-by-histology analyses (3.4). While these cases may have been labeled as “other/unclassified” within the non-squamous group, it is also possible that cases with mixed histology were treated as either categorically as squamous or non-squamous based on the predominant histology seen (3, 4).

NCCN and IASLC/AMP/CAP testing guidelines have now all included wording that would support molecular testing in adenosquamous and consideration of molecular testing in all squamous cases (10, 11). Whether patients with a driver oncogene associated with exaggerated sensitivity to pemetrexed respond as such when their cancer is associated with squamous or adenosquamous histology remains largely unknown. Here, we describe two patients with adenosquamous NSCLC histology harboring an ROS1 and ALK gene arrangement, respectively, who derived significant clinical benefit from treatment with pemetrexed.



Case Description


Case 1

A 58-year-old male former smoker (estimated 12 pack years, quit 20 years prior to diagnosis) presented to his primary care doctor for malaise, fever, and a cough with a 20-pound weight loss. He was initially diagnosed with pneumonia and treated with antibiotics. When his symptoms did not improve, he presented to the hospital for further evaluation. On admission, he was hypoxemic (SpO2 85%) requiring supplemental oxygen. His physical exam was notable for sinus tachycardia and dullness to percussion along right lower lung fields. Subsequent imaging to rule out pulmonary embolism using a computed tomography (CT) scan failed to identify a pulmonary embolus but did find a right lower lobe mass, small right pleural effusion, and right hilar and mediastinal lymphadenopathy. A subsequent PET-CT showed intense FDG-avidity within the right lower lobe mass, mediastinal nodes, and within the right pleural effusion. A brain MRI was negative for intracranial metastases. He underwent excisional biopsy of an upper paratracheal lymph node and was subsequently diagnosed with NSCLC. Immunohistochemical (IHC) staining was positive for CK7 and TTF-1, focally positive for p63 and CK20, and negative for CDX2, supportive of an adenosquamous subtype. He underwent molecular testing through next-generation sequencing (NGS) and was found to have a CD74-ROS1 fusion.

The patient was initially started on entrectinib 600 mg daily. He did well with this therapy but had mediastinal lymph node progression after 8 months of starting treatment. He switched to second line therapy using carboplatin, pemetrexed, and pembrolizumab. His first on-treatment scan demonstrated a partial response (Figure 1) . He completed five cycles of carboplatin, pemetrexed, pembrolizumab and was then transitioned to maintenance therapy with pemetrexed and pembrolizumab. He received 16 cycles of pemetrexed and pembrolizumab maintenance therapy prior to progression of disease.




Figure 1 | Representative images from patients in this case series. (A) CT imaging from a 58-year-old male former smoker with a diagnosis of stage IVB NSCLC with an adenosquamous histology harboring a CD74-ROS1 fusion upon progression on entrectinib and prior to use of carboplatin, pemetrexed and pembrolizumab. (B) CT imaging of best-treatment response with significant reduction in the size of the left supraclavicular lymph node. (C) PET/CT imaging from a 40-year-old male never smoker with stage IVB NSCLC with an adenosquamous histology harboring an EML4-ALK fusion prior to treatment with single agent pemetrexed. (D) PET/CT imaging demonstrating significant improvement within known right paratracheal nodes.





Case 2

A 40-year-old male never smoker presented to the hospital after developing acute chest pain on a commercial flight. Initial investigations using a CT pulmonary embolus protocol in the hospital identified a right-sided pulmonary embolism, but also revealed a left superior sulcus mass with left hilar and mediastinal lymphadenopathy. A brain MRI did not show any intracranial metastases at that time. He underwent a CT-guided biopsy of the left upper lobe mass that demonstrated poorly differentiated carcinoma, morphologically favoring squamous NSCLC. There was insufficient tissue for full immunohistochemical or molecular analyses. A subsequent PET/CT revealed no new sites of disease, and he was initially staged as having cT2N2M0, stage IIIA superior sulcus NSCLC. He received neoadjuvant chemoradiation with cisplatin and etoposide and 5,000 cGy over 25 fractions using the SWOG 8805 regimen. This was followed by a left upper lobectomy and mediastinal lymph node sampling. Surgical pathology identified a 4.9 × 3.7cm tumor described diagnosed as squamous cell carcinoma based on morphologic features (no IHC performed) with lymphovascular invasion. Carcinoma was present in level 5 and 6 lymph nodes, consistent with pathologic N2 disease.

He received four cycles of adjuvant docetaxel. Approximately 4 months after completion of adjuvant therapy, the patient began experiencing headaches and MRI of the brain demonstrated seven bilateral cerebral and left cerebellar brain lesions. He received whole brain radiation therapy (WBRT) to 3,000 cGy followed by stereotactic radiosurgery (SRS) at 2,500 cGy to the brain lesions. Given his lifelong history of no tobacco use, his pulmonary resection sample was tested, and he was found to be ALK positive for ALK expression (using the D5F3 antibody), and subsequently EML4-ALK fusion was confirmed by NGS. Owing to lack of measurable disease, he did not receive crizotinib in the context of a clinical trial, as this drug was not yet approved. In the setting of minimal active extracranial disease, he received approximately 6 months of vinorelbine and bevacizumab, followed by 6 months of bevacizumab maintenance therapy at an outside institution. He subsequently developed progressive disease within his left lung.

At that point he switched to single-agent pemetrexed, despite the putative squamous histology, with a minor response in his lung nodules. Importantly, he remained on this therapy for a total of 12 months. He discontinued pemetrexed once crizotinib was FDA approved and commercially available, but this switch was not due to overt radiographic progression. He developed CNS progression on crizotinib and was switched to brigatinib (in the context of a clinical trial). Four years after switching to brigatinib, he developed symptomatic occipital brain metastases that prompted neurosurgical resection. Surgical pathology revealed poorly differentiated carcinoma that was positive for p63, Napsin A, and TTF1 and negative for CK5/CK6—findings suspicious for adenosquamous histology. Next-generation sequencing confirmed an EML4-ALK gene rearrangement, consistent with prior molecular testing.




Discussion

At this time, pemetrexed therapy is not licensed for use in patients with NSCLC and squamous histology (1–3). Its use among those with adenosquamous histology is less well-defined with individual practitioners conceivably making choices based on the dominant histology in the patient’s sample on a case-by-case basis. However, as molecular subtypes of NSCLC associated with exaggerated sensitivity to pemetrexed, notably ALK and ROS1 gene-rearranged disease, are known to co-exist across histologies including squamous and adenosquamous, albeit at differing frequencies, it becomes important to ask whether the histology or the driver oncogene will dominate the cancer’s sensitivity to pemetrexed (5–9). The two patients in our series harbored an ROS1 and ALK gene rearrangement in the setting of NSCLC labeled as either squamous (based on morphology alone) or adenosquamous histology (based on IHC testing). Both demonstrated prolonged clinical benefit and prolonged responses from pemetrexed-containing regimens, far exceeding the median PFS reported in past studies evaluating pemetrexed in patients with squamous histology (1–3). While the first case did receive pemetrexed together with carboplatin and pembrolizumab, continuing with continuation of the pembrolizumab with the pemetrexed during the prolonged use of maintenance therapy, gene-rearranged NSCLC is often considered hyporesponsive to immunotherapy (12). This suggests that the patient’s prolonged response was likely at least in part due to pemetrexed rather than solely immunotherapy. The second patient did not receive pembrolizumab with pemetrexed, again suggesting that the response was due to chemotherapy effects.

Adenosquamous carcinoma of the lung is defined as having at least 10% of both histologic types, in the absence of other separately defined histologic subtypes. Most cases utilize immunohistochemistry to help make their pathological diagnoses (13). However, histological categorization of NSCLC remains liable to subjective aspects of interpretation. The diagnosis of adenosquamous can rely on the identification of a minor and sometimes subtle subset of tumor cells, which may only be fully recognized with immunohistochemistry. Particularly when considered in conjunction with the potential for adenocarcinoma to demonstrate positive staining for p63, distinguishing adenocarcinoma, squamous cell carcinoma, and adenosquamous carcinoma can be subject to different interpretations (14). More recently, antibodies such as p40 have been found to be more specific for squamous cell carcinoma, thus decreasing diagnostic uncertainty (15). Whether the histological diagnoses in these cases would stand up to retrospective evaluation considering the molecular findings, clinical history, and availability of new immunohistochemical stains is uncertain. Equally, as the most definitive diagnosis of “squamous” cancer in the second case was derived from resected, previously irradiated CNS tissue, the impact of the prior radiation therapy on the microscopic appearance and immunohistochemical profile of the cancer also must be considered.

Nevertheless, on a pragmatic level, if such cases are being called squamous or adenosquamous in the real world and decisions about the applicability or exclusion of pemetrexed-based therapy are being made on such designations, our cases illustrate the need to re-explore the value of histology-based pemetrexed decisions in the setting of a known driver oncogene. In one series, the frequency of EGFR mutations detected within cases of adenosquamous carcinoma in an East Asian population was 55%, with high convergence mutation rate in both adenomatous and squamous components (16). We are aware of one previous case report describing successful pemetrexed therapy in a patient with NSCLC harboring an EGFR mutation in the setting of adenosquamous histology (17). Together with our series commenting on pemetrexed sensitivity in patients with purported squamous or adenosquamous NSCLC and an underlying ALK and ROS1 gene rearrangement, we would suggest that, while further study is required, at present the information derived from the driver oncogene should not be automatically deprioritized versus the information derived from the cancer’s histological appearance when deciding for or against the use of pemetrexed as a therapy.
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