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Treatment of metastatic melanoma includes the option of targeted therapy in patients with driver BRAF mutations. BRAF-MEK inhibitor drugs improve survival in the approximately 50% of patients with melanoma that harbor BRAF mutations. As BRAF mutation detection in tissue often takes days to weeks, it is not always possible or timely to obtain BRAF status in tissue using immunohistochemistry or next generation sequencing. Plasma-derived circulating tumor DNA (ctDNA) is a potential alternative analyte in such treatment settings. We present a case of metastatic melanoma that was treated in an emergent setting using therapy supported by rapid PCR-based detection of ctDNA positive for a BRAF V600 mutation. In this rapidly deteriorating 53-year-old male with diffuse melanoma metastases and unknown BRAF mutation status requiring hospital admission, a plasma-based BRAF mutation detection supported treatment with targeted therapy, dabrafenib and trametinib. Same-day initiation of therapy resulted in swift amelioration allowing discharge within a week, followed by substantial clinical improvement over the following weeks. In cases requiring urgent clinical decision making, a plasma-based, near point-of-care detection system is useful in supporting targeted therapy decisions without the need for invasive and time-consuming biopsy.
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Introduction

Circulating tumor DNA (ctDNA) is a useful disease monitoring analyte in many cancers (1). Diagnosing cancer from evaluation of ctDNA has been reported in lung and trophoblastic tumors (2–4). Generally, definitive diagnosis employs early imaging-based identification and/or specific laboratory testing, or pathology investigation. ctDNA evaluation is not usually employed diagnostically. Furthermore, since ctDNA tends to appear in detectable levels in the peripheral blood in advanced disease, the utility of ctDNA for impactful characterization in advanced cancer is clinically attractive, especially when detection of specific markers can affect therapy choice and thus clinical outcome.

Melanoma is a rapidly progressive cancer that, when detected at advanced stages, limits the efficacy of available treatment options. The identification of BRAF mutation status in melanoma offers the option for specific targeted therapy agents. Specifically, the combination of BRAF and MEK inhibitors in melanoma are highly effective in improving survival and often precipitate rapid symptom resolution (5). Typically, surgical resection of melanoma for histopathological diagnosis generates a specimen for evaluation of BRAF mutation status by tissue immunohistochemistry (IHC) or molecular diagnostic techniques, which is accomplished by next generation sequencing (NGS). Tissue-based BRAF detection may take days to weeks, depending on an institution’s capabilities and whether tests are typically “sent out” to a reference laboratory. In patients where the primary site is occult, and sites of metastases are not accessible for tissue sampling, BRAF mutation status may be difficult to obtain and/or remain unknown. In advanced melanoma, ctDNA is generally higher in concentration compared to earlier stages (6). For patients needing urgent BRAF status evaluation to aid clinical decision-making regarding therapy choice(s), a PCR-based, near-point of care, rapid testing platform could be useful to detect BRAF variants in plasma-derived ctDNA (7).



Case Presentation

A 53-year-old male presented to an outside hospital with a three-week history of nausea, vomiting, and jaundice. On admission, he complained of abdominal discomfort, back pain, jaundice, and dark urine. He was afebrile, normotensive, with non-cholangitic pain. The patient was admitted for severe jaundice in face of a suspected metastatic process. On admission, creatinine was 1.38, and LFTs were elevated; total bilirubin was 21.9, ALP 359, ALT 211, AST 202, lipase normal, lactate 2.7 (Table 1). Chest X-ray redemonstrated a previously identified chest nodule of 3.5 x 2.5 cm in the mid to lower left lung without any consolidation or effusion. An abdominal radiograph did not show dilated bowel loops. CT scan of the abdomen identified widespread metastatic disease in the liver, a 2.5 cm renal mass in left lower pole, and a non-specific sclerotic focus in the right ileum (Figure 2). CT scan of the chest identified a lingular mass (Figure 3), bilateral pulmonary nodules, and a destructive lesion in the T3 vertebral body. Pathologic review of a liver biopsy from an outside hospital revealed metastatic melanoma. An MRI of the brain was negative for intracranial or leptomeningeal metastases. Due to the need for rapid assessment of BRAF status for therapeutic decision making, the patient underwent another liver biopsy for evaluation of BRAF mutation status. Simultaneously, a plasma sample was tested for ctDNA BRAF mutation status.


Table 1 | Patient laboratory values pre-treatment at admission (day 0) and post-treatment on day 6, 19, and 28.



The plasma sample tested positive for ctDNA-based BRAF. Supported by this ctDNA finding, BRAF/MEK inhibitors, dabrafenib and trametinib, were initiated. Patient lab values improved within two weeks of treatment initiation; bilirubin levels decreased from 21.3 to 7.8 mg/dL. The patient’s clinical condition improved and he was discharged from the hospital within a week of admission. The patient’s treatment events during admission are represented in Figure 1 (circle).




Figure 1 | Timeline of clinical events. Considering the day of admission as day 0, ctDNA BRAF variant was identified on day 5. Therapy was initiated the same day.



CT scans of the abdomen/pelvis and chest showed significant response to the therapy as shown in Figures 2 and 3. The imaging on day 104, compared to that of day one, demonstrated decreased size and number of innumerable hepatic masses. For example, a 1.6 x 1.3 cm right dome lesion, previously measured 5.1 x 4.0 cm. Lymph node sizes also decreased; left periaortic node from 1.7 x 1.2 to 1.4 x 0.8 cm; aortocaval node from 1.4 x 1.3 to 1.2 x 1.0 cm; and caval node from 1.8 x 1.5 to 1.9 x 1.3 cm. The sizes of the peritoneal implants also decreased from 1.5 x 1.1 cm to 1.2 x 0.7 cm. Chest imaging showed significant decreases in size and number of multiple scattered bilateral pulmonary nodules, suggestive of metastatic disease with favorable treatment response.




Figure 2 | CT scan of abdomen showing innumerable lesions throughout the liver consistent with metastatic disease on day 1 on the left vs day 104 on the right with improved lesion sizes.






Figure 3 | CT scan of chest showing dominant lingular mass concerning for primary lung cancer or metastatic lesion. Multiple bilateral small pulmonary nodules and T3 vertebral body destructive lesion seen concerning for metastatic disease on day 1 on the left vs on day 104 on the right showing decrease in sizes and numbers of pulmonary nodules suggestive of favorable treatment response.



Serial ctDNA-based variant levels were assessed over time and remained consistently detectable. Three months after the initial admission, an MRI scan of the brain demonstrated multiple small lesions of the bilateral frontal lobes and left occipital lobe. Radiation therapy was initiated but the patient’s condition deteriorated when multiple hemorrhagic metastases developed seven weeks after initial metastasis detection. The patient was initially intubated, and compassionately extubated when no medical options for improvement remained.



Discussion

This is, to our knowledge, the first reported case where the clinical decision for treatment in melanoma was supported by the result of rapid ctDNA-based BRAF variant identification. The case demonstrates the impact rapid ctDNA-based variant detection can make when a tissue biopsy is not available or when awaiting biopsy results can lead to treatment delay, particularly in a quickly declining, admitted patient. Combination BRAF/MEK inhibitors can result in very rapid amelioration of a patient’s clinical condition. Immediate onset of positive drug effects can be seen in some clinical situations, thus, having access to a rapid test for BRAF variants in melanoma can dramatically affect time to treatment initiation, an important variable in progression-free and overall survival (8).

Tumor biopsy is the conventional source of tissue for BRAF variant interrogation in melanoma. Next Generation Sequencing (NGS) performed on the biopsy tissue is the gold standard for detecting BRAF mutation in patients diagnosed with melanoma. Tissue immunohistochemistry (IHC) is a sensitive and relatively quicker alternative routinely employed to identify the presence of BRAF V600E mutations (9). While NGS and IHC rely on availability of biopsy tissue, a liquid biopsy, i.e., examination of ctDNA in plasma specimens, may serve as an alternative when tissue specimens cannot be obtained, or when insufficient tumor tissue is available. Furthermore, liquid biopsy could provide a result in as early as an hour compared to days to weeks in tests employing NGS or IHC. In this case, we showed that liquid biopsy was useful when treatment decisions must be made quickly. It can take days to get relevant NGS or immunohistochemistry results, depending on laboratory case load, “send-out” logistics, etc. In this case, a real-time PCR-based, automated testing device (Idylla; Biocartis, Belgium) was employed to detect BRAF variants in plasma-derived ctDNA (10). The test requires very little sample input and minimal technical demand; one mL of plasma is introduced into a testing cartridge which is inserted into the instrument. The assay is semi-quantitative in nature; positive results are based on a minimum detectable variant threshold level. Test results are binary – positive or negative; V600E, V600E2, and V600D are simultaneously interrogated and not differentiated in the analysis. From the time blood reaches the lab, results are generated in ~90 minutes, thus clinical decisions requiring BRAF status may be made within hours.

As was the case with this patient, the clinical decision on the ability to use the preferred early therapeutic, ie, BRAF/MEK inhibition, was dependent on rapid acquisition of the patient’s BRAF mutation status. Delay in identifying the presence of the relevant targetable variant would compel the clinician to choose the targetable therapy based on clinical judgement alone, as initiating conventional immunotherapy is in many cases financially impossible for admitted patients. Recent evidence from the DREAMseq trial, a phase III trial to compare the efficacy and toxicity of the sequence of ipilimumab/nivolumab (Ipi/Nivo) followed by dabrafenib/trametinib (Dab/Tram) to the converse sequence in treatment-naive BRAFV600-mutant patients with ECOG performance status 0 or 1 suggests that the treatment sequence beginning with the combination of Ipi/Nivo results in superior OS (11). The treatment decision made in this case predates the outcomes of the above trial to advocate beginning of treatment sequence with Ipi/Nivo followed by Dab/Tram. It is not clear from the DREAMseq data, which did not accrue patients of poor performance status, if the same survival benefit would be seen in a critically ill hospitalized patient with a immunotherapy first approach. In many centers there are administrative and financial obstacles to starting Ipi/Nivo in an inpatient setting. Given the clinical deterioration of the patient, early initiation of therapy was prudent. ctDNA-based detection of BRAF mutant status supported the decision to initiate targeted therapy with dabrafenib and trametinib. Of note, the patient also underwent an inpatient biopsy procedure on the same day as the peripheral blood sample for ctDNA testing was drawn. After 16 days, BRAF variant identification was indeterminate due to insufficient tumor in the liver biopsy. Ultimately, the ctDNA result was the only modality available to support the treatment decision, which allowed patient discharge and marked clinical improvement over the next 100 days.

Further, ctDNA-based BRAF variant detection has been reported to be a prognostic marker in patients with brain metastasis (12). Persistent, detectable BRAF variant in the patient’s plasma supported subsequent further imaging that revealed brain metastases three months after admission. The detection of new brain metastases precipitated initiation of immunotherapy with ipilimumab and nivolumab.

In conclusion, a rapid real-time PCR-based evaluation of peripheral blood could serve as a non-invasive, rapid tool to aid prompt treatment decision making in advanced melanoma in emergent situations where BRAF mutation detection utilizing NGS or IHC of the biopsy tissue is not feasible or could potentially delay clinical decision making.
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Laboratory Parameter DAY 0 admission Day 6 discharge Day 19 visit Day 28 visit

BUN (9-24mg/dl) 50 47 1" 13
Creatinine (0.73-1.22 mg/dl) 1.38 1.20 0.87 0.92
Bilirubin, Total (0.2-1.3 mg/dI) 21.9 21.3 78 5.1
Alkaline Phos. (38-113 U/l) 359 315 324 278

ALT (10-54 U/l 211 168 64 36

AST (14-40 U/1) 202 142 69 46
Anion Gap (9-18 mmol/l) 15 11 5 9

LD (135-225 U/l) 2667 (on day 4) 179 840 (on day 32)

Treatment with BRAF MEK inhibitors was initiated on day 5 from hospital admission.





