Prediction of Response or Survival in Kidney Cancer: The Crystal Ball of Biomarkers
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Biomarkers represent the future of renal cancer therapeutics. With six new targeted-therapy agents receiving U.S. Food and Drug Administration approvals, and many more maturing toward becoming established therapies, optimization of these treatments has become a dire need of the moment. Current prognostic information is predominantly reliant on patient and tumor characteristics and is derived from basic clinical history, physical examination, and laboratory tests.
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Both the Memorial Sloan- Kettering1 and the Cleveland Clinic2 criteria, derived from retrospective review of patient cohorts in the interferon-therapy era, form the foundation of the prognostic criteria in renal cancer. The next building block was created with the development of the Heng et al.3 prognostic criteria that included multiple clinicopathologic evaluations in the context of vascular endothelial growth factor (VEGF) inhibitor therapy and is comprised mainly of data from an international database on patients who were treated with sunitinib.

Molecular markers have been extensively explored in kidney cancer in an attempt to determine prognostic risk with increased accuracy and, subsequently, to make therapeutic decisions. High expression of hypoxia inducible factor (HIF-1 alpha, > 35%) is associated with significantly worse survival rates (median survival, 13.5 months) when compared with lower expression (< 35%, median survival, 24.4 months), respectively (p = 0.005).4 In a multivariate analysis HIF-1 alpha and carbonic anhydrase IX (CAIX) expression were the strongest independent prognostic factors in metastatic clear cell kidney cancer.5 The ccA and ccB subsets assessed by consensus clustering, on multigene analysis, have emerged as robust indicators of prognosis.6
The consensus-clustering analysis identified distinct subtypes based on a small set of genes. The ccA subtype had longer survival outcomes and demonstrated clustering around genes involved in angiogenesis, beta-oxidation, and fatty acid metabolism pathways. The ccB tumors overexpressed gene clusters predominantly associated with cell differentiation, mitotic pathway, and epithelial to mesenchymal transition resulting in a shorter overall survival (OS).

In a univariate analysis the two subgroups demonstrated a large difference in cancer-specific survival outcome (median survival, 8.6 years and 2 years in ccA and ccB groups respectively; p = 0.0002). In a multivariate analysis, along with clinical prognostic markers such as stage, grade, and performance status, the molecular subtype classification did not maintain statistical significance. Validation of prognostic molecular markers is required using multivariable analysis, in larger datasets. Future incorporation into prospective clinical trials will obviously follow the validation studies.

The Missing Piece in Renal Cancer Management

It must be noted, however, that all of the markers discussed previously are prognostic, and forecast the natural behavior of the disease without predicting response to specific therapies. Current applications of biomarkers are to help discuss patient life expectancy and goals of therapy, as well as to bring uniformity in clinical trial reporting of patient characteristics.

The current reality in renal cancer is that therapeutic choice of a particular agent is made without the identification of a direct target, hence the "targeted" therapy remains empiric.

History reveals that a successful strategy of targeted therapy development is to develop the test to evaluate the target concurrently with the treatment. Trastuzumab and the Dako HercepTestTM,7 and crizotinib and the Vysis ALK Break-Apart FISH Probe Kit8 test are a few examples. Some malignancies with pre-identified targets have also made it easier to optimize targeted therapy. The use of imatinib mesylate in Philadelphia chromosome- positive chronic myeloid leukemia9 or in c-kit–positive gastrointestinal stromal tumors10 illustrates therapeutic development for a pre-established target that define pathophysiology of the disease.

Sometimes a specific marker may start as a prognostic marker and evolve into a predictive marker; for example, mutant k-ras in colorectal cancer was a prognostic marker initially11 and now is a valuable predictor of lack of efficacy of epithelial growth factor receptor inhibitor therapy.12 Markers predicting a response, or lack thereof to a specific therapy, are similarly needed in kidney cancer.

The challenge of developing a marker to predict response to high-dose interleukin-2 (IL-2) remains. The SELECT trial attempted to prospectively establish the role of CAIX in patients treated with IL-2.13 The study enrolled 120 patients and demonstrated an overall response rate of 28%. Because differential efficacy was not noted, the overexpression of CAIX on immunohistochemistry staining was not predictive of response to high-dose IL-2 therapy. However, the CAIX marker cannot yet be laid to rest because patients with the C allele variant of CAIX, rs12553173 had improved median survival rates (27.3 vs. 13.6 months, p = 0.0431) and a greater likelihood of response to IL-2 (57% vs. 22%, p = 0.081). High CAIX expression was associated with longer median survival rates (25.5 vs. 8.5 months, p < 0.0001) and a greater IL-2 response rate (37% vs. 8%, p = 0.070).14
In a multivariate Cox model, both the C allele variant of CAIX SNP rs12553173 (seen in 15% of the patients tested), and CAIX expression, maintained signifi cance as independent prognostic factors. VEGF levels, HIF-1 alpha and Von Hippel Lindau gene status in association with sunitinib therapy,15 and PTEN expression in association with temsirolimus16 have been explored and disappointingly revealed lack of predictive capacity of the respective markers.

Promising results were published in a recent report comparing outcomes by germline versus variant angiogenesis and exposure- related genes with pazopanib therapy. The wild-type genotype revealed a median progression-free survival (PFS) of 48 weeks as compared with that of 27 weeks in patients with the IL8 2767TT variant genotype.17The HIF1A 1790AG genotype also had a shorter PFS (median, 20 weeks) as compared with the wild-type median PFS of 44 weeks.

The strategy of detecting variants in angiogenesis-related genes to define a population of patients that likely will not benefit from antiangiogenic therapy is a step forward in the era of predictive markers. A recent report revealed that serum VEGF and neutrophil gelatinase-associated lipocalin (a marker of kidney injury) levels can predict response to sunitinib therapy.18
Side Effects as Biomarkers

A novel approach is to use side effects to therapy as biomarkers of response. The observation of hypertension or of thyroid abnormalities with therapies such as axitinib or sunitinib may be clues to predict outcomes. Patients who developed hypertension on sunitinib therapy demonstrated a 2- to 5-fold increase in response rates, as compared with those for patients without hypertension.19 In a study of axitinib therapy, Rini et al.20 reported a large magnitude of differences in response rates and overall survival (OS) rates in patients who developed hypertension versus those who did not.

The patients developing systolic blood pressure greater than 140/90 while on therapy had a higher response rate and a substantially longer OS as compared with those who did not develop hypertension on therapy. This differential efficacy outcome could not be explained just on the basis of dose levels; a study comparing patients who manifested axitinib levels above and below median still maintained a difference in OS rates.

Patients with above-median levels had a median OS of 131 weeks compared with 43 weeks for those with below-median levels, and a median OS of 120 weeks and 42 weeks, respectively, was shown for those with and without hypertension. The neutrophil count was found to be a prognostic characteristic, with an elevated neutrophil count being a harbinger of worse outcome per the Heng criteria.3 Interestingly, neutropenia from sunitinib therapy was predictive of improved PFS regardless of dose adjustment of the therapy.21
Clinical prognostic markers establishing the good-, intermediate-, and poor-risk subgroups are well accepted in advanced renal cancer. A number of molecular markers are being explored to enhance risk stratification. None have been adequately validated as yet to translate into therapeutic decision making. Significant efforts are underway to develop predictive markers. Diagnostic molecular targets and side effects after therapy are some of the areas of current focus. Incorporation of relevant biomarkers into ongoing or future clinical trials would boost the efforts to identify markers predictive of response.

Drug development with simultaneous establishment of appropriate tests to detect necessary targets is also essential. The crystal ball of biomarkers in kidney cancer continues to spin, without the portrayal of clear answers.
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