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Dissecting the role of the brain immune microenvironment in disease progression in patients with CNS lymphoma
Investigators: Shirley Mo, MD; James Rubenstein, MD, PhD
RESEARCH QUESTION
Is the brain immune microenvironment associated with progression free survival in patients with relapsed or refractory CNS lymphoma?
SPECIFIC AIMS
1) Assess the immune phenotypes of macrophages in the cerebrospinal fluid of patients with relapsed or refractory CNS lymphoma
2) Assess if there is an association between proportion of M1 to M2 macrophages and patients’ clinical response to chemotherapy in terms of progression free survival
SIGNIFICANCE
Despite the advent of dose-intensive chemotherapy regimens for the treatment of primary and secondary CNS (central nervous system) lymphoma, patient outcomes remain poor. In most case series, 20-30% of patients experience disease progression within the first 6 months of treatment.[footnoteRef:1] Median overall survival is approximately 24 months with a five-year survival range between 30 to 40 percent.[footnoteRef:2],[footnoteRef:3] Little is known about the biology behind this variability in patient outcomes. We hypothesize that the tumor immune microenvironment plays a pivotal role in the rate of CNS disease progression, relapse, and overall survival. We aim to dissect differences in the cerebral spinal fluid (CSF) immune cell population, as measured by flow cytometry and gene expression microarrays, and their association with clinical response to chemotherapy. This work will not only provide critical insight into the immunophenotypic differences behind patients’ responses to chemotherapy, but also potentially yield predictive and prognostic biomarkers relevant to clinical practice, which may guide chemotherapy selection that maximizes efficacy while minimizing systemic toxicity. [1:  Rubenstein et al. Phase I investigation of lenalidomide/ rituximab plus outcomes of lenalidomide maintenance in relapsed CNS lymphoma. Blood Advances. 2018; 2(13): 1595-1604.]  [2:  Sheils et al. Trends in primary central nervous system lymphoma incidence and survival in the U.S. British Journal of Haematology. 2016; 174(3):417-24.]  [3:  Houillier et al. Management and outcome of primary CNS lymphoma in the modern era: An LOC network study. Neurology. 2020; 94(10):e1027.

] 

METHODS
STUDY DESIGN:
We will perform a retrospective cohort study involving patients treated for CNS lymphoma at University of California at San Francisco (UCSF) Medical Center between 2013 and 2018. Patients received either (1) lenalidomide as monotherapy; (2) combination of lenalidomide + intraventricular + intravenous rituximab; or (3) combination of intraventricular rituximab + intraventricular methotrexate. Serial CSF samples from Ommaya reservoirs were collected from each patient at every restaging visit over time. Flow cytometry of CSF samples was performed. An alternative study design would be a prospective cohort study. A prospective observation study would allow for unbiased sampling and more control over the nature and quality of new sample collections made. However, it is also very time and resource intensive, in particular for a rare cancer such as CNS lymphoma.
STUDY SUBJECTS:
The target population is patients with relapsed or refractory CD20+ CNS lymphoma either arising from systemic non-Hodgkin’s lymphoma or primary CNS lymphoma who were treated at UCSF Medical Center between 2013 and 2018. Exclusion criteria includes: age < 17 years, Karnofsky performance status less than 50%, HIV-seropositive status, granulocyte concentration < 1000/ microliter, platelet concentration less than 50,000 / microliter. These criteria are important for selecting patient who are healthy at the start of the study, and reduce the effect of confounders due to baseline differences in health status. Furthermore, it excludes the pediatric and HIV+ population which may represent a subset of CNS lymphoma patient with different underlying disease biology and pathogenesis. The cohort was recruited after being seen in UCSF Malignant Hematology clinic and enrolled based upon satisfying the above inclusion and exclusion criteria. Given UCSF’s role as a major tertiary referral center in Northern California, the patient population likely reflects this catchment area. Moreover, since it is one of only two major academic centers in the region, patient retention for this study was likely high as patient are likely to stay at the same hospital for continued hematology care. Since patients come from a large and ethnically diverse catchment area, the implications of this study are likely generalizable.
MEASUREMENTS
The primary predictor in this study is the proportion of M1 to M2 macrophages in a CSF sample as defined by immunophenotype on flow cytometry. M1 macrophages will be nitric oxide synthase positive and CD206 negative, while M2 macrophages will be identified by nitric oxide synthase negative and CD206 positive. The outcome variable will be time to disease progression. Disease status at each restaging visit will be quantified by MRI brain as well as CSF cytology and ocular exams. Patients’ disease status will be designated as complete response, partial response, stable disease, and progressive disease based upon the response criteria set forth by the International Primary CNS Lymphoma Collaborative Group.[footnoteRef:4] Given the potential for error in measuring progression free survival based on retrospective chart review, we will obtain verification of disease response status by multiple qualified clinicians. [4:  Abrey et al. Report of an international workshop to standardize baseline evaluation and response criteria for primary CNS lymphoma. Journal of Clinical Oncology. 2005;23(22):5034.] 

STATISTICS
Given that both M1 to M2 macrophage proportion and PFS are continuous variables, I plan to calculate the Spearman correlation coefficient in my primary analysis. My research hypothesis is that a higher M1 to M2 macrophage proportion is associated with greater progression free survival (PFS). This correlation would suggest that the macrophage population in the CSF is similar to that of the CNS lymphoma microenvironment and furthermore may be used as a prognostic biomarker for clinical response. 
SAMPLE SIZE AND POWER  
The null hypothesis is that the M1 to M2 macrophage proportion is not associated with PFS. The alternative hypothesis is that the M1 to M2 macrophage proportion is associated with greater or lower PFS. Two-sided alpha is 0.05 and beta is 0.20, corresponding to a power of 80%, per the standard protocol in prior clinical trials involving patients with CNS lymphoma.[footnoteRef:5] Since this is a retrospective cohort study, and the sample size is known to be 24 patients, it will yield an expected correlation coefficient of r = 0.55. [5:  Ferrari et al. Chemoimmunotherapy with methotrexate, cytarabine, thiotepa, and rituximab (MATRix regimen) in patients with primary CNS lymphoma: results of the first randomization of the International Extranodal Lymphoma Study Group-32 (IELSG32) phase 2 trial. Lancet Haematology. 2016; 3:e217-e227] 

POTENTIAL CONFOUNDERS
Due to the small sample size and observational nature of this study, it is susceptible to confounders. In particular, a major potential confounder is varying treatment effect as patients received different treatments (e.g. lenalidomide vs. combination of intraventricular rituximab and intraventricular methotrexate). In addition, the study cohort includes patients with both primary CNS lymphoma as well as secondary non-Hodgkin’s lymphoma, which could contribute to differences in clinical response between these two populations. Finally, the study population of relapsed or refractory CNS lymphoma means that patients often have received a varying number of prior therapies, which may again effect clinical outcomes and response to further therapy.
In order to cope with these potential confounders, I will conduct additional subgroup analyses through stratifying by these additional variables and assessing the association within these subgroups. Furthermore, I can also adjust for these variables through regression analysis controlling for these factors as additional covariates, while balancing with the risk of overfitting a small cohort. I plan to try both approaches, however, will likely employ a subgroup analyses approach due to the risk of overfitting with such a small sample size using regression.
ETHICAL CONSIDERATIONS 
[bookmark: _GoBack]Given this study’s design as a retrospective cohort analysis, all CSF and clinical data have already been collected. Thus, it poses low potential harm to study participants. Measures will be taken to safeguard patient confidentiality and risk of data breaches.
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