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Presenter Notes
Presentation Notes
Good morning team, ManY THANKS to Drs Aghi, Chang, and this mornings organizers for this kind invitation. My for those who don’t know me, my name is Shawn Hervey-Jumper and I am a neurosurgeon researcher here at UCSF.   

My scientific and clinical interests lie at the intersection of cognition and brain cancer, neural representations of cognitive systems in the human brain, more specifically, how brain cancers influence functional circuits and how these network level changes impact cognition… and ULTIMATELY SURVIVAL. 

I want to spend the next few minutes focusing on 2 stories today covering some recently published data well as some of our unpublished work which im particularly excited about.


Disclosures: Gilmartin Capital consultant

Funding: NIH- National Cancer Institute (NCI), National
Institute of Neurological Disorders and Stroke (NINDS),
Robert Wood Johnson Foundation, UCSF Comprehensive
Cancer Center, LoGlio, Oligo Nation, Resonance
Philanthropies
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Once the cortex is exposed, functional mapping takes place and then the tumor resection begins with the patient fully awake followed by subcortical mapping of the white matter pathways as indicated
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We need cancer therapies that work
We need to understand how they work
We need to build them for everyone




There are an increasing number of people diagnosed, living

with, and dying from cancer

1971

3 million alive with cancer history
207.7 million people living in US

1.4% alive with history of cancer

people

2019

16.9 million alive with cancer history

328 million people living in US

5.1% alive with history of cancer __--=~

Time (years)
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Lets take a step back and think about the setting of cancer in the US! Cancer has and continues to be the 2nd leading cause of death in the US! And we often focus on the numbers of patients diagnosed with and who pass from cancer. But the truth of the matter is that many more pople are living with cancer in the US relative to the many other statistics. In fact there are almost 17 million americans living with cancer
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Interactions between the nervous system and cancer

A

Electrochemical
n_eural-cqncer
interactions

Neuron

Paracrine neural-
cancer interactions

i

A~

Neuron

Stromal cell

S

Cancer cell

C

Nervous system

L i

Systemic neural-
cancer interactions

Immune
system

T

D

Cancer therapy
effects on the
nervous system

The brain is not a passive bystander....

“a brain tumor is not a marble”
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Tumor models help us understand disease causes but only
human application is truly relevant
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So having systems and therapies that work for all patients is critical. So lets think through what this means.
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Who are vulnerable patient populations in the US?

1. Female gender

2. Ethnic/racial minority groups- Black, Latinx, Asian American/PI, Native

3. Urban underserved

4. Rural underserved Years Women Men

5, L G B TQ+ American Indians/Alaska Natives 784 81.1 758

6. E/der/y Non-Hispanic whites 80.6 827 78 4
SOURCE: U.S. Department of Health and Human Services, Office of Minority Health, https://
minorityhealth hhs.gov/omh/browse.aspx?lvl=3&I1vlid=62.

Differences in health outcomes not known to be attributable to the disease
process itself- gender, geography, race/ethnicity.
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As we talk about budling inclusive health principles lets talk about them through the lens of two patients. 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiwosyro-TLAhVhn4MKHbGVAgQQjRwIBw&url=https://www.ucsf.edu/&psig=AFQjCNEGpCXsJkbHx5EQKgSyClgUivZSrw&ust=1459285140289986

Treatment is a multistep process

Symptoms == Diagnosis== Surgery s=# Chemoradiation=s Recurrence == Experimental therapies

—
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Older age is one of the strongest predictors of shorter overall survival
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Molinaro, Hervey-Jumper et al JAMA Oncology 2020
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Figure 1. RPA and survival curves for Post-Stupp-era patients with IDH measured (n=470). A.) Four risk groups were determined by RPA based on adjuvant temozolomide-treatment (TMZ Post-op), IDH status, age at diagnosis and residual non-enhancing tumor (NE Post-op). Groups are denoted by color: Group 1 in black; Group 2 in red; Group 3 in green; Group 4 in blue. Group 4 is the combination of two sub-groups: temozolomide-treated patients with IDH-mutant tumors and temozolomide-treated patients with IDH-wildtype tumors under 65 with <5.4mL of non-enhancing residual tumor. B.) Kaplan-Meier curves, number at risk, and median overall survival for the four risk groups as determined in A. C.) Kaplan-Meier curves, number at risk, and median overall survival for Groups 1-3 as well as the two subgroups in Group 4. The aqua group represents the temozolomide-treated patients with IDH-wildtype tumors under 65 with <5.4mL of non-enhancing residual tumor. The dark blue represents the temozolomide-treated patients with IDH-mutant tumors. 
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Age as a predictor of risk

Symptoms == Diagnosis== Surgery s=# Chemoradiation=s Recurrence == Experimental therapies
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Symptoms and burden of disease varies- influenced by
gender, socioeconomics, and race

Variable ] Any Insurance p Value

No. of patients 3 322
Sex (no. femal 0) 6(18.75) 127 (39.44) 0.0218
Median age in yrs (range) 59 (19-83) 62 (18-88) 0176
M n household income in $1000s (range) 45.37 (25128 52.43 (19.95-140.90) 0.676
PCP status (no., %)

232 (72.05)

2

95)

Tumor characteristics

Mean diameter in cm (95% CI) (: ) 4.44 (4.26-4.62)
Extent of resection (no., %

Gross-total 15 (46.88) 115 (35.71)

Subtotal 16 (50) 200 (62.11)

1(3.13)
length of stay in days 4.30+2.09
oo o o o z

Comorbidities at diagnosis (no.
CCl score (no., %)
17 3
8 (25)
7(21.88)
Postop adjuvant freatment (no., %)
Radiation therapy £ ) 255 (79.2)
T™Z 242 (75.16) 0.02
Clinical trials 9(2813) 86 (26.71) 0.86
Agents in addition to Stupp protocol 13 (40. 138 (42.86) 0.81
Median postop survival in mos (95% Cl)
Overall 2(5. 15.22 (13.61-16.64) <0.0001
XRT plus TMZ 16.34 (14.9-18.21) 0.025
Patients with comorbidities 7.35(2.73-13.15) 1.28-15.22) 0.007
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Worse symptoms
No pCP
Delayed diagnosis

Tha aghi lab looked at this
Of the 354 patients (median age 61 years, and 37.6% were females), 32 (9.0%) had no insurance, whereas
322 (91.0%) had insurance, of whom 131 (40.7%) had Medicare, 45 (14%) had Medicaid, and 146 (45.3%) had private
insurance. On average, insured patients survived almost 2-fold longer (p < 0.0001) than those who were uninsured,
whereas differences between specific insurance types did not influence survival. The adjusted hazard ratio (HR) for
death was higher in uninsured patients (HR 2.27 [95% CI 1.49–3.33], p = 0.0003). Age, mean household income, tumor
size at diagnosis, and extent of resection did not differ between insured and uninsured patients, but there was a disparity
in primary care physician (PCP) status—none of the uninsured patients had PCPs, whereas 72% of insured patients
had PCPs. Postoperative adjuvant treatment rates with temozolomide (TMZ) and radiation therapy (XRT) were significantly
less in uninsured (TMZ in 56.3%, XRT in 56.3%) than in insured (TMZ in 75.2%, XRT in 79.2%; p = 0.02 and p =
0.003) patients. Insured patients receiving both agents had better prognosis than uninsured patients receiving the same
treatment (9.1 vs 16.34 months; p = 0.025), suggesting that the survival effect in insured patients could only partly be
explained by higher treatment rates. Moreover, having a PCP increased survival among the insured cohort (10.7 vs 16.1
months, HR 1.65 [95% CI 1.27–2.15]; p = 0.0001), which could be explained by significant differences in tumor diameter
at initial diagnosis between patients with and without PCPs (4.3 vs 4.8 cm, p = 0.003), and a higher rate of clinical trial
enrollment, suggesting a critical role of PCPs for a timelier diagnosis of GBM and proactive cancer care management.
CONCLUSIONS Access to health care is a strong determinant of prognosis in newly diagnosed patients with GBM. Any
type of insurance coverage and having a PCP improved prognosis in this patient cohort. Higher rates of treatment with
TMZ plus XRT, clinical trial enrollment, fewer comorbidities, and early diagnosis may explain survival disparities. Lack of
health insurance or a PCP are major challenges within the health care system, which, if improved upon, could favorably
impact the prognosis of patients with GBM.
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Worse symptoms
No pCP
Delayed diagnosis

Tha aghi lab looked at this
Of the 354 patients (median age 61 years, and 37.6% were females), 32 (9.0%) had no insurance, whereas
322 (91.0%) had insurance, of whom 131 (40.7%) had Medicare, 45 (14%) had Medicaid, and 146 (45.3%) had private
insurance. On average, insured patients survived almost 2-fold longer (p < 0.0001) than those who were uninsured,
whereas differences between specific insurance types did not influence survival. The adjusted hazard ratio (HR) for
death was higher in uninsured patients (HR 2.27 [95% CI 1.49–3.33], p = 0.0003). Age, mean household income, tumor
size at diagnosis, and extent of resection did not differ between insured and uninsured patients, but there was a disparity
in primary care physician (PCP) status—none of the uninsured patients had PCPs, whereas 72% of insured patients
had PCPs. Postoperative adjuvant treatment rates with temozolomide (TMZ) and radiation therapy (XRT) were significantly
less in uninsured (TMZ in 56.3%, XRT in 56.3%) than in insured (TMZ in 75.2%, XRT in 79.2%; p = 0.02 and p =
0.003) patients. Insured patients receiving both agents had better prognosis than uninsured patients receiving the same
treatment (9.1 vs 16.34 months; p = 0.025), suggesting that the survival effect in insured patients could only partly be
explained by higher treatment rates. Moreover, having a PCP increased survival among the insured cohort (10.7 vs 16.1
months, HR 1.65 [95% CI 1.27–2.15]; p = 0.0001), which could be explained by significant differences in tumor diameter
at initial diagnosis between patients with and without PCPs (4.3 vs 4.8 cm, p = 0.003), and a higher rate of clinical trial
enrollment, suggesting a critical role of PCPs for a timelier diagnosis of GBM and proactive cancer care management.
CONCLUSIONS Access to health care is a strong determinant of prognosis in newly diagnosed patients with GBM. Any
type of insurance coverage and having a PCP improved prognosis in this patient cohort. Higher rates of treatment with
TMZ plus XRT, clinical trial enrollment, fewer comorbidities, and early diagnosis may explain survival disparities. Lack of
health insurance or a PCP are major challenges within the health care system, which, if improved upon, could favorably
impact the prognosis of patients with GBM.
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Another interesting finding, which we report for the first
time, is the impact of PCP status on the survival of patients
with GBM. In our insured cohort 72.1% (n = 232) of patients
had a designated PCP, whereas none of the uninsured
patients had PCP coverage (n = 0, p < 0.001). Moreover, we
found that having a designated PCP increased survival by
approximately 50% in our patient cohort (10.34 vs 15.85
months; HR 1.71 [95% CI 1.32–2.19]; p < 0.0001) as well
as increased survival by about 60% when comparing insured
patients by PCP status (10.72 vs 16.11 months; HR
1.65 [95% CI 1.27–2.15]; p = 0.0001) (Table 5). A number
of studies have reported and emphasized the importance
of a PCP’s role in screening, early diagnosis, and management
of several malignancies.2,7,12,17,34 Moreover, PCPs
play a major role in cancer survival, and their engagement
with patients allows them to provide regular and improved
follow-up care.16
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When and why do we offer an operation?

Volume, location, functional status (KPS/language/motor), comorbidities,
social support, presumed molecular sub-classification
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Sleep motor vs awake motor mapping
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There is general agreement among neurosurgeons regarding which
patients to offer surgery

Muller JNS 2021
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Multicenter collaboration with. Department of Neurosurgery, Amsterdam led by Domenique M J Müller
In this study, we used probability maps to quantify and compare surgical decision-making throughout the brain by 12 neurosurgical teams for
patients with glioblastoma.
Differences in resection rates were identified for the left superior parietal lobule, indicating variations in resection decisions.
METHODS The study included all adult patients who underwent first-time glioblastoma surgery in 2012–2013 across 12 participating neurosurgical teams. Voxel-wise probability maps of tumor location, biopsy, and resection were constructed for each team to identify and compare patient treatment variations. Brain regions with different
biopsy and resection results between teams were identified and analyzed for patient functional outcome and survival.
RESULTS The study cohort consisted of 1087 patients, of whom 363 underwent a biopsy and 724 a resection. Biopsy
and resection decisions were generally comparable between teams, providing benchmarks for probability maps of resections
and biopsies for glioblastoma. Differences in biopsy rates were identified for the right superior frontal gyrus and
indicated variation in biopsy decisions. Differences in resection rates were identified for the left superior parietal lobule,
indicating variations in resection decisions.
CONCLUSIONS Probability maps of glioblastoma surgery enabled capture of clinical practice decisions and indicated
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How do we decide who gets surgery?
(when do surgeons decide against surgery
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Methods: In this registry-based cohort study, we used data from the Surveillance, Epidemiology, and End Results (SEER) database (1975–2016) and the American College of Surgeons National Cancer Database (NCDB) in the USA for independent analysis. Adults (aged ≥20 years) with a new diagnosis of meningioma, glioblastoma, pituitary adenoma, vestibular schwannoma, astrocytoma, and oligodendroglioma, with information on tumour size and surgical recommendation were included in the analysis. 

The primary outcome of this study was the odds of a surgeon recommending against surgical resection at diagnosis of primary brain neoplasms. This outcome was determined using multivariable logistic regression with clinical, demographic, and socioeconomic factors. 

Findings: This study included US national data from the SEER (1975–2016) and NCDB (2004–17) databases of adults with a new diagnosis of meningioma (SEER n=63 674; NCDB n=222 673), glioblastoma (n=35 258; n=104 047), pituitary adenoma (n=27 506; n=87 772), vestibular schwannoma (n=11 525; n=30 745), astrocytoma (n=5402; n=10 631), and oligodendroglioma (n=3977; n=9187). 

Independent of clinical and demographic factors, including insurance status and rural–urban continuum code, Black patients had significantly higher odds of recommendation against surgical resection of meningioma (adjusted odds ratio 1·13, 95% CI 1·06–1·21, p<0·0001), glioblastoma (1·14, 1·01–1·28, p=0·038), pituitary adenoma (1·13, 1·05–1·22, p<0·0001), and vestibular schwannoma (1·48, 1·19–1·84, p<0·0001) when compared with White patients in the SEER dataset. 

Additionally, patients of unknown race had significantly higher odds of recommendation against surgical resection for pituitary adenoma (1·80, 1·41–2·30, p<0·0001) and vestibular schwannoma (1·49, 1·10–2·04, p=0·011). 

Performing a validation analysis using the NCDB dataset confirmed these significant results for Black patients with meningioma (1·18, 1·14–1·22, p<0·0001), glioblastoma (1·19, 1·12–1·28, p<0·0001), pituitary adenoma (1·21, 1·16–1·25, p<0·0001), and vestibular schwannoma (1·19, 1·04–1·35, p=0·0085), and indicated and indicated that the findings are independent of patient comorbidities. When further restricted to the most recent decade in SEER, these inequities held true for Black patients, except those with glioblastoma (meningioma [1·18, 1·08–1·28, p<0·0001], pituitary adenoma [1·20, 1·09–1·31, p<0·0001], and vestibular schwannoma [1·54, 1·16–2·04, p=0·0031]). 
Interpretation Racial disparities in surgery recommendations in the USA exist for patients with primary brain tumours, independent of potential confounders including clinical, demographic, and select socioeconomic factors. Further studies are needed to understand drivers of this bias and enhance equality in surgical care. 
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Brain tumors have been reclassified based on genotype and phenotype

So now with this enhanced genomic understand that has moved from the published reports into prognostication and defining tumor subtype. How about therapeutics? Moving beyond genomic data and intro therapies. We know that creating DNA damage is the basis of standard chemotherapy agents such as Temozolomide as well as radiation therapy. But we know that these tumors are smart and find ways to repair this DNA damage. These treatments have their place but we need more . For example… read the slide
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Genomic: Molecular diagnostics
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Eckel-Passow et al Glioma groups based on 1p19q, IDH and TERT promoter mutation in tumors, NEJM 2015
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Presentation Notes
we now know outcome differences based on individual differences in tumor profiling.- now offers molecular profiling over a large scale with many different patient populations. The result was the refined understanding of what makes each tumor type primarily based on genetic alterations in genes such as TERT, IDH, ATRX (as you can see the marked survival differences based on tumor molecular profiling). 

Figure 1. Prevalence of the Glioma Molecular Groups in the Combined Sample. 
The prevalence of the molecular groups among gliomas of grade II or III (astrocytomas, mixed oligoastrocytomas, and oligodendroglio- mas), grade IV (glioblastoma multiforme), and grades II through IV combined is shown. 
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Bench to Bedside: Molecular diagnostics
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Johnson et al. 2016 Updates to the WHO brain tumor classification system: what the radiologist needs to know. 2017. Radiographics
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And as a result reconvening together the molecular tumor classification has been been altered based on molecular, histology, and WHO grade in a layered approach. Which has completely changed the way that we think about the disease

The origins of the modern CNS tumor classification system can be traced to Bailey and Cushing (2), who published their seminal work  A Classification of the Tumors of the Glioma Group on a Histogenetic Basis with a Correlated Study of Prognosis in 1926. In the following years, a number of competing CNS tumor classification systems emerged that divide tumors by morphology at microscopy. WHO published the first edition of its CNS tumor classification system in 1979, and it has since become the standard used throughout the world (3).
Before the 2016 update, the WHOCNS classification system was based solely on factors that could be assessed at microscopy. Although a tremendous amount of knowledge regarding the molecular and genetic basis of tumors was available, it was used descriptively, rather than being incorporated directly into the definitions of tumors.

nder the new WHO classification schema, molecular and genetic data supplement rather than displace histologic classification. To convey all of the separate but intertwined categories of information, a group of expert neuropathologists proposed the concept of the layered diagnosis for CNS tumors (4). Although this is not part of the WHO classification itself, which does not specify how tumor designations should be reported, it has become the standard way to systematically report CNS tumor diagnoses. Figure 1 outlines the four layers. Layer 2 is the histologic classification. Layer 3 is the WHO tumor grade, defined by specific criteria for each tumor type. Under previous iterations of the WHO criteria for CNS tumors, layers 2 and 3 would have been sufficient to assign a specific tumor diagnosis. Both of these layers are primarily determined at microscopy and should be assessable with minimal delay at most institutions. Layer 4 contains the relevant molecular and genetic features, such as mutations in  IDH1 and IDH2 (which we refer to collectively as isocitrate dehydrogenase [IDH] mutation) or 1p/19q codeletion in the case of infiltrating glioma. Finally, layer 1 is the integrated diagnosis: a summation of the molecular and morphologic data into the single diagnostic entity that best describes the tumor.
�
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Who gets molecular testing is influenced by socioeconomic status

Table 1. Factors Associated With MGMT Promoter Methylation Testing in Patients With Glioblastoma

Multivariable logistic regression

;/;’,gvnﬁ Testing % of having MGMT testing®
Characteristic Total No. testing® in 2016 aO0R (95% Cl) Pvalue
Age at diagnosis, y
40-49 1258 61.5 81.2 1.27 (1.08-1.48) .004
50-59 3437 58.3 74.3 0.98 (0.87-1.10) 72
60-69 4251 57.3 74.2 1 [Reference] Tes tin g most Iikely for_ .
70-79 2875 55.2 70.9 0.95 (0.84-1.08) .45
280 1009 50.0 69.0 0.83 (0.70-0.99) .04
Primary payer
Uninsured 386 42.8 60.9 1 [Reference] 40 and over 80-year-OIds
Private insurance 5841 60.8 76.1 1.78(1.39-2.28)  <.001 Private insured
Medicaid 802 53.9 74.9 1.30 (0.98-1.74) .07 - -
Medicare 5476 54.7 71.9 149(114-193)  .003 Median income over $63K
avming Academic/ integrated model
<38 000 1693 49.7 63.5 1 [Reference]
38000-47 999 2775 53.2 69.9 1.11 (0.96-1.29) .15
48000-62 999 3523 57.2 74.5 1.23 (1.06-1.42) .006
263000 4819 61.4 78.5 1.31(1.13-1.52) <.001
Cancer program type
Community 466 44.9 56.2 1 [Reference]
Comprehensive community 3794 44.3 66.8 0.99 (0.80-1.23) .94
Academic/NCl-designated 6532 65.0 79.8 2.21(1.78-2.73) <.001
Integrated network 2038 57.5 72.2 1.65(1.31-2.08) <.001
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Silencing of the DNA-repair MGMT gene via promoter methylation is presently the only clinically relevant predictive biomarker for patients with glioblastoma and, increasingly, a critical eligibility criterion for clinical trial participation.1,2 Consequently, National Comprehensive Cancer Network guidelines recommend testing all newly diagnosed glioblastomas.3 

Promoter methylation status of MGMT is particularly important for clinical decision-making for patients who are elderly or frail, who are less able to tolerate multimodal therapy and for whom temozolomide can be withheld due to its limited benefit in MGMT-unmethylated cases.2 Herein we evaluate the national practice patterns of MGMT testing and identify potential factors associated with access to testing.

Factors Associated With MGMT Promoter Methylation Testing in Patients With GlioblastomaAbbreviations: aOR, adjusted odds ratio; NCI, National Cancer Institute.
a﻿ MGMT testing percentages across each of the displayed variables were significantly different (for all χ2 tests, P < .001), including across MGMT testing percentages in 2016 (n = 2822; for all χ2 tests, P < .02).
b Multivariable model was additionally adjusted (data not shown) for patients’ sex, race/ethnicity, Charlson-Deyo comorbidity index, histology, tumor site, and size, which were not associated with testing, as well as patient’s county population/rurality (urban/rural, 1 000 000; 95% CI, 0.69-0.95; P = .009), year of diagnosis, extent of resection, and cancer program location, which were significantly associated with testing. Primary payer included other government insurance (n = 184) and not available (n = 141) (data not shown).


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiwosyro-TLAhVhn4MKHbGVAgQQjRwIBw&url=https://www.ucsf.edu/&psig=AFQjCNEGpCXsJkbHx5EQKgSyClgUivZSrw&ust=1459285140289986

.

Bench to Bedside: Individualized targeted therapies
Precision medicine

41 year old woman
2 days of nausea and dizziness.

MRI shows 5 x 3 cm L frontal ring-
enhancing lesion

Pathology: GBM, IDH wt, EGFR
amplified, MGMT methylated (index 14)

XRT/TMZ +ABT 414/placebo
TMZ + ABT 414/placebo

Off study, followed
Sequence recurrent tumor

Focal recurrence- precision medicine trial
1. Dose reduced TMZ

2. Olaparib- Parp inhibitor :
3. Afatinib- Tyrosine kinase/EGFR e e s
inhibitor :

4. Everolimus- mTOR inhibitor

UCSF 500 Precision medicine program sequencing results
Pathogenic or Likely Pathogenic SOMATIC ALTERATIONS

R VARIANT TRANSCRIPT ID CLASSIFICATION READS MUTANT ALLELE
Stable disease- cycle 10
CDKN2A, CDKN2B homozygous deletion all Pathogenic N/A N/A
EGFR high level amplification all Pathogenic >30,000 (>50x) N/A
PTEN p.Tyr177fs NM_000314.4 Pathogenic 278 68%
TERT c.-146C>T NM_198253.2 Pathogenic 368 45%

Trisomy 7, Monosomy 10 N/A Pathogenic N/A N/A



Presenter Notes
Presentation Notes
We use UCSF500 tumor sequencing results (meaning looking for the high yield molecular targetable alterations) combined with RNS. Sequencing (research only) and drugs are chosen based on ability to get into the brain. So you can see that this patient has been maintained on

Parp inhibitor (because MGMT methylation) combined with TMZ
An EGFR inhibitor
mTOR inhibtitor because of the EGFR and PTEN loss.

And for this patient there ahs been stable disease for close to 1 year on this cocktail. 
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Low- and middle-income settings end up with data which does not

pertain

adherence to international guidelines- cost/scientifically invalid

SNOSSA annual meeting 2019
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How Can Genomic Innovations in Pediatric
Brain Tumors Transform Outcomes in Low- and
Middle-lncome Countries?
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INTRODUCTION
Advances in molecular diagnostics have led to im-
proved stratfcation and targeted intervertions in the
treatment of children with brain tumors. This has
necessitated complex infrastructure to delver al the
required testing in 2 clinically useful time perod,

lowever, i less-resourced counties, this testing is

targeted agents is increasingly evdert. This aricle
reviews the recent advances and suggests practica
ways of ensuring that genomic advances are appied
according to avalabl resources.
CLASSIFICATION
The WHO clasifcaion of brain tumors (2021)' now
includes molecuar findngs.in a multyered ap-
proach to diagnosi. Alhough  cerain level of di-
agnostic information s essentil for basic ety
recognition and treatment pianning in most diseases,
other information (eg, informaton required fo support
the elvery of riskstratied adjant therapies and
advanced or biomarker statfed targeted therapies)
may be considered nonessentil in ciinical setings
Wheresuc rerapes ae. ot ounely deiherea Ao a
fesut, the WHO classification allows ot othervise
speciied diagnosisfor masttumor types.
Testing for comimon molecular disease groups, M-
tations, ampliicatons, or fusions that lead 10 risk-
adopted or targeted therapis requires addtonel
testing methodologies, mostof which are not routinely
avalable_in low- and_middie-ncome _countries
(LMICS). The most commn of these are presented in
Table 1. Detailed testing curtently may or may not,
epending onthe egion,lead o change i therapy as
Grugs are often not available.
BRAIN TUMOUR DIAGNOSIS AND MANAGEMENT
N LMICs
ach year, approsimately 429,000 chien (age 0-19
year) are afected with cancer,of which appeoximately
90% are from LMICs The cire rae in highincome.

countries (HICS) exceeds 80% butis < 30% in LMICs.
Simiary, the majorty of chidren presenting with CNS
s Iive in LMICs, but data on the incidence, sur-
vival, and burden of CNS tumors are poor, even when
‘compared with other chidhood cancers* According to
the CONCORD working group, 5-year sunvl from
brain tumors in children is higher than that for adults,
but the global range is very wide (28.9% in Brazil o
nearly 80% in Sweden and Denmark). However, tis
survival range does not depict the actual sitation in
w-income cauntries where national registres do ot
existand publcatios are few.
The reasons for the sunvival gap between HICs and
LMICs are many and complex including under
presentation, and unavailabiity or
ity of multdiscipiinary neuro-oncology
reatment faciltes including neurosurgical and ra-
diotherapy equipment. Seah et al’ reported on
abandonment of treatment for pediatic CNS tumors
and concluded that failue to start or complete po-
tentally curative therapy s also a key contributor to

z

Very litle data are available from most low-income
counties. In Sudan, Elnassan et al” report 2-year and
5year suvival ates of 33% and 13%, respectivel, in
a series of 62 patients with peditric brain tumor and
also attibute this to underdiagnosis, inadequate
treatment, and treatment abandonment. A gradual
increase in numbers of cases diagnosed is noted since
2000, but only 60% of CNS tumors are diagnosed on
the basis of biopsy.
St Jude Chidren's Research Hospital recently
Taunched a Global Academy Neuro-Oncology Training
Seminar, focused on LMIC needs in pediatrc neuro-
oncoogy. e roupdentfed heloving sbrrers
to care: (1) ar oordinated multidiscr-
sinay care @an mammy 10 utspeciale o con
centrate on neuro-oncologic. diseases; (3) limited
infrastructure, including neurosurgical, laboratory,
radiotherapy, and rehabilfation facilies; (4) delays
in referrals between specialies; (5) postsurgical

JCO" Global Oncology
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What about timing of treatment?
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Presentation Notes
The Stupp protocol of post-resection external beam radiation therapy and concomitant temozolomide is the standard of care for patients with newly-diagnosed glioblastoma, with expanded use in anaplastic astrocytoma. However, the optimal interval between surgery and these adjuvant therapies, and its impact on survival, isunknown. To investigate this, de-identified claims from a large, private health insurance database were queried to identify adult patients who underwent index craniotomy for resection of a supratentorial neoplasm during the period 2005–2014 and began postoperative radiation and temozolomide within 13 weeks of surgery. A total of 2535 patients were assigned to groups based on interval from surgery to first radiation treatment of up to 4 weeks, 4–6 weeks, or 6–13 weeks. Of these, 1098 patients began radiation treatment within 4 weeks of craniotomy, 1019 between 4 and 6
weeks, and 418 between 6 and 13 weeks. There was significant regional variation in treatment schedule in the United States. Survival was calculated based on time from first craniotomy to death. Kaplan–Meier plot and multivariate Cox proportional hazard regression demonstrated a statistically significant association between earliest postoperative radiation and decreased survival (hazard ratio 1.31), along with older age and male sex. Earlier initiation of postoperative radiation for high-grade glioma is not associated with increased survival. Rather, beginning radiation treatment
within 4 weeks of craniotomy was associated with significantly worse survival compared to initiation of treatment 4–13 weeks after craniotomy. This is the largest population- based study to date regarding timing of Stupp protocol initiation.

Figure--- Distribution of radiation timing groups by year of index craniotomy. The relative distribution of patients starting radiation therapy at 0–4 weeks, 4–6 weeks, or 6–13 weeks post-craniotomy demonstrates a trend toward increased use of 4–6 week timing. In all years, the majority of patients started radiation therapy within 6 weeks of craniotomy.

Recipients of early postoperative chemoradiation experience worse survival. Kaplan– Meier plot demonstrates a clear difference in survival curve for
the group of patients beginning radiation within 4 weeks of index craniotomy, while those starting radiation between 4 and 13 weeks experience similar survival characteristics.
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Recurrence is universal with brain cancer

Symptoms == Diagnhosis=s= Surgery s# Chemoradiationm Recurrence == Experimental therapies
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What comes next when the tumor grows back?

1. Another chemotherapy drug (<10% respond)

2. Palliative care/hospice (most continue to have excellent functional status)

3. Clinical Trial/ experimental therapies

l@ Brain Tumor Center
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Mouse data doesn’t work in humans

How do we translate advances in cellular level analysis of the brain from model organisms

of human brain/disease ?

Human experiments /i N
Highly variable SWANS
No/low cell type specificity
Intralesional heterogeneity
Limited functional experimentation
Little genetic access

ahwh=

1 billion neurons

- . Mouse models
1 trillion network connections

Highly controlled

Cell type specific

Functional experimentation

in vivo

little intralesional heterogeneity
Genetic access

Quick results

o, A Mou_se

N O Ok Wi
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Presentation Notes
And even when we consider the main examples- MOUSE models of disease . Much of the preclinical studies (meaning before we try them in humans) are based on mouse experiments.

Mice models provide– read
Human models however are by comparison highly variable
If you just appreciate the volume differences between mouse and human brains. The structural differences between the cells in these brains. Our brain have 1 billions neurons and over 1 trillion network connections.
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How we deliver therapies into the brain

Catheter based CED
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Therefore, to get aroud this we’ve developed a number of different techniques to deliver treatments directly into the brain. 
FUS and LITT allows disruption of the blood brain barrier after which we can administer IV agents/drugs
We can deliver substances directly into the CSF
We can leave drug infused wafers along the resection cavity at the time of surgery
We can even inject drugs into the brain during surgery, taking advantage of the BBB disruption caused by surgery.
And then we have CED- which involves a ultra slow infusion of drugs which permeate through tissues at a distance further then if we gabe the drug by standard measures. 


CED utilizes a catheter based approach to inject solute containing a therapeutic agent directly into brain parenchyma using positive pressure infusion [43].  This technique bypasses the blood brain barrier, and provides targeted therapy to the tumor site.  The extent of distribution of the therapeutic far surpasses that of diffusion limited methods.  Furthermore, there is potential to adjust the pressure and therefore flow rates to intelligently distribute the drug to the tumor and surrounding areas.  One way to in real-time visualize the distribution of the therapeutic is to mix the infusate with MRI contrast agents and perform the infusion and in operative suite containing MRI, allowing for serial MRIs to be performed during the infusion (Figure 3).  Many different therapeutic agents are under investigation to be delivered in this fashion including traditional chemotherapies such as Topotecan which has shown promising results in a phase Ib trial for recurrent GBM with favorable progression-free and overall survival rates of 23 weeks and 60 weeks, respectively 



It takes time for treatments to make their way from bench to
bedside-What does FDA approval mean?

Drug
Lab studies, device design, drug synthesis, drug delivery, animal testing
Preclinical Further animal testing, optimal human dose, pharmacodynamics,
reclinica pharmacokinetics, bioavailability, toxicity
Phase |- small number patients, is tx safe, Phase lI- hundreds of patients, doesn’t
atment work, Phase llI- thousands of patients, large scale safety and efficacy
Study sent for FDA approval, is drug safe and effective, do benefits t. outweigh risks,
'duct packaging and labeling, quality assurance
P:_?;?S'V Post market analysis, new product available for everyone
2
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And these are the steps. 
�pharmacodynamics- what drug does to the body, pharmacokinetics- what body does to the drug, bioavailability- amount of drug able t be used by the body, toxicity- damage to tissue or body
�
�
Currently there are 5 drugs and 1 device approved by the FDA for brain tumors in the U.S including 5-ALA. The first drugs to be FDA approved for HGGs were oral lomustine (CeeNU®; Bristol-Myers Squibb, Princeton, NJ), which received approval in 1976 [4], and intravenous (i.v.) carmustine (BiCNU®; Bristol-Myers Squibb) which received approval in 1977 [5]. These nitrosoureas were approved as single agents or in combination with other chemotherapeutic agents in patients with HGG tumors who have already undergone surgery and/or radiation therapy. In both drugs, FDA approval was based on the tumor response rate of patients treated. Intraoperative carmustine chemotherapy wafer implants (Gliadel® wafers; Arbor Pharmaceuticals Inc.) were approved by the FDA in 1996 for recurrent HGGs [6]. In 2003, these chemotherapy implants were approved for new HGGs [7, 8]. The approval of carmustine wafers was based on a significant increase in overall survival (OS) of patients in comparison to placebo control groups. Temozolomide (Temodar®; Merck and Co. Inc.) chemotherapy was granted approval for recurrent anaplastic astrocytomas in 1999 and newly diagnosed glioblastoma (GBM) in 2005 [9, 10]. The approval of temozolomide for newly diagnosed GBM was based on the largest OS increase to date in HGG patients undergoing adjuvant and concurrent treatment after fractionated external beam radiotherapy [11].
Bevacizumab (Avastin®; Genentech Corp.) chemotherapy was approved for recurrent GBM in 2009 [12]. The clinical trial that was completed for FDA approval was a randomized, non-comparative (non-controlled), multicenter trial to evaluate the efficacy and safety of bevacizumab alone or in combination with irinotecan. The approval of bevacizumab was based on the progression-free survival rate at 6 months (PFS6) and the durable objective response rate of patients (independent radiologic review and stable or decreasing corticosteroid use) [12–14].
The Optune device (Novocure Inc.), which utilizes alternating electric fields (tumor treatment fields (TTF)) rather than chemotherapy, was approved for recurrent GBM in 2011 and newly diagnosed GBM in 2015 [15–18]. Both of these approvals were based on randomized, controlled studies. In the recurrent GBM setting, there was no improvement in OS, however, efficacy and activity with the device was comparable to chemotherapy regimens commonly used for recurrent GBM. In newly diagnosed GBM patients, there was a significant OS and PFS patient benefit.
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Raichle. Brief history of human brain mapping. Trends in Neurosciences. 2008, 32(2):118-126
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In order to understand where we are, we have to start with where we’ve come from and advances in neuro-oncology are closely tied together with the history of neuroscience in general… particularly neuro-imaging. 

As early as the 1800’s brain imaging was discovered originally in animals. Then in the 1960s these imaging modalities transitioned into humans beginning with CT imaging in 1970s and then MRI. 
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But in this history there have been hundreds if not thousands of truly innovative and promising therapies applied all of the world with varied results. Some highlights include 
validation of temozolomide in 2006
Avastin for recurrent and newly diagnosed GBM
TTF among others.

So in this history there have been so many more treatments that don’t make the list as advancements. Why is this? And I thinlk to appreciate what happens we are obliged to break down challenges in translation

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiwosyro-TLAhVhn4MKHbGVAgQQjRwIBw&url=https://www.ucsf.edu/&psig=AFQjCNEGpCXsJkbHx5EQKgSyClgUivZSrw&ust=1459285140289986

Where do new cancer drugs come from?

I ORICINAL CONTRIBUTION

Participation in Cancer Clinical Trials
Race-, Sex-, and Age-Based Disparities
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37,635 patients

Relative to European ancestry participants
9.1% enrollment Latinx OR 0.72
10.8% enrollment Black OR 0.71

3.8% enrollment AAPI
0.7% enrollment Native

30-64 year olds 3%
65-74 year olds 1.3%
Over 75 year olds 0.5%

Proportion of

Trial Participants, Incident Cancer Proportion of

Characteristic No. (%) Patients, %7t US Population, %t

Race/ethnicity

White non-Hispanic 64 355 (85.6) 83.1 75.7

Hispanic 2292 (3.1) 3.8 9.1

Black 6882 (9.2) 10.9 10.8

Asian/Pacific Islander 1446 (1.9) 2.0 3.8

American Indian/Alaskan Native 240 (0.3) 0.2 0.7
Type of cancer

Breast 40788 (54.2) 27.9

Colorectal 15406 (20.5) 20.3

Lung 9416 (12.5) 24.6

Prostate 9605 (12.8) 271
Age, y

30-64 51145 (68.0) 37.5 78.5

65-74 17851 (23.7) 31.4 1.3

=75 6219 (8.3) 31.2 10.2
Sex

Male 24104 (32.1) 51.0 47.6

Female 51111 (67.9) 49.0 52.4

Steady decline in women and minority patients
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Context Despite the importance of diversity of cancer trial participants with regard
to race, ethnicity, age, and sex, there is little recent information about the representation
of these groups in clinical trials.

Objective To characterize the representation of racial and ethnic minorities, the elderly,
and women in cancer trials sponsored by the National Cancer Institute.

Design, Setting, and Patients Cross-sectional population-based analysis of all participants
in therapeutic nonsurgical National Cancer Institute Clinical Trial Cooperative
Group breast, colorectal, lung, and prostate cancer clinical trials in 2000 through
2002. In a separate analysis, the ethnic distribution of patients enrolled in 2000 through
2002 was compared with those enrolled in 1996 through 1998, using logistic regression
models to estimate the relative risk ratio of enrollment for racial and ethnic minorities
to that of white patients during these time periods.


Results Cancer research participation varied significantly across racial/ethnic and age
groups. Compared with a 1.8% enrollment fraction among white patients, lower enrollment
fractions were noted in Hispanic (1.3%; odds ratio [OR] vs whites, 0.72; 95% confidence
interval [CI], 0.68-0.77; P.001) and black (1.3%; OR, 0.71; 95% CI, 0.68-
0.74;P.001) patients. There was a strong relationship between age and enrollment fraction,
with trial participants 30 to 64 years of age representing 3.0% of incident cancer patients
in that age group, in comparison to 1.3% of 65- to 74-year-old patients and 0.5%
of patients 75 years of age and older. This inverse relationship between age and trial enrollment
fraction was consistent across racial and ethnic groups. Although the total number
of trial participants increased during our study period, the representation of racial and
Ethnic minorities decreased. In comparison to whites, after adjusting for age, cancer type,
and sex, patients enrolled in 2000 through 2002 were 24% less likely to be black (adjusted
relative risk ratio, 0.76; 95% CI, 0.65-0.89; P.001). Men were more likely than
women to enroll in colorectal cancer trials (enrollment fractions: 2.1% vs 1.6%, respectively;
OR, 1.30; 95% CI, 1.24-1.35; P.001) and lung cancer trials (enrollment fractions:
0.9% vs 0.7%, respectively; OR, 1.23; 95% CI, 1.16-1.31; P.001).
Conclusions Enrollment in cancer trials is low for all patient groups. Racial and ethnic
minorities, women, and the elderly were less likely to enroll in cooperative group
cancer trials than were whites, men, and younger patients, respectively. The proportion
of trial participants who are black has declined in recent years.

Conclusions Enrollment in cancer trials is low for all patient groups. Racial and ethnic
minorities, women, and the elderly were less likely to enroll in cooperative group
cancer trials than were whites, men, and younger patients, respectively. The proportion
of trial participants who are black has declined in recent years.
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Review of clinical trial participation among vulnerable populations in
trials supported by NIH

2013 (%) 2014 (%) 2016 (%) 2017 (%) 2018 (%)

Female 443 472 541 479 524
American Indian 2.1 1.3 0.8 0.7 1.0
Asian 15.1 172 84 204 7.8
Black/African American 1222 143 10.0 10.8 13.5
Native Hawaiian/Pacific Islander 0.3 0.3 0.6 0.1 0.2
White 529 49.5 49.6 499 60.0
More than 1 race 1.1 1.1 2.0 1.9 23
Unknown race 1.1 1.1 2.0 19 23
Hispanic 938 8.1 10.8 6.7 8.5
Non-Hispanic 86.1 89.6 62.6 81.8 76.2
Unknown ethnicity 4.1 23 224 9.8 120
Sum of all races 847 84.8 735 91.8 87.2
Sum of all ethnicities 100.0 100.0 958 98.3 96.7

NOTE: The full analysis is available in Appendix B.

Bibbins-Domingo et al 2022
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Who gets screened and who gets enrolled into brain cancer trials?

Table2 Minority versus non-minority rates of trial screening and enrollment

Minority Non-minority OR* p-value®
Initial diagnosis
Trial screening pursued 94261 (36.0%) 212443 (47.9%) 0.61 [0.45-0.84] 0.002
Trial enrollment 31261 (14.2%) B7/443 (19.6%) 0.68 [0.44-1.03] 0.07
ECUITENCE
Trial screening pursued BO/164 (48.8%) 2317460 (50.2%) 0.94 [0.66-1.35] 0.75
Trial enrollment 46/164 (28.0%) 119/460 (25.9%) 1.12 [0.75-1.67] 0.59
Whike/Caucasian Black/African Ameri-  Asian/Pacific Islander Hispanic/Latino American Mot Reported
can Indian/ Alaskan
Mative
Mew diagnosis
Trial screening 212/443 (47.9%) 1339 (313.3%) 62172 (36.1%) 17/40 (42.5%) U6 (16.7%) /4 (25.0%)
pursued
Trial enrollment BT/M43 (19.6%) 4739 (10.3%) 28172 (16.3%) 440 (100%)  V6{16.7%) o4 (0%)
Recurrence
Trial screening 231460 (50.2%) 6719 (31.6%) 557100 (55%) 14/34 (41.2%)  I/1 (100%) 410 (40%)
pursued
Trial enrollment 119/460 (25.9%) 419 (21.1%) 27100 (27%) 12/34(35.3%)  O/1 (0%) 10 (30%)

Fewer minorities screened and therefore fewer enrolled

Morshed et al JNO 2020

L@ Brain Tumor Center
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Who is most likely to enroll?

Shorter distance to hospital
In-state

Privately insured

Higher median household income
employed

Morshed J et al NeuroOncol 2020

Minority (n=320) Non-minority (n==630) p-value
Age at diagnosis 48.6 [46.9-50.3] 5L.6[50.5-52.8] 0.002
Sex
Male 178 (55.6%) 3BR/650 0.23
Female 142 (44.4%) 262/650
WHO grade
Il 95 (29.7%) 176/650 0.68
m 5B (18.1%) 126/650
v 167 (52.2%) 348/650
Location
In-state 279 (B7.2%) 470 (72.3%) < 0.0001
Dut-of-state 41 (12.8%) 180 (27.7%)
Distance from UCSF (miles)®  71.9[595-84.3] 1044 [54.8-1199] < 0.0001
Insurance type
Private 1B2/314 (58.0%) 412/630 (65.4%) < 0.0001
Public 91314 (29.0%) 190/630 (30.2%)
None 417314 (13.0%) 2R/630 (4.4%)
Emp]cyed" 5149 (383%) 2B5/559 (51.0%) 0.006
Mean household income 85,476.30 [B1,803-89,150]  7B,259.30 [75,668-80,850] 0.002
Percent below poverty 10.9% [11.1-12.7%] T1.5% [10.9-12.0%] 046

L@ Brain Tumor Center
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Background. The NIH Revitalization Act, implemented 29 years ago, set to improve the representation of women
and minorities in clinical trials. In this study, we investigate progress made in all phase therapeutic clinical trials
for neuroepithelial CNS tumors stratified by demographic-specific age-adjusted disease incidence and mortality.
Additionally, we identify workforce characteristics associated with clinical trials meeting established accrual
benchmarks.
Methods. Registry study of published clinical trials for World Health Organization defined neuroepithelial CNS tumors
between January 2000 and December 2019. Study participants were obtained from PubMed and ClinicalTrials.
gov. Population-based data originated from the CBTRUS for incidence analyses. SEER-18 Incidence-Based Mortality
data was used for mortality analysis. Descriptive statistics, Fisher exact, and χ 2 tests were used for data analysis.
Results. Among 662 published clinical trials representing 49 907 participants, 62.5% of participants were men and
37.5% women (P < .0001) representing a mortality specific over-accrual for men (P = .001). Whites, Asians, Blacks,
and Hispanics represented 91.7%, 1.5%, 2.6%, and 1.7% of trial participants. Compared with mortality, Blacks (47%
of expected mortality, P = .008), Hispanics (17% of expected mortality, P < .001) and Asians (33% of expected mortality,
P < .001) were underrepresented compared with Whites (114% of expected mortality, P < .001). Clinical trials
meeting accrual benchmarks for race included minority authorship.
Conclusions. Following the Revitalization Act, minorities and women remain underrepresented in therapeutic clinical
trials for neuroepithelial tumors, relative to disease incidence and mortality. Study accrual has improved with
time. This study provides a framework for clinical trial accrual efforts and offers guidance regarding workforce considerations
associated with enrollment of underserved patients.

Proportions of men and women enrolled in a clinical trial 2000–2019, compared to incidence and mortality burden. A. Clinical trial accrual
proportions in men and women over the 20-year period, 2000–2019. Men represented 62.3% of accrued participants, women 37.7%
(P < .0001) B. Proportions of accrued participants as compared to disease incidence and mortality. Men were disproportionately accrued compared
to their disease burden (P = .001), and women were under-accrued compared to their disease burden (P = .001). C. Five-year trends from 2000
to 2019 show consistently significant results across the time period. *Data Source: Incidence—CBTRUS: Data provided by CDC’s National Program
of Cancer Registries and NCI’s Surveillance, Epidemiology and End Results Program, 2000–2017, Mortality—Incidence-Based Mortality SEER
Research Data, (2000–2017), Accrual—Systematic review of the literature published of clinical (Phase I–IV) trials of adult gliomas (2000–2019).
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Background. The NIH Revitalization Act, implemented 29 years ago, set to improve the representation of women
and minorities in clinical trials. In this study, we investigate progress made in all phase therapeutic clinical trials
for neuroepithelial CNS tumors stratified by demographic-specific age-adjusted disease incidence and mortality.
Additionally, we identify workforce characteristics associated with clinical trials meeting established accrual
benchmarks.
Methods. Registry study of published clinical trials for World Health Organization defined neuroepithelial CNS tumors
between January 2000 and December 2019. Study participants were obtained from PubMed and ClinicalTrials.
gov. Population-based data originated from the CBTRUS for incidence analyses. SEER-18 Incidence-Based Mortality
data was used for mortality analysis. Descriptive statistics, Fisher exact, and χ 2 tests were used for data analysis.
Results. Among 662 published clinical trials representing 49 907 participants, 62.5% of participants were men and
37.5% women (P < .0001) representing a mortality specific over-accrual for men (P = .001). Whites, Asians, Blacks,
and Hispanics represented 91.7%, 1.5%, 2.6%, and 1.7% of trial participants. Compared with mortality, Blacks (47%
of expected mortality, P = .008), Hispanics (17% of expected mortality, P < .001) and Asians (33% of expected mortality,
P < .001) were underrepresented compared with Whites (114% of expected mortality, P < .001). Clinical trials
meeting accrual benchmarks for race included minority authorship.
Conclusions. Following the Revitalization Act, minorities and women remain underrepresented in therapeutic clinical
trials for neuroepithelial tumors, relative to disease incidence and mortality. Study accrual has imp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>