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Abstract
Purpose: The site and histology of primary cancer are known predictors of progression to brain
metastases(BM). We investigated the combinational interactions of ICD-O primary topography and
morphology types on the survival of BM after adjusting for relevant clinical and demographic prognostic
factors.

Methods: The cohort included all adult patients with BM at diagnosis of an invasive malignancy in the
National Cancer Database(2010-2018). The sample consisted of 180,150 entries out of 14,279,749
cancer patients screened. A survival analysis of the topography- and histology- speci�c time to death was
performed. Multivariate Cox regression revealed violations of the proportional hazard assumption for
multiple covariates. Parametric models using a log-logistic distribution best described the population
survival pattern.

Results: The primary topography “prostate” and morphology “choriocarcinoma” provided the strongest
survival bene�t among ICD-O types, while BM from prostate demonstrated a 14-month median overall
increase in survival probability. Favorable prognostics were BM from breast, bone/joints, and testis; also,
the morphologies of carcinoid tumor, mature B-cell lymphoma, and papillary adenocarcinoma. Poor
prognostics were BM from gastrointestinal(liver, biliary tree, pancreas, gallbladder) and gynecologic
malignancies. All morphologies of spindle cell carcinoma, hemangiosarcoma, undifferentiated
carcinoma, Ewing sarcoma, pseudosarcomatous carcinoma, renal cell carcinoma/sarcomatoid, signet
ring cell carcinoma, spindle cell sarcoma, and squamous cell carcinoma/spindle cell were associated
with poor survival.

Conclusions: This is the largest cohort providing an unbiased estimate of the adjusted ICD-O topography
and morphology effect sizes. The results can be summarized as a booklet for prognostic classi�cation of
disease in patients with BM secondary to systemic malignancy.  

Key Points
The largest cohort of adult patients with synchronous brain metastases secondary to an invasive
malignancy.

Booklet for prognostic classi�cation of brain metastatic disease.

Importance Of The Study
This study is the largest cohort of adult patients with synchronous brain metastases secondary to an
invasive malignancy, as these reported in the National Cancer Database (NCDB). We investigate the
combinational interactions between primary topography and morphology types, based on the
International Classi�cation for Diseases in Oncology. The results can be summarized as a booklet for
prognostic classi�cation of brain metastatic disease, and the study can become a valuable and updated
companion to the graded prognostic assessment tool for clinical trial design.
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Introduction
Brain metastases (BM) are the most frequent type of CNS tumor in adults.1-3 Population-based studies
report the incidence of metastatic brain cancer ranging from 8.3 to 14.3 per 100 000.2-4  Other authors
support that up to one-�fth of adult cancer tumors will eventually metastasize to the brain.3,6,7 The exact
incidence of BM remains unknown, while the reported rates in the literature are estimates at best.1-

7 Despite being a major source of morbidity and mortality, large-scale cohorts examining the prognostics
of BMs are lacking.1-6 Most of the survival data that do exist regarding patients with BM are based on
studies decades old having several methodological limitations.3,5,6 These studies are scarce, with only
four population-based reports on BMs having been published recently.2-6 Better understanding of the
epidemiology and prognostics of BM will help identify individuals who are at greatest risk and guide
clinicians in selecting patients who are most likely to bene�t from surveillance and prophylaxis.1-6 

The natural history of progression to BM varies according to site (topography) and histology
(morphology) of the systemic malignancy.6-11 Lung cancer, breast cancer, melanoma and colorectal
cancer are the most frequent to develop BM, and account for 67%-80% of all BM.2,5,7,10 A tumor
topography-related study in the Detroit metropolitan area from 1973 to 2001 reported that the incidence
of BM was highest for lung (19.9%), followed by melanoma (6.9%), renal (6.5%), and breast (5.1%)
cancers.12 The overall prognosis of BM depends on the primary topography, histology, clinical, and
treatment factors.8,10-13 Despite these key reports, no large cohorts have established a time-to-event
analysis implementing the combined effect of primary malignancy topography and morphology types on
patient prognosis. In our study, we utilize data from the National Cancer Database of the American
Cancer Society,14 one of the largest hospital-based registries worldwide to  identify the prognostics of
various systemic malignancy topography and morphology types on BM, based upon the revised
guidelines for International Classi�cation of Diseases for Oncology( ICD-O) .9 Through a comprehensive
survival analysis work�ow, our study is the �rst to report the combinational interactions of ICD-O primary
topography and morphology types on the survival of patients with BM after adjusting for multiple
relevant clinical and demographic factors.  

Methodology
Data and study population 

Data were extracted from the National Cancer Database (NCDB). The NCDB is a joint program of the
Commission on Cancer and the American Cancer Society including nationwide data from more than
1,500 Commission-accredited cancer facilities in the United States and Puerto Rico.14 The entire NCDB
adult registry [ages: 18-90+] from year 2010 to 2018 was �ltered by “CS_METS_DX_BRAIN” == ‘YES’ (Item
#: 2852; 2010-2015) OR “METS_AT_DX_BRAIN” == ‘YES’ (Item #: 1113; 2016-2018). All patients with BM
at diagnosis of an invasive malignancy originating outside the CNS were included. Patients with non-
invasive neoplasms were not included in this study. To control for Type S (sign) and Type M (magnitude)
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errors,15 we retroactively performed a design analysis and found ICD-O types with small-sample brain
metastases (N < 42) resulting in misleading statistically signi�cant estimates. After removing the noisy
small-sample sites of origin (Items #: 2852 OR 1113 == ‘YES’ < 42 patients with BM per topography), we
identi�ed a total of 180,325 subjects with BM out of 14,279,749 cancer patients screened (Table1). Based
on the ICD-O-3 topographies,9 175 patients with BM from extra-nodal NHLs and reported codes C71.0 to
C72.9 were further excluded, given CNS was identi�ed as the site of origin. The �nal sample consisted of
180,150 unique observations of cancer patients with BM and 91 variables were extracted from each
record including the primary cancer type or topography, tumor histology or morphology, and the detailed
anatomic site of origin (supplement). No duplicate patient ID entries were identi�ed. All topography and
morphology codes were reported according to ICD-O-3 (�rst revision).9 

Survival analysis 

The cohort included all cancer patients with BM at diagnosis as reported in the NCDB between the years
2010 and 2018. The target events for this study were the origin site-speci�c time to death from the time
of diagnosis, or death attributable to primary topography, and the histology-speci�c time to death, or
death attributable to morphology. The time origin was set as the point at which a subject was diagnosed
with BM, and the time scale was the patient survival in months as reported in the NCDB. We had no
reason to suspect informative censoring in a large multicenter database such as the NCDB. The events
constituted independent random samples and the subpopulation was screened for duplicate patient
entries. Non-parametric analysis was initially utilized to generate unbiased descriptive estimates, in
conjunction with semi-parametric or parametric tests whenever necessary. Rank-based tests, such as the
log-rank test, were used to statistically test the difference between the Kaplan-Meier survival curves. The
semi-parametric Cox Proportional model was used for univariate and multiple regression analysis to
estimate the hazard ratios. The proportional hazards (PH) assumption necessitates a constant
relationship between the outcome and the covariates over time, and therefore, it is vital for interpretation
of the Cox regression. The PH assumption for each predictor in the Cox models was tested calculating
the scaled Schoenfeld residuals over time for factors, and the Martingale residuals for continuous
variables. Parametric survival models, or accelerated failure time models (AFT), are alternatives to Cox
regression, and one of the few available substitutes when the PH assumption is frankly
violated.16 Parametric survival analysis in our study included the exponential, Weibull, Gompertz, gamma,
generalized gamma, lognormal and log-logistic distributions to identify the best survival population
pattern to �t our data. Feature selection was performed using stepwise AIC backward regression by
starting from a maximal model including all candidate predictor variables in the study. We used AIC and
likelihood ratio tests to assess for relative model goodness of �t followed by the log(-log(S(t))) plots to
check for model validity and evaluate the pattern of survival estimates against time. Here, we report the
multiple regression analysis results of the best parametric model in conjunction with those extracted
from Cox regression.

Software 
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All analyses were implemented using the R statistical software, version 4.1.2. Non-parametric and
semiparametric survival approaches were completed using the “survival” and “survminer” packages.
Feature selection was performed using “stepAIC” in MASS. Parametric distribution model �t was
performed using the “�exsurv” package, while Kaplan-Meier estimates and the respective effect sizes
from parametric bootstrap simulation were generated using the “survParamSim” implementation in R.

Results
1) Univariate statistics 

1.1 Nonparametric survival analysis

The median topography-speci�c survival time in cancer patients with BM, or the time when the survival
probability, S(t), decreased by 50%, was 17.9 months in tumors originating from the testis
(95%CI[15.2,26.9];p < 0.0001). Patients with BM from nodal NHLs had a median survival of 13.6 months
(95%CI[10.6,20.3];p < 0.0001), prostate metastases reached a S(t) of 15.8 months (95%CI[12.7,18.3];p <
0.0001) while patients with BM originating from breast had a S(t) of 10.7 months (95%CI[10.2,11.5];p <
0.0001), as shown in Figure 1. The topographies with the lowest median survival times were lung(other
type), S(t) = 1.8 months (95%CI[1.74,1.84];p < 0.0001), pancreas, S(t) = 2.3 months (95%CI[2.20,2.60];p <
0.0001), urinary tracts, S(t) = 2.4 months (95%CI[1.87,3.30];p < 0.0001) and liver, S(t) = 2.6 months
(95%CI[2.10,3.06];p < 0.0001). The Kaplan-Meier estimates of systemic malignancy topography on
patient survival are demonstrated in Figures 1 and 2. When comparing the most common origin sites of
BM, as previously reported in the literature,1-6 there is a continuous survival advantage among patients
with prostate cancer by a 14-month median overall increase in the survival probability. 

The median morphology-speci�c survival time was highest, or 18.4 months (95%CI[13.2,25.4]; p <
0.0001), in patients with in�ltrating duct and lobular carcinoma. BM originating from acinar cell
carcinomas had a median survival of 16.3 months (95%CI[12.6,18.6];p < 0.0001), while patients with
malignant struma ovarii metastatic to the brain achieved an S(t) of 15.2 months (95%CI[13.7,19.3];p <
0.0001). BM originating from malignant neoplasms (ICD-O-3, #8000/3) had the lowest median survival of
1.3 months (95%CI[1.25,1.38];p < 0.0001), followed by spindle cell carcinomas not otherwise speci�ed,
S(t) = 2.4 months (95%CI[2.10,3.61];p < 0.0001) and hepatocellular carcinomas, S(t) = 2.7 months
(95%CI[2.14,3.19];p < 0.0001).

1.2 Cox regression analysis

The regression beta coe�cients along with the hazard ratios (HR) and variable signi�cance based on the
topography and morphology of systemic disease were calculated for the variables of interest. Each
predictor was assessed through separate Cox regression analysis followed by strati�ed Cox. The PH
assumption was frankly violated for multiple covariates in the NCDB population, and proportionality was
unable to be achieved after multiple strati�cation attempts (supplement).
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All the following primary topography types: pancreas, liver, biliary, urinary tracts, lung(other) were
associated with poorer survival in patients with BM (Figure3). Tumors originating from testis, nodal NHL,
extra-nodal NHL, and prostate were associated with improved survival. Furthermore, BM originating from
extra-nodal NHLs reduced the hazard factor by 32% (HR= 0.68, 95%CI[0.52,0.88];p < 0.0001), followed by
BM from testis with a HR decrease by 31% (HR= 0.69, 95%CI[0.59,0.81];p < 0.0001) when compared with
metastases from prostate cancer (Figure3). 

In the univariate Cox regression, choriocarcinomas showed the best overall survival bene�t among all
morphology groups. Spindle cell carcinomas not otherwise speci�ed (HR= 9.21, 95%CI[0.39,0.75]; p <
0.0001), hepatocellular carcinomas (HR= 8.21, 95%CI[4.72,14.28]; p < 0.0001), and malignant neoplasms
(ICD-O-3 code #8000/3) were poor morphology prognostics in cancer patients with BM (supplement). 

2) Multiple regression analysis

2.1 Feature selection

Feature selection started from a full, or saturated, survival model including all 91 variables in the study
(supplement). The optimal regression model was the one that minimized the AIC using stepwise
backward elimination. The best model to describe the data was the one featuring the seventeen
covariates demonstrated in Table2.

2.2 Semiparametric vs parametric survival analysis

We �t a Cox model using all the signi�cant covariates from feature selection. The HRs for each respective
covariate can be seen in the supplement. The Schoenfeld residuals test was signi�cant for multiple
covariates in the model. The non-proportionality was further supported by graphical diagnostics given the
log(- log(S(t))) plots did not demonstrate any parallelism (supplement). We were unable to correct for
nonproportionality in the Cox model after multiple strati�cation attempts. We concluded that the
estimates derived from utilizing Cox regression in the study should not be generalized, as semiparametric
regression led to incorrect inferences. AFT models are especially important under such circumstances,
given their parametric distribution for the survival times AFT models can make statistical inference
accurate and lead to a proper model �tting.16

2.3 Parametric model �t and results

Relative to other parametric distribution results, the log-logistic distribution achieved the lowest AIC and
likelihood ratio tests indicating a more parsimonious model able to better describe the NCDB population
survival pattern (Figure4). The log-logistic distribution has a non-monotonic arc-shaped decreasing
hazard rate. The absolute parametric model goodness of �t for validity was assessed through Q-Q
graphical plots, which demonstrated linearity in a function of time for the loglogistic model. Next, we �t a
loglogistic AFT model using all the signi�cant variables from feature selection. 

2.3.1 Topography and morphology
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We identi�ed the topography “prostate” as the best overall prognostic among sites of origin in patients
with BM (Table2). The median life expectancy for metastatic liver cancer was 10.1 times less (PO= 10.1,
95%CI[6.14,16.5];p < 0.0001) that of BM from prostate. BM from the biliary tree (PO= 8.14,
95%CI[5.37,12.3];p < 0.0001), pancreas (PO= 7.52, 95%CI[6.12,9.24];p < 0.0001), and gallbladder (PO=
7.17, 95%CI[4.67,11.0];p < 0.0001) were associated with poor survival. Similarly, ovarian (PO=
8.48,95%CI[6.09,11.8];p< 0.0001), uterine (PO= 8.49, 95%CI[6.61,10.9];p < 0.0001), and cervical (PO= 8.68,
95%CI[6.65,11.3];p < 0.0001) cancers were poor prognostics. In contrast, patients with BM originating
from breast (PO= 3.44, 95%CI[2.81,4.22]; p < 0.0001), bone/joints (PO= 3.22, 95%CI[1.63,6.34];p < 0.0001),
and testis (PO= 3.27, 95%CI[1.65,6.45];p < 0.0001) had an improved overall survival second only to that of
prostate cancer. 

The histology “choriocarcinoma” has been reported as a potential favorable prognostic in BM,17 therefore
it was utilized as the morphology reference group in the model. Similarly, the histopathology
choriocarcinoma was among the best overall morphology prognostics along with mature B-cell
lymphomas (Table2). Other good prognostics were carcinoid tumor (PO= 2.72, 95%CI[1.11,6.68];p <
0.0001) and papillary adenocarcinoma (PO= 4.12, 95%CI[1.77,9.58];p < 0.0001). The combined
morphology category cystic mucinous and serous carcinomas (ICD-O-3 codes #844-849) was associated
with increased survival. In contrast, the median life expectancy for metastatic spindle cell carcinoma was
19.4 times less (PO= 19.4, 95%CI[7.77,48.4];p < 0.0001) that of choriocarcinoma. Hemangiosarcoma was
also among the worse prognostics (PO= 18.6, 95%CI[7.3,47.2];p < 0.0001). The remaining morphology
groups associated with poor survival were carcinoma undifferentiated (PO= 14.6, 95%CI[5.88,36.4];p <
0.0001), Ewing sarcoma  (PO= 14.0, 95%CI[4.55,43.3];p < 0.0001), malignant neoplasm (PO= 15.9,
95%CI[6.91,36.7];p < 0.0001), pseudosarcomatous carcinoma (PO= 13.8, 95%CI[5.92,32.2];p < 0.0001),
renal cell carcinoma/sarcomatoid (PO= 14.0, 95%CI[5.81,33.9];p < 0.0001), signet ring cell carcinoma
(PO= 12.2, 95%CI[5.22,28.6];p < 0.0001), spindle cell sarcoma (PO= 14.5, 95%CI[5.34,39.2];p < 0.0001) and
squamous cell carcinoma from spindle cells (PO= 13.5, 95%CI[4.97,36.5];p < 0.0001). Tumors in the
combined morphology category osseous and chondromatous neoplasms (ICD-O-3 codes #918-924) were
poor prognostics (Table2). 

2.3.2 Demographics and patient speci�c factors

The median survival for males was 1.24 times less that of females when adjusting for other covariates in
the model (PO= 1.24, 95%CI[1.22,1.27];p < 0.0001). Increasing patient age, White race, and American
Indians or Eskimos were bad prognostics (Table2). Asian race demonstrated a protective effect as the
survival was accelerated by a factor of 1.3 (AF= 1.3, 95%CI[1.25,1.36];p < 0.0001) when compared to
Black patients. Increasing Charlson-Deyo comorbidity score (CDScore) was associated with poor survival,
while patients with a CDscore of 3 had the worse overall prognosis (PO= 1.52, 95%CI[1.45,1.59];p <
0.0001) among other CDscore groups. The median patient income and level of education did not achieve
signi�cance in the model. In patients with coexisting liver metastatic disease the median life expectancy
was decreased by half (PO= 1.99, 95%CI[1.95,2.04];p < 0.0001). 
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2.3.3 Type of treatment

Patients with BM who underwent surgery of the primary site with no residual tumor margins had 2.07
times increased overall survival (AF= 2.07, 95%CI[1.72,2.49];p < 0.0001). Failure of administering
chemotherapy, despite being part of �rst course treatment, decreased the median survival by 4.31 (PO=
4.31, 95%CI[4.13,4.49];p < 0.0001). Similarly, no administration of radiotherapy (PO= 1.59,
95%CI[1.5,1.68];p < 0.0001), immunotherapy (PO= 2.01, 95%CI[1.66,2.44]; p < 0.0001) and hormone
therapy (PO= 2.53, 95%CI[2.34,2.74];p < 0.0001) were all associated with shorter survival times. 

Discussion
BM continue to foreshadow a poor prognosis for all cancer patients.1–6 In 80% of the cases, BM are
discovered in a metachronous fashion, but less frequently, BM can be diagnosed at the same time as the
systemic malignancy (synchronous diagnosis).5–8 The sources of BM(in descending order) are cancers
of the lung, breast, skin, kidney, and gastrointestinal (GI) tract. 2,5,7,10 In the NCDB, all lung cancer
morphology types demonstrated an increased frequency for synchronous BM with an approximately 9%
of small cell lung cancer (SCLC) patients presenting with BM at the diagnosis of systemic disease
(Table 1). Previous studies have also reported 10% of SCLC patients overall presenting with synchronous
BM.1–4,21 Furthermore, GI tract malignancies in the study demonstrated an increased frequency of
synchronous BM, especially patients with primary esophageal cancer (1.1%).

The prognosis of BM varies depending on the primary topography, morphology, treatment status, and key
patient factors.1–8 The graded and upgraded prognostic assessments (GPA) remain some of the most
valuable prognostic tools for common histologic types of BM.13,18,19 The Radiation Therapy Oncology
Group had previously developed a prognostic classi�cation system for BM patients based on recursive
partitioning analysis of performance status, age, and systemic tumor activity.20 Large-scale studies
reporting the combinational interactions of various prognostics on the survival of BM patients are still
lacking.1–8

Cagney et al utilized population-based data to identify 26,430 patients with synchronous BM and
analyzed the incidences of various topographies; the authors reported BM secondary to prostate and
breast cancer as having the longest median survival times.10 We identi�ed prostate cancer and breast
cancer providing the strongest survival bene�t among other topography types, while further reporting BM
originating from bone/joints and testicular cancer as favorable prognostics. Gynecologic and GI
malignancies with synchronous BM, especially those originating from liver, pancreas, uterus, cervix, and
the ovaries demonstrated the poorest survival in our study. A recent systematic review reported that BM
from cervical cancer could reduce longevity independent of overall tumor burden.22 Our cohort is the �rst
study to calculate the adjusted effect sizes between the various ICD-O topography types and further
provide evidence to support such a statement (Table 2). Scant single institution reports have identi�ed
patients with BM originating from choriocarcinoma and carcinoid tumors as potential long-term
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survivors.17,23,24 Here, we showed how the histology choriocarcinoma was the most in�uential among
other morphology types, followed by carcinoid tumor and mature B-cell lymphomas (Table 2). Our study
is also the �rst in the literature to identify various spindle cell-derived malignancies as poor prognostics,
such as, spindle cell carcinoma, spindle cell sarcoma and squamous cell carcinoma from spindle cells.
Choi et al reported the sarcomatoid histology component in BM from renal cell carcinomas(RCC) as a
bad prognostic,25 we further expand the authors’ statement to the sarcomatoid component in BM from
RCC is a poor predictor of survival among all ICD-O morphologies. BM from GI signet ring cell carcinomas
are extremely rare;26 here we �rst identi�ed the morphology as a bad prognostic. Pediatric BM from Ewing
sarcoma carry a grave prognosis,27 but adult BM from Ewing sarcoma also demonstrated a poor survival
in our study. Favorable demographic factors for enhanced BM survival included female sex, Asian race
and lower CDscore (Table 2). Several e�cacious therapeutic options were associated with improved
survival in our cohort including surgery of the primary site without residual tumor margins, and, whenever
part of �rst course treatment, the administration of radiotherapy, chemotherapy, immunotherapy, and
hormone therapy; our �ndings here are in concordance with previous literature.1–8

The accurate and generalizable estimation of effect sizes of the various in�uential survival predictors in
cancer patients with BM is important for clinical trial design. This NCDB study is the largest published
cohort, while our multiple regression model also provides an unbiased estimate of the various ICD-O
topography and morphology effect sizes by simultaneously adjusting for multiple other known
predictors. We provide an important updated companion to the GPA tool which would allow clinicians to
estimate survival, individualize treatment, and stratify clinical trials in patients with BM based on
individual ICD-O topography and morphology types. Furthermore, our study would help organize
important clinical information and risk factors, leading to better identi�cation, surveillance, improved
patient counseling, more rigorous prognostic classi�cation, and prophylactic treatment of cancer patients
at greatest risk for BM.

Limitations

The primary limitations of this study are its integral data quality and the retrospective design. Although
all essential factors were extracted from the NCDB to mitigate the risk of confounding, the possibility of
in�uence from unmeasured confounders cannot be excluded. Real-world data are highly complex and an
incomplete re�ection of reality. There is always a chance for introduction of unpredictable outliers even
with basic structural data collection. In concordance with previous literature, all survival predictors were
included for feature selection except for the Karnofsky Performance Scale, as no such performance
status variable has been reported in the NCDB. Nevertheless, the patient performance status is indirectly
re�ected by the administration of radiotherapy and systemic therapy in the database, covariates for
which the model was appropriately adjusted. The NCDB is a hospital-based registry, therefore the de�ned
populations and hospitals are subject to (and limited by) the regional referral patterns, regional access to
health care and cancer treatment, and the inherent sampling biases of the pathology of that region. In
addition, no two regions have equivalent treatment expertise. Slight variations in clinical aggressiveness
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in obtaining diagnostic imaging and/or surgery or even the frequency of biopsies potentially affect the
reported incidences of BM. Randomized controlled trials would be ideal; however, it is neither practical nor
feasible to establish a cohort on this scale. In addition, it is ethically unjusti�able to randomize newly
diagnosed BM patients to a no-treatment placebo arm to assess for covariate signi�cance.

Abbreviations
AF, acceleration factor; AFT, accelerated failure time; AIC, Akaike information criterion; BM, brain
metastases; CDscore, Charlson-Deyo comorbidity score; GI, gastrointestinal; GPA, graded prognostic
assessment; HR, hazard ratio; ICD-O, International Classi�cation of Diseases for Oncology;
NCDB, National Cancer Database; NHL, Non-Hodgkin lymphoma; PH, proportional hazards; PO,
proportional odds; RCC, renal cell carcinoma; SCLC small cell lung cancer.
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Tables
Table 1. Frequency Tables. Incidence of Cancer Patients in the National Cancer Database (NCDB) with
Synchronous Brain Metastases strati�ed by ICD-O Primary Topography from year 2010 to 2018.
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ICD-O Primary Topography Total N Cases Brain Metastases at diagnosis (N,%)

Anus 78,407  64 (0.08)

Biliary 108,434 225(0.21)

Bone/Joint 28,411  86 (0.30)

Breast 3,208,696 7,077 (0.22)

Cervix 148,113  317 (0.21)

Colon 1,490,531  2,814 (0.19)

Digestive tract, other 16,905 385 (2.28)

Esophagus 181,586  2,027 (1.11)

Female genitals/placenta 30,428 89 (0.29)

Gallbladder 41,967  87 (0.21)

Kidney 615,519  5,106 (0.83)

Liver 233,700  506 (0.22)

Lung, non-small cell 1,772,978  109,782 (6.19)

Lung, other 157,582  11,554 (7.33)

Lung, small cell 296,583  26,359 (8.89)

Melanoma 704,041  6,902 (0.98)

Nasal 27,600  150 (0.54)

NHL, extra-nodal 207,804  175 (0.08)

NHL, nodal 442,772  514 (0.12)

Ovary 245,465  258 (0.11)

Pancreas 459,547  1,178 (0.26)

Skin, other 47,204 56 (0.12)

Prostate 1,742,871  720 (0.04)

Small Intestine 87,435  137 (0.16)

Soft Tissues 119,330  513 (0.43)

Stomach 237,704  955 (0.40)

Testis 83,903  534 (0.64)

Trachea/Larynx/Mediastinum 150,097  130 (0.08)
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Urinary Tracts 46,586  103 (0.22)

Urinary Bladder 671,462  520 (0.08)

Uterus 596,088  827 (0.14)

Total Number of Patients 14,279,749 180,150(1.26)

Table 2. Parametric Survival Analysis. Accelerated Failure Time Model Using the Best Distribution (Log-
logistic) to Describe the Survival Pattern in the Population, NCDB from 2010-2018 , N = 145,429
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Predictor Variable Acceleration
Factor†
 (95% CI)

Proportional
Odds‡

 (95% CI)

p-
value

ICD-O topography      

   Prostate * * *

   Anus 0.32 (0.22, 0.46) 5.71 (3.26,
9.99)

<0.001

   Biliary 0.25 (0.19, 0.33) 8.14 (5.37,
12.3)

<0.001

   Bone/joint 0.46 (0.29, 0.72) 3.22 (1.63,
6.34)

<0.001

   Breast 0.44 (0.39, 0.51) 3.44 (2.81,
4.22)

<0.001

   Cervix 0.24 (0.20, 0.29) 8.68 (6.65,
11.3)

<0.001

   Colon 0.32 (0.29, 0.37) 5.50 (4.55,
6.66)

<0.001

   Digestive, other 0.30 (0.25, 0.35) 6.27 (4.81,
8.16)

<0.001

   Esophagus 0.30 (0.26, 0.34) 6.20 (5.11,
7.53)

<0.001

   Female genitals/placenta 0.31 (0.22, 0.44) 5.91 (3.49,
10.0)

<0.001

   Gallbladder 0.27 (0.20, 0.36) 7.17 (4.67,
11.0)

<0.001

   Kidney 0.31 (0.27, 0.36) 5.91 (4.71,
7.42)

<0.001

   Liver 0.22 (0.16, 0.30) 10.1 (6.14,
16.5)

<0.001

   Lung, non-small cell 0.36 (0.32, 0.40) 4.77 (3.99,
5.69)

<0.001

   Lung, other type 0.31 (0.27, 0.35) 5.88 (4.83,
7.17)

<0.001

   Lung, small cell 0.40 (0.33, 0.48) 4.02 (2.99,
5.40)

<0.001

   Melanoma 0.29 (0.22, 0.38) 6.52 (4.28,
9.94)

<0.001

   Nasal 0.39 (0.31, 0.51) 4.06 (2.77,
5.96)

<0.001
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   NHL Extra-nodal 0.14 (0.03, 0.58) 19.2 (2.25, 164) 0.006

   NHL Nodal 0.09 (0.02, 0.39) 34.8 (4.08, 296) 0.002

   Ovary 0.24 (0.19, 0.30) 8.48 (6.09,
11.8)

<0.001

   Pancreas 0.26 (0.23, 0.30) 7.52 (6.12,
9.24)

<0.001

   Skin, other 0.43 (0.29, 0.64) 3.62 (1.97,
6.65)

<0.001

   Small Intestine 0.31 (0.24, 0.39) 5.94 (4.12,
8.57)

<0.001

   Soft Tissues 0.34 (0.27, 0.43) 5.10 (3.61,
7.21)

<0.001

   Stomach 0.27 (0.24, 0.31) 7.20 (5.81,
8.93)

<0.001

   Testis 0.46 (0.29, 0.72) 3.27 (1.65,
6.45)

<0.001

      Trachea/Larynx/Mediastinum 0.38 (0.27, 0.53) 4.35 (2.58,
7.34)

<0.001

   Urinary Tracts 0.28 (0.21, 0.39) 6.58 (4.20,
10.3)

<0.001

   Urinary Bladder 0.29 (0.24, 0.36) 6.44 (4.77,
8.71)

<0.001

   Uterus 0.24 (0.21, 0.29) 8.49 (6.61,
10.9)

<0.001

Facility Type      

   Academic/Research Program 1.06 (1.01, 1.12) 0.91 (0.84,
0.99)

0.035

   Community Cancer Program 0.90 (0.85, 0.95) 1.17 (1.07,
1.29)

<0.001

   Comprehensive Community Cancer Program 0.92 (0.87, 0.97) 1.14 (1.05,
1.24)

0.003

   Integrated Cancer Program 0.92(0.87, 0.98) 1.13 (1.03,
1.23)

0.007

Age 0.99 (0.988,
0.989)

1.02 (1.02,
1.02)

<0.001

Sex—Male 0.87 (0.855,
0.877)

1.24 (1.22,
1.27)

<0.001

Race      
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   Black * * *

   American Indian or Eskimo 0.89 (0.80, 0.99) 1.18 (1.01,
1.39)

0.041

   Asian 1.30 (1.25, 1.36) 0.67 (0.63,
0.72)

<0.001

   Other 1.22 (1.13, 1.32) 0.74 (0.66,
0.83)

<0.001

   Paci�c Islander 1.16 (1.01, 1.34) 0.79 (0.64,
0.98)

0.036

   Unknown 1.12 (1.04, 1.21) 0.84 (0.75,
0.94)

0.002

   White 0.92 (0.90, 0.94) 1.13 (1.10,
1.16)

<0.001

Median Income (2016)      

   $30,000 to 34,999 0.96 (0.85, 1.10) 1.06 (0.87,
1.28)

0.580

   $35,000 to 45,999 0.99 (0.87, 1.13) 1.02 (0.83,
1.24)

0.877

   Above $46,000 1.08 (0.95, 1.23) 0.89 (0.73,
1.08)

0.227

   Less $30,000 0.92 (0.81, 1.05) 1.13 (0.93,
1.38)

0.214

Urban or Rural (2013)      

   Metropolitan 0.95 (0.91, 0.98) 1.09 (1.02,
1.15)

0.006

   Rural 0.91 (0.86, 0.97) 1.15 (1.05,
1.25)

0.002

   Urban 0.93 (0.89, 0.97) 1.12 (1.05,
1.19)

<0.001

High school degree (2016)      

   10.9% to 17.6% 0.97 (0.84, 1.12) 1.05 (0.85,
1.31)

0.647

   6.3% to 10.8% 0.95 (0.82, 1.10) 1.08 (0.87,
1.34)

0.497

   Above 17.6% 1.03 (0.89, 1.19) 0.95 (0.77,
1.18)

0.662

   Less 6.3% 0.97 (0.84, 1.11) 1.05 (0.85,
1.31)

0.640
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Total Charlson-Deyo Score      

   0 * * *

   1 0.87 (0.85, 0.88) 1.24 (1.22,
1.27)

<0.001

   2 0.80 (0.79, 0.82) 1.38 (1.34,
1.43)

<0.001

   3 0.76 (0.74, 0.78) 1.52 (1.45,
1.59)

<0.001

Great Circle Distance (miles) 1 (1, 1) 1 (1, 1) <0.001

ICD-O morphology      

   Choriocarcinoma, NOS * * *

   Acinar cell carcinoma 0.39 (0.22, 0.68) 4.23 (1.81,
9.88)

<0.001

   Acinar cell cystadenocarcinoma 0.15 (0.02, 1.00) 18.1 (0.99, 328) 0.050

   Adenocarcinomas, other 0.27 (0.15, 0.46) 7.44 (3.24,
17.1)

<0.001

   Adenosquamous carcinoma 0.22 (0.13, 0.38) 9.95 (4.31,
23.0)

<0.001

   Adnexal and skin appendage neoplasms 0.19 (0.09, 0.42) 12.0 (3.74,
38.7)

<0.001

   Atypical carcinoid tumor 0.35 (0.19, 0.65) 4.83 (1.91,
12.2)

<0.001

   Basal cell carcinomas, other 0.11 (0.02, 0.75) 27.7 (1.53, 501) 0.024

   Basaloid squamous cell carcinoma 0.24 (0.13, 0.43) 8.67 (3.50,
21.5)

<0.001

   Blood vessel tumors, other 0.45 (0.17, 1.17) 3.34 (0.78,
14.2)

0.103

   Carcinoid tumor, NOS 0.52 (0.28, 0.93) 2.72 (1.11,
6.68)

0.029

   Carcinoma, other 0.21 (0.12, 0.36) 10.9 (4.74,
25.1)

<0.001

   Carcinoma, undifferentiated, NOS 0.17 (0.09, 0.31) 14.6 (5.88,
36.4)

<0.001

   Carcinosarcoma, NOS 0.22 (0.12, 0.40) 9.82 (4.02,
24.0)

<0.001

   Cholangiocarcinoma 0.27 (0.15, 0.51) 7.17 (2.80,
18.4)

<0.001
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   Clear cell adenocarcinoma, NOS 0.33 (0.19, 0.57) 5.46 (2.34,
12.7)

<0.001

   CNS embryonal tumor, NOS 0.10 (0.02, 0.42) 32.6 (3.71, 287) 0.002

   Combined small cell carcinoma 0.21 (0.12, 0.38) 10.6 (4.39,
25.7)

<0.001

   Complex epithelial neoplasms 0.19 (0.09, 0.37) 12.3 (4.51,
33.8)

<0.001

   Complex mixed and stromal neoplasms 0.19 (0.10, 0.35) 12.7 (4.90,
33.0)

<0.001

   Cystic, mucinous, and serous carcinomas 0.53 (0.26, 1.07) 2.61 (0.90,
7.53)

0.076

   Ductal and lobular carcinomas, other 0.24 (0.12, 0.45) 8.77 (3.33,
23.1)

<0.001

   Endometrioid adenocarcinoma, NOS 0.23 (0.13, 0.41) 9.21 (3.84,
22.1)

<0.001

   Ewing sarcoma 0.17 (0.08, 0.37) 14.0 (4.55,
43.3)

<0.001

   Fibroepithelial neoplasms 0.08 (0.02, 0.29) 42.7 (6.42, 284) <0.001

   Fibromatous neoplasms 0.22 (0.11, 0.43) 10.2 (3.57,
28.9)

<0.001

   Germ cell neoplasms 0.07 (0.02, 0.20) 56.0 (11.8, 267) <0.001

   Giant cell tumors 0.12 (0.02, 0.53) 24.7 (2.64, 231) 0.005

   Granular cell tumors and alveolar soft part
sarcomas

0.71 (0.32, 1.56) 1.69 (0.51,
5.57)

0.390

   Hemangiosarcoma 0.14 (0.08, 0.27) 18.6 (7.30,
47.2)

<0.001

   Hepatocellular carcinoma, all types 0.26 (0.14, 0.50) 7.53 (2.86,
19.8)

<0.001

   Hepatoid adenocarcinoma 0.19 (0.09, 0.38) 11.7 (4.21,
32.8)

<0.001

   In�ltrating duct and lobular carcinoma 0.29 (0.16, 0.53) 6.42 (2.64,
15.6)

<0.001

   In�ltrating duct carcinoma, NOS 0.24 (0.13, 0.41) 8.93 (3.86,
20.7)

<0.001

   In�ltrating duct mixed with other types of
carcinoma

0.31 (0.17, 0.58) 5.78 (2.26,
14.8)

<0.001

   In�ammatory carcinoma 0.19 (0.10, 0.34) 12.7 (5.10,
31.4)

<0.001
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   Large cell carcinoma, NOS 0.21 (0.12, 0.36) 10.8 (4.66,
24.9)

<0.001

   Large cell neuroendocrine carcinoma 0.23 (0.13, 0.41) 8.96 (3.88,
20.7)

<0.001

   Leiomyosarcoma, NOS 0.27 (0.14, 0.50) 7.25 (2.87,
18.3)

<0.001

   Lepidic adenocarcinoma 0.32 (0.18, 0.57) 5.57 (2.35,
13.2)

<0.001

   Leukemias, other 2.70 (0.56, 13.0) 0.22 (0.02,
2.40)

0.216

   Lipomatous sarcomas 0.25 (0.11, 0.53) 8.38 (2.62,
26.8)

<0.001

   Lobular carcinoma, NOS 0.25 (0.14, 0.44) 8.32 (3.52,
19.6)

<0.001

   Lymphoid leukemias 0.82 (0.17, 4.0) 1.35 (0.12,
14.8)

0.808

   Malignant lymphoma, diffuse 1.41 (0.32, 6.15) 0.59 (0.06,
5.51)

0.646

   Malignant lymphoma, large B-cell, diffuse, NOS 0.84 (0.22, 3.09) 1.31 (0.18,
9.44)

0.790

   Malignant lymphoma, non-Hodgkin, NOS 1.33 (0.33, 5.31) 0.65 (0.08,
5.23)

0.683

   Malignant melanoma, NOS 0.38 (0.21, 0.69) 4.33 (1.74,
10.8)

0.002

   Malignant peripheral nerve sheath tumor 0.19 (0.09, 0.40) 12.7 (3.99,
40.4)

<0.001

   Malignant tumor, NOS 0.31 (0.15, 0.64) 5.82 (1.96,
17.3)

0.002

   Mature B-cell lymphomas, other 2.10 (0.55, 8.07) 0.32 (0.04,
2.49)

0.279

   Mature T- and NK-cell lymphomas 0.63 (0.16, 2.51) 2.03 (0.25,
16.7)

0.508

   Melanoma, other 0.38 (0.20, 0.71) 4.38 (1.70,
11.3)

0.002

   Miscellaneous tumors, other 0.47 (0.07, 3.15) 3.15 (0.18,
56.5)

0.436

   Mixed cell adenocarcinoma 0.32 (0.17, 0.60) 5.56 (2.16,
14.4)

<0.001

   Mucin-producing adenocarcinoma 0.26 (0.15, 0.46) 7.53 (3.17,
17.9)

<0.001
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   Mucinous adenocarcinoma 0.24 (0.14, 0.41) 8.75 (3.78,
20.3)

<0.001

   Mucoepidermoid carcinoma 0.26 (0.12, 0.59) 7.47 (2.19,
25.5)

0.001

   Mullerian mixed tumor 0.23 (0.11, 0.48) 9.03 (3.08,
26.5)

<0.001

   Myomatous neoplasms, other 0.15 (0.07, 0.29) 17.8 (6.31,
50.0)

<0.001

   Myxomatous neoplasms 2.20 (0.41, 11.9) 0.30 (0.02,
3.91)

0.360

   Neoplasm, malignant 0.16 (0.09, 0.28) 15.9 (6.91,
36.7)

<0.001

   Neuroendocrine carcinoma, NOS 0.24 (0.14, 0.43) 8.39 (3.64,
19.3)

<0.001

   Neuroepitheliomatous neoplasms 0.78 (0.30, 2.09) 1.45 (0.33,
6.44)

0.624

   Nodular melanoma 0.25 (0.14, 0.47) 7.95 (3.11,
20.3)

<0.001

   Non-small cell carcinoma 0.21 (0.12, 0.36) 10.6 (4.60,
24.3)

<0.001

   Oat cell carcinoma 0.20 (0.11, 0.38) 11.1 (4.35,
28.1)

<0.001

   Osseous and chondromatous neoplasms 0.14 (0.07, 0.29) 19.5 (6.34,
59.7)

<0.001

   Papillary adenocarcinoma, NOS 0.39 (0.22, 0.68) 4.12 (1.77,
9.58)

<0.001

   Papillary carcinoma, NOS 0.25 (0.13, 0.47) 8.14 (3.10,
21.4)

<0.001

   Papillary transitional cell carcinoma 0.26 (0.14, 0.49) 7.53 (2.97,
19.1)

<0.001

   Paragangliomas and glomus tumors 3.56 (0.52, 24.3) 0.15 (0.01,
2.68)

0.195

   Plasma cell tumors 1 (1, 1) 1 (1, 1) N/A

   Pleomorphic carcinoma 0.19 (0.10, 0.34) 12.7 (5.19,
30.9)

<0.001

   Pseudosarcomatous carcinoma 0.18 (0.10, 0.31) 13.8 (5.92,
32.2)

<0.001

   Renal cell carcinoma, NOS 0.27 (0.15, 0.47) 7.19 (3.08,
16.8)

<0.001
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   Renal cell carcinoma, other 0.23 (0.10, 0.50) 9.26 (2.83,
30.3)

<0.001

   Renal cell carcinoma, sarcomatoid 0.17 (0.09, 0.31) 14.0 (5.81,
33.9)

<0.001

   Serous carcinoma, NOS 0.29 (0.16, 0.55) 6.34 (2.46,
16.3)

<0.001

   Signet ring cell carcinoma 0.19 (0.11, 0.34) 12.2 (5.22,
28.6)

<0.001

   Small cell carcinoma, intermediate cell 0.21 (0.10, 0.42) 10.8 (3.75,
31.0)

<0.001

   Small cell carcinoma, NOS 0.20 (0.11, 0.36) 11.1 (4.68,
26.5)

<0.001

   Soft tissue sarcomas, NOS 0.18 (0.10, 0.33) 12.8 (5.30,
31.1)

<0.001

   Solid carcinoma, NOS 0.30 (0.16, 0.55) 6.15 (2.47,
15.3)

<0.001

   Specialized gonadal neoplasms 0.07 (0.01, 0.49) 53.2 (2.90, 975) 0.007

   Spindle cell carcinoma, NOS 0.14 (0.07, 0.26) 19.4 (7.77,
48.4)

<0.001

   Spindle cell melanoma, NOS 0.43 (0.21, 0.86) 3.61 (1.25,
10.4)

0.018

   Spindle cell sarcoma 0.17 (0.09, 0.33) 14.5 (5.34,
39.2)

<0.001

   Squamous cell carcinoma, keratinizing, NOS 0.20 (0.12, 0.36) 10.7 (4.61,
25.0)

<0.001

   Squamous cell carcinoma, large cell, non-
keratinizing, NOS

0.22 (0.13, 0.39) 9.72 (4.12,
23.0)

<0.001

   Squamous cell carcinoma, NOS 0.21 (0.12, 0.36) 10.6 (4.62,
24.4)

<0.001

   Squamous cell carcinoma, spindle cell 0.18 (0.09, 0.34) 13.5 (4.97,
36.5)

<0.001

   Squamous cell neoplasms, other 0.18 (0.09, 0.36) 13.1 (4.71,
36.3)

<0.001

   Struma ovarii, malignant 0.20 (0.10, 0.38) 11.6 (4.35,
30.8)

<0.001

   Synovial sarcomas 0.16 (0.08, 0.34) 15.5 (5.10,
47.3)

<0.001

   Thymic epithelial neoplasms 0.14 (0.02, 0.98) 18.5 (1.03, 335) 0.048
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   Transitional cell carcinomas, other 0.23 (0.13, 0.41) 9.09 (3.83,
21.6)

<0.001

   Trophoblastic neoplasms, other 0.53 (0.15, 1.87) 2.56 (0.39,
16.9)

0.329

Summary of Surgical Margins (surgery at primary
site)

     

   Macroscopic residual tumor * * *

   Margins not evaluable 0.97 (0.79, 1.19) 1.04 (0.76,
1.41)

0.800

   Microscopic residual tumor 1.31 (1.06, 1.62) 0.66 (0.48,
0.91)

0.011

   No primary site surgery 0.84 (0.67, 1.0) 1.31 (0.99,
1.72)

0.053

   No residual tumor 2.07 (1.72, 2.49) 0.33 (0.25,
0.44)

<0.001

   Residual tumor, NOS 1.13 (0.93, 1.38) 0.83 (0.61,
1.12)

0.218

   Unknown 1.38 (1.14, 1.68) 0.61 (0.46,
0.82)

0.001

Summary of Chemotherapy      

   Administered * * *

   Contraindicated 0.30 (0.29, 0.30) 6.30 (6.03,
6.59)

<0.001

   Not administered 0.38 (0.37, 0.39) 4.31 (4.13,
4.49)

<0.001

   Not administered, patient died 0.18 (0.18, 0.19) 12.6 (12.0,
13.2)

<0.001

   Not part of �rst course Tx 0.35 (0.35, 0.36) 4.84 (4.73,
4.95)

<0.001

   Unknown 0.63 (0.61, 0.66) 2.0 (1.88, 2.13) <0.001

Summary of Radiation Therapy      

   Administered * * *

   Contraindicated 0.54 (0.51, 0.57) 2.52 (2.31,
2.76)

<0.001

   Not administered 0.74 (0.71, 0.76) 1.59 (1.50,
1.68)

<0.001

   Not administered, patient died 0.37 (0.32, 0.44) 4.45 (3.49,
5.68)

<0.001
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   Not part of �rst course Tx 0.71 (0.69, 0.71) 1.69 (1.65,
1.73)

<0.001

   Unknown 0.71 (0.68, 0.73) 1.69 (1.60,
1.79)

<0.001

Summary of Immunotherapy      

   Administered * * *

   Contraindicated 0.51 (0.45, 0.58) 2.78 (2.30,
3.35)

<0.001

   Not administered 0.63 (0.55, 0.72) 2.01 (1.66,
2.44)

<0.001

   Not administered, patient died 0.37 (0.32, 0.43) 4.43 (3.59,
5.47)

<0.001

   Not part of �rst course Tx 0.49 (0.48, 0.51) 2.89 (2.78,
3.01)

<0.001

   Unknown 0.82 (0.71, 0.93) 1.36 (1.12,
1.65)

0.002

Summary of Hormone Therapy      

   Administered * * *

   Contraindicated 0.56 (0.52, 0.59) 2.43 (2.18,
2.70)

<0.001

   Not administered 0.54 (0.51, 0.57) 2.53 (2.34,
2.74)

<0.001

   Not administered, patient died 0.27 (0.22, 0.32) 7.39 (5.58,
9.80)

<0.001

   Not part of �rst course Tx 0.66 (0.63, 0.69) 1.88 (1.76, 2.0) <0.001

   Unknown 0.54 (0.50, 0.57) 2.55 (2.32,
2.81)

<0.001

Coexisting liver metastasis at diagnosis      

   No * * *

   Not applicable 0.86 (0.61, 1.22) 1.26 (0.74,
2.13)

0.398

   Unknown 0.85 (0.81, 0.89) 1.28 (1.20,
1.38)

<0.001

   Yes 0.63 (0.62, 0.64) 1.99 (1.95,
2.04)

<0.001

Abbreviations: NHL, non-Hodgkin lymphoma; NOS, not otherwise speci�ed; Tx, treatment. 
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*Reference group for each respective explanatory variable in the multiple regression model. Whenever a
reference category is not speci�ed, the coe�cients of the explanatory are compared to either blank values
or the excluded group for binary variables (e.g., the reference group for variable “Sex” is “female”).

†The acceleration factor or AF in a log-logistic model is interpretable as multiplicative effects on the
survival. This suggests that the median life expectancy of each corresponding group is AF times that of
the reference group for the respective explanatory. 

‡ The proportional odds or PO in a log-logistic model is interpretable as multiplicative effects on the
hazard, likewise semiparametric Hazard Ratios. This suggests that the odds of death or hazard for each
group is PO times the odds of the reference group for the respective explanatory in the model.

Figures

Figure 1

Kaplan-Meier survival estimates of NCDB patients presenting with brain metastases (BM) at diagnosis of
systemic malignancy strati�ed by most frequent ICD-O primary topography types. The horizontal axis (x-
axis) represents time in months following the diagnosis of systemic malignancy, and the vertical axis (y-
axis) shows the survival probability. The colored lines represent survival curves of twelve distinct primary
topography types along with the respective 95% con�dence intervals in colored dashed lines. The number
of patients at risk per primary topography immediately before timepoints (t) divided in 4-month intervals
is shown in the lower part of the survival plot. Patients at risk did not have the event before time t, and are
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not censored before or at time t. The p-value of the Log-Rank test comparing the twelve topography
groups is also demonstrated (p <0.0001). The topography prostate provided the strongest overall survival
bene�t among most frequent sites of origin, as patients with BM from prostate cancer had a 14-month
median overall increase in the survival probability. Patients with breast cancer had a survival probability,
S(t), of 10.7 months (95%CI[10.2,11.5]). This was followed by melanoma, S(t) = 6.24 months
(95%CI[5.98,6.57]) and small cell lung cancer, S(t) = 6.24 months (95%CI[6.14,6.37]). BM from lung
cancer/other type, S(t) = 1.8 months (95%CI[1.74,1.84]) and pancreas, S(t) = 2.3 months
(95%CI[2.20,2.60]) had the lowest median survival rates among most frequent topography types. 

Figure 2

Matrix of Kaplan-Meier survival estimates of  NCDB patients presenting with brain metastases (BM) at
diagnosis of systemic malignancy strati�ed by least frequent ICD-O primary topography types. The
horizontal axis (x-axis) represents time in months following the diagnosis of systemic malignancy, and
the vertical axis (y-axis) shows the survival probability. The colored lines represent survival curves of
nineteen distinct primary topography types along with the respective 95% con�dence intervals in colored
dashed lines. The vertical black dotted lines demonstrate the medial survival times for the respective
topography types. The topography testicular cancer provided the strongest survival bene�t among least
frequent sites of BM origin, S(t) = 17.9 months (95%CI[15.2,26.9];p < 0.0001) and the highest median
survival in the study. Patients with nodal NHL had a S(t) of 13.6 months (95%CI[10.6,20.3];p < 0.0001).
BM from liver S(t) = 2.56 months (95%CI[2.10,3.06]; p < 0.0001), urinary tracts, S(t) = 2.4 months
(95%CI[1.87,3.30];p < 0.0001) and the GI tract, S(t) = 2.53 months (95%CI[2.20,2.96];p < 0.0001) had the
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poorest survival rates among least frequent topography types. NHLnodal, nodal non-Hodgkin lymphoma;
NHLExtr, extra-nodal non-Hodgkin lymphoma. 

Figure 3

Forest plot for univariate Cox proportional hazards model. The hazard ratios (HRs) for each respective
ICD-O primary topography in cancer patients with brain metastases (BM) are demonstrated. The HRs are
interpretable as multiplicative effects on the hazard. Prostate cancer was set as the reference group in the
model. BM from liver cancer (HR= 3.10, 95%CI[2.70,3.56]) and pancreas (HR= 3.22, 95%CI[2.87,3.61]) are
strongly associated with poor patient survival. The primary topography types including pancreas, liver,
biliary tree, and urinary tracts are bad prognostics, while lung (other type) demonstrates the highest
hazard (HR= 3.64, 95%CI[3.30,4.01]). Testicular cancer and extra-nodal NHL are good prognostics, when
compared to BM from prostate cancer. Unfortunately, frank violations of the PH assumption for multiple
covariates in Cox regression make the models unable to generalize (Schoenfeld residuals: p-value <
0.0001). 
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Figure 4

Focused parametric model comparison. Model goodness of �t tests by graphical comparison between
parametric and non-parametric regression. Overplotting estimations from non-parametric Kaplan-Meier
estimator (black line) versus parametric estimations utilizing exponential (red line), Weibull (blue line),
Gompertz (dot-dashed pink line), gamma (green line), generalized gamma (dotted brown line), lognormal
(grey line) and log-logistic (dotted orange line) distributions to identify the best survival population
pattern to describe the dataset. The loglogistic distribution best �ts to the non-parametric survival
function as shown in the image; the distribution also achieved the lowest AIC = 915163 and Log-
likelihood = -457577 among models. Therefore, a log-logistic accelerated failure model can explain the
greatest amount of variation in the NCDB population using the fewest possible information. Note that the
non-parametric model is closer to the observed data because no function is assumed for the baseline
survival probability.
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