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Abstract

Background: Leptomeningeal metastasis (LM) occurs in 3-5% of patients with solid metastatic
tumors and often portends a severe prognosis including symptomatic hydrocephalus and
intracranial hypertension. Cerebrospinal fluid (CSF) shunting can provide symptomatic relief in
this patient subset; however, few studies have examined the role of shunting in the palliation,
prognosis and overall oncologic care of these patients.

Objective: To identify and evaluate risk factors associated with prognosis after CSF diversion
and assess surgical, symptomatic and oncologic outcomes in this population.

Methods: A retrospective study was conducted on patients with solid-malignancy LM treated
with a shunt at an NCI-designated Comprehensive Cancer Center between 2010-2019.

Results: One hundred and ninety patients with metastatic LM underwent CSF diversion. Overall
survival was 4.14 months from LM diagnosis (95%CI:3.29-4.70) and 2.43 months (95%Cl:2.01-
3.09) from shunting. Karnofsky Performance Status (KPS) at time of shunting and brain
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metastases (BrM) number at LM diagnosis demonstrated significant associations with survival
(HR=0.66; 95%CI[0.51-0.86], p=0.002; HR=1.40; 95%CI[1.01-1.93] per 10 BrM, p=0.04,
respectively). Eighty-three percent of patients experienced symptomatic relief, and 79% were
discharged home or to rehabilitation facilities post-shunting. Post-shunt, 56% of patients received
additional systemic therapy or started or completed WBRT. Complications included infection
(5%), symptomatic subdural hygroma/hematoma (6.3%), and shunt externalization/removal/repair
(8%). Abdominal seeding was not identified.

Conclusions: CSF diversion for LM with hydrocephalus and intracranial hypertension
secondary to metastasis can achieve symptomatic relief, hospital discharge, and return to further
oncologic therapy, with a complication profile unique to this pathophysiology. However, decision-
making in this population must incorporate end-of-life goals of care given limited prognosis.

Keywords
Cerebrospinal fluid; intracranial hypertension; leptomeningeal metastasis; metastasis; shunt

Introduction

Metastatic spread to the leptomeningeal compartment and subarachnoid spaces of the
brain, known as leptomeningeal metastasis (LM; also known as leptomeningeal disease

or carcinomatous meningitis), occurs in 3-5% of patients with solid tumor malignancies?.
LM incidence roughly mirrors that of the commonest CNS parenchymal sources including
non-small cell lung cancer (NSCLC), breast cancer, and melanoma, and its development
is associated with poor prognosis and shortened survival on the scale of months?-11,
Treatments are limited for these patients, in part due to clinical trial exclusion. Existing
treatment options primarily include whole brain radiation therapy (WBRT), craniospinal
irradiation, systemic therapies, and intrathecal chemotherapy, none of which significantly
controls the disease or improves survival?7-8.12-16,

While LM portends poor survival, symptomatic intracranial hypertension or hydrocephalus
secondary to LM can be palliated with cerebrospinal fluid (CSF) diversion via extracranial
shunting7-21, This approach improves intracranial pressure (ICP)-related LM symptoms,
but its role in the overall oncologic and medical care of this population remains poorly
defined and studied only in limited, small case series?2. In particular, defining the patients
that may or may not benefit from LM shunting, its modern risk profile, and factors
associated with meaningful palliation are vital, despite a lack of detailed outcome reporting
of this intervention. This retrospective study at a large Comprehensive Cancer Center aims
to fill these gaps and identify risk factors associated with post-shunting prognosis to clarify
its potential utilization in oncologic care.

Methods:
Study Cohort

This retrospective study of patients treated at Memorial Sloan Kettering Cancer Center
(MSK) between 2010-2019 was approved by the Institutional Review Board. Patient
consent for retrospective data collection was waived by the IRB. Patients diagnosed with
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LM via magnetic resonance (MR) imaging or CSF cytopathology secondary to solid tumor
malignancies and treated with CSF diversion involving placement of a ventricular shunt
terminating extracranially were included (n=190). Patients were excluded if the LM source
was unclear (multiple CNS-metastatic cancers, additional primary CNS malignancy without
cytologic clarification), or if shunting indication was normal pressure hydrocephalus or
noncommunicating/obstructive hydrocephalus. Patients with a diagnosis of LM, based on
MRI or LP, were excluded if they had no symptoms associated with high pressure (i.e.
cranial neuropathy alone) or had normal opening pressure on LP. Chart review identified
demographics, treatment and clinical histories. Targetable alterations included estrogen or
progesterone receptor positivity [ER+/PR+], HER2+ status, and tyrosine kinase mutations/
amplifications with Food and Drug Administration-approved medications [i.e. EGFR,
BRAF, ALK, and NTRK]).

Statistical Analysis

Results:

Descriptive statistics such as proportions, means, and standard deviations were used to
characterize the cohort. The Wilcoxon two-sample test was used to compare length of stay
for inpatient versus outpatient consultations, both for the whole cohort and specifically
patients that survived the hospitalization. Cumulative shunt incidence was estimated in the
competing risks setting from time of LM until shunt, with death as a competing event.
Kaplan-Meier methodology was used to estimate overall survival separately from LM and
from shunt. Follow-up time was calculated from LM (or shunt) until death for those who
died or until last follow-up for those who were censored. Risk factors were associated with
survival in univariable Cox proportional hazards models. Treatment modalities were entered
into the model as time-dependent variables. Cause-specific regression models were used to
explore the associations between variables of interest and complications following shunt.
Variables which were statistically significantly associated with outcome in the univariable
setting were used to build multivariable models. Recursive partitioning analysis (RPA) was
used to identify the cut-points of Karnofsky Performance Status (KPS) and number of
brain metastases (BrM) most statistically significantly associated with survival. Tests were
two-sided with an alpha level of statistical significance <0.05. All analyses were performed
in SAS v9.4 (The SAS Institute, Cary, NC) and R v4.0.4 (The R Foundation for Statistical
Computing).

Demographics and survival

One hundred and ninety patients were included (Table 1). Mean age at LM diagnosis was
56.7+/- 12.2 years (+/—-standard deviation), with a predominance of women (68%). The
most common primary cancer histologies were non-small cell lung cancer (NSCLC; 41%)
and breast cancer (34%). LM was initially diagnosed by lumbar puncture alone in 21%

of cases (i.e. without radiographically-apparent disease burden), MRI in 19.5% without or
with negative LP, and corroborated by both modalities in 59.5%. In 44% of radiographically-
apparent cases, LM was present in both cranial and spinal locations. Thirty-three percent

of patients (n=63) harbored LM without parenchymal brain metastases (BrM) at first
diagnosis of CNS disease. For patients that initially presented with parenchymal BrM at
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CNS diagnosis, mean time from BrM diagnosis to LM diagnosis was 9.1+/-12.1 months.
A mean of 3.9+/-7 BrM were present at time of LM diagnosis for all comers. Prior to LM
diagnosis, 20% of patients had undergone craniotomy, 23% stereotactic radiosurgery (SRS),
20% WBRT, 78% chemotherapy, 40% targeted therapy (including 25% receiving tyrosine
kinase inhibitor therapy), and 13% immunotherapy. Headache was the most common
dominant complaint present at LM diagnosis (31%) followed by gait imbalance (16%) or
altered mental status (15%). The majority of patients (73%) had active systemic disease

at time of LM diagnosis. Following LM diagnosis, treatments included WBRT (48% of
patients), chemotherapy (44%), targeted systemic therapy (30%), immunotherapy (12%),
and intrathecal chemotherapy (2%).

Median overall survival (OS) from time of LM diagnosis was 4.14 months (Figure 1A,
95%CI1:3.29-4.70). Supplemental Figure 1 demonstrates univariable analysis for factors
associated with OS, which identified sex, race, LP opening pressure, CSF protein count,
KPS at LM diagnosis, altered mental status, and post-LM treatment with immunotherapy
as significantly associated. Interestingly, year of LM diagnosis, targetable mutation status,
treatment with radiation or targeted therapies after LM diagnosis and presence of systemic
disease did not significantly associate with overall survival. Figure 1B demonstrates

the multivariable hazard ratios for factors associated with OS. Black race (HR=2.69;
95%CI[1.12-6.46], p=0.03) and other/unknown race (HR=4.21; 95% CI [1.54-11.52],
p=0.005) remained associated with shorter OS relative to white race. Higher protein
count on LP also remained significantly associated with worse OS (HR=1.13 per 10 units
95%CI[1.01-1.27], p=0.04.

Shunting interventions

Cumulative incidence for shunt placement from time of LM diagnosis is shown in Figure
2A. Mean time from LM diagnosis to shunt was 78.8 +/-271.4 days (median 15.5 days;
Table 2). A majority (76%) required hospitalization for LM-referable symptoms and
presented to neurosurgical attention via inpatient consultation. At time of CSF diversion,
KPS was =60 in 35% of patients, <60 in 12%, and not prospectively collected in 53%.
CSF diversion was accomplished via ventriculo-peritoneal shunt (\VPS) in 99% of patients
and 1% underwent ventriculo-pleural (VPleural) shunt. There were no cases of upfront
ventriculoatrial or -cystic shunts. A frontal approach was used in 91% of cases, with
occipital entry in 9%, generally those in which pathology hindered a frontal approach.
Intraoperative guidance (frameless stereotaxy, ultrasound, and/or fluoroscopy) was utilized
in 16% of cases, generally for cases with smaller ventricular size. Programmable valves
were placed in 82% of cases. Access surgeons (e.g. general/colorectal surgeon) were used
for assistance with the abdominal portion of the case in 9% of patients, often due to prior
extensive abdominal surgery or pathology. Sutures were used to close cranial incisions in
36% of patients, largely for patients with imminent WBRT, recent bevacizumab treatment,
or re-operation. The remainder of cranial incisions underwent staple skin closure.

Outcomes after shunting

The median overall survival from shunting was 2.43 months (95%CI:2.01-3.09; Figure 2B).
Postoperatively, 71% of patients were discharged to the home setting, 8% of patients were
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transferred to an acute/subacute rehabilitation center, and 14% to hospice; 7% died in the
hospital. Subjective symptom improvement was seen immediately post-op or by first follow-
up in 83% of patients. After shunting, 39% of patients received chemotherapy, targeted
therapy, or immunotherapy. WBRT was newly started after shunting in 25% of patients.

In 11% of patients, WBRT was previously started but halted due to symptoms referable

to ICP, and subsequently resumed after shunt placement with completion of the remaining
treatment fractions. The mean length of stay was 7.9+/-11.4 days post-shunt. Post-shunt
hospitalization length was not significantly different for inpatient shunt consultations versus
patients who were admitted electively for the procedure (8.5+/-12.2 days versus 6.1+/-8.2,
respectively, p=0.17), and remains the case when excluding patients that died in the hospital
(6.3+/-7.4 days versus 5.1+/-4.95, respectively, p=0.34). The long length of stay for these
patients takes into account both additional treatments and social needs above simply surgical
recovery and monitoring.

Univariable (Supplemental Figure 2) and multivariable analyses (Figure 3A) were conducted
to identify factors associated with overall survival from time of CSF diversion. Univariable
analysis identified time interval from LM-to-shunt, subjective improvement of symptoms,
race, LP opening pressure, KPS, immunotherapy prior to shunt, and number of BrM

at LM diagnosis to associate with OS. Targetable mutation status, presence of systemic
disease, and treatment with targeted or radiation therapies before or after shunt and
immunotherapy after shunt did not associate with overall survival on univariable analysis.
On the multivariable analysis, KPS at time of shunting and BrM number at LM diagnosis
maintained significant associations with survival (HR=0.66; 95%CI[0.51-0.86], p=0.002;
HR= HR=1.40; 95%CI[1.01-1.93] per 10 BrM, p=0.04, respectively). Recursive partitioning
analysis (RPA) identified a KPS cutoff of 60 as most significantly associated with

survival after shunting (Figure 3B). A median survival of 1.95 months (95%Cl:1.12—

2.37) was identified for patients with KPS <60, and 3.63 months (95%C1:2.40-5.79)

for KPS 60+. An RPA cutpoint for BrM at LM of <8 versus 8+ was identified with

median overall survival of 2.89 months (95%CI:2.33-3.25) and 1.04 months (95%C1:0.79-
1.45), respectively. Interestingly, race was statistically associated with OS from CSF
diversion in univariable analysis; however, once KPS was added to the multivariable

model, this association attenuated. Postoperatively, subjective symptomatic improvement
also demonstrated a significant association with improved survival on multivariable analysis
(HR=0.45, 95%CI[0.23-0.89], p=0.02).

Complications following CSF diversion

Table 3 describes shunting-referable or possibly-referable complications. Infection
(cellulitis, meningoencephalitis), possibly-related infection (sepsis without meningitis) or
wound breakdown occurred in 5% of cases. Radiographic subdural hygroma/hematoma

was noted in 13% (n=25) of patients postoperatively. Of these, 48% experienced potentially-
related symptoms including headache, altered mental status, gait decline, or seizure.
Interventions for subdural collections included no intervention in 16% (n=4); shunt
programming adjustment alone in 68% (n=17), operative evacuation of subdural after failed
adjustment in 4% (n=1), and externalization for removal/ligation of shunt in 12% (n=3).
Shunt externalization, removal, revision and/or repair was required in 8% of patients, with
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two patients undergoing both externalization and subsequent removal (n=15 patients/17
events). Indications for these procedures included infection (n=3), subdural collection (n=3),
and some combination of proximal/distal failure or catheter migration in the remaining cases
(n=9). No cases of metastatic abdominal seeding were identified.

No variables assessed in this study significantly associated with risk of developing
complications, in general, after shunting (Figure 4). However, when evaluating subdural
hematoma/hygroma separately, multivariable analysis identified increased time from LM
diagnosis to shunt placement (HR=1.02 per 30 days; 95% CI [1.01-1.04], p=0.008)

and male sex (HR=2.61; 95%CI[1.12-6.07], p=0.03) as risk factors for developing post-
operative subdural collections.

Discussion

Patients diagnosed with LM secondary to metastatic tumors carry an extremely poor
prognosis ranging from 2-5 months3#7. In this study of patients who ultimately underwent
palliative CSF diversion for intracranial hypertension, which included a diversity of
primary solid tumor types, a median overall survival of 4.14 months from LM diagnosis
was identified. The survival of 3.63 months identified in even highly-symptomatic shunt-
dependent patients with KPS>60 compares favorably to that described in previously
published all-comer LM cohorts3->-7:10, That year of LM diagnosis did not associate with
differences in overall survival suggests that improving cancer outcomes generally?:11:23-25
have not yet translated into progress in LM survival, at least for the subpopulation requiring
shunt placement. Procedures performed in this population must therefore have clear and
defined outcomes that ethically qualify their potential harms and can be reviewed in goals
of care discussions?2, Palliative symptomatic relief has been the primary outcome focus of
the CSF diversion/shunting case series literature to date1’~21, However, other meaningful
endpoints analyzed in this study included hospital discharge (e.g. to home or rehabilitation)
or stabilization to allow for additional potentially active therapies.

At our institution, patients were generally referred by their neuro-oncologist and treated
with a shunt if they presented with symptoms of elevated ICP (positional headache, nausea,
vomiting, altered mental status, etc.) and new hydrocephalus, or if these symptoms were
present with no frank hydrocephalus, but with known LM and high opening pressure on
LP17. With this paradigm, patient selection allowed for 83% of patients to achieve subjective
palliation of intracranial hypertension, with nearly an equivalent proportion discharged to

a non-medical setting for end-of-life. Discharge from the hospital setting is a common,
meaningful, and achievable goal for this population, which often present acutely and require
hospital admission for their symptoms of hydrocephalic crisis or malignant intracranial
hypertension, as also described herein. Notably, onset of these severe surgical symptoms
occurred on the scale of days from LM diagnosis, suggesting rapid and unpredictable ICP
deterioration is a feature of this disease, though not the rule. Ultimately, our conclusions
regarding discharge outcomes are limited since no comparable control group of symptomatic
patients involving medical management alone existed at our institution for review. The

high rate of post-shunting symptomatic improvement did translate into a significant patient
proportion motivated to continue with cancer- and LM-directed palliative therapies. 56% of
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patients received additional systemic therapy or started or completed WBRT. While these
additional therapies are currently considered palliative, with no known survival benefits and
no association with survival in our cohort analysis, the evidence for symptom stabilization
and ability to tolerate further treatment after shunting is vital for promoting enroliment of
LM patients into new or ongoing clinical trials. As new therapeutic options are identified
and tested through well-designed clinical trials, the impact of shunting may expand from
palliation to bridging patients to more impactful, therapeutic treatments. These potential
outcomes must be clearly and thoroughly discussed and weighed by patients and providers
to determine appropriate care on a patient-to-patient basis. The analysis presented herein
provides data on which to base these goals of care discussions.

In the LM and benign normal pressure hydrocephalus populations, shunting carries reported
complication rates ranging from 8-19%17:22.26-28 Qur data corroborate this risk profile,
with nontrivial risks of repeat procedures, infection and symptomatic subdural collections.
The true rate of symptomatic hygroma/subdural hematoma is unclear given that many of
the referable symptoms are also seen with the underlying LM given headaches (typically
nonpositional) and altered mental status are a common feature of the disease. Nonetheless,
most subdural complications were managed with shunt programming adjustment alone,
demonstrating the utility of employing programmable valves, and the ability to manage
non-operatively. Four patients did require shunt removal/externalization/ligation or operative
subdural collection evacuation. Importantly, the potential complication of symptomatic
metastatic abdominal seeding often discussed in the case report literature was not identified
in any of the 190 patients in this series, although this may also be due to short survival

of this patient population2®:3%, Our institutional practice does not include intracranial
ventriculo-cisternostomy, despite recent publications2”31, given the low likelihood of
sustained, long-term patency in this population and short survival mitigating the advantages
of reduced long-term hardware implantation.

Ultimately, the complications we report establish that shunting is not an innocuous
procedure especially in this population with survival of just 2.43 months postoperatively.
Our multivariable analysis to define the patient population with the best post-shunting
prognosis identified KPS of 60+, fewer (< 8) BrM, and improvement in subjective
symptoms as factors associated with improved prognosis after shunting. While the

latter cannot be fully predicted preoperatively, this behooves a multidisciplinary team to
take special care in ascribing potential symptoms to ICP/hydrocephalus. Often a mixed
symptomatic constellation is present, related to nodular disease (affecting the cranial
nerves or spinal cord), seizures, toxic/metabolic derangements in the cancer population,
parenchymal metastases, and the (typically non-positional) headaches sometimes seen in
LM even without ICP elevation. These patients may not benefit significantly from shunt
placement. The prospective factors of BrM burden and KPS corroborate reported survival
correlates for patients with LM in general, with greater BrM number and worse performance
status portending poor prognosis24:5:25. The significant survival drop-off with KPS<60 or
with presence of numerous BrM at time of shunting may be reasonable bases to reconsider
whether the benefits of the procedure outweigh the risks in that subset of patients.
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This study was conducted at a large Comprehensive Cancer Center allowing a large cohort
compared to prior examinations of this topic, but also carries the selection biases of

the patient population seen at a quaternary referral center and referred for neurosurgical
intervention. This study is also limited by its retrospective design, which results in some
limited data availability. In particular, the lack of recorded KPS at time of shunting for half
of the study subjects may bias the analysis of this data point. While retrospective analysis
allowed only for subjective assessment of symptom improvement, a more quantitative or
objective assessment including quality of life metrics, prospectively collected, would be

of great interest in future studies. As a retrospective study without a control group, the
conclusions are also limited comparing the outcomes of shunting versus an alternative such
as medical management in augmenting cancer-directed treatment strategies.

Conclusion

CSF diversion for leptomeningeal metastasis secondary to metastatic solid tumors can
achieve symptomatic relief, hospital discharge, and return to further oncologic therapy,
with a complication profile unique to this pathophysiology. Careful diagnostic evaluation,
presurgical functional status, and surrogates of CNS burden of disease may assist with
selection of candidates most likely to benefit and survive longest, however in all patients this
must be balanced with palliative and end-of-life goals of care.
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a Overall Survival from LM

Strata + Overall Cohort

o -
~ o
[6)] o

Proportion Surviving
o
0
5

Years from LM
Number at risk
©
©
= ™ |190 68 31 23 16 12 2
»
Years from LM
b
Variable N (%) HR*(95% CI) P Value*
Sex
Male 61 (32.1) ref
Female 129 (67.9) 0.78 (0.44, 1.38) 0.40
Race
White 143 (75.3) ref
Black/African American 16 (84) 269(1.12, 6.46) 0.03
Asian 25 (13.2) 0.70(0.39, 1.28) 0.25
Other/Unknown 6 (32) 4.21(1.54,115) e 0.005
LP Opening Pressure, per 10 units 160 (84.2) 1.16 (0.98, 1.36) 0.08
Protein Count, per 100 units 166 (87.4) 1.13(1.01,1.27) 0.04
KPS at LM Diagnosis, per 10 units 133 (70.0) 0.86 (0.73, 1.02) 0.07
Method of Diagnosis
MRI 37 (19.5) ref
LP 40 (21.1) 0.98(0.37,2.58) 0.97
Both 113 (59.5) 1.46 (0.62, 3.43) 0.39
Symptoms
None 7 (37) ref
Headache 59 (31.1) 1.31(0.38, 4.59) 0.67
Vomiting 25 (132) 1.64(0.44,6.07) 0.46
Vision/hearing 15 (7.9) 0.59(0.14,2.44) 0.46
AMS 28 (14.7) 1.44(0.37,5.65) 0.60
Gait 31 (16.3) 1.51(0.44,5.27) 0.51
Other** 25 (13.2) 2.30(0.62, 8.56) - 0.21
Immunotherapy Post LM
No 168 (88.4) ref
Yes (time-dependent) 21 (11.1) 1.08(0.55,2.14) 0.82

“Adjusted for sex, race, LP opening pressure, protein count, KPS at LM diagnosis, method of diagnosis, symptoms, and immunotherapy post LM,
.

*“Incontinence, cranial neuropath, pressure waves, seizur

Figure 1.
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Overall survival from leptomeningeal disease (LM) diagnosis. (A) Kaplan-Meier curve
demonstrating overall survival from time of LM diagnosis. (B) Forest plot demonstrating
hazard ratios from multivariable analysis of factors associated with overall survival from

time of LM diagnosis.
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Figure 2.
CSF diversion as an intervention for LM. (A) Cumulative incidence curve of shunt

placement from time of LM diagnosis. (B) Kaplan-Meier curve demonstrating overall
survival from time of shunt placement.
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Overall Survival by RPA Cutoff
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Overall Survival by BrM Cutoff

RPA Cutoff ~+

Variable N (%)  HR*(95%Cl) P Value*
Time from LM to Shunt, per 10 days 190 ( 100) 0.97 (0.94, 1.01) 011
Subjective Symptom Improvement
No 33 (174) ref
Yes 157 (826) 045(0.23,089) I 0.02
Race
White 143 (75.3) ref
Black/African American 16 (84) 1.79(0.50,6.38) ——— 037
Asian 25 (132) 0.82(0.41,1.65) o 0.58
Other/Unknown 6 (32) 1.96(0.44,867) —— 0.38
LP Opening Pressure, per 10 units 160 (84.2) 1.12(0.93, 1.34) - 0.24
KPS at Shunt, per 10 units 133 (70.0) 0.66(0.51, 0.86) - 0.002
Number of BrM at LM, per 10 BrM 190 (100) 1.40 (1.01,1.93) [ 0.04
Immunotherapy Prior to Shunt
No 160 (84.2) ref
Yes 30 (15.8) 1.15(0.61,2.16) — 067
1 4 6 8
st o . Ko at st -
1.00- 3§
1
Y
0.75-
s
2
=
3
@ 050-
[
3
>
o
0.25-
3
0.00- .
0 1
=
L
gematun<s 164 25
Lemattnes 26 1
4
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Years from Shunt
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1 5
0 0

2
Years from Shunt

Years from Shunt

Factors associated with prognosis after shunt placement. (A) Forest plot demonstrating
hazard ratios from multivariable analysis of survival from time of shunt placement. (B)
Kaplan-Meier curves demonstrating longer overall survival for patients with KPS of 60+
compared with KPS<60 at time of shunting and (C) <8 BrM versus 8+ BrM at LM

diagnosis.
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Variable N (%) HR(95% Cl) P Value
Age at Shunt, years 190 ( 100) 1.02 (0.99, 1.06 : 0.11
Time from LM to Shunt, per 30 days 190 ( 100) 1.02 (1.00, 1.03' L 0.09
No = L 33 (17.4) ref
Yes 157 (82.6) 1.92(0.59, 6.28) e 0.28
ex
Female 129 (67.9) ref |
o yale 61 (32.1) 1.88(0.96, 3.70) —a— 0.07
ace’
143 (75.3) ref
Black/African American 16 8.42) 1.50 (0.45, 5.01 e+— 0.51
Histod sian 25 (13.2) 1.78(0.77,4.14 H—— 0.18
istolo
NngLC 77 (40.5) ref
Breast 65 (34.2) 0.61(0.26, 1.43 - 0.26
Melanoma 15 (7.9) 1.65(0.54, 5.02 ] 0.38
Other/Unknown 1 (0.5) 1.35(0.57,3.23 | — .50
Targtnable Mutation* 84 (ias i
one .2) re
Yes 105 (55.3) 1.82(0.87, 3.81 —— 0.11
LP Opening Pressure 160 (84.2) 0.98 (0.95, 1.01 [] 0.21
Protein Count, per 100 units 166 (87.4) 1.07 (0.92, 1.25 [} 0.40
KPS at Shunt, per 10 units 133 (70.0) 0.70 (0.45, 1.08 Ha 0.11
Meth(t\wﬂ?(lwf Diagnosis 57 (05 ref
bEl sy s 8
of . . .38, 2. i
Location of LM on MRI
Cranial 50 (26.3) ref
Spine 11 5,87) 1.85(0.48,7.16 ; | 0.37
Both 83 (43.7) 1.37 (0.56, 3.36 - 0.49
No LM on MRI 39 (20.5) 1.70(0.63, 4.57 —e— 0.29
No S?inal ImaEing 7 3.78 1.22 (0.15, 9.96 t i 0.85
Number of BrM at LM, per 10 BrM 190 ( 100) 1.04 (0.63, 1.73 H— 0.88
Hy Ventr y
No 103 (54.2) ref
Yes 87 245.8; 1.89 (0.96, 3.71) - 0.07
Syste'\r‘nic Disease at LM 51 (2618), iaf
o .8) ref
Yes 139 f73.23 0.67 (0.34, 1.34) [ 0.26
Shunt Location
Frontal 172 (90.5) ref |
Occipital 18 (9.5) 1.18(0.42,3.34) —— 0.76
Inpatiﬁnt Consult I i
o .2) ref
5 \;es 144 §75.ag 1,57 (0.68, 3.61) H—— 0.29
ymptoms*
Headache 59 (31.1) ref
Vomiting 25 13.2; 0.44 (0.10, 1.98, H-— 0.28
Vision/hearing 15 7.9_) 0.77 (0.17, 3.46 |t — 0.73
agiubede 3y ! 84
ai 5 . .47, 3. -
Other** 25 (13.2) 2.21(0.88, 5.55 b 0.09
WBR"l\" Prior to Shunt AT TERY. ot
o .8) ref
Yes 44 223.2; 0.42 (0.15, 1.20) e 0.1
Targ?\tled Therapy Prior to Shunt O7i(SE3Y, Fér
o .3) ref
Yes 83 $43.7; 1.09 (0.56, 2.12) —— 0.80
Immu,\?otherapy Prior to Shunt 160/(84.2 -
o .2) ref
Yes 30 }15.8; 1.78 (0.76, 4.13) H—— 0.18
— T T T T
1 2 4 6 8 10

“There were 6 patients with unknown or other race, 1 patient with unknown targetable mutation status, and 7 patients with no symptoms for whom univariable HRs could not be estimated.
**Incontinence, cranial neuropath, pressure waves, seizure.

a
Variable N (%) HR (95% Cl) P Value
Time from LM to Shunt, per 30 days 190 (100) 1.02(1.01, 1.04) 0.008
Sex
Female 129 (67.9) ref
Male 61 (32.1) 2.61(1.12,6.07) k | 0.03
Immunotherapy Prior to Shunt
No 160 (84.2) ref
Yes 30 (15.8) 2.21(0.87,5.61) t { 0.10
T T T T T T
b 1 2 3 4 5 6 7
Figure 4.

Factors associated with complications following shunt placement. (A) Forest plot
demonstrating hazard ratios for factors assessed by univariable analysis with occurrence
of any complication after shunt placement. (B) Forest plot demonstrating hazard ratios for
multivariable analysis of subdural hygroma/hematoma occurrence after shunt placement.
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