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The median duration of follow-up was 28 weeks. The 
median overall survival was 31 weeks (95% CI 21.7–40.2 
weeks, range 10–88 weeks), and 11 patients (45.8%) were 
alive at end of follow-up. Twenty-two patients (91.7%) 
eventually showed disease progression during the follow-
up period. The median progression-free survival was 14 
weeks (95% CI 12.2–15.8 weeks, range 4–54 weeks).

In the control group, 20 patients (83.3%) received in-
trathecal chemotherapy, 13 (54.2%) underwent postopera-
tive radiation, and 19 (79.2%) had systemic chemothera-
py. The median follow-up period was 14 weeks. Twenty-
three patients (95.8%) showed disease progression during 
follow-up. The median overall survival was 19.5 weeks 
(95% CI 5.9–29.5 weeks, range 2.7–67.7 weeks) and pro-
gression-free survival 8.4 weeks (95% CI 1.0–13.9 weeks, 
range 1.8–54.6 weeks). When analyzing the length of 
overall survival according to primary cancer diagnosis, 
breast cancer patients in the RO-VPS group had signifi-
cantly better survival than those in the control group (35 
vs 21 weeks, p = 0.04), whereas there was no statistically 
significant difference in patients with other primary di-
agnoses (Table 2). The overall survival in the RO-VPS 
group altogether was also better than that in the control 
group, using the Kaplan-Meier method (p = 0.008, Fig. 3)

Intrathecal chemotherapy agents included Depocyt 
(cytarabine liposome injection), cytosine arabinoside, 
trastuzumab, and thiotepa. The choice of intrathecal che-
motherapy agents was determined by the treating neu-
rooncologist based on the patient’s primary cancer his-
tory. No severe intrathecal chemotherapy–related side ef-
fects were observed and all patients received oral steroid 
therapy during intrathecal  chemotherapy. Two patients 
developed new-onset seizures after intrathecal chemo-
therapy was started; they were found to have progression 
of disease on brain MR imaging.

Discussion
Neoplastic meningitis is a devastating complication 

of cancer and is increasing in frequency.12 Elevated in-
tracranial pressure and hydrocephalus are important con-
tributors to clinical symptoms and poor prognosis and 
can be present in as many as half of all patients.9,22,25,26 
These complications produce neurological deficits that 
significantly impair quality of life. Although ventricu-
loperitoneal shunting is a well-established, easily per-
formed, and effective treatment for hydrocephalus, few 
patients with NM undergo this procedure.22,25 Reasons for 
withholding this intervention include: 1) therapeutic ni-
hilism, 2) concerns about the morbidity of the procedure 
and the frequent failure of the shunt apparatus in this pa-
tient population, 3) concerns about producing peritoneal 
carcinomatosis, and 4) concerns that shunt placement will 
either render intraventricular chemotherapy ineffective or 
increase its toxicity by shunting the chemotherapy drugs 
directly into the peritoneal cavity.

The use of an on-off valve in conjunction with a ven-
triculoperitoneal shunt system to administer intrathecal 
chemotherapeutic agents or antibiotic therapy has been 
reported in the literature.11,20 With the advancement of 
programmable valves, the on-off valve has been less 
frequently used, as adjusting a programmable valve to 
the maximum setting prior to intrathecal injection has 
become a more common practice.28 We chose to use an 
on-off valve because it was easily accessible to neuroon-
cologists and because it reduced the need for frequent 
manipulation of the programmable shunt valve. In the 
current study, the placement of an RO-VPS construct was 
associated with a very low rate of morbidity (8.3%), no 
perioperative infection, and no perioperative death. This 
is especially notable because patients with NM are poten-
tially high-risk candidates for ventriculoperitoneal shunt 
placement. Prior chemotherapy and radiation therapy can 
result in impaired wound healing; treatment- and disease-
related immunosuppression can cause increased suscep-
tibility to infection; and prior craniotomies and the pres-
ence of malignant cells and high protein in the CSF can 
result in a higher failure rate for the ventriculoperitoneal 
shunt in these patients than in patients who do not have 
cancer. Our experience compares favorably with similar 
published reports, in which significant complications oc-
curred in about 10% of patients.22,25

In addition to being associated with a low complica-

TABLE 2: Median overall survival according to primary cancer 
diagnosis

Primary Cancer
Median Overall Survival (wks)

p ValueRO-VPS Group Ommaya Group

breast 35 21 0.04
brain/glioma 31 10.5 0.11
lung 25.5 15 0.23
lymphoma 32 24 0.30
other 12 25 0.27
total 31 19.5 0.02

Fig. 2. Karnofsky Performance Scale scores before and after shunt 
placement. The KPS score drops precipitously from the initial diagnosis 
of primary cancer to just prior to the RO-VPS placement procedure. 
This trend is reversed after the operation and the effect is sustained for 
up to 6 months. The time stamps indicate diagnosis of primary cancer 
(Initial Dx), diagnosis of NM (NM Dx), prior to surgical placement of 
RO-VPS construct (Pre-op), 2 weeks after the operation (Post-op), 3 
months after the operation, and 6 months after the operation.
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tion rate, the RO-VPS constructs were effective at reliev-
ing the symptoms of hydrocephalus (in 20 [83.3%] of 24 
patients) and permitted intraventricular chemotherapy to 
be administered in all patients in whom this intervention 
was deemed appropriate. In those patients in whom intra-
ventricular chemotherapy was delivered, we saw no un-
usual or clinically concerning toxicity, and we observed 
evidence of treatment efficacy, with cytological clearing 
of the CSF in 11 (61.1%) of 18 patients. The observed 
median survival of 31 weeks in this study also compares 
favorably with published studies reporting a median over-
all survival of 8–30 weeks.4,14,15,18 The survival advantage 
was especially notable in breast cancer patients who were 
treated with RO-VPS systems compared with those who 
had an Ommaya reservoir only (p = 0.04). This difference 
could most likely be explained by the effective CSF di-
version provided by the ventriculoperitoneal shunt, given 
that patients in both groups received Depocyt intrathecal 
chemotherapy. Moreover, in a separate analysis within 
the RO-VPS group, we compared the length of overall 
survival in those who received intrathecal chemotherapy 
and those who did not. The patients who underwent both 
RO-VPS placement and intrathecal chemotherapy had 
longer median overall survival (data not shown), although 
the difference was not statistically significant. These re-
sults suggest that both CSF diversion and intrathecal che-
motherapy are important treatment modalities for NM 
patients with hydrocephalus, a subgroup of patients usu-
ally associated with poor outcomes.6,17,19

There are several limitations to be considered in 
interpreting these results. The study was a retrospec-
tive case-control study, treatment assignment was not 
randomized, and sample sizes were small. Meanwhile, 
important differences between groups were present de-
spite demographic similarities; for example, the RO-VPS 
and Ommaya reservoir (no–ventriculoperitoneal shunt) 
groups also differed with respect to the presence of hy-
drocephalus and increased intracranial pressure. Never-

theless, hydrocephalus and intracranial pressure elevation 
are usually considered to herald advanced leptomenin-
geal disease and thus portend a poor prognosis. Another 
observation that we could not analyze was the duration 
of closure of the on-off valve (which depended on patient 
tolerability) after injection of intrathecal medications, 
but we felt clinically that longer duration of closure was 
observed after repeated intrathecal chemotherapy trials, 
probably due to improved CSF circulation and reabsorp-
tion.

Conclusions
In many patients who suffer from NM, hydrocepha-

lus and elevated intracranial pressure are responsible for 
rapidly declining neurological status and eventual poor 
outcome. Our experience suggests that CSF diversion 
surgery in conjunction with intrathecal chemotherapy 
may provide important benefits to an appreciable propor-
tion of patients with NM. Prospective clinical studies are 
needed to validate this approach in patients with NM.
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