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Background. Proton craniospinal irradiation (p-CSI) has been proposed to reduce side effects associated with CSI. We evaluated acute
toxicities and preliminary clinical outcomes in a series of adults treated with p-CSI.

Methods. We reviewed medical records for 50 patients (aged 16–63 y) with malignancies of varying histologies treated consecutively
with vertebral body-sparing p-CSI at MD Anderson Cancer Center from 2007 to 2011. Median CSI and total boost doses were 30.6 and
54 Gy. Forty patients received chemotherapy, varying by histology. Median follow-up was 20.1 months (range, 0.3–59).

Results. Median doses to the thyroid gland, pituitary gland, hypothalamus, and cochleae were 0.003 Gy–relative biological effectiveness
(RBE; range, 0.001–8.5), 36.1 Gy-RBE (22.5–53.0), 37.1 Gy-RBE (22.3–54.4), and 33.9 Gy-RBE (22.2–52.4), respectively. Median percent
weight loss during CSI was 1.6% (range, 10% weight loss to 14% weight gain). Mild nausea/vomiting was common (grade 1¼ 46%, grade
2¼ 20%); however, only 5 patients experienced grade ≥2 anorexia (weight loss .5% baseline weight). Median percent baseline white
blood cells, hemoglobin, and platelets at nadir were 52% (range, 13%–100%), 97% (65%–112%), and 61% (10%–270%), respectively.
Four patients developed grade≥3 cytopenias. Overall and progression-free survival rates were 96% and 82%, respectively, at 2 years and
84% and 68% at 5 years.

Conclusions. This large series of patients treated with p-CSI confirms low rates of acute toxicity, consistent with dosimetric models. Ver-
tebral body-sparing p-CSI is feasible and should be considered as a way to reduce acute gastrointestinal and hematologic toxicity in
adults requiring CSI.
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Craniospinal irradiation (CSI) plays an essential role in treating
various tumors with predilection for leptomeningeal dissemination.
Many patients have excellent clinical outcomes; however, conven-
tional photon CSI (x-CSI) is associated with significant side
effects.1–6 Exploring ways to minimize treatment-related acute
and late morbidity is important. In comparison with x-CSI, proton
beam CSI (p-CSI) reduces or eliminates unnecessary dose to the
thyroid gland, larynx, heart, lung, liver, kidneys, gastrointestinal
(GI) tract, and pelvic structures.7–10 In patients whose vertebrae
have fully developed, the distal edge of the proton beam can be
limited to just beyond the thecal sac, thereby minimizing dose to
bone marrow within the vertebral bodies.11 Using proton beam radi-
ation therapy (PBRT) for tumor bed boosts may also minimize CNS
toxicity through reduced doses to uninvolved intracranial structures

such as the nontarget brain,neuroendocrinestructures, optic appar-
atus, auditory pathways, and temporal lobes, among others.

However, data supporting p-CSI have mostly been limited to
dosimetric models7 – 9; while some clinical data are emerging for
pediatric patients to confirm potential benefits of p-CSI, this tech-
nique has not been well studied in the adult population. We evalu-
ated the feasibility, efficacy, and treatment-related morbidity of
p-CSI in a population of adults treated at our institution.

Materials and Methods

Patient Characteristics
We reviewed medical records of 50 patients with various disease histologies
treated consecutively with vertebral body-sparing p-CSI from 2007 to 2011
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at The Universityof Texas MDAnderson Cancer Center. All patients who were
treated with vertebral body-sparing p-CSI were included regardless of age
at diagnosis, histology, stage at diagnosis, or prior treatment (Table 1). Ver-
tebral body-sparing p-CSI was considered for patients who had reached
skeletal maturity. Hand-wrist radiographs were obtained for younger
patients, at the treating physicians’ discretion, to determine skeletal matur-
ity. Four patients received p-CSI as salvage therapy for local recurrence after
receiving prior radiation therapy (RT). All patients were enrolled on institu-
tional review board–approved protocols to follow toxicities of patients
treated with PBRT. The tallest patient treated was 192.5 cm (6 feet 4
inches) and the heaviest patient weighed 139 kg (305 pounds).

Surgery and Chemotherapy

Gross total or partial surgical resection was performed in patients prior to
PBRT based on histology and neurosurgical feasibility. Forty patients
(80%) received chemotherapy in addition to PBRT with regimens that
varied broadly in timing and agents prescribed, according to histology,

stage, and other clinical parameters. Five medulloblastoma patients
received concurrent vincristine, with 1 also receiving carboplatin. Four
medulloblastoma patients received chemotherapy before RT and 15 after
RTwith combinations of vincristine, platinum, etoposide, and classical alkyl-
atingagents. Four pineoblastoma patients received concurrent chemother-
apy, 2 before RT, and 6 after RT with agents similar to medulloblastoma
regimens. Six patients with germinomatous germ cell tumors (GCTs)
received platinum, etoposide-based chemotherapy prior to RT, with 1
patient also receiving concurrent chemotherapy. Five patients with nonger-
minomatous GCTs received similar chemotherapy regimens before RT, 3
after RT, and 1 during RT.

Simulation and Treatment Techniques
Treatment plans were in accordance with the International Commission on
Radiation Units and Measurements Report 78. A relative biological effect-
iveness (RBE) factor of 1.1 was used in dosimetric calculations, reported
here as Gy-RBE. All treatment plans were generated by board-certified radi-
ation oncologists and medical dosimetrists who specialize in CNS RT.

Patients were simulated in the supine position on a 10-cm-thick Styro-
foam board used to provide sufficient clearance for posterior oblique
cranial fields avoiding passage through the couch edge. Patients were
immobilized using a lower extremity vac-loc cradle and custom thermo-
plastic mask with bite block incorporated into the mask to minimize daily
head tilt variability. A noncontrast CT scan from the superior aspect of the
immobilization device to the upper thighs was performed with a slice thick-
ness of 2.5 mm, yielding 400 slices per patient. Patient alignment and im-
mobilization were verified during simulation to ensure reproducibility.

The CSI clinical target volume (CTV) encompassed the entire CSF space,
divided into the brain CTV and upper, middle, and lower spine CTVs.
Posterior-oblique cranial fields were utilized, as described by Cochran
et al,12 to minimize dose to the lens while allowing coverage of the cribri-
form plate. Three postero-anterior spinal fields were used to cover the
thecal sac inferiorly to no higher than C1-C2 superiorly. The prescription
line for junction gaps touched the spinal canal posteriorly with �107%
overlap touching the spinal canal anteriorly. Spine fields were geometrically
and dosimetrically matched to each other and to the cranial fields. Junc-
tions were shifted by 1 cm every 5 fractions during treatment. Custom
brass apertures were designed to create a 2-cm margin around the brain
CTV and block the anterior orbits, posterior neck, trachea, and oral cavity.
A 1-cm lateral margin was applied to the vertebral bodies for the spinal
fields. Custom acrylic compensators were used to conform the distal
beam edge along the axis of the spinal canal, minimizing the dose to the
vertebral bodies anteriorly (Fig. 1). Posterior spine fields included a 7-mm
planning target volume (PTV) anterior to the spinal canal to account for
distal range uncertainty. In the cervical spine, at the treating physician’s dis-
cretion, the distal PTV could be decreased by 1–2 mm in order to spare the
thyroid gland. In addition, distal dose coverage extended slightly beyond
the PTV due to the effects of compensator smearing. A conformal proton
boost was used for most patients to treat the tumor bed and any residual
disease within the brain or spine to higher doses. Treatment times varied
but were generally 40–60 min.

Patient Workup and Follow-up

Initial evaluation included a clinical examination with baseline audiogram,
ophthalmologic evaluation, neuropsychological evaluation, and endocrine
studies. The modified Chang staging system was used, incorporating surgi-
cal, imaging, and CSFdata. Patients were assessed weekly during treatment
for acute toxicity, including weight measurements and basic laboratory
studies, and approximately at 1 month after completion of PBRT. Tumor re-
sponse was evaluated by MRI of the head and spine every 2–3 months for
2–3 years depending on the treatment regimenand physician preference.A
majority of patients also received follow-up audiograms (n¼ 26). All

Table 1. Patient, tumor, and treatment characteristics

Male
n
33

%
66

Female 17 34
Histology

Medulloblastoma 19 38
GCT 9 18
Nongerminomatous GCT 6 12
Pineoblastoma 7 14
Ependymoma 2 4
Atypical teratoid rhabdoid tumor 1 2
Glioma 1 2
Papillary tumor 1 2
Choroid plexus papilloma 1 2
Rhabdoid meningioma 1 2
Acute lymphoblastic leukemia 2 4

Modified Chang M stage
M0 30 60
M1 1 2
M2 8 16
M3 9 18
M4 0 0

Chemotherapy
Any 40 80
Neoadjuvant 20 40
Concurrent 15 30
Adjuvant (n¼ 48) 31 65

Median Range
Age at radiation therapy, y 26.7 16–63
Height, cm 173.4 153.6–192.5
Weight, kg 73 39.3–138.9
Doses, Gy-RBE

Craniospinal dose 30.6 15–39.6
Total (CSI + boost) dose 54 24–58.6
Thyroid gland (n¼ 48) 0.003 0.001–8.5
Pituitary gland (n¼ 43) 36 22.5–53
Hypothalamus (n¼ 41) 37 22.3–54.4
Cochleae (n¼ 48) 33.9 22.2–52.4
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toxicities were determined using the Radiation Therapy Oncology Group ra-
diation morbidity scoring criteria. Anti-emetics were occasionally pre-
scribed at the discretion of the attending physician; however, these
patients were not scored as having nausea/vomiting unless they actually
took the prescribed anti-emetics.

Statistics

Overall survival (OS) and progression-free survival (PFS) following comple-
tion of RTwere evaluated using Kaplan–Meierestimates. Groups were com-
pared using Fisher’s exact test, and median values reported were compared
using the Mann–Whitney–Wilcoxon test. Statistics were performed using
the Stata Statistical Software Release 12 package.

Results
Patient, tumor, and treatment characteristics are reported in
Table 1. A variety of histologies were treated, with medulloblas-
toma the most common (n¼ 19, 38%). The median age at CSI
was 26.7 years (range, 16–63). Thirty patients (60%) had Chang
M0 stage, with the remainder having Chang M1–M3 disease
spread. Two patients with acute lymphoblastic leukemia had CSF
involvement requiring CSI treatment.

Target and normal tissue doses are described in Table 1. The
median craniospinal dose was 30.6 Gy-RBE (range, 15.0–39.6),
and 47 of 50 patients received a conformal proton boost to a
median total dose of 54 Gy-RBE (range, 24.0–58.6). The median
doses to the thyroid, pituitary gland, hypothalamus, and cochleae
were 0.003 Gy-RBE (0.001–8.5), 36.1 Gy-RBE (22.5–53.0), 37.1
Gy-RBE (22.3–54.4), and 33.9 Gy-RBE (22.2–52.4), respectively.
Doses delivered to the lungs, heart, kidneys, bowel, and gonads
were calculated for a subset of 10 randomly selected patients
treated with high dose CSI (36 Gy; Table 2).

Toxicities are reported in Table 3. The median percent weight
loss during CSI was 1.6% (range, 10% weight loss to 14% weight
gain). The median percent weight loss 1 month after CSI remained
1.6% (range, 14% weight loss to 14% weight gain). Mild nausea
and vomiting were common (grade 1¼ 46% and grade 2¼
20%); however, only 5 patients experienced grade ≥2 anorexia,
resulting in weight loss greater than 5% of baseline body weight.
Weight loss and nausea/vomiting were not associated with CSI
dose, chemotherapy, or age at diagnosis.

Grade 3 leukopenia occurred in 4 patients: all received concur-
rent chemoradiation and 3 received chemotherapy prior to CSI.
Of those patients, one experienced grade 3 and another grade 4
thrombocytopenia. Three of 4 patients with grade 3 or 4 cytopenia

Fig. 1. Sagittal CT planning images with colorwash dose distribution for an adult patient with medulloblastoma treated with p-CSI (panel A) shows bone
marrow–sparing technique with minimal to no dose reaching structures anterior to the vertebrae, but with coverage of the spinal canal with the
prescription dose of 23.4 Gy. A midline sagittal, T2-weighted MRI (panel B) shows changes in the vertebral bodies with fatty bone marrow replacement
that correspond with the dose distribution in the treatment plan. Axial images from the planning CT with colorwash dose distribution (panel C) show
the treatment plan with boost. Note significant sparing of the lenses, oral cavity, esophagus, thyroid, heart, lungs, kidneys, stomach, liver, and GI tract,
as well as partial sparing of the vertebral bodies and sparing of the cochlea from the high dose region.
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began RT with cytopenias, with 2 of these patients receiving treat-
ment for acute lymphoblastic leukemia. The median percents
of baseline white blood cells (WBCs), hemoglobin, and platelets
at nadir during RT were 52% (range, 13%–100%), 97%

(65%–112%), and 61% (10%–270%), respectively. Four weeks
after PBRT, WBCs, hemoglobin, and platelets had increased to
73% (21%–343%), 103% (79%–130%), and 92% (4%–360%), re-
spectively (Table 3). Patients receiving chemotherapy before and/
or during PBRT (n¼ 28) were more likely to develop grade ≥1
anemia (43% vs 6%; P¼ .007) and grade ≥2 leukopenia (68% vs
28%; P¼ .015), but not thrombocytopenia. Patients aged 25
years or younger at the time of RT (n¼ 23) were more likely to
develop grade ≥1 anemia (52% vs 4%; P¼ .001) and grade ≥2
leukopenia (70% vs 35%; P¼ .04), but not thrombocytopenia.
However, patients 25 years or younger were also significantly
more likely to receive chemotherapy before or during RT (74% vs
44%; P¼ .05). Hematologic toxicity was not associated with CSI
dose. Five patients required packed red blood cell transfusions; 4
also received granulocyte colony stimulating factor and 1 received
platelet transfusion. All 5 patients requiring blood count support
received concurrent chemotherapy, with 3 also receiving chemo-
therapy before PBRT.

Of 26 patients assessed for ototoxicity, 2 experienced grade
2 ototoxicity (hypoacusis detectable on audiogram only) and 1
experienced grade 3 ototoxicity (symptomatic hypoacusis). One
patient with grade 2 ototoxicity received 23.4 Gy-RBE to the
cochlea but also received CSI to a total dose of 24 Gy 4 years prior
to re-irradiation. The second patient with grade 2 ototoxicity
received 37.4 Gy-RBE to the involved cochlea, and the patient with

Table 2. Normal tissue dosimetry for 10 patients treated with high dose
(36 Gy-RBE) p-CSI

Doses, Gy-RBE Median Range

Mean lung dose 1.1 0.3–4
Maximum lung dose 35.9 29.4–37.5
Mean heart dose 0.002 0.002–0.1
Maximum heart dose 0.68 0.003–25.2
Mean kidney dose 0.04 0.002–1.4
Maximum kidney dose 22.1 0.7–33.4
Mean bowel dose 0.02 0.002–0.07
Maximum bowel dose 22.8 0.03–35.7
Mean testicular dose (n¼ 7) 0.002 0.002–0.002
Maximum testicular dose (n¼ 7) 0.003 0.003–0.004
Mean ovarian dose (n¼ 3) 0.002 0.002–0.002
Maximum ovarian dose (n¼ 3) 0.003 0.003–0.003

Table 3. Treatment-related morbidity

RTOG Acute Toxicity Score

0 1 2 3 4

Nausea/vomiting (n¼ 50) 17 (34%) 23 (46%) 10 (20%) 0 0
Dermatitis (n¼ 50) 1 (2%) 48 (96%) 1 (2%) 0 0
Ototoxicity (n¼ 26) 23 (92%) 0 2 (8%) 1 0
Anemia (n¼ 46) 33 (72%) 6 (13%) 7 (15%) 0 0
Leukopenia (n¼ 46) 10 (22%) 12 (26%) 20 (43%) 4 (9%) 0
Thrombocytopenia (n¼ 46) 35 (76%) 8 (17%) 1 (2%) 1 (2%) 1 (2%)
Weight change, end of RT Median Range
Absolute, kg, n¼ 49 21.1 kg 27.9 to +9.6
% baseline, n¼ 49 21.6% 210 to +14
Weight change 1 month after RT

Absolute, kg, n¼ 43 20.9 kg 211 to +8.8
% baseline, n¼ 43 21.6% 214 to +14

Blood counts at nadir
% baseline WBC, n¼ 42 52% 13%–100%
% baseline Hgb, n¼ 42 97% 65%–112%
% baseline platelets, n¼ 42 61% 10%–270%

Blood counts 1 mo after RT
% baseline WBC, n¼ 30 73% 21%–343%
% baseline Hgb, n¼ 31 103% 79%–130%
% baseline platelets, n¼ 31 92% 4%–360%

Percent weight loss n %
≤2% 30 60
.2–5% 15 30
.5%–10% 4 8
.10% 1 2

Abbreviations: RTOG, Radiation Therapy Oncology Group; Hgb, hemoglobin.

Barney et al.: Proton beam craniospinal irradiation for adults

306



grade 3 ototoxicity received 48.3 Gy-RBE. All 3 patients who experi-
enced ototoxicity also received platinum-based chemotherapy.

With a median follow-up of 20.1 months (range, 0.3–59), the
OS and PFS were 96% and 82%, respectively, at 2 years, and 84%
and 68% at 5 years. Seven patients (14%) experienced disease
progression; 5 with in-field local recurrences, including 4 within
the high dose PTV and 1 with diffuse leptomeningeal disease,
and 2 with extracranial metastasis. None of the recurrences oc-
curred at field junction sites. Of the 5 patients with local recurrence,
1 with atypical teratoid rhabdoid tumor was disease free 39
months after salvage chemotherapy; 2 with ependymoma and
pineoblastoma were alive with progression after salvage treat-
ment 9 and 26 months, respectively, after recurrence; and 2 died
of disease progression (one with ependymoma and the other
with medulloblastoma). One patient with a nongerminomatous
GCT developed peritoneal carcinomatosis from a ventriculoperito-
neal shunt but was disease free 20 months after bone marrow
transplant; the other patient was alive 13 months after a diagnosis
of diffuse skeletal metastasis from medulloblastoma (Table 4).

Discussion
To our knowledge this is the largest study of nonpediatric patients
treated with p-CSI, representing a spectrum of patients with a
variety of histologies who received different chemotherapy regi-
mens and CSI doses. Because many of these patients have a favor-
able long-term prognosis, minimizing treatment-related morbidity
has become an important treatment goal. Acute GI and hemato-
logic toxicity can significantly impact quality of life as well as ad-
versely affect outcomes if they result in treatment breaks during
RT.3,13,14 A large portion of patients who require CSI also receive
chemotherapy, compounding the risk of toxicity. In this study,
p-CSI was well tolerated, with minimal weight loss, nausea/vomit-
ing, and severe (grade 3 or 4) cytopenias. Of note, the majority of
patients (80%) received chemotherapy as part of their treatment,
which has been poorly tolerated historically with x-CSI.1,3,14 – 17

While the driving factor for hematologic toxicity in this study,
and in others, seemed to be chemotherapy, vertebral column ir-
radiation can also significantly reduce blood counts.1 – 3,6,15,18 In
adults, �50% of bone marrow is in the spinal column, which also
has the highest concentration of active hematopoietic cells.19,20

Thirty percent to 40% of active red marrow is irradiated during
x-CSI in skeletally mature patients, compared with 25% in chil-
dren.6 All of these patients receive doses .20 Gy, which can
cause acute bone marrow aplasia. While bone marrow can com-
pensate by increasing hematopoietic activity in previously quies-
cent areas,6,21 systemic chemotherapy may prevent adequate
bone marrow recovery after irradiation.1,2,18,22 Vertebral body-
sparing p-CSI in patients who have reached skeletal maturity has
been suggested to reduce doses significantly to vertebral body
bone marrow, thereby potentially reducing hematologic toxicity
from CSI,23 confirmed by our analysis. The association of hemato-
logic toxicity with youngerage at RTobserved in this study can likely
be attributed to the greater percentage of young patients receiving
chemotherapy before or during RT.

In this study, 21 patients began p-CSI with at least one low blood
count, yet severe cytopenias occurred in only 4 patients. Proton
beam CSI was not associated with reduced blood counts, even in
patients who had received chemotherapy prior to CSI. In compari-
son, Jefferies et al1 analyzed 23 adult patients with a variety of ma-
lignant histologies who received chemotherapy and x-CSI. In our
analysis, severe leukopenia and thrombocytopenia occurred in
13% and 6%, respectively, of patients who received any chemother-
apy versus 30% and 13% found by Jefferies et al. Other studies have
reported treatment breaks due to myelosuppression in 12% to 35%
of patients, with worse disease outcomes inpatients with treatment
breaks.1,3,14–17 While patients in this study who received pre-CSI or
concurrent chemotherapy were at a higher risk for myelosuppres-
sion, no treatment interruptions occurred.

Acute GI toxicity is another clinically relevant side effect of CSI.
Anorexia, nausea, and vomiting can lead to weight loss, fatigue,
and patient discomfort. In this study, GI toxicity was limited to

Table 4. Local recurrence, progression, and mortality

Age, Histology Stage Site of Recurrence Months to
Recurrence

Chemo CSI Dose
(Gy-RBE)

Boost
(Gy-RBE)

Status and Treatment

34 Pineal ATRT M0 In-field recurrence 9.8 A 30.6 23.4 Alive; NED after chemo
53 Pineoblastoma M0 In-field recurrence 23.1 A 30.6 23.4 Alive; progression after

chemo
54 Anaplastic ependymoma M0 In-field recurrence 14.8 C, A 30.6 28 Dead; progression after

surgery and chemo
63 Anaplastic ependymoma,

L spine
M3 In-field recurrence,

spine + brain
14.7 none 39.6 14.4 Alive; progression after

re-irradiation and chemo
29 Medulloblastoma M0 Diffuse leptomeningeal

disease
6.4 C, A 23.4 30.6 Dead; progression after

chemo
27 Medulloblastoma M0 Diffuse skeletal metastasis 44.6 none 23.4 30.6 Alive; progression of

metastases; primary
controlled

17 Nongerminomatous GCT M3 Peritoneal carcinomatosis
(related to VP shunt)

2.3 N, A 36 18 Alive; NED after BMT, primary
controlled

Abbreviations: ATRT, atypical teratoid rhabdoid tumor; L, lumbar; N, neoadjuvant; C, concurrent; A, adjuvant; NED, no evidence of disease;
VP, ventriculoperitoneal; BMT, bone marrow transplant.
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mild nausea and vomiting. Prior studies using x-CSI have reported
high-grade anorexia and nausea and vomiting.14,24,25 In one study
of 66 adult and pediatric patients requiring CSI, 11% of patients re-
ceiving RTalone and 13% of patients receiving combined chemor-
adiation experienced treatment interruptions attributed to GI
toxicity.14 Proton beam CSI can significantly reduce GI toxicity by
eliminating the bowel dose associated with x-CSI, improving
quality of life and possibly avoiding more serious effects of GI tox-
icity,23 which our results support.

The proposed advantages of p-CSI include a reduction in late
toxicities.7 – 9Risk reduction estimates for p-CSI in pediatric patients
have predicted improvements in hearing loss, pituitary and hypo-
thalamic disorders, primary thyroid dysfunction, myocardial in-
farction and conduction arrhythmias, restrictive lung disease,
primary gonadal dysfunction, neurocognitive deficits, and second
primary neoplasms.4,26 – 28 In our study, median RT doses to the
cochleae, pituitary, and hypothalamus were below standard con-
straints,29,30 with an extremely low dose to the thyroid, especially
compared with x-CSI. In dosimetric models, PBRT was superior to
intensity-modulated radiation therapy in reducing cochlear and pi-
tuitary doses.7 In our analysis of patients with sufficient follow-up
audiograms, toxicity rates and the median cochlear doses were
consistent with those of a recent study from our institution,
which also reported minimal ototoxicity in children treated with
cranial PBRT.31 Long-term assessment of endocrine toxicities
requires additional follow-up.

Adult patients may have lower rates of late toxicities from dose
reduction to organs at risk using p-CSI, similar to the proposed ben-
efits to pediatric patients, especially following cases of curative
treatment. In this study, nearly half of the patients were ,25
years old at the time of RT, with many patients expected to be long-
term survivors. We observed extremely low doses to the lung,
heart, kidney, bowel, and gonads using p-CSI, all of which would
presumably decrease the risk for associated late toxicities com-
pared with x-CSI. Further follow-up is necessary to evaluate this hy-
pothesis.

Long-term follow-up is also needed to confirm the efficacy of
p-CSI, although the OS and PFS in this study are similar to those
in other studies using x-CSI.32 – 38 Criticisms of the use of p-CSI
include the possibility for worse local control because of the poten-
tial for underdosage of the target due to RBE differences in tumor
cells and surrounding brain and spinal cord.39 Uncertainties at
the distal edge of the proton beam when using a vertebral body-
sparing technique could also potentially lead to underdosage of
the spinal canal. The low rate of early local recurrences in this
study, with no recurrences at junction sites, provides support that
p-CSI was delivered as planned and that RTdoses used were suffi-
cient, although longer follow-up is necessary to fully evaluate
disease outcomes after receiving p-CSI in this cohort.

Other limitations of this study include those associated with
retrospective reviews, in particular selection bias of the patients re-
ceiving p-CSI. Also, patients with various histologies were analyzed
here. While the large patient population provided opportunity to
evaluate toxicity in a variety of clinical settings, this diversity
causes difficulty in evaluating outcomes. Final conclusions regard-
ing the efficacy of p-CSI cannot be reached at this point because of
short follow-up, and future assessment is needed to determine
long-term toxicity and disease-specific outcomes.

There are several other factors prohibitive to the implementa-
tion of p-CSI. In this study we have demonstrated that p-CSI is

technically feasible, despite some of the complexities of treatment
planning, including an evaluation of cost-effectiveness, which was
beyond the scope of this study. One report in children suggested
that a reduction in long-term sequelae would offset the increased
upfront cost of p-CSI.40 Adults are likely to develop less long-term
toxicities than children, so an evaluation of cost-effectiveness of
p-CSI for adults is warranted as more long-term information
becomes available.

This large series of p-CSI confirms low rates of acute toxicity,
consistent with prior dosimetric models. Vertebral body-sparing
p-CSI is feasible and should be considered as a way to reduce
acute GIand hematologic toxicity inadults requiring CSI—especially
in the setting of aggressive treatment with chemotherapy in add-
ition to CSI, which may contribute to improved survival. Longer
follow-up is needed to evaluate whether a reduction in toxicity
translates into improvements in long-term treatment-related mor-
bidity and overall disease outcomes. Further study is warranted to
evaluate PBRT and other ways to reduce toxicity in adult patients
requiring CSI.
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