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Abstract

Purpose Immunotherapy has demonstrated efficacy in treatment of intracranial metastasis from melanoma, calling into ques-
tion the role of intracranial radiotherapy (RT). Herein, we assessed the utilization patterns of intracranial RT in patients with
melanoma brain metastasis and compared outcomes in patients treated with immunotherapy alone versus immunotherapy
in addition to intracranial RT.

Methods We queried the National Cancer Database (NCDB) for patients with melanoma brain metastases treated with
immunotherapy and intracranial RT or immunotherapy alone. Multivariable logistic regression identified variables associated
with increased likelihood of receiving immunotherapy alone. Multivariable Cox regression was used to identify co-variates
predictive of overall survival (OS). Propensity matching was used to account for indication bias.

Results We identified 528 and 142 patients that were treated with combination therapy and immunotherapy alone, respec-
tively. Patients with lower comorbidity score were more likely to receive immunotherapy alone. Extracranial disease and
treatment at a non-academic center were associated with worse OS. Median OS for all patients was 11.0 months. Treatment
with stereotactic radiosurgery (SRS) in addition to immunotherapy was superior to immunotherapy alone, median OS of 19.0
versus 11.5 months (p = 0.006). Whole brain radiation therapy (WBRT) in combination with immunotherapy performed
worse than immunotherapy alone, median OS of 7.7 versus 11.5 months (p = 0.0255).

Conclusions For melanoma patients requiring WBRT, immunotherapy alone may be reasonable in asymptomatic patients.
For those eligible for SRS, combination therapy may provide better outcomes. Results of ongoing prospective studies will
help provide guidance regarding the use of radioimmunotherapy in this population.
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Background

Malignant melanoma arises from aberrant melanocytes
and has a propensity to metastasize to intracranial sites.
Given the poor penetration of the blood—brain-barrier by
chemotherapeutic agents, local therapy has historically

P< Rodney E. Wegner

Rodney.wegner @ahn.org

Department of Internal Medicine, Allegheny Health
Network, Pittsburgh, PA, USA

Division of Radiation Oncology, Allegheny Health Network
Cancer Institute, Pittsburgh, PA, USA

Division of Surgical Oncology, Allegheny Health Network
Cancer Institute, Pittsburgh, PA, USA

Division of Medical Oncology, Allegheny Health Network
Cancer Institute, Pittsburgh, PA, USA

Division of Radiation Oncology, Allegheny Health Network
Cancer Institute, Allegheny General Hospital, Level 02, 320
E. North Avenue, Pittsburgh, PA 15212, USA

been the mainstay of treatment for intracranial metastatic
disease. Local treatments include surgical resection and/
or radiotherapy with either whole brain radiation therapy
(WBRT) or stereotactic radiosurgery (SRS) [1]. However,
with the advent of immunotherapy and emerging evidence
suggesting intracranial penetration and tumor response
in up to 50-60% of patients, the need for local intrac-
ranial therapy is being called into question [2, 3]. Anti-
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
antibody therapy was first shown to improve survival in
2010 [4] and was shortly after tested in combination with
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an antibody against the programmed cell death 1 (PD-
1) receptor and shown to even more drastically improve
outcomes [5]. Despite these advances, the elusive diag-
nostic characteristics of melanoma present a challenge
for early diagnosis and patients continue to present with
metastatic disease, particularly to the brain, leaving to
question the role of combination radiotherapy with immu-
notherapy in management. As such, we sought to use the
National Cancer Database (NCDB) to examine the utility
and benefit of different forms of radiotherapy in newly

583,212 Melanoma Patients

diagnosed melanoma patients with metastases to the brain
on presentation.

Methods

We queried the NCDB from 2010 to 2015 for patients with
cutaneous melanoma with brain metastasis at the time of
diagnosis whom underwent treatment with immunotherapy
with or without intracranial radiotherapy. Figure 1 is a

» No brain metastasis at diagnosis (579,441)

\ 4
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_ Treatment without brain radiotherapy or

Immunotherapy (1,228)

v
2,543 Patients

» Treatment with brain radiotherapy alone (1,767)

 /
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» Follow up < 1 month or unknown (106)

v

670 melanoma patients with

brain metastasis at diagnosis

treated with immunotherapy
and > 1 month follow up

v

v

528 patients treated
with brain radiotherapy
and immunotherapy

142 patients treated
with immunotherapy

alone

Fig.1 CONSORT diagram. Selection criteria for study population

@ Springer



Journal of Neuro-Oncology (2020) 149:27-33

29

CONSORT diagram outlining all inclusion and exclusion
criteria. The NCDB is overseen by the American College
of Surgeons and the Commission on Cancer and encom-
passes an estimated 70% of annual newly diagnosed can-
cer cases in the United States. The American College of
Surgeons and the Commission on Cancer have not verified
and are not responsible for the analytic or statistical meth-
odology employed, or the conclusions drawn from these
data by the investigator. Given its retrospective nature and
de-identified dataset, this study was exempt from institu-
tional review board approval.

Within the NCDB, race was categorized as Caucasian,
African American, or other. The Charlson/Deyo comorbid-
ity index was also recorded and quantified the degree of
comorbidities [6]. Socioeconomic data in the patients’ res-
idence census tract were divided into quartiles based upon
the percentage of persons with less than a high school
education and median household income. Facility type was
grouped according to the Commission on Cancer accred-
itation category. Location was described based on data
provided by the US Department of Agriculture Economic
Research Service. Insurance status is documented in the
NCDB as it appears on the admission page. Radiotherapy
is recorded as modality, dose and location. Chemotherapy
and immunotherapy are recorded as given in the NCDB
but specific agents and number of cycles are not.

Statistical methodology utilized in an NCDB study has
been reported previously [7]. Data were analyzed using
Medcalc Version 18 (Ostend, Belgium). Summary statis-
tics are presented for discrete variables. Clinicopathologic
and treatment related variables were first tabulated and a
multivariable logistic regression was then performed to
identify predictors of receiving immunotherapy alone. A
Cox proportional hazards model (forward method) was
used for multivariable survival analysis [8]. Adjusted haz-
ard ratios and 95% confidence intervals are reported, using
an alpha level of 0.05 to indicate statistical significance.

Propensity score-adjusted survival analysis was used
to account for indication bias due to lack of randomi-
zation between the use of immunotherapy alone versus
in combination with WBRT or SRS [9]. Multivariable
logistic regression was used with all baseline variables
to calculate a propensity score indicative of conditional
probability of receiving immunotherapy alone. The pro-
pensity model included all baseline characteristics listed
in Table 1. Using that propensity score as an exact match,
141 matches were generated. These matched pairs were
then used within a Kaplan—Meier analysis to compare rates
of overall survival (OS) across the entire cohort but also
by stage group [10]. Overall survival was calculated in
months from time of diagnosis to date of last contact or
death which is the standard way this data is recorded in

Table 1 Patient and treatment characteristics (N = 670)

Characteristic No. (% or range)
Demographics
Sex
Male 486 (72.5)
Female 184 (27.5)
Age
Median 62 (20-90)
<62 326 (48.7)
> 62 344 (51.3)
Race
White 658 (98.2)
African American 5(0.8)
Other/Unknown 7(1.0)
Comorbidity score
0 540 (80.6)
1 101 (15.1)
>2 29 4.3)
Insurance
Not insured 23 (3.4)
Government 322 (48.1)
Private payer 314 (46.9)
Unknown 11 (1.6)
Treatment facility type
Community cancer program 31(4.6)
Comprehensive community cancer program 198 (29.6)
Academic/research program 386 (57.6)
Unknown 55 (8.2)
Treatment facility location
Metro counties 284 (42.4)
Urban counties 188 (28.1)
Rural counties 143 (21.3)
Unknown 55 (8.2)
Income, US dollars
< 38,000 69 (10.3)
38,000-47,999 124 (18.5)
48,000-62,999 171 (25.5)
> 63,000 301 (44.9)
Unknown 5(0.8)
Distance to treatment facility, miles
<14 337 (50.3)
> 14 333 (49.7)
Unknown 0(0.0)
Year of diagnosis
2010 19 (2.8)
2011 64 (9.6)
2012 77 (12.0)
2013 116 (17.3)
2014 147 (21.9)
2015 247 (36.9)
Extracranial disease at diagnosis
Yes 471 (68.8)
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Table 1 (continued)

Table2 MVLR for Immunotherapy alone in management

Characteristic No. (% or range) Characteristic Odds ratio (95% CI) P
No 199 (71.2) Age
Chemotherapy given <62 Reference
Yes 87(13.0) > 62 0.95 (0.56-1.61) 0.8537
No 583 (87.0) Clinical stage
LEGEND no, number ! Reference
2 0.98 (0.90-1.08) 0.7322
3 0.77 (0.54-1.12) 0.1704
the NCDB. A minimum survival cutoff of 1 month was  Comorbidity score
employed to account for immortal time bias. 0 Reference
1 0.40 (0.21-0.78) 0.0073
2 1.37 (0.56-3.33) 0.4930
Results Distance, miles
< 14 miles Reference
Using the above eligibility criteria, we identified 670 > 14 miles 0.78 (0.51-1.19) 0.2475
patients who received immunotherapy =+ intracranial radio- ~ Facility type
therapy. Table 1 contains full details of the study group. The Community cancer center Reference
majority of patients (68.8%) had extracranial disease and Comprehensive community 0.69 (0.29-1.66) 0.4108
were not treated with chemotherapy (87.0%). The median Cancer.cemer
patient age was 62 (range, 20-90). A total of 528 patients Acad‘?mm/reseamh program 0.61(0.26-1.45) 0.2638
(78.8%) received a combination of immunotherapy and Education, %
intracranial radiotherapy while 142 patients (21.2%) were 229 Reference
treated with immunotherapy alone. Of all patients receiving 20-289 0.76 (0.37-1.55) 04538
intracranial radiotherapy in addition to immunotherapy, 273 14-19.9 0.65(031-1.38) 0.2664
received WBRT and 255 received SRS. The only predictor <14 0.48 (0.21-1.07) 0.0716
for treatment with immunotherapy alone was a low comor- Income, USD
bidity score of 1 (Table 2). < 30,000 Reference
Across the entire cohort, median OS for all patients was 30,000-35,000 145 (0.64-3.30) 0.3764
11.0 months (Fig. 2). On multivariable analysis, extracra- 35,000 to 45,999 1.46 (0.63-3.36) 0.3754
nial disease at the time of diagnosis, as well as, treatment 2 46,000 2.17(0.90-5.22) 0.0835
at a community cancer program compared to an academic/ Insur.ance
research program was associated with worse overall survival Ur.lmsured Reference
(Table 3). Propensity score was generated via multivariable Private 0.75 (0:28-2.05) 0.5786
logistic regression as described in the methods. Using an Govémmem 0.4 (0:33-2.69) 0.9093
exact match on the generated propensity score resulted in Location )
141 pairs of patients. On this propensity matched subset, Metropolitan Reference
treatment with SRS in addition to immunotherapy was asso- Urban 1.21 (0.62-2.39) 0.5647
ciated with improved survival compared to immunotherapy Rural 0.92(0.19-4.55) 0.9253
alone, with a median OS of 19.0 versus 11.5 months (p = Race.
0.006) (Fig. 2b). However, WBRT in combination with Vit . Reference
immunotherapy was associated with worse OS compared to African American 1.04(0.11-10.2) 0.9729
immunotherapy alone [median OS of 7.7 vs. 11.5 months (p Other 0.76 (0.09-6.54) 0.7991
=0.0255)] (Fig. 2¢). Gender
Male Reference
Female 1.00 (0.64-1.57) 0.9869
Discussion Year of treatment
2010 Reference
Keeping in mind the limitations of studies such as this, 2011 2.81(0.54-14.5) 0.2182
the results presented here appear to suggest that in select 2012 4.62(0.93-22.9) 0.0604
patients with a diagnosis of metastatic melanoma having 2013 0.85(0.46-11.0) 0.3183
2014 1.93 (0.39-9.46) 0.4167

de novo intracranial metastasis, exclusion of intracranial
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Table 2 (continued)

0dds ratio (95% CI) P
3.07 (0.65-14.5) 0.1561

Characteristic

2015

*Bold indicates statistical significance

radiation may be reasonable in certain clinical scenarios. As
shown, in patients with presumably more limited intracranial
disease who are candidates for SRS, this appears to improve
outcomes when used in combination with immunotherapy.
This is likely affected by number of lesions present (data
not recorded in the NCDB) and the higher dose of radia-
tion delivered to overcome the relative radioresistance of
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melanoma [11-13]. In addition, one hypothesis generating
notion is that perhaps those higher doses of radiation are
generating an immunogenic or abscopal effect, leading to
better outcome. This concept is currently being explored
across numerous clinical trials [14]. On the other hand, for
patients with an extensive intracranial disease burden in
which WBRT would typically be recommended, exclusion
of radiotherapy may be justified in the proper context (i.e.
asymptomatic patient with small non-hemorrhagic metas-
tasis). It is important to note, however, that patients with a
lower comorbidity score were more likely to be treated with
immunotherapy alone, likely affecting the results seen here.

Historically, WBRT was the standard of care for mela-
noma brain metastasis. One retrospective study indicated

Overall Survival
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Treatment
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Fig.2 a Overall survival of entire population broken down into com-
bination therapy versus immunotherapy alone. (I0 = immunotherapy/
immuno oncology).The median OS was 10.8 months (95% CI 7.8—
14.8) versus 11.5 months (95% CI 8.0-14.5) for combination therapy
and immunotherapy alone, respectively (p = 0.57). b Overall survival
of SRS and immunotherapy combination therapy versus imunother-
apy alone. (IO = immunotherapy/immuno oncology).The median

28 18

OS was 19.0 months (95% CI 12.3-28.6) and 11.5 months (95% CI
8.0-14.5) for SRS and immunotherapy and immunotherapy alone,
respectively (p = 0.0061). ¢ Overall survival of WBRT and immu-
notherapy combination therapy versus immunotherapy alone. (I0 =
immunotherapy/immuno oncology).The median OS was 7.7 months
(95% CI 6.4-9.8) and 11.5 months (95% CI 8.0-14.5) for WBRT and
immunotherapy and immunotherapy alone, respectively (p = 0.0255)
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Table 3 Multivariable cox regression for overall survival

Significant characteristic Hazard of death (95% CI) P

Extracranial disease at

diagnosis

No Reference

Yes 1.77 (1.42-2.19) < 0.0001

Facility type

Community cancer program Reference

Comprehensive cancer 0.67 (0.43-1.04) 0.0743
program

Academic/research program 0.60 (0.39-0.93) 0.0221

The presence of extracranial disease at the time of diagnosis was a
statistically significant risk factor for worse survival. Treatment at an
academic institution however was correlated with an improvement in
survival

omission of WBRT was associated with increased rates of
distant intracranial disease progression and decreased over-
all survival in patients with multiple brain metastasis [15].
The role of WBRT began to diminish after SRS was shown
to be non-inferior in patients with up to 3 brain metastasis
while providing a higher biologic dose and less long term
toxicity [16]. Furthermore, an ongoing phase 3 trial enroll-
ing patients with 4 to 10 intracranial metastasis, a popula-
tion previously reserved for WBRT, is evaluating the utility
of SRS alone with promise of quality of life and survival
preservation [17]. A similar NRT/CCTG trial is currently
recruiting patients with 5—15 brain metastases and rand-
omizing them to SRS or WBRT, with the primary endpoint
of OS; results of which will help shape the evolving standard
of care [18]. Intriguingly, the addition of WBRT to SRS was
also compared in the upfront setting for brain metastasis and
found to have no significant clinical benefit in terms of over-
all survival and progression free survival when compared
to SRS alone, but it is important to note that this was not
limited to a population of melanoma patients [19]. However,
this finding was exhibited in a melanoma specific population
in a phase 3 clinical trial comparing adjuvant WBRT after
local treatment of one to three intracranial brain metastases
that showed no clinical benefit in terms distant metastatic
occurrence, survival or preservation of performance status
compared to those treated with local control alone [20].
Immunotherapy has recently been shown to have drastic
improvements in survival in patients with metastatic mela-
noma, even in the setting of intracranial metastasis [2, 21,
22]. With these changes, the utility of radiotherapy in com-
bination with immunotherapy has been called into question.
Lanier et al. recently published results suggesting improve-
ment in overall survival (15.9 months vs. 6.1 months) and
decrease in neurologic death with the use of immunotherapy
after initial SRS in patients presenting with brain metas-
tasis [23]. Similarly, nivolumab in combination with SRS

@ Springer

was shown to improve intracranial control of melanoma as
well as progression free survival, although 15% of patients
experienced radiation-induced necrosis; a result higher than
expected compared to historical controls [24]. However,
to put that finding in context, it is important to note that
immunotherapy trials have shown adverse event rates in the
50-60% range [2].

While ongoing trials continue to evaluate the efficacy of
different forms of radiation in combination with immuno-
therapy, the role of WBRT is seemingly on the decline but
continues to be used in patients with high volume intracra-
nial disease. Our data suggests that omission of WBRT does
not shorten overall survival in the setting of immunotherapy.
This study also coincides with those previously described
that SRS (when feasible) in combination with immuno-
therapy is the superior approach [23, 24]. Additionally, we
should mention that a similar topic has been explored using
the NCDB, looking at patients from a shorter time frame
(2011-2013) with brain metastases managed with radiation
with or without immunotherapy [25]. That study showed
an expected increase in immunotherapy use, as well as an
increase in overall survival for patients treated with immu-
notherapy and SRS compared to SRS alone.

As is typical with NCDB analyses, interpretation is lim-
ited by the data provided in the NCDB due to its retrospec-
tive nature and what is an inherent, often heavy, selection
bias. Compounding this, the NCDB lacks information on
toxicity, symptomatology at baseline, patterns of failure,
actual systemic therapeutic agent(s) selection and dosing/
number of cycles completed, all of which play an impor-
tant role in management and outcome. Additionally, specif-
ics regarding the immunotherapeutic agent are not coded
within the NCDB, neither are the number and/or volume
of intracranial metastatic disease. Finally, performance sta-
tus and other intangibles such as social support system and
follow up reliability are factors clinicians consider in treat-
ment decision making but are also absent from the NCDB.
Despite these shortcomings, our study is the largest known
analysis examining patterns of care and outcomes in patients
with metastatic melanoma receiving combination 10 and
intracranial radiotherapy.

Conclusions

For melanoma patients contraindicated to SRS and other-
wise appropriate for WBRT, immunotherapy alone may
be a potential therapeutic option in asymptomatic patients.
For patients with more limited intracranial disease that are
eligible for SRS, combination therapy appears to provide
better outcomes. Results of ongoing prospective studies will
continue to provide more guidance in the combination of
immunotherapy and radiation for this patient population.
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