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SUMMARY

The abscopal effect is a phenomenon in which local radiotherapy is associated with the
regression of metastatic cancer at a distance from the irradiated site. The abscopal
effect may be mediated by activation of the immune system. Ipilimumab is a mono-
clonal antibody that inhibits an immunologic checkpoint on T cells, cytotoxic
T-lymphocyte—associated antigen 4 (CTLA-4). We report a case of the abscopal effect
in a patient with melanoma treated with ipilimumab and radiotherapy. Temporal
associations were noted: tumor shrinkage with antibody responses to the cancer—
testis antigen NY-ESO-1, changes in peripheral-blood immune cells, and increases
in antibody responses to other antigens after radiotherapy. (Funded by the National
Institutes of Health and others.)

HE ABSCOPAL EFFECT REFERS TO A RARE PHENOMENON OF TUMOR REGRES-

sion at a site distant from the primary site of radiotherapy.* Localized radio-

therapy has been shown to induce abscopal effects in several types of cancer,
including melanoma, lymphoma, and renal-cell carcinoma.?* The biologic character-
istics underlying this effect are not completely understood, but it may be mediated by
immunologic mechanisms.>

NY-ESO-1 is an antigen expressed in 30 to 40% of patients with advanced mela-
noma but not present in normal adult tissues except testicular germ cells and pla-
centa.® Ipilimumab (Bristol-Myers Squibb) has been shown to enhance immunity to
NY-ESO-1, and patients with preexisting NY-ESO-1 antibodies have an increased
likelihood of benefiting from ipilimumab.” We describe a patient with metastatic
melanoma in whom we measured changes in NY-ESO-1 titers before and during the
observed abscopal effect.

Inducible costimulator (ICOS) is a marker of activated T cells. Increases in
CD4+ ICOShet cells have been associated with clinical benefit from ipilimumab.?
We assessed the frequency of this cell population in the patient’s peripheral blood.
We also measured interferon-y—producing CD8+ and CD4+ T cells and myeloid-de-
rived suppressor cells (defined as CD14+ HLA-DR!%),° which contribute to tumor-
induced immunosuppression, perhaps by limiting activated T-cell entry into the tu-
mor site.2® Finally, we investigated changes in humoral immune responses before
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and after radiotherapy to a panel of antigens to
discover additional antigenic targets potentially
relevant to antitumor immunity, a process re-
ferred to as seromics.!!

CASE REPORT

A female patient received a diagnosis of cutaneous
melanoma in April 2004 at 33 years of age. Biopsy
of a mole on her upper back revealed melanoma,
nonulcerated, with a Breslow thickness of 1.53 mm.
She underwent a wide local excision of her primary
lesion and biopsy of a left axillary sentinel lymph
node. There was no residual melanoma at the pri-
mary site, and the five axillary lymph nodes re-
moved were not found to be involved.

She remained disease-free until 2008, when
routine chest radiography revealed a new pulmo-
nary nodule, 2.0 cm in diameter, in her left lower
lobe. The nodule was hypermetabolic on positron-
emission tomography, with a standard uptake
value of 5.9. There were no additional sites of hy-
permetabolic foci. Cytologic findings from a com-
puted tomography (CT)-guided percutaneous bi-
opsy of the pulmonary nodule revealed metastatic
melanoma. Mass-spectrometry genotyping (Seque-
nom) revealed no known mutations that affect
the gene encoding serine—threonine protein kinase
BRAF (e.g., the BRAF V60OE mutation).

Standard cisplatin, vinblastine, and temozolo-
mide (CVT) chemotherapy was initiated, and after
two cycles, a CT scan showed stability of her pul-
monary nodule and no evidence of additional me-
tastases. The solitary pulmonary nodule was re-
sected by means of a left lower lobectomy in
February 2009, with pathological confirmation of
metastatic melanoma.

In August 2009, a surveillance CT scan detected
recurrent disease with a new pleural-based para-
spinal mass and right hilar lymphadenopathy
(Fig. 1A). In September 2009, the patient enrolled
in a clinical trial at our institution (CA184-087;
ClinicalTrials.gov number, NCT00920907): a ran-
domized, open-label trial comparing the safety and
pharmacokinetics of ipilimumab manufactured
by means of two distinct processes. She received
ipilimumab at a dose of 10 mg per kilogram of
body weight every 3 weeks, for a total of four
doses, as part of induction therapy. A follow-up
CT scan in December 2009 (12 weeks after ipilim-
umab initiation) showed overall stable disease with
slight enlargement of the pleural mass (not shown).

Responses to ipilimumab are not always seen on
the initial CT scan 12 weeks after treatment ini-
tiation,'? and she was permitted to continue with
ipilimumab as maintenance therapy, with a dose
given every 12 weeks.

Over the course of 2010, there was slight radio-
graphic evidence of worsening disease, but treat-
ment was continued with maintenance ipilim-
umab, since the patient was clinically well. Mild,
asymptomatic hypothyroidism developed that re-
quired thyroid hormone supplementation, but she
had no other clinically significant treatment-
related toxicity. By November 2010, however, she
had progressive enlargement of the pleural-based
paraspinal mass and new splenic lesions (Fig. 1B).
To treat right-sided back pain caused by the para-
spinal mass, palliative radiotherapy was initiated.
In December 2010, a total of 2850 cGy was admin-
istered in three fractions over a period of 7 days to
the paraspinal mass with 6-MV photons by means
of a coplanar six-field intensity-modulated, image-
guided technique (Fig. 1F). This regimen is within
the range of acceptable, commonly used dose-
fractionation schemes.

One month after radiotherapy, in January 2011,
a CT scan had not yet shown a response at the
primary irradiated site, the right hilar lymph node,
and the spleen (Fig. 1C). The patient was given one
additional dose of ipilimumab in February 2011. By
April 2011, her targeted paraspinal lesion had re-
gressed significantly (Fig. 1D). Remarkably, lesions
in areas not targeted by radiotherapy had also re-
gressed (right hilar lymphadenopathy and splenic
lesions [Fig. 1D]). A subsequent CT scan obtained
in October 2011 (10 months after radiotherapy)
showed stability, with the continued presence of
minimal disease (Fig. 1E).

RESULTS

In the only metastatic lesion available for analysis,
a pulmonary nodule removed before ipilimumab
treatment, NY-ESO-1 expression was confirmed by
means of both immunohistochemical analysis,
showing homogeneously strong positivity (Fig. 2A),
and a reverse-transcriptase—polymerase-chain-reac-
tion assay (Fig. 2B) performed according to previ-
ously described methods.*?

Using serum samples collected before the first
ipilimumab treatment and before and after radio-
therapy, we measured the antibody titers against
the whole NY-ESO-1 recombinant protein and
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Figure 1. Results of Diagnostic and Radiotherapy Simulation Imaging throughout the Disease Course.

Axial CT images are shown, corresponding to the timeline showing therapy and disease status. White arrows indicate the paraspinal
mass, red circles indicate the right hilar lymphadenopathy and spleen, and black arrows indicate an incidental hepatic hemangioma.
Panel A (top) represents the status before treatment with ipilimumab. Panel B shows enlargement of the paraspinal mass (top), stable
right hilar lymphadenopathy (middle), and new splenic lesions (bottom). Panel C shows images 1 month after radiotherapy, when the re-
sponse to radiotherapy had not yet occurred, with apparent continued worsening disease at all three sites. Several months after radio-
therapy, the targeted paraspinal mass showed a response (Panel D, top). Furthermore, disease response outside of the radiation field
was seen with decreased right hilar lymphadenopathy (middle) and resolution of splenic lesions (bottom). The response was durable, as
shown in Panel E. Panel F shows the CT simulation image for radiotherapy planning, with the target volume (indicated in purple) encom-
passing the right paraspinal metastatic mass. The isodose lines represent total doses of 2850 cGy (pink), 2000 cGy (orange), 1000 cGy
(green), and 200 cGy (blue). Disease regression was confirmed by means of three-dimensional volumetric assessment (Table 2 in the

against specific synthetic portions of the NY-ESO-1
protein by means of an enzyme-linked immuno-
sorbent assay, as previously described.# Before all
therapy, the patient was seropositive for whole
NY-ESO-1 protein, with reactivity confined primar-
ily to an epitope or epitopes contained within the
N-terminal portion (amino acids 1-68) (Fig. 2C
and 2D). During ipilimumab treatment, and in
parallel with an increasing disease burden, titers
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of antibodies against the whole NY-ESO-1 protein
and against the N-terminal portion increased. Ti-
ters remained elevated, though there was a trend
toward lower titers as the disease burden de-
creased.

After completing radiotherapy, the patient had
an increase by a factor of more than 30 in the titer
of antibodies against an epitope or epitopes
within the central portion of the protein (amino
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Figure 2. NY-ESO-1 Expression and Antibody Response to Ipilimumab and Radiotherapy.

Immunohistochemical analysis of NY-ESO-1 expression in the pulmonary metastatic melanoma nodule is shown
with the use of monoclonal antibody E978 (Panel A, with the inset showing a portion of the image magnified by a
factor of 4) and polymerase-chain-reaction (PCR) assay (Panel B). For the PCR results, p53 was used as a reference
standard, and the positive tumor specimen in lane 2 is the NY-ESO-1-positive melanoma cell line SK-Mel-37. Titers
of antibody against the whole NY-ESO-1 protein and the N-terminal portion (amino acids [aa] 1-68) rose as the dis-
ease progressed and ipilimumab therapy was administered and diminished with the disease response after radio-
therapy (Panels C and D). After radiotherapy, there was an increase by a factor of more than 30 in the titer of anti-
bodies against an epitope or epitopes within the central portion of NY-ESO-1 (aa 71-130), which corresponded to
the period of disease resolution (Panel E). Seroconversion to an epitope or epitopes in the C-terminal portion of NY-
ESO-1 (aa 119-180) occurred with disease progression before radiotherapy (Panel F). Panels C through F show the
means from an average of nine independent determinations, and the I bars indicate standard deviations. Reciprocal
antibody titers of more than 100 are considered to be significant.

acids 71-130), correlating with the time of dis- C-terminal portion (amino acids 119-180) (Fig.
ease resolution (Fig. 2E). She also had serocon- 2F) during treatment with ipilimumab before
version against an epitope or epitopes in the radiotherapy, which corresponded to the time of
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Figure 3. Results of Flow Cytometry of Peripheral-Blood
Mononuclear Cells.

Panel A shows that levels of CD4+ ICOS"" cells in-
creased during ipilimumab induction but decreased
before radiotherapy; after radiotherapy, there was a
second increase in the levels. Panel B shows an increase
in HLA-DR expression on monocytes, expressed as
mean fluorescence intensity (MFI), after radiotherapy.
Panel C shows a decline in levels of myeloid-derived
suppressor cells (MDSCs) (CD14+ HLA-DR'*%)? after
radiotherapy. Data in Panel A are a representative
sample from two independent determinations; data in
Panels B and C are the means from two determinations.
I bars indicate standard deviations.

increasing disease. Results were considered im-
munologically significant if the titers changed
by more than a factor of 5 between two time
points. Seroreactivity against dihydrofolate reduc-
tase was considered to be a negative control (see
Fig. 1 in the Supplementary Appendix, available
with the full text of this article at NEJM.org).
Measurement of CD4+ T-cell activation based
on ICOS expression (CD4+ ICOSMe") and myeloid-

lineage activation based on the quantity of my- 5,000
eloid-derived suppressor cells and HLA-DR expres-
sion on CD14+ monocytes was performed by 0

means of flow cytometry in peripheral-blood
mononuclear cells at serial time points coincident
with measurements of NY-ESO-1 titers. Before ra-
diotherapy, CD4+ ICOS"&" T cells (Fig. 3A) in-
creased during ipilimumab induction and then
decreased. A clear trend in the quantity of myeloid-
derived suppressor cells was not apparent during
this time (Fig. 3C). After radiotherapy, there was a
second increase in CD4+ ICOS"e" cells and an in-
crease in HLA-DR expression on CD14+ monocytes
(Fig. 3B) with a reciprocal, marked decline in the
quantity of myeloid-derived suppressor cells that
preceded radiographic disease regression, which
was not evident until April 2011.

We evaluated frequencies of interferon-y—pro-
ducing CD8+ and CD4+ T cells. Though there
was no appreciable change in NY-ESO-1-specific
interferon-y—producing CD8+ cells, with ongoing
ipilimumab therapy and disease progression, the
frequency of NY-ESO-1-specific interferon-y—pro-
ducing CD4+ cells increased (Fig. 2 in the Supple-
mentary Appendix). Despite this increase, tumor
regression was seen only after radiotherapy, sug-
gesting that the tumor was resistant to T-cell-
mediated antitumor effects until radiotherapy oc-
curred.
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Serum specimens obtained before and after ra-
diotherapy were also used to assess, with the use
of seromic analysis, the binding of IgG antibodies
against a panel of more than 9000 human antigens
(ProtoArray microarray, version 5.0; Invitrogen) by
means of previously described methods.!* Se-
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romic analysis identified 10 antigenic targets that
had increased antibody responses (and 2 with de-
creased responses) after radiotherapy (Table 1 in
the Supplementary Appendix). These differences
were considered to be immunologically significant
because they represented changes from pre-radio-
therapy values that were greater than a factor of 5.

DISCUSSION

Ipilimumab has shown an overall survival benefit
in two randomized, phase 3 trials involving pa-
tients with advanced melanoma, yet response rates
remain modest, between 10% and 15%.15¢ In-
creasing the response rate to ipilimumab by admin-
istering it in combination with targeted therapy,
chemotherapy, other immunotherapy, or radiother-
apy are areas of active investigation. Our patient
had a systemic response to localized radiotherapy
after having had disease progression while receiv-
ing ipilimumab. The right hilar lymph-node mass
and spleen, which were not the target of radio-
therapy, received only low, nontherapeutic doses
of radiation (133 cGy and 2.3 cGy, respectively),
further supporting the notion that disease regres-
sion at these distant sites was due to an enhanced
systemic response. Delayed responses occurring 18
to 20 weeks after ipilimumab treatment are well
known, yet in our opinion, the 19-month interval
between the start of ipilimumab and disease re-
sponse, with radiotherapy having been adminis-
tered in the interim, is more supportive of an
abscopal effect.

Our clinical observation is consistent with pre-
clinical evidence characterizing the role of the
immune system in the abscopal effect. In mouse
models, Chakravarty and colleagues'” and De-
maria and colleagues*® reported that the abscopal
effect was dependent on a functional immune sys-
tem. Additional work in a murine breast-cancer
model showed decreased pulmonary metastases
and improved survival only for mice treated with
radiotherapy in combination with CTLA-4 block-
ade.’ The schedule of radiotherapy may be impor-
tant, since the abscopal effect was seen in one
study?° only when hypofractionated radiotherapy
was delivered with CTLA-4 blockade.

Dunn and colleagues?! referred to the three
Es of immunoediting — equilibrium, escape, and
elimination — when describing the complex rela-
tionship between tumors and the immune system.
We assessed antibody responses to NY-ESO-1 as

a surrogate marker of the antitumor immune
response. Antibody titers against NY-ESO-1 have
been shown to increase with progressive disease
(escape) and decrease with disease regression
(elimination).22 We found a similar trend with
increasing antibody titers during tumor progres-
sion but ultimately a decrease with disease re-
sponse. After completing radiotherapy, a marked
increase in titers of antibodies against an epitope
or epitopes within the central portion of NY-
ESO-1 correlated with a response detectable on
radiography. The precise significance of antibody-
titer increases against specific portions of the
NY-ESO-1 protein is not clear, as titers against the
C-terminal portion of NY-ESO-1 increased before
radiotherapy, possibly as a result of autoimmuniza-
tion from enlarging tumor deposits.

Since patients who had sustained elevation of
CD4+ ICOS"#" cells after ipilimumab therapy were
found to have improved clinical benefit and over-
all survival,® we chose to focus on this particular
T-cell subgroup as a surrogate T-cell marker of the
antitumor immune response. The marked increase
in CD4+ ICOS"¢" cells during ipilimumab induc-
tion (weeks 1 to 12) was expected. More interest-
ing was the observed modest increase after ra-
diotherapy, suggesting that radiotherapy may have
played an immunomodulatory role in expanding
this activated T-cell population.

Radiotherapy has been shown to increase the
presentation of antigen by myeloid cells within the
tumor stroma and thereby enhance T-cell killing of
tumor cells.?®> Analysis of the peripheral-blood
CD14+ cellular compartment revealed several signs
of myeloid-lineage activation, including increased
HLA-DR expression and a reduction in the quan-
tity of myeloid-derived suppressor cells after radio-
therapy. We hypothesize that since these changes
preceded the reduction in tumor burden seen on a
CT scan, they may represent early signals of a shift
in immune phenotype — from immune escape
toward immune-mediated tumor elimination.

We are intrigued by the results of seromic
analysis, which detected 10 antigenic targets with
enhanced antibody responses after radiotherapy.
Two antigens, focal adhesion kinase 1 (PTK2) and
mediator complex subunit 6 (MEDG), also known
as NY-REN-28, have been described in melanoma?*
and renal-cell cancer, respectively.2> Though the
precise significance of the enhanced humoral im-
mune response against these specific antigenic
targets is not clear, our study highlights the po-
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tential for seromics as a strategy to define the di-
verse repertoire of the humoral immune response
in a patient with cancer.

It would be worthwhile to increase the number
of patients who benefit from ipilimumab. This
patient’s surprising systemic response after local
radiotherapy in combination with ipilimumab pro-
vides new insights and suggests new therapeutic
avenues to pursue. Clinical trials to prospec-
tively validate this approach are under way in
prostate cancer (NCT00861614) and melanoma
(NCT01449279).
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SEND A 200TH ANNIVERSARY MESSAGE TO NEJM

Join your peers in posting an anniversary message
and read the collected messages at the NEJM 200th
Anniversary website, http://NEJM200.NEJM.org.

We look forward to hearing from you!
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