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An Interleukin-1 Signature in Breast Cancer
Treated with Interleukin-1 Receptor Blockade:
Implications for Treating Cytokine Release
Syndrome of Checkpoint Inhibitors
Charles Anthony Dinarello1,2

In this issue of Cancer Research, Wu and colleagues
show that IL1b orchestrates tumor-promoting inflam-
mation in breast cancer and can be targeted in patients

using an IL1 receptor antagonist. Cancer Res; 78(18); 5200–2.
�2018 AACR.

See related article by Wu et al., p. 5243

The study reported in this issue of Cancer Research makes a
significant contribution to the concept that inflammation in
cancer is driven by IL1b and identified an "IL1 signature" in
women with HER2-negative breast cancer (1). The study repre-
sents several years of dedicated research on cancer by Palucka and
colleagues. Although there are several advantages of knowing a
transcriptional signature, including risk and prognosis, a real
benefit is the exploitation of the signature to develop specific,
targeted therapies. In the case of patients with cancer with IL1
signature genes, one could simply block IL1. In fact, this is exactly
what the Wu and colleagues' study accomplished.

The study linked mechanistic preclinical and mouse experi-
ments with transcriptional signatures from patients with HER2-
negative breast cancer. In vitro, cocultures of humanmyeloid cells
with breast cancer cells revealed that direct contact with tumor
cells was necessary for caspase-1–dependent release of IL1b from
myeloid cells. In addition, treatment with a naturally occurring
IL1 receptor antagonist, anakinra, was found to be highly effective
in reducing breast tumor growth in mice. At the peripheral blood
transcriptional level, as well as the cytokine protein levels from
primary breast cancer tissue, the authors identified IL1b rather
than IL1a in breast cancer. Of 579 selected immune-related
genes in the study, 288 were identified as differentially expressed
genes (DEG) between healthy controls and the patients. Several
IL1-related DEGs were abundant and consistent with an IL1
transcriptional signature in the patients. An IL1 transcriptional
signature was also present in two large breast cancer databases
and correlated with poor survival. In comparison, patients with
systemic juvenile idiopathic arthritis, an IL1-mediated inflam-
matory disease, have a similar IL1 signature. Thus, an IL1-
driven inflammatory signature is present in patients with breast

cancer with a poor prognosis and in patients with noncancer
systemic inflammation.

Of the many biologics now in use to treat autoimmune and
autoinflammatory diseases, anakinra has an excellent safety
record. In fact, due to its short half-life, anakinra is ideal for
treating patients who are also receiving chemotherapy. There
are three approved IL1-blocking biologics and several under-
going clinical trials. Of the approved IL1-blocking strategies,
anakinra has been used for over 15 years to treat thousands of
patients with an expanding number of systemic inflammatory
diseases (2). Anakinra is increasingly used as adjunct therapy to
reduce the inflammation of metastatic cancer. A trial in met-
astatic colorectal cancer showed significant survival benefit
when anakinra was added to standard-of-care chemotherapy
for colorectal cancer (3) and patients with pancreatic cancer
also benefit when anakinra is added to chemotherapy (4).
Moreover, in these trials, the patients report improved
quality-of-life scores with the use of anakinra.

There are two IL1 genes, IL1a and IL1b; both bind to the IL1
receptor type-1 (IL1R1) and initiate identical proinflammatory
signals. Because anakinra blocks IL1R1, the activities of both
IL1a and IL1b are prevented. A study using daily anakinra in
combination with low-dose weekly dexamethasone in 47
patients with smoldering or indolent myeloma for over 10
years reported a significant increase (P < 0.001) in overall
survival compared with historic controls and a subset of
patients are still alive without advancing to full-blown multiple
myeloma (5).

On the basis of these and other preclinical data, anakinra was
used to block IL1 in the pilot trial. Eleven women with met-
astatic HER2-negative breast cancer were treated with anakinra
for a median duration of 4 months (11–179 days) in combi-
nation with one of the standard chemotherapeutics for breast
cancer. The trial began with a 2-week run-in treatment of only
anakinra, during which time gene expression in peripheral
blood leukocytes was evaluated. After only two weeks of daily
anakinra, gene expression for IL1b, IL1R1, IL1R2, and IL1R3
were decreased as well as IL1 signaling kinases MyD88 and SYK
compared with baseline levels. The downregulation of IL1R3 is
particularly relevant because IL1R3 is the coreceptor for IL1a,
IL1b, IL33, IL36a, IL36b, and IL36g , all members of the IL1
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family. A significant role for IL1 in the pathogenesis of acute
myeloid leukemia has been known for decades and recent
studies demonstrate that IL1R3 is a target for this leukemia.
During the pilot trial, anakinra treatment at any timepoint also
resulted in decreased expression of five members of the Toll-
Like Receptor (TLR) family. In contrast to the suppression of the
TLR and IL1b families by anakinra, increased expression of
several natural killer cell and cytotoxic T-cell genes that favor
immune-mediated tumor destruction was observed (1).
The take home message from the comprehensive Wu and
colleagues' study is the identification of high-risk HER2-nega-
tive patients who would benefit from reducing IL1b.

Are there other cancers that would benefit from reducing IL1?
On the basis of clinical data using IL1 blocking therapeutics, an
IL1 signature is likely in other cancers. In the case of smoldering
myeloma, IL1b from the bone marrow plasma cells induces IL6,
which is a growth factor for myeloma cells. Anakinra treatment
suppresses IL1b-driven IL6 and accounts for the lack of pro-
gression to active myeloma (5). Canakinumab is an approved
anti-IL1b neutralizing mAB, which significantly reduced the
incidence of cancer, deaths from all cancers, and a 77% reduc-
tion in deaths from lung cancer (6). These data come from the
world-wide randomized, placebo controlled trial in 10,000
high-risk atherosclerotic patients treated with canakinumab to
prevent a second myocardial infarction. Many patients were
smokers. Although none of the patients had past or known
cancer upon entry, some developed cancer during the trial while
others had small, undetected malignancies, which developed
during the 4 years of the trial. Because the trial was designed to
reduce atherosclerosis, as soon as a cancer was detected, those
patients were dropped from the trial and there was no further
canakinumab treatment. Yet, despite receiving no further canaki-
numab, overall survival was greater in canakinumab-treated
patients (6). The reduction in cancer incidence and deaths by
solely neutralizing IL1b are impressive and are consistent with an
IL1b signature also in lung cancer. In fact, a benefit in treating
human cancer with IL1-blocking strategies was predicted (7).
There are many mechanisms by which IL1 promotes cancer
progression including IL1 as a growth and proangiogenic factor,
a suppressor of dendritic and immune cell function, and a
promoter of metastasis (8).

Although the Palucka trial focused on IL1b as a target for
treating breast cancer, why block IL1bwhen you can block both
IL1b and IL1a with anakinra? There is no dearth of preclinical
data to support a role for IL1a in human cancer. Increased
survival was reported in a randomized, placebo controlled trial
of a neutralizing natural antibody to IL1a in patients with
advanced, metastatic colorectal cancer (9). The IL1a precursor
is constitutively present in healthy breast cells, and several
studies have identified polymorphisms in the IL1a promoter
as risk factors in breast cancer. However, unlike IL1b, the IL1a
precursor is biologically active either when expressed as an
integral membrane protein or when released upon cell death.
IL1a was present in the supernatants of 149 primary cultured
breast cancer tissues stimulated with PMA and ionomycin (1).
Using coculture of breast cancer cells with myeloid cells,
membrane TGFb was identified as an inducer of the caspase-
1–dependent secretion of IL1b. However, in my opinion,
membrane IL1a in the cocultures was also inducing IL1b.
Indeed, the breast cancer tumor microenvironment is com-
prised of IL1a expressing tumor cells and infiltrating mye-

loid-derived suppressor cells, which are the source of IL1b. In
reducing IL1a and IL1b, anakinra will reduce the immunosup-
pression from myeloid-derived suppressor cells (8). IL1a
induction of IL1b is an example of autoinflammation and, as
reported in the study, patients with autoinflammatory diseases
exhibit the same IL1b signature as patients with breast cancer
(1). Myeloid cells in the tumor microenvironment are also a
source of growth factors for tumors. For example, IL1a from
breast cancer cells induce infiltrating myeloid cells to produce
thymic stromal lymphopoietin (TSLP; ref. 10) and TSLP then
contributes to the survival of the tumor cells by increasing Bcl-2
that restricts apoptosis in tumor cells. In that regard, compared
with placebo-treated patients, anti-IL1a improved quality of
life as well as increased survival (9).

In the Palucka trial, following the 2-week run-in course
of anakinra only at the approved dose of 100 mg subcutane-
ously each day, patients then continued the trial receiving the
combination of anakinra plus one of the standard chemother-
apy regimens for HER2-negative breast cancer. Because
chemotherapy often results in bone marrow suppression and
because IL1-blocking therapies can also suppresses peripheral
neutrophils, the risk of infection increases with the combina-
tion. The daily subcutaneous anakinra has a short plasma half-
life of less than 12 hours, although IL1R1 receptor occupancy is
likely 24 hours. Nevertheless, a short half-life is a clear advan-
tage because it allows the oncologist to stop anakinra therapy
with the first indication of infection. This is not possible with
long-lasting antibodies such as canakinumab. The combination
of anakinra plus chemotherapy was not associated with any
adverse events such as serious infection. Similar to the trial of
anti-IL1a in patients with metastatic colorectal cancer (9),
some patients with breast cancer reported reduced pain and
increased quality of life on anakinra plus chemotherapy and in
other studies, anakinra reduced the "sickness syndromes" of
chemotherapy used to treat metastatic colorectal cancer but
also increased overall survival (3). Three of the 11 patients in
the Palucka trial are still alive (1).

What else can we learn from the Wu and colleagues' study?
Anakinra treatment accomplished a sustained reduction in
expression of the IL1 signature inflammatory genes in the IL1
family but also in the TLR family and in inflammatory kinases.
With the use of anti-CTLA-4, anti-PD-1, or anti-PD1 ligand as
checkpoint inhibitors to reverse the immunosuppression of
cancer, systemic inflammation, which can be lethal, is a
drawback for these therapies. To increase the efficacy of
checkpoint inhibitors, some trials add chemotherapy which
increases the toxicity. Because anakinra is administered as an
adjunct with chemotherapy (1, 3, 4), can anakinra be con-
sidered a safe checkpoint inhibitor? The concept that IL1
blockade itself provides for checkpoint inhibition is sup-
ported by the canakinumab trial data (6). The mechanisms
that account for the reduction in cancer and cancer-related
deaths in patients treated with canakinumab likely include
increased immune-mediated tumor cell destruction. Why
not add anakinra to checkpoint inhibitor therapeutics? Ana-
kinra will reduce IL1-driven inflammation and IL1-driven
immunosuppression, but also reduce the cytokine storm
associated with checkpoint inhibitors. Cytokine release syn-
drome is a form of macrophage activation syndrome
and anakinra is the standard of treatment for macrophage
activation syndrome (2).

IL1 Blockade in Breast Cancer

www.aacrjournals.org Cancer Res; 78(18) September 15, 2018 5201

on September 14, 2018. © 2018 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Acknowledgments
The author thanks Dr. OwenWilson for his helpful comments. These studies

are supported by NIH grant AI-15614 and the Colorado Cancer Center. This

work was also supported by grants GM046883, GM113943, HD076125,
HL131182, and HD090637 from the NIH.

Received July 19, 2018; accepted July 19, 2018; published first September 14,
2018.

References
1. Wu T-C, Xu K, Martinek J, Young RR, Banchereau R, George J, et al.

IL1 receptor antagonist controls transcriptional signature of inflamma-
tion in patients with metastatic breast cancer. Cancer Res 2018;78:
5243–58.

2. Dinarello CA, Simon A, van der Meer JW. Treating inflammation by
blocking interleukin-1 in a broad spectrum of diseases. Nat Rev Drug
Discov 2012;11:633–52.

3. Isambert N, Hervieu A, R�eb�e C, Hennequin A, Borg C, Zanetta S, et al.
Fluorouracil and bevacizumab plus anakinra for patients with metastatic
colorectal cancer refractory to standard therapies (IRAFU): a single-arm
phase 2 study. OncoImmunol 2018 In press.

4. Becerra C, Paulson AS, Cavaness K, Hoof PD, Celinski S. Gemcitabine,
nab-paclitaxel, cisplatin, and anakinra (AGAP) treatment in patients with
non-metastatic pancreatic ductal adenocarcinoma (PDAC). J Clin Oncol
2018;36. Suppl 4, abstract 449. NCT02550327.

5. Lust JA, LacyMQ, Zeldenrust SR,Witzig TE,Moon-Tasson LL,Dinarello CA,
et al. Reduction inC-reactive protein indicates successful targeting of the IL-

1/IL-6 axis resulting in improved survival in early stage multiple myeloma.
Am J Hematol 2016;91:571–4.

6. Ridker PM, MacFadyen JG, Thuren T, Everett BM, Libby P, Glynn RJ, et al.
Effect of interleukin-1beta inhibition with canakinumab on incident lung
cancer in patients with atherosclerosis: exploratory results from a rando-
mised, double-blind, placebo-controlled trial. Lancet 2017;390:1833–42.

7. Dinarello CA. Why not treat human cancer with interleukin-1 blockade?
Cancer Metastasis Rev 2010;29:317–29.

8. Mantovani A, Barajon I, Garlanda C. IL-1 and IL-1 regulatory pathways in
cancer progression and therapy. Immunol Rev 2018;281:57–61.

9. Hickish T, Andre T, Wyrwicz L, Saunders M, Sarosiek T, Kocsis J, et al.
MABp1 as a novel antibody treatment for advanced colorectal cancer: a
randomised, double-blind, placebo-controlled, phase 3 study. Lancet
Oncol 2017;18:192–201.

10. Kuan EL, Ziegler SF. A tumor-myeloid cell axis, mediated via the cytokines
IL-1alpha and TSLP, promotes the progression of breast cancer. Nat
Immunol 2018;19:366–74.

Cancer Res; 78(18) September 15, 2018 Cancer Research5202

Dinarello

on September 14, 2018. © 2018 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


2018;78:5200-5202. Cancer Res 
  
Charles Anthony Dinarello
  
Release Syndrome of Checkpoint Inhibitors

CytokineInterleukin-1 Receptor Blockade: Implications for Treating 
An Interleukin-1 Signature in Breast Cancer Treated with

  
Updated version

  
 http://cancerres.aacrjournals.org/content/78/18/5200

Access the most recent version of this article at:

  
  

  
  

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.org

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cancerres.aacrjournals.org/content/78/18/5200
To request permission to re-use all or part of this article, use this link

on September 14, 2018. © 2018 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/content/78/18/5200
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/78/18/5200
http://cancerres.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




