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review of the literature
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Introduction: Adverse events (AEs) of immune checkpoint inhibitors (ICIs) are

frequent and mainly due to an overactivity of the immune system leading to

excessive inflammatory responses (immune-related AE) that can affect any

organ of the body. Beside the most frequent AEs, there are rare AEs whose

diagnosis and treatment can be challenging. We report here a singular case of

capillary leak syndrome (CLS) associated with chylothorax occurring in a

patient who has been treated with adjuvant nivolumab (anti-PD1) for

resected AJCC stage IIB primary melanoma.

Case presentation: A 43-year-old woman was diagnosed with a nodular stage

IIB melanoma of her left thigh, according to the AJCC 8th edition (T3bN0M0).

The woman was treated with adjuvant nivolumab. She stopped the treatment

after 4 infusions due to thrombopenia. Three months later, she developed

facial and leg edema and ascites due to capillary leak syndrome. The CLS was

associated with chylothorax and elevated vascular endothelial growth factor.

The patient was initially treated with several pleural puncturing and steroids.

CLS and chylothorax progressively decreased with intravenous

immunoglobulins and fat-free diet without recurrence of melanoma at one-

year follow-up.

Conclusion: CLS is a rare and potentially life-threatening AE of ICIs such as

anti-PD1. This AE may be associated with chylothorax probably related to

lymphatic permeability induced by anti-PD1.
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Introduction

Immune checkpoint inhibitors (ICIs) such as anti-

programmed cell death 1 (anti-PD1) and anti-cytotoxic T-

lymphocyte-associated protein 4 (anti-CTLA-4) have

revolutionized the prognosis of cancer. Adverse events (AEs)

of ICIs are frequent and mainly due to an overactivity of the

immune system leading to excessive inflammatory responses

(immune-related AE) that can affect any organ of the body.

Beside the most frequent AEs, such as thyroid, cutaneous,

gastro-intestinal and hepatic AEs, there are rare AEs whose

diagnosis and treatment can be challenging. We report here a

singular case of capillary leak syndrome (CLS) associated with

chylothorax occurring in a patient who had been treated with

adjuvant nivolumab (anti-PD1) for resected AJCC stage IIB

primary melanoma.
Case report

A 43-year-old woman was diagnosed with a nodular stage

IIB NRAS-mutated melanoma of her left thigh, according to the

AJCC 8th edition (T3bN0M0). She first underwent a wide

resection of the primary lesion and started infusions of anti-

PD1 antibodies (nivolumab 480 mg monthly), as part of a

therapeutic trial. She developed thyroiditis after 2 infusions of

nivolumab with successive phases of hyper- and then
Frontiers in Oncology 02
hypothyroidism which was treated with thyroid substitution.

The occurrence of a grade III immune thrombocytopenia

(platelets count: 27 000/mm3 without autoantibodies)

subsequently led to the interruption of nivolumab after 4

infusions and was resolved with systemic corticosteroids (1mg/

kg) and eltrombopag olamine (75mg daily). Three months after

treatment discontinuation (7 months after initiation of

nivolumab), she developed edema of the legs and face, along

with a weight gain (+ 8 kgs), asthenia, dyspnea, and cough.

Laboratory tests showed a drop of serum-albumin levels from

40g/l to 23g/l, normal hematocrit count without hemodynamics

disturbances (122/69mmHg, 100 bpm), without signs of

enteropathy, neither heart, kidney or liver failure. All

hormonal tests (TSH, cortisol) and serum protein

electrophoresis were normal. There was no proteinuria and

urinalysis results were normal. The CT-scan revealed mild

bilateral pleural effusion and mild ascites due to anasarca

(Figure 1). Echocardiography also found a slight pericardial

effusion without cardiopathy. Colonoscopy was normal. A

scintigraphy with marked albumin (99mTc) showed a capillary

hyperpermeability (Landi’s test). Thoracentesis allowed a 600cc

fluid evacuation. Cytology was normal but triglycerides’ levels

were elevated at 25g/L (N<1,1 g/L) in favor of chylothorax with

normal levels of triglycerides in blood.

The diagnosis of a secondary form of capillary leak

syndrome (CLS) with chylothorax induced by nivolumab was

made in the absence of infection, vaccine and other inducing
FIGURE 1

Clinical photography (A) and CT-scan images (B, C). (A) Facial edema (B) Pleural effusion (white star). (C) Ascites (white arrow).
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drugs. Cytokines levels were as follows: normal IL-6 levels

(<3,6pg/ml) and elevated vascular endothelial growth factor

(VEGF) levels (109 pg/ml, N<60 pg/ml).

High doses of corticosteroids (1mg/kg) and intravenous

immunoglobulins (IVIG) (0.4 g/kg for 5 days) followed by

IVIG (1g/kg/day for two consecutive days monthly) for 5

months, along with a fat-free diet and iterative pleural

puncturing provided the resolution of the edema, the

chylothorax and the ascites. At last follow-up (one year after

nivolumab discontinuation), there was no evidence of melanoma

progression according to CT-scan.
Discussion

CLS is a very rare and potentially life-threatening AE that

has been described with different treatments (1, 2).

5 cases of CLS have recently been reported with ICI, particularly

anti-PD1 antibodies (nivolumab and pembrolizumab) (3–6).

In the current case, the role of eltrombopag olamine cannot

be excluded even if it has never been previously reported.

This case is singular because these rare toxicities (CLS and

chylothorax) occurred many months after nivolumab

discontinuation. Immune-related adverse events (irAE) can be

delayed and occured after the completion of ICI (> 90 days) (7).

Indeed, CLS were mostly reported early during anti-PD1

treatment (5)) or soon after their discontinuation (one month

after discontinuation of pembrolizumab and nivolumab) (3, 4).

This is the first case of CLS and chylothorax induced by

adjuvant nivolumab in a patient with early-stage cancer

(resected primary stage IIB melanoma). Until now, CLS

induced by ICI has only been reported in patients with

advanced cancers. Furthermore, the association of chylothorax

with CLS after anti-PD1 treatment has been scarcely reported in

the literature. A patient with a stage IV melanoma treated with

pembrolizumab and injections of talimogene laherparepvec

developed the association of CLS and lymphatic dysfunction

with chylous pleural and abdominal effusions (3). Another

patient died of a chylothorax related to tumor progression 12

months after initiation of nivolumab for a metastatic pulmonary

adenocarcinoma (8). Thus, the association of these two adverse

events does not appear coincidental and appear to be irAEs due

to the same mechanisms.

In our practice, we lack parameters to identify patients at risk

of severe toxicities. In the future, we will evaluate the probability

of response and the risk of toxicity to evaluate the benefice/risk

balance of ICI treatment, particularly with patients treated at

early stage (such as this patient with resected stage II

melanoma). Indeed, adjuvant pembrolizumab treatment has

demonstrated its efficacy by decreasing the risk of melanoma

recurrence in patients with resected stage IIB or IIC melanoma

(9). However, there are frequent irAEs including severe irAEs

and chronic irAEs (such as endocrine AE reported at 25%).
Frontiers in Oncology 03
Thus, the benefice/risk balance of ICI treatment should be

discussed with the patient.

It will be necessary to stratify the treatment according

predictive factors of response such as the TMB, IFN-g-
signature (10) and predictive factors of toxicity such as the

fecal microbiote (11) or the diversity of the TCR clones (12).

Regarding toxicity, there are studies evaluating clinical and

biological factors associated with toxicities (NCT04871542) and

evaluating strategy to avoid treatment toxicity such as fecal

microbiota transplantation (NCT04163289). In a phase I

study, the role of microbiome modification in preventing

immune-related toxicities by adding fecal microbiota

transplantation to ICI therapy was associated with a safety

profile in unselected metastatic renal cell carcinoma and

promising clinical efficacy data (13).

However, most of these biomarkers are not performed in

clinical practice (TMB, IFN-g-signature, TCR clones) and were

not available for this patient. Furthermore, there is no tool

validated in clinical practice and no recommendation to

predict toxicities, prevent toxicities, adapt the treatment

according to the risk of toxicities and the probability of

response. Therefore, these parameters cannot be use for

treatment decision. If predictive factors of response and

toxicities are identified and validated in prospective studies,

the treatment could be adapted to increase treatment efficacy

and avoid toxicity. Thus, further studies are needed to develop

individualized approaches to avoid treatments toxicities.

It is remarkable to notice that CLS mainly occurred in

patients with a controlled disease suggesting that this AE is

associated with a strong anti-tumor immune response as

reported with other AEs (14). Although the pathophysiology

of CLS is not clear, T-cell activation and the release of cytokines

induced by ICIs may be involved. T-CD8 cells surrounding

endothelial cells in CLS have been indeed described (15).

The association of CLS with chylothorax suggests a severe

endothelial dysfunction, both vascular and lymphatic, induced by

ICI, involving the crosstalk between immune cells and endothelial

cells (16, 17). It is known that ICI stimulate cytokines secretion by

immune cells and it was reported that circulating cytokines levels

(including VEGF during treatment with ICI) were increased in

patients with severe irAE (18) as found in our case. This supports

that the mechanisms of nivolumab-induced CLS and chylothorax

involve immunity.

PD-L1 expression was found on endothelial cells and involved

in T-cell mediated myocardial injury (19). It is well known that

angiogenesis and immunosuppression occurs simultaneously and

that there are interactions between angiogenesis and the immune

response (17, 20). VEGF promotes the recruitment and

proliferation of immunosuppressive cells such as Treg cells,

MDSCs, and M2-TAMs, creating a more immunosuppressive

environment (21). Indeed, vascular normalization may enhance

antitumor immunity and lymphocyte-mediated cancer

immunotherapy with immune checkpoint inhibitors (21, 22).
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Furthermore, increased levels of VEGF have been reported

in CLS and support the hypothesis of endothelial activation and

the use of anti-VEGF therapy as found in our patient (23).

Targeting angiogenesis may increase tumor control of cancer

such as melanoma (24). Indeed, the combination of anti-angiogenic

therapy to ICI can potentiate anti-tumor immune response by

regulating the interactions between angiogenesis and the immune

response (25, 26). The combination of bevacizumab and

ipilimumab was safely administered in patients with metastatic

melanoma (27). Finally, strategies combining anti-angiogenic and

anti-PD1 agents have been studied and appears to tip the balance of

the tumor microenvironment and improve treatment response in

advanced melanoma (28, 29). These results support the efficacy of

anti-angiogenic agents with ICI and further investigation.

In conclusion, physicians should be aware of the possibility

of a CLS associated with lymphatic permeability induced by anti-

PD1. Despite the favorable melanoma prognosis, this IRAE may

be life-threatening.
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severe idiopathic systemic capillary leak syndrome successfully treated with
bevacizumab: A case report. Angiogenesis (2021) 24(3):399−401. doi: 10.1007/
s10456-021-09769-7

24. Ribatti D, Solimando AG, Pezzella F. The anti-VEGF(R) drug discovery
legacy: Improving attrition rates by breaking the vicious cycle of angiogenesis in
cancer. Cancers (Basel) (2021) 13(14):3433. doi: 10.3390/cancers13143433

25. Lee WS, Yang H, Chon HJ, Kim C. Combination of anti-angiogenic therapy
and immune checkpoint blockade normalizes vascular-immune crosstalk to
potentiate cancer immunity. Exp Mol Med (2020) 52(9):1475–85. doi: 10.1038/
s12276-020-00500-y

26. Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing
cancer immunotherapy using antiangiogenics: Opportunities and challenges. Nat
Rev Clin Oncol (2018) 15(5):325–40. doi: 10.1038/nrclinonc.2018.29

27. Hodi FS, Lawrence D, Lezcano C, Wu X, Zhou J, Sasada T, et al.
Bevacizumab plus ipilimumab in patients with metastatic melanoma. Cancer
Immunol Res (2014) 2(7):632–42. doi: 10.1158/2326-6066.CIR-14-0053

28. Arance A, de la Cruz-Merino L, Petrella TM, Jamal R, Ny L, Carneiro A,
et al. Phase II LEAP-004 study of lenvatinib plus pembrolizumab for melanoma
with confirmed progression on a programmed cell death protein-1 or programmed
death ligand 1 inhibitor given as monotherapy or in combination. J Clin Oncol
(2022), JCO2200221. doi: 10.1200/JCO.22.00221

29. Li S, Wu X, Yan X, Zhou L, Chi Z, Si L, et al. Toripalimab plus axitinib in
patients with metastatic mucosal melanoma: 3-year survival update and biomarker
analysis. J Immunother Cancer (2022) 10(2):e004036. doi: 10.1136/jitc-2021-
004036
frontiersin.org

https://doi.org/10.1016/j.ccell.2021.11.012
https://doi.org/10.1038/ncomms10391
https://doi.org/10.1038/s41591-021-01623-z
https://doi.org/10.1038/s41591-021-01623-z
https://doi.org/10.1200/JCO.2022.40.16_suppl.4553
https://doi.org/10.1200/JCO.2022.40.16_suppl.4553
https://doi.org/10.1634/theoncologist.2019-0674
https://doi.org/10.1016/S0091-6749(97)70061-7
https://doi.org/10.1016/S0091-6749(97)70061-7
https://doi.org/10.1016/j.biopha.2021.111607
https://doi.org/10.1007/s12272-022-01389-z
https://doi.org/10.1158/1078-0432.CCR-18-2795
https://doi.org/10.1161/CIRCULATIONAHA.107.709360
https://doi.org/10.1161/CIRCULATIONAHA.107.709360
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1158/0008-5472.CAN-12-4354
https://doi.org/10.1007/s10456-021-09792-8
https://doi.org/10.1007/s10456-021-09792-8
https://doi.org/10.1007/s10456-021-09769-7
https://doi.org/10.1007/s10456-021-09769-7
https://doi.org/10.3390/cancers13143433
https://doi.org/10.1038/s12276-020-00500-y
https://doi.org/10.1038/s12276-020-00500-y
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1158/2326-6066.CIR-14-0053
https://doi.org/10.1200/JCO.22.00221
https://doi.org/10.1136/jitc-2021-004036
https://doi.org/10.1136/jitc-2021-004036
https://doi.org/10.3389/fonc.2022.1032844
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Nivolumab-induced capillary leak syndrome associated with chylothorax in a melanoma patient: A case report and review of the literature
	Introduction
	Case report
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


