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Dynamic changes in tumor
profiling reveal intra- and inter-
tumoral heterogeneity focused
on an uncharacterized HER2
mutation: a case report of a
young breast cancer patient
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Despite multiple recent advances in systemic therapy for metastatic breast

cancer, cases which display suboptimal response to guideline-driven treatment

are frequently seen in the clinic. Effective options for such patients are limited,

particularly in later line of therapy, and selection of optimal treatment options is

essentially empirical and based largely on considerations of previous

regimens received. Comprehensive cancer profiling includes detection

of genetic alterations in tissue and circulating tumor DNA (ctDNA),

immunohistochemistry (IHC) from re-biopsied metastatic disease, circulating

tumor cells (CTCs), gene expression analysis and pharmacogenomics. The

advent of this methodology and application to metastatic breast cancer,

facilitates a more scientifically informed approach to identification of optimal

systemic therapy approaches independent of the restrictions implied by clinical

guidelines. Here we describe a case of metastatic breast cancer where

consecutive comprehensive tumor profiling reveals ongoing tumor evolution,

guiding the identification of novel effective therapeutic strategies.
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Case report

A 46-year-old female patient was initially diagnosed with a grade 2

invasive ductal carcinoma of the breast with staging cT2 pN1a (3/16).

Receptor expression was ER 80%, PR 40% and HER2 negative

(immunohistochemistry score 0). The patient received neoadjuvant

chemotherapy with an anthracycline and taxane regimen followed by

mastectomy, histopathology showing a partial response. The patient

commenced adjuvant endocrine therapy with tamoxifen but there was

metastatic relapse in the liver after 3 months. She went on to receive

hormone therapy with CDK4/6 inhibitor and subsequentially multiple

lines of guideline-driven systemic therapy (the timeline of these is shown

in Figure 1). Despite administration of all guideline-based interventions,

only short periods of stable diseasewere achieved over 3 years (Figure 1).

Because of treatment failure to multiple lines of systemic therapy

according to guidelines, we performed comprehensive tumor profiling

(exacta) (1) to inform and facilitate a switch from empirical to

personalized treatment. Initial profiling was executed from liquid and

revealed a deleterious germline mutation in BRCA1 and an acquired

mutation in ERBB2 (V697L). A detailed functional description was not

available but this variant was retrospectively described as a gain-of-

function mutation, however, only investigated simultaneously to the

activating co-mutation of the ERBB2 L755S (2). The ERBB2 V697L

mutation itself is located in the juxta-membrane-domain. Hence, it was

very likely that the protein structure for targeted therapies would still

exist. Therefore, the extracellular antibody binding site and the target of

tyrosine-kinase-inhibitors would still be functional. It is well known that

the other mutations of the juxta-membrane domain improve the active

dimer interface (3) and stabilize the active conformation of the ERBB2

protein and increase the activity of the HER2 pathway (2, 4–6).

Furthermore, this mutation should be functionally of importance
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expressing the Her2 receptor IHC++ in absence of Her2 amplification

(see Supplementary Figure 3). Even though HER2 amplification is a

commonly actionedbiomarker inbreast cancer,HER2mutationaligned

therapy is not yet standard of care in breast cancer management. In the

absence of clinical evidence of potential resistance mechanisms, such as

PIK3CA mutation and PTEN loss, dual HER2-blockade with

trastuzumab and pertuzumab in combination with nab-paclitaxel was

initiated (Month 38). Imaging revealed partial response,which lasted for

13 months with excellent quality of life (QLQ-C30) [Supplementary

Figure 1].

Because of fulminant hepatic, abdominal, lymphoid and

peritoneal recurrence a repeat liquid biopsy was performed (Month

51). The previously mentioned ERBB2 mutation was detected again.

Among the new alterations of unclear clinical significance like TET

2pF1287/S, PIK3 CB pH705H or FGFR1 pV389I, we also identified a

loss-of-function mutation in TP53, which could be a determinant of

response to endocrine therapy and chemotherapy in breast cancer (7,

8). The subsequent administration of trastuzumab-emtansine failed

and resulted in extensive disease progression, leading to a 3rd profiling

on tissue (Month 56). A new mutation was detected in NF2 and was

considered a negative regulator of mTOR and classified as loss of

function mutation, potentially resulting in overactivation of the

PIK3CA-mTOR pathway. It could be thought to drive resistance to

trastuzumab in HER2 positive and/or amplified tumors, but the

impact on the ERBB2 alteration pV697L is unknown (9).

Furthermore, NF2 mutation might be associated with constitutive

activation of EGFR (10) implying that the TKI lapatinib might be

effective. This could be further enhanced by loss of function TP53

mutation (TP53 pT155I) leading to augmented MAPK and PIK3CA

signaling (11). Given the limited efficacy of chemotherapy, lapatinib

and trastuzumab represented themost promising approach. In view of
FIGURE 1

Timeline of disease progression including applied theranostics together with findings of clinical relevance and subsequent treatments.
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the extensive metastatic disease, capecitabine was added as cytotoxic

backbone according tochemosensitivity testing (Month56).Therewas

a partial radiological and serological response to this regimen with

acceptablequality of life (Figure1).Capecitabinewas discontinueddue

to toxicity, specifically worsening rash and diarrhea. Informed by the

mTOR activation due to the loss-of-function mutation of NF2 (10),

everolimus was added to lapatinib and trastuzumab. This regimenwas

effective for 8 months, but disease progression occurred subsequently

(Month 64). A 4thmolecular profiling was performed based on a liver

biopsy, as well as peripheral blood and IHC on cancer cells originating

from ascites, revealing the known ERBB2 pV697L within a ctDNA

relapse without evidence of HER2 amplification (Supplementary

Figure 2). Other mutations of pathogenic significance included the

newly emerged loss-of-function mutation TP53pE258* and the

previously identified TP53pT155I (12), being able to induce

overexpression of HER2 over the time and to stabilize HER2 on

protein level. Importantly, double HER2 and EGFR inhibition is

shown to block HER2-mutant p53 interaction [11]. Neratinib should

be effective also due to its irreversible binding to HER1, 2 and 4 (13),

which is characterized by higher inhibitory activity to ERBB2mutants

compared to lapatinib. Finally, neratinib, trastuzumab and docetaxel

(according to chemosensitivity testing) characterized by highest cell

death rate of 69%, were given. Especially in the liver metastases, the

administration of neratinib should offer an advantage, as the

metastases did not show HER2 overexpression, but harbored the

pV697L mutation. Overexpression of HER2 (IHC+++, no FISH)

was detected for the 1st time in ascitic cancer cells but not in the

biopsied liver metastases. Imaging showed complete regression of

ascites and partial response in the liver over 5 months. Shortly

thereafter there was re-accumulation of ascites and hepatic

progression. Of note, both liver and liquid biopsy showed that the

previously detected ERBB2 pV697L mutation was no longer present,

but that a newERBB2mutant pD769Ywas observed (Month 68). This

mutation in thekinasedomainof theHER2receptor is characterizedas

an activating mutation and related to trastuzumab resistance.

Although neratinib sensitivity to the new ERBB2 mutation pD769Y
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was described, this could not be confirmed in this case, since the

mutation occurred under neratinib in the context of a progression (2).

At this time, three alterations, all characterized as loss of function,

were detected in genes important forDNAdouble-strandbreak repair:

BRCA1pV627Sfs*4 as a known germline mutation, furthermore

somatic mutations of BRCA1pY101 and ARID1ApQ633Ter.

Therapy was focused on PARP inhibition, in the absence of an

effective anti-HER2 target. Due to high Ki67 of 30% and poor

differentiation, olaparib was administered together with carboplatin

weekly (14). This combination was ineffective, leading to progressive

peritoneal carcinomatosis and extensive bowl stenosis in the jejunum

and sigmoid region, requiring outflow PEG and complete parenteral

nutrition (Figure 2). At month 70, ctDNA and FISH analyses from

ascites revealed HER2 amplification (but not hepatic metastasis)

concurrent with ERRB2pV697L mutation, consistent with the

assumption that different tumor subpopulations were present now.

Once again, anti-HER2 therapy, trastuzumab-deruxtecan, was an

option, especially since no significant resistance mechanisms, e.g.

PTEN-loss, mutation of PIK3CA, NF2, TP53 etc., were present. The

efficacy of trastuzumab-deruxtecan appeared to be related not only to

high HER2 expression, but also showed benefits in activated HER2

mutations, as observed in our patient with clinically predominant

peritoneal carcinomatosis (15). Subsequently this antibody drug

conjugate was commenced (16) (Figure 2). Interestingly, besides the

known ERBB2 Pv697L mutation some others of VNS like ERBB2

D582N, FGFR1 Pv389I were revealed in malignant ascites, all

decreasing or even disappearing over the course (Supplementary

Figure 2) This corresponds to partial radiological response to

treatment, with good tolerability and quality of life (patient went

swimming, no significant hair loss under scalp cooling) and lasted for a

duration of 5 months. Clinically there was a significant improvement,

with restorationofnormalbowel function andundisturbed food intake

and digestion (Figure 2). Unfortunately, the patient died one month

later from unexpected catheter-associated sepsis with following

peritonitis. Without preceding neutropenia, a side effect of tumor

specific therapy seems rather unlikely causing patient´s demise.
FIGURE 2

The pictures show the intestinal passage of the patient at month 70 (left) with stenosis and month 76 (right) with regular passage under
trastuzumab-deruxtecan.
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Conclusion

Here we describe the case of a young patient with aggressive

metastatic breast cancer, who had failed all guideline recommended

systemic therapies. Subsequently, the patient went on to receive

multiple lines of novel systemic therapies (informed by sequential

molecular profiling) withmultiple clear responses and good quality of

life. The patient was highly motivated, aware of the potential utility of

precision approaches to treatment in advanced cancer anddetermined

to continue systemic therapy, given her young age and maintained

good performance status. She developed metastatic disease within 3

months of commencing adjuvant endocrine therapy after which there

was rapid failure of multiple lines of guideline-driven regimens.

Increasingly, data exist demonstrating that “matched” versus

“unmatched” patients have higher rates of long stable disease with

adequate quality of life and longer PFS (17). These considerations led

us to use comprehensive tumor profiling to inform possible novel

approaches to her management and from this analysis we identified

(likely) activating ERBB2mutants initially pV697L and later pD769Y.

Taking into account the entire pathway networkwith co-alterations as

potential emerging markers, this provided mechanistic evidence that

HER2was a viable therapeutic target. Partial responses to several lines

of HER2-directed therapy including regimens based on lapatinib,

neratinib and trastuzumab-deruxtecan were given. This has placed

the therapeutic focus on target therapy expansion rather than

aggressive poly chemotherapy. We further observed significant

molecular genetic differences between individual organ metastases

(for example peritoneal cancer cells and liver metastases) requiring a

prioritization of therapy orientation towards the prognostically and

clinically most relevant sites of metastatic disease. The use of

comprehensive diagnostics and tumor profiling is currently not

routinely used in clinical practice. Nevertheless, this approach would

be complemented stepping from genetically based diagnostics towards

a functional level taking the phenotype into account together with the

whole pathway network and biomarkers (18). In addressing the

complexities of comprehensive surveys, a significant challenge

presents itself in the individualized prioritization of test results. This

encompasses determining the most pertinent methodologies or

biomarkers for therapeutic application, a subject currently under

rigorous investigation. Moreover, it is recognized that the current

assays may overlook additional factors, such as gene expression

profiles, proteomics etc., that contribute to the multifaceted nature of

cancer. Given the intricate pathology of cancer, simplistic

interpretations of test results are insufficient. This assay represents

initial strides towards the provision of personalized therapy regimens

tailored to the unique genetic and molecular profiles of

individual patients.
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14. Diéras V, Han HS, Kaufman B, Wildiers H, Friedlander M, Ayoub J-P, et al.
Veliparib with carboplatin and paclitaxel in BRCA-mutated advanced breast cancer
(BROCADE3): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet
Oncol. (2020) 21:1269–82. doi: 10.1016/S1470-2045(20)30447-2

15. Li BT, Smit EF, Goto Y, Nakagawa K, Udagawa H, Mazières J, et al. Trastuzumab
deruxtecan in HER2 -mutant non–small-cell lung cancer. N Engl J Med. (2022)
386:241–51. doi: 10.1056/NEJMoa2112431

16. Hamilton E, Shastry M, Shiller SM, Ren R. Targeting HER2 heterogeneity in
breast cancer. Cancer Treatment Reviews. Cancer Treat Rev. (2021) 100:102286.
doi: 10.1016/j.ctrv.2021.102286

17. Schwaederle M, Parker BA, Schwab RB, Daniels GA, Piccioni DE, Kesari S, et al.
Precision oncology: the UC san diego moores cancer center PREDICT experience. Mol
Cancer Ther. (2016) 15:743–52. doi: 10.1158/1535-7163.MCT-15-0795

18. van Renterghem AWJ, van de Haar J, Voest EE. Functional precision oncology
using patient-derived assays: bridging genotype and phenotype. Nat Rev Clin Oncol.
(2023) 20:305–17. doi: 10.1038/s41571-023-00745-2
frontiersin.org

https://doi.org/10.18632/oncotarget.v10i54
https://doi.org/10.18632/oncotarget.v10i54
https://doi.org/10.1155/2020/6375956
https://doi.org/10.1155/2020/6375956
https://doi.org/10.1016/j.ccell.2018.09.010
https://doi.org/10.1016/j.ccell.2018.09.010
https://doi.org/10.1111/jcmm.12662
https://doi.org/10.1038/nature25475
https://doi.org/10.1016/S0079-6107(98)00047-9
https://doi.org/10.12688/f1000research
https://doi.org/10.1016/j.breast.2013.07.005
https://doi.org/10.1200/JCO.2019.37.15_suppl.e12518
https://doi.org/10.1083/jcb.200703010
https://doi.org/10.1002/cam4.4652
https://doi.org/10.1038/s41420-020-00337-4
https://doi.org/10.1126/scisignal.aat9773
https://doi.org/10.1016/S1470-2045(20)30447-2
https://doi.org/10.1056/NEJMoa2112431
https://doi.org/10.1016/j.ctrv.2021.102286
https://doi.org/10.1158/1535-7163.MCT-15-0795
https://doi.org/10.1038/s41571-023-00745-2
https://doi.org/10.3389/fonc.2024.1395618
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Dynamic changes in tumor profiling reveal intra- and inter-tumoral heterogeneity focused on an uncharacterized HER2 mutation: a case report of a young breast cancer patient
	Case report
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	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 /sRGB
  /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


