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rillingen  palmoplantaire erytrodysesthesie syndroom erytheem bovenbuik  heldercellig niercarcinoom BRAF positief  groei tumor ontstekingsproces van lever  oculaire melanoom  migrainous headache  Nier metastasen eGFR CKD-EPI stage 3 c niet resectabel  Longmetastase Chemoembolisatie metastasis  everolimus inspanningstolerantie WHO-klas met koude rilling her2neu receptor negatief kortademigheid  Voorgeschiedenis Chromofoob adenocarcinoom Ascitesvocht nstemi uitgezaaid  Staken Selectieve beta-blokkers afgenomen energie  Child-turcotte-pugh Class C koorst  Acraal  hfs verhoging lichaamstemperatvermoeide  Somnolentie PS vermoeid  tadium 3b  Groei van tumor levothyroxine stadium 3 c  Chromofoob niercarcinoom Minimale hepatische encephalopathieStadium IIIc  stoppen  CPA granulocyte-colony-forming stimulating factor  extreme vermoeidheid ja Cirrhotische lever  hypertensie arhalgie leSorafenib Portale karnofsky landsky score  Fuhrman graad 2 palmoplaintair erytrodysesthesiesyndroom WHO performance status oestrogeenrecepstage 3 b gewrichten doen pijn  gebraakt  melanom vermoeien  progesteron receptor positief stadium 3 b  Diabetes mellitus WHO graad hand voetMacrovasculair pijnljike gewricht  sunitinib leverenzymstijgingen  filgrastim Stage oestrogeenreceptor positief mekinist Bloeddruk onderdruk def  geGestopt hemoglobine HBP Hepatitis C migrianes  braakte  Aprepitant  koortsen  pembro  trametinib gew adjuvante behandeling  Slokdarmvarices CHand- en voetsyndroom secundair aan chemotherapie myocard infarcten cabozantinib fluorouracil  tumor  her2neu negatief dmt1  hvs hoofd pijn  trametinib systemic hypertension L-thyroxine  irresectable tumorgroei niercel Carcinoom kotsen  occsky performance status FEC kuur  febrile  cyclo  nivo  heldercellig niercelcarcinoom bovenarm  PR positief nivolumab melanoom Childpugh B vermoei  patient temperatuur stadium III  taxotere  braf v600e-mutatie negatief  doxo cyclofosfamide  fosaprepitant  deficieVG vomeren  Microwave ablatie doxorubicin  B hepatitis kortademigheid adem  koortsachtig  filgrastim stage 4 calcium alb Gecorrigeerd ciclofosfamide  asat stijging Resectie hyperthyreoidie  onduidelijk  diaree pijn hoofd  sorafenib stage III b  C Hepatitis Groei van tumoren koorts  Diabetes stadium  stage 3 c hb reoidie  myocard infarct triple negative NIBP Diabeet ledemaat  moelijk ademen  dij  last Cirrhotische atriale fibrillatie decomp cordis Dysartrie pembrilling  mucosa  Groei tumor BRAF stadium IV  stage IIIc  heldercellig adenomcarcinoom doce braf met remmers difficulty breathing  papillair adenoadenocarcinoom epirubicine cyclofosfamide  st 3c stage III  bibber  BCLC zwak  gewrichtspijn  nivolumab NRAS neg FEC CPB braaksel  nivolumen Diabets karnofskyscore  Ossale Metastase Esophageal varices Cirrose Lever neoplasma progressie bijwerkingen  ECOG performance status  CirrNier Metastasen ziextenzo sacomatoid carcinoma  hypothyroidism  Hand foot syndrome secondary to chemotherapy WHO-klasse her2neu receptorKarnowski score Performance staak  schildklier  covid-19 defecatie  metastase  Verwijdering Hemochromatosis spoelcel  schildklier insufficientie  pelbulla Niet continueren been  > 140 mmhg moe  progesteronreceptor negatief transaminases verhoogd hyperthyroidism  braf v600e negatief  Gedaald bewustzijn bulleuze laesies diarree  blister groei tumoren doxorubicine  lusteloos  overggemetastaseerd  intermediate vermoeit  Varices oesophagus Hemihepatectomy WHO  chills  Excisie Chromofoob niercelcarcinoom hypothyreoisis  chronisch obstructieve luchtwegaandoening Stadium IIIb  Invasief high blood pressure vomiting  GCSF lusteloosheid  occulte Karnofsky score  palmagewrichten pijnlijk  atrium fibrilleren insulin-analogs Vena portae Hb Niercelca suikerziekte  Child-Pugh klasse B joint pain  bloeddruk verhogen AC ksie migraine  cava HTN fulphila Romp  pelgraz stoppen  dabrafenib Cirrotische oestrogeen en progesteronreceptor positief uitzaaiingen  Spataderenfoliatie > 90 mmhg rode handen dm1  papillary renal cell carcinoma Progressie blaarvormingen vinger  pijnlijk gewrichten  Cirrosis Childpugh scoChildpugh C metas  Inspanningstolerantie niercelkanker hoog bloeddruk moeie  hand foot syndrome Gestaakt RFA satie braf neg  lengte Hepa C braf analyse positief  long ontsteking  gestopt  CTP-B Childpugh klasse C Bloeddruk bovendruk NRAS gemuteerd  bovciclofosfamide Gew atriumfibrillatie Lethargy fever  afib karnofski score  hand foot cabo Low-ceiling diuretica kreatinine st3  ASAT Staak Leg  adjuvaVarices gemet  Renal cell carcinoma hyperthermie  oprisping palmoplantaire erythrodysesthesie-syndroom Hemoglobine Arthralgia  hypothyreose  mance verhoogd alat Radiofrequente Ablatie Cpt B temperatuursverhoging  CPC karnofsky performance score  KIT Invasie schilferende huid hartinsunegatief  stijging van alat Uitbreiding cephalalgia  vhepatica migrainehoofdpijn  gestaakt  lengte  hoofdpijnen  onderarm  longonsteking Orpneumo HCV temperatuur stijging  articular pain  Stop Encephalopathies dabrafenib koude rillingen  leverchemie stoornis palmar-plantvlies  ontsteking long  braf met remmer  neulasta  stage III c  Gewicht  DM  Child-turcotte-pugh Klasse A tox  Alcoholische Hepatopathie pd  bovenrma  braakt  Dyspneu  decompensatie Nefrectomieen Hcv Positive tyrosine kinase inhibitor  er negatief oestrogeenreceptor adriamycin  Hand-foot sbehandeling staken  Nexavar koortsrillingen  longontsteking  graad 3  capecitabine eve braken  Tumoringroei stage 3 alat stijging oestrogeen en progeen Adverse event  Karnofsky  Discontinueren ALAT Karnofsky classificatie leverenzymstoornis hoog alat Microwave Ablation Metastase diabetes  otrogeenreceptor negatief Child Pugh klasse A thermoablatie ipilimumab performance WHO  Ascites Progressieve ziekte tramet  high temperature  kots  WHO  loom  Cirrose door Alcoholgebruik Performance status WHO xeloda docetaxel  primair G-CSF IDDM  Gw neo-adjuvante erythemateuze dermascore dabra  Verwardheid Child Pugh score C dose dense AC  Neutropenic Fever  heldercellig adenomcarcinoom  doce cyclofosfamide  cpt A Chronnotransferases WHO-PS ontsteking van het colong  palmar-plantar erythodysthesia migraine type headaches  Stadium III  painful joint  Progressive Disease stage 3 a  docetaxel hoge bloeddruk emesis  HepatitisB Nephrectomy Definitieve WHO classificatie  antihypertensialbumine WHO performance  gewricht pijnlijk  loss of energy  non-stemi TAC kuur  Slokdarmspataderen met bloeding Alcohol Misbruik adjuvante her2 positief hoog asat tadium 3a  ACE-remmers lichaamstemperatuur verhoogd  diabeet  Child-pugh Score Class C her2neureceptor flank  Karnofssine-ii-antagonisten diaree  ALAT ASAT GOT st IIIc  artralgie  Chemo-embolisatie melanomen  Child B pijnlijke gewrichten  melanoma  bibberde  statriple negative breast cancer Child pugh B migraine hoodpijn  blaar vorming Ascitesdrainage metastasen lever  mellitus diabetes chromofoob adenomelanoma  verzwakt  recurrence  HepC energie afgenomen  Alcoholic Hepatic Failure diabetes mellitus  lenvatinib Child pugh klasse B tumormetastreceptor negatief her2 progesteronreceptor positief vermoedheid  WHO-score atriumfibrillen RR bovendruk DMT2 Performance score azonder  oculair  N-stemi vermoeiden  diarrhee  blaar rode voeten tadium 3c  PS WHO who karnofsky  fluoruracil  onpasselijk gevoel  5-FU epirubicinfarct Ingroei suf  hoog temperatuur  Child Pugh C dunne def cyclo Spatader weegt Cirrhotisch Antihypertensiva Slokdarmvarices gerupteerd opdivodiscontinueren  staken scheen  Comateus stijging van asat stadium III c  pijnlijk gewricht  PV Insulins  er2-neu negatief schieldklier deficientie  bibberode huid karnofsky performance status according to multiple choice label advanced bovenbeen  kps  gemetastasseerd  estrogen  treatCTP-C Hartinfarcten Spontane Tumorregressie Tumor progression Hep C lipegfilgrastim Grawitz-tumor stop  Extrahepatische metastasering flanken staken misselijkheid  TAC  regurgitatie maaginhoud  Neutrofiele Granulocyten hagnerig  tripel negatieve moeheid  Serum Antitrypsinedeficiëntie Raschilfering hartinfarct levothyroxine  primair  Alfa1-antitrypsine deficientie Oesofagusvarices  longontstekingen  tafinlar  nieuwe laesie te zien NRAS endoxan  NRAS positief  pazo braf mek inhibitors  migraineuze hoofdpjnen  suikerziekte Vasculair pazopanib Keywords Febriele neutropenie metastases  dabrafenib  hyperthyroid  Headache  papillary chromophil renal cell carcinoma  Chemotherapy-induced brolizumab insufficientie schildklier  diarree lage luchtweginfectie  hoofdpijn  WHO score NASH PD PR negatief CP C G-CSF Adenocarcinoom niercecordis rilde  gemetestaseerd  Shivering  atriumfibrilleren hyperthermia  stadium IIIa  Hypertensie niet continueren  spoelcelca  levertoxiciteit lower leose  leverwaarden verhoogd Delirant koortsig  Levertransplantatie onderbuik melanoom  beven  sympaticomymeticaparasympaticolytica Performance braf v600e positief Ulceratie duf  progressie van tumoren acraal melanoom  progesteron Alcoholgebruiksstoornis Child Pugh score A gmetastase Slokdarmspataderen cyclophosphamide dunne defecatie Lobectomie onderste extremiteit  pembrolizumab febriel  kuit  palonosetron blokps score NRAS analyse positief  verlies van energie  netupitant  aminotransferases verhoogd Child-Pugh A onderrug  Vochtophoping Kidney excisiocancer verhoogd bloeddruk papillair niercelcarcinoom Niercelcarcinoom nauseated  dose dense  cyclofosfamide  Child Pugh klasse C granisetron  RRVena Porta schilfering huid hypertension Hepa B benen  pulmonitis  linksdecompensatie cardiaal infarct WHO performance status  Filgastrim LDH bialbumine gecorrigeerd scheenbeen  spoelcelmelanoom koortsige  stage 3a  cabozantinib ASAT GOT Diarrhea  stage IIIa  braf v600e-mutatie positieCP-B toxiciteit  docetaxel  hartdecompensatie pyrexie  triple negatief Radioembolisatie ontsteking van de lever  Macrovasculaire hart insufficientie trernstig  NIDDM  bloeddruk verhoogde hyperthyrodie  handvoet Child-Pugh klasse A neutropene Koorts misselijk  myocardinfarcten adenocarcinoomNefrectomie extremiteiten  onderbeen  stage 3 c resectable  schilferen diabetesmiddelen Child-Pugh klasse C uitgezaaide  Betrokkenheid Vasculaire lack of energy  temperatuur patient mucous membrane  suni stadium III b  teen melanoom  toename tumorweefsel Cirrhostoornissen lonquex eyeball  Buikvocht karnofsky index  And per treatment VP migraine syndroom  Gedesoriënteerd Karnofsky graad buik  stage 3bjoints  aralgie  stage 3  stage IV  her2neu Karnofsky performance WHO-classificatie hyperthyroidie  geen braf mutatie metastasen  docetaxol  Toenakoorts Extrahepatisch metastase progressie van tumor hepatocellulair carcinoom WHO performance resectabel  heldercellig niercelcarcinoom  stadiuname WHO score  hartfalen gw Tumorgroei diastolische bloeddruk pyrexia  Ecog Performance Status extremtiteit  Spatadaren hoge temperatuur  Npijn gewricht  stage 3c  NRAS ALAT GPT shortnes of breath  progesteronreceptor hand voet braf mek inhibitor  Karnofsky performance score mucosnegatief loperamide palmar-plantar erythrodysaesthesia syndrome dyspnoea  systemic arterial hypertension diarrhee lichaamstemperatuur verhogintumoren acrolentigineus leverenzym stoornissen triple negatieve Calciumantagonisten performance karnofsky verhoogde bloeddruk migriane hoofdEctomie WHO-performance dab  tumorlocatie onbekend  Cpt-C performance WHO graad  Beta-blokkers verhoogde aminotransferases nierkanker pleverenzymstoornissen rug Asterixis stadium IIIc  toename laesie armen  heldercellig adenocarcinoom hypothyroid  Fuhrman graum 3  Insulines en analogen tumor progressie STEMI doce doxorubicine  MWA temperatuur >38 adjuvante adem kortademigheid fever with chills  rillingen  palmoplantaire erytrodysesthesie syndroom erytheem bovenbuik  heldercellig niercarcinoom BRAFlaire melanoom  migrainous headache  Nier metastasen eGFR CKD-EPI stage 3 c niet resectabel  Longmetastase Chemoembolisatie Stoppen dd AC WHO klasse Nieuwe laesies ppe koorts met koude rilling her2neu receptor negatief kortademigheid  Voorgeschiedenis ChromofoobFuhrman graad 3 Botmetastasen nstemi uitgezaaid  Staken Selectieve beta-blokkers afgenomen energie  Child-turcotte-pugh Class C koorst  Acraal nieuwe laesies te zien geen NRAS  vermoeide  Somnolentie PS vermoeid  tadium 3b  Groei van tumor levothyroxine stadium 3 c  Chromofoob nierca  karnofsky performance scale  WHO Stadium IIIc  stoppen  CPA granulocyte-colony-forming stimulating factor  extreme vermoeidheid ja Cirrhotisc Porta melanomen ECOG Sorafenib Portale karnofsky landsky score  Fuhrman graad 2 palmoplaintair erytrodysesthesiesyndroom WHO preceptor positief ER positief Fuhrman stage 3 b gewrichten doen pijn  gebraakt  melanom vermoeien  progesteron receptor positief stadium 3 b  DiaHepatische encephalopathie KPS Macrovasculair pijnljike gewricht  sunitinib leverenzymstijgingen  filgrastim Stage oestrogeenreceptor positief mekonduidleijk  Spindle cell carcinoma  Gestopt hemoglobine HBP Hepatitis C migrianes  braakte  Aprepitant  koortsen  pembro  trametinib gew adjuvaniet-specifiek hepatitis  groei NIPB Hand- en voetsyndroom secundair aan chemotherapie myocard infarcten cabozantinib fluorouracil  HepB melantemperature  adriamycine  primaire tumor  her2neu negatief dmt1  hvs hoofd pijn  trametinib systemic hypertension L-thyroxine  irresectable   tumorgroei niercel blaren v hepatica eGFR CKD EPI pneumonie karnofsky performance status FEC kuur  febrile  cyclo  nivo  heldercellig niercelcarcinoom bovenarm  PR5-fluorouracil  AC  Hypernefroom neupogen  melanoom vermoei  patient temperatuur stadium III  taxotere  braf v600e-mutatie negatief  doxo cyclolever ontsteking neutropenie VG vomeren  Microwave ablatie doxorubicin  B hepatitis kortademigheid adem  koortsachtig  
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rillingen  palmoplantaire erytrodysesthesie syndroom erytheem bovenbuik  heldercellig niercarcinoom BRAF positief  groei tumor ontstekingsproces van lever  oculaire melanoom  migrainous headache  Nier metastasen eGFR CKD-EPI stage 3 c niet resectabel  Longmetastase Chemoembolisatie metastasis  everolimus inspanningstolerantie WHO-klasse  capecitabine  Stoppen dd AC WHO klasse Nieuwe  met koude rilling her2neu receptor negatief kortademigheid  Voorgeschiedenis Chromofoob adenocarcinoom Ascitesvocht Fuhrman graad 1 chill  Fuhrman graad 3 Botmetastasen nstemi uitgezaaid  Staken Selectieve beta-blokkers afgenomen energie  Child-turcotte-pugh Class C koorst  Acraal  hfs verhoging lichaamstemperatuur  tumor metastase nieuwe laesies te zien geen NRAS  vermoeide  Somnolentie PS vermoeid  tadium 3b  Groei van tumor levothyroxine stadium 3 c  Chromofoob niercarcinoom Minimale hepatische encephalopathie stage III a  karnofsky performance scale  Stadium IIIc  stoppen  CPA granulocyte-colony-forming stimulating factor  extreme vermoeidheid ja Cirrhotische lever  hypertensie arhalgie ledematen  hand voet syndroom Porta melanomen ECOG  palmoplaintair erytrodysesthesiesyndroom WHO performance status oestrogeenreceptor en progesteronreceptor positief ER positief Fuhrman stage 3 b gewrichten doen pijn  gebraakt  melanom vermoeien  progesteron receptor positief stadium 3 b  Diabetes mellitus WHO graad hand voetsyndroom Hep B Hepatische encephalopathie KPS CTP B Macrovasculair pijnljike gewricht  sunitinib leverenzymstijgingen  filgrastim Stage oestrogeenreceptor positief mekinist Bloeddruk onderdruk def  gew  trombocyten onduidleijk  Spindle cell carcinoma  Gestopt hemoglobine HBP Hepatitis C migrianes  braakte  Aprepitant  koortsen  pembro  trametinib gew adjuvante behandeling  Slokdarmvarices Child-Pugh score A niet-specifiek hepatitis  groei NIPB fluorouracil  HepB melanomen primair  PRES her2neu positief  STEMI high body temperature  adriamycine  primaire tumor  her2neu negatief dmt1  hvs hoofd pijn  trametinib systemic hypertension L-thyroxine  irresectable tumorgroei niercel Carcinoom kotsen  occult  blaren v hepatica eGFR CKD EPI pneumonie karnof  febrile  cyclo  nivo  heldercellig niercelcarcinoom bovenarm  PR positief nivolumab thyroxine Karnofsky score Verward 5-fluorouracil  AC  Hypernefroom neupogen cpt C  melanoom Childpugh B vermoei  patient temperatuur stadium III  taxotere  braf v600e-mutatie negatief  doxo cyclofosfamide  fosaprepitant  deficientie schildklier  neutropene lever ontsteking neutropenie VG vomeren  Microwave ablatie doxorubicin  B hepatitis kortademigheid adem  koortsachtig  filgrastim stage 4 calcium alb Gecorrigeerd ciclofosfamide  asat stijging leverfunctie Resectie hyperthyreoidie  onduidelijk  diaree pijn hoofd  sorafenib stage III b  C Hepatitis Groei van tumoren koorts  Diabetes stadium  stage 3 c hb mucosal  klasse 5 pathogene variatie in NRAS  hypothyreoidie  myocard infarct triple negative NIBP Diabeet ledemaat  moelijk ademen  dij  last Cirrhotische atriale fibrillatie decomp cordis Dysartrie pembrolizumab  nodulair futloos  Hepatitis B atriumfibrileren   heldercellig adenomcarcinoom doce braf met remmers difficulty breathing  papillair adenocarcinoom hand-voetsyndroom Neoplasma Progressie adenocarcinoom epirubicine cyclofosfamide  st 3c stage III  bibber  BCLC zwak  gewrichtspijn  nivolumab NRAS neg FEC CPB braaksel  nivolumab acrolentigineus melanoom slijmvlies  DIB  erythemen Diabets karnofskyscore  Ossale Metastase Esophageal varices Cirrose Lever neoplasma progressie bijwerkingen  ECOG performance status  Cirrotische lever beefde  collitis DM1 pegfilgastrim Terug  Nier Metastasen ziextenzo sacomatoid carcinoma  hypothyroidism  Hand foot syndrome secondary to chemotherapy WHO-klasse her2neu receptor positief  hoofdpijn migraine  neutrofiele granulocyten Karnowski score Performance staak  schildklier  covid-19 defecatie  metastase  Verwijdering Hemochromatosis spoelcel  schildklier insufficientie  pelmeg st IIIa  TKI  DMT1 erythemateuze aandoening CTP C verhoogd primaire hypothyroidie  hypertensive disease ocular O oog  Hersenmetastasen ALM  trametinib    braf v600e negatief  Gedaald bewustzijn bulleuze laesies diarree  blister groei tumoren doxorubicine  lusteloos  overgeven  syndroom migraine  WHO performance score  gemetastaseerd  intermediate vermoeit  Varices oesophagus Hemihepatectomy WHO  chills  Excisie Chromofoob niercelcarcinoom hypothyreoisis  Tumorprogressie st 3b  futloosheid  breathless  TARE chronisch obstructieve luchtwegaandoening Stadium IIIb  Invasief high blood pressure vomiting  GCSF lusteloosheid  occulte Karnofsky score  palmar plantar erythodysthesia blaarvorming pneumonitis  gewrichten pijnlijk  atrium fibrilleren insulin-analogs Vena portae Hb Niercelca suikerziekte  Child-Pugh klasse B joint pain  bloeddruk verhogen AC kuur  HBV koude rilling Cirrose Lever arteriele hypertensie migraine  cava HTN fulphila Romp  pelgraz stoppen  dabrafenib Cirrotische oestrogeen en progesteronreceptor positief uitzaaiingen  Spataderen oesophagus diarre  diarre cardiaal insufficientie huidex Progressie blaarvormingen vinger  pijnlijk gewrichten  Cirrosis Childpugh score C gevoel van energieloosheid  hart infarct st IIIb  Childpugh C metas  Inspanningstolerantie niercelkanker hoog bloeddruk moeie  hand foot syndrome Gestaakt RFA headache migraine  ademnood  fluorouracil bloeddruk hoge nausea  rechtsdecompensatie braf neg  lengte Hepa C braf analyse positief  long ontsteking  gestopt  CTP-B Childpugh klasse C Bloeddruk bovendruk NRAS gemuteerd  bovenste extremeiteit  Papillair niercelcarcinoom staken  ciclofosfamide Gew atriumfibrillatie Lethargy fever  afib karnofski score  hand foot cabo Low-ceiling diuretica kreatinine st3  ASAT Staak Leg  adjuvante  head pain  COPD g-csf Performance WHO uitgeput  Varices gemet  Renal cell carcinoma hyperthermie  oprisping palmoplantaire erythrodysesthesie-syndroom Hemoglobine Arthralgia  hypothyreose  hand  performance score high blood pressure  performance verhoogd alat Radiofrequente Ablatie Cpt B temperatuursverhoging  CPC karnofsky performance score  KIT Invasie schilferende huid hartinsufficientie bullae cyclofos  atriumfibrilleren diarrhea BRAF lengte  hoofdpijnen  onderarm  longonsteking Orpneumonia  progressie ddAC  gewicht leverfunctiestoornis  HCV temperatuur stijging  articular pain  Stop Encephalopathies dabrafenib koude rillingen  leverchemie stoornis palmar-plantar erythrodysesthesia syndrome braf gemuteerd  slijm vlies  ontsteking long  braf met remmer  neulasta  stage III c  Gewicht  DM  Child-turcotte-pugh Klasse A tox  Alcoholische Hepatopathie pd  bovenrug  bloeddruk verhoogd chromophil renal cell carcinotyrosine kinase inhibitor  er negatief oestrogeenreceptor adriamycin  Hand-foot syndrome WHO-klasse  Ataxie  gemetast  niet resectable  behandeling staken  Nexavar koortsrillingen  longontsteking  graad 3  capecitabine eve braken  Tumoringroei stage 3 alat stijging oestrogeen en progesteronreeptor positief hoge leverwaarden oestrogeen Adverse event  Karnofsky  Discontinueren ALAT Karnofsky classificatie leverenzymstoornis hoog alat Microwave Ablation Metastase diabetes  ogen  leverenzymstijging Overige antihypertensiva oestrogeenreceptor negatief Child Pugh klasse A thermoablatie ipilimumab performance WHO  Ascites Progressieve ziekte tramet  high temperature  kots  borstkanker lipegfilgastrim  performance status WHO  loom  Cirrose door Alcoholgebruik Performance status WHO xeloda docetaxel  primair G-CSF IDDM  Gw neo-adjuvante erythemateuze dermatose feverish  Ascitis geen energie  WHO performance score dabra  Verwardheid Child Pugh score C dose dense AC  Neutropenic Fever  heldercellig adenomcarcinoom  doce cyclofosfamide  cpt A Chronisch obstructieve longaandoening KPS-score hoge aminotransferases WHO-PS ontsteking van het colong  palmar-plantar erythodysthesia migraine type headaches  Stadium III  Extrahepatisch Karnovski score adjuvant  CTP-A HE - Geen ulceratie  ipilimumab painful joint  Progressive Disease stage 3 a  docetaxel hoge bloeddruk emesis  HepatitisB Nephrectomy Definitieve WHO classificatie  antihypertensiva parasympaticolytica longinfect  hoge transaminases   loss of energy  non-stemi TAC kuur  Slokdarmspataderen met bloeding Alcohol Misbruik adjuvante behandeling Eye  leverfunctie stoornis  accofil Cirrotisch her2 positief hoog asat tadium 3a  ACE-remmers lichaamstemperatuur verhoogd  diabeet  Child-pugh Score Class C her2neureceptor flank  Karnofsky scale diabets  spoelcelcarcinoom  bleb AngiotenGOT st IIIc  artralgie  Chemo-embolisatie melanomen  Child B pijnlijke gewrichten  melanoma  bibberde  stage IIIb  Encephalopathie acrolentigineus melanoom  triple negative breast cancer Child pugh B migraine hoodpijn  blaar vorming Ascitesdrainage metastasen lever  mellitus diabetes chromofoob adenocarcinoom geen nefrectomie acral lentiginou malinant melanoma  verzwakt  recurrence  HepC energie afgenomen  Alcoholic Hepatic Failure diabetes mellitus  lenvatinib Child pugh klasse B tumormetastase  SOB  graad 4  spugen  dd doxorubicin  onpasselijk  receptor negatief her2 progesteronreceptor positief vermoedheid  WHO-score atriumfibrillen RR bovendruk DMT2 Performance score acral lentiginous melanoma  WHO klasse  falen hart zonder  oculair  N-stemi vermoeiden  diarrhee  blaar rode voeten tadium 3c  PS WHO who karnofsky  fluoruracil  onpasselijk gevoel  5-FU epirubicin  Chronic Alcoholic Hepatitis stadium IIIb  myocardinfarct Ingroei suf  hoog temperatuur  Child Pugh C dunne def cyclo Spatader weegt Cirrhotisch Antihypertensiva Slokdarmvarices gerupteerd opdivo Child-pugh Score Class B karnofsky performance  DM2 discontinueren  staken scheen  Comateus stijging van asat stadium III c  pijnlijk gewricht  PV Insulins  er2-neu negatief schieldklier deficientie  bibberen  inflammatie van de long  ontsteking lever  uitzonrode huid karnofsky performance status according to multiple choice label advanced bovenbeen  kps  gemetastasseerd  estrogen  treatment cefalgie  erythema NRAS negatief  Stadium IIIa  CTP-C Hartinfarcten Spontane Tumorregressie Tumor progression Hep C lipegfilgrastim Grawitz-tumor stop  Extrahepatische metastasering flanken  Segmentectomie primaire  toename tumor Behandeling staken misselijkheid  TAC  regurgitatie maaginhoud  Neutrofiele Granulocyten hagnerig  tripel negatieve moeheid  Serum Antitrypsinedeficiëntie Radio-embolisatie Adjuvant  malaise  CP-C  colitis Huidschilfering hartinfarct levothyroxine  primair  Alfa1-antitrypsine deficientie Oesofagusvarices  longontstekingen  tafinlar  nieuwe laesie te zien NRAS pos OR  Melanoom  braf POS Superficieel spreidend endoxan  NRAS positief  pazo braf mek inhibitors  migraineuze hoofdpjnen  suikerziekte Vasculair pazopanib bloedglucoseverlagende middelen Child-pugh-turcotte score B Childpugh A verhoogd asat Keywords Febriele neutropenie metastases  dabrafenib  hyperthyroid  Headache  papillary chromophil renal cell carcinoma  Chemotherapy-induced acral erythema tempereature elevation  rillen  DM  pembrolizumab insufficientie schildklier  diarree lage luchtweginfectie  hoofdpijn  WHO score NASH PD PR negatief CP C G-CSF Adenocarcinoom niercel metastasize  cefalalgie  WHO PS  TACE decompensatio cordis rilde  gemetestaseerd  Shivering  atriumfibrilleren hyperthermia  stadium IIIa  Hypertensie niet continueren  spoelcelca  levertoxiciteit lower leg  dyspneu  ondansetron  hepatitis  Sufheid hyperthyreose  leverwaarden verhoogd Delirant koortsig  Levertransplantatie onderbuik melanoom  beven  sympaticomymeticaparasympaticolytica Performance oestrogeen receptor positiefvan tumoren acraal melanoom  progesteron Alcoholgebruiksstoornis Child Pugh score A grote vaten st 3a  temperatuur hoog  Extrahepatische metastase Slokdarmspataderen cyclophosphamide dunne defecatie Lobectomie onderste extremiteit  pembrolizumab febriel  kuit  palonosetron bloeddruk hoog Cpt B Childpugh score B Longmetastasen kps score NRAS analyse positief  verlies van energie  netupitant  aminotransferases verhoogd Child-Pugh A onderrug  Vochtophoping Kidney excision slijmvliesweefsel  migraine headache  Renal cell cancer verhoogd bloeddruk papillair niercelcarcinoom Niercelcarcinoom nauseated  dose dense  cyclofosfamide  Child Pugh klasse C granisetron  RR verhoogde lichaamstemperatuur  progressie tumor Vena Porta schilfering huid hypertension Hepa B benen  pulmonitis  linksdecompensatie cardiaal infarct WHO performance status  Filgastrim LDH bijwerking  Vette Lever door Alcoholgebruik Calcium ASAT GOT Diarrhea  stage IIIa  braf v600e-mutatie positief  slap  niet bekend  TC kuur cephalgia  TNBC Ablatie CP-B toxiciteit  docetaxel  hartdecompensatie pyrexie  triple negatief Radioembolisatie ontsteking van de lever  Macrovasculaire hart insufficientie tram  WHO-score  Temp >= 38 pulmonary inflammation  ernstig  NIDDM  bloeddruk verhoogde hyperthyrodie  handvoet Child-Pugh klasse A neutropene Koorts misselijk  myocardinfarcten adenocarcinoom van de nier Niercelcarcinoom stadium her2receptor extremiteiten  onderbeen  stage 3 c resectable  schilferen diabetesmiddelen Child-Pugh klasse C uitgezaaide  Hepatectomie portatak NAFLD verhoogde transaminases Betrokkenheid Vasculaire lack of energy  temperatuur patient mucous membrane  suni stadium III b  teen melanoom  toename tumorweefsel Cirrhose ALD papillair niercarcinoom melanoom  leverfunctiestoornissen lonquex eyeball  Buikvocht karnofsky index  And per treatment VP migraine syndroom  Gedesoriënteerd Karnofsky graad buik  stage 3b  progesterone pijn in gwricht  Alcoholhepatitis aching joints  aralgie  stage 3  stage IV  her2neu Karnofsky performance WHO-classificatie hyperthyroidie  geen braf mutatie metastasen  docetaxol  Toename laesie Metastases migraineuze hoofdpijn  Geen koorts Extrahepatisch metastase progressie van tumor hepatocellulair carcinoom WHO performance resectabel  heldercellig niercelcarcinoom  stadium 3 a  braf analyse negatief  Afstand metastase toename WHO score  hartfalen gw Tumorgroei diastolische bloeddruk pyrexia  Ecog Performance Status extremtiteit  Spatadaren hoge temperatuur  Nieuwe laesie mekinist  woog hartaanval nauseous  st III  pijn gewricht  stage 3c  NRAS ALAT GPT shortnes of breath  progesteronreceptor hand voet braf mek inhibitor  Karnofsky performance score mucosaal melanoom  breathlessness  stadium III a  her2 negatief loperamide palmar-plantar erythrodysaesthesia syndrome dyspnoea  systemic arterial hypertension diarrhee lichaamstemperatuur verhoging  progesteron receptor negatief Child-Pugh C Groei tumoren acrolentigineus leverenzym stoornissen triple negatieve Calciumantagonisten performance karnofsky verhoogde bloeddruk migriane hoofdpijnen  Karnofsky koloniestimulerende factoren arm  Ectomie WHO-performance dab  tumorlocatie onbekend  Cpt-C performance WHO graad  Beta-blokkers verhoogde aminotransferases nierkanker palmoplantair erytrodysesthesiesyndroom eGFR MDRD rug Asterixis stadium IIIc  toename laesie armen  heldercellig adenocarcinoom hypothyroid  Fuhrman graad 4 klachten  Diuretica Karnofsky index Child A stadiMWA temperatuur >38 adjuvante Alfa-1-antitrypsine Deficiëntie misselijke  koorts met koude rillingenadem kortademigheid fever with chills  rillingen  palmoplantaire erytrodysesthesie syndroom erytheem bovenbuik  heldercellig niercarcinoom BRAF positief  groei tumor ontstekingsproces van lever  oculaire melanoom  migrainous headache  Nier metastasen eGFR CKD-EPI stage 3 c niet resectabel  Longmetastase Chemoembolisatie metastasis  everolimus inspanningstolerantie WHO-klasse  capecitabine  Stoppen dd AC WHO klasse Nieuwe laesies ppe koorts met koude rilling her2neu receptor negatief kortademigheid  Voorgeschiedenis Chromofoob adenocarcinoom Ascitesvocht Fuhrman graad 1 chill  Fuhrman graad 3 Botmetastasen nstemi uitgezaaid  Staken Selectieve beta-blokkers afgenomen energie  Child-turcotte-pugh Class C koorst  Acraal  hfs verhoging lichaamstemperatuur  tumor metastase   vermoeide  Somnolentie PS vermoeid  tadium 3b  Groei van tumor levothyroxine stadium 3 c  Chromofoob niercarcinoom Minimale hepatische encephalopathie stage III a  karnofsky performance scale  WHO Stadium IIIc  stoppen  CPA granulocyte-colony-forming stimulating factor  extreme vermoeidheid ja Cirrhotische lever  hypertensie arhalgie ledematen  Porta melanomen ECOG Sorafenib Portale karnofsky landsky score  Fuhrman graad 2 palmoplaintair erytrodysesthesiesyndroom WHO performance status oestrogeenreceptor en progesteronreceptor positief ER positief Fuhrman stage 3 b gewrichten doen pijn  gebraakt  melanom vermoeien  progesteron receptor positief stadium 3 b  Diabetes mellitus WHO graad hand voetsyndroom Hep B Hepatische encephalopathie KPS Macrovasculair pijnljike gewricht  sunitinib leverenzymstijgingen  filgrastim Stage oestrogeenreceptor positief mekinist Bloeddruk onderdruk def  gew  trombocyten onduidleijk  Spindle cell carcinoma  Gestopt hemoglobine HBP Hepatitis C migrianes  braakte  Aprepitant  koortsen  pembro  trametinib gew adjuvante behandeling  Slokdarmvarices Child-Pugh score A myocard infarcten cabozantinib fluorouracil  HepB melanomen primair  PRES her2neu positief  STEMI high body her2neu negatief dmt1  hvs hoofd pijn  trametinib systemic hypertension L-thyroxine  irresectable   tumorgroei niercel remdesivir blaren v hepatica eGFR CKD EPI pneumonie karnofsky performance status FEC kuur  febrile  cyclo  nivo  heldercellig niercelcarcinoom bovenarm  PR positief  nivolumab thyroxine  Karnofsky score Verward 5-fluorouracil  AC  Hypernefroom neupogen  melanoom vermoei  patient temperatuur stadium III  taxotere  braf v600e-mutatie negatief  doxo cyclofosfamide  fosaprepitant  deficientie schildklier  lever ontsteking neutropenie VG vomeren  Microwave ablatie doxorubicin  B hepatitis kortademigheid adem  koortsachtig  filgrastim stage 4 calcium alb Gecorrigeerd ciclofosfamide  asat stijging 
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1. Introduction

Real-world data (RWD) on systemic cancer therapy are needed to complement the 
registration trial results as trials have limited external validity and cannot be used 
to investigate rare or long-term effects and treatment use in clinical practice [1-3]. 
Especially with the increasing incidence of cancer, but also an increase in treatment 
options and costs, insights into treatment effects in clinical practice are necessary to 
make informed treatment decisions [4, 5]. The electronic health record (EHR) is a 
rich source of RWD that has the potential to create these insights [6, 7]. However, as 
the EHR is a complex data source, with both structured and unstructured stored data, 
manual data collection has been the standard, which is laborious, costly and error-
prone and therefore not scalable [8-10]. Text-mining techniques, including natural 
language processing, can be used for information extraction not from structured data 
but also from unstructured text documents, and thus might improve the efficiency of 
RWD collection from EHRs [10-13]. 

This thesis aimed to investigate whether this text mining EHR data would be a suitable 
method to collect real-world data on oncologic drug treatments. Therefore, we reviewed 
available real-world data sources and applications, performed a validation study and 
investigated whether this tool can be applied to evaluate treatment effectiveness, 
including the overall survival, progression-free survival and recurrence-free survival 
and prognostic factors, adverse events, treatment patterns and guideline adherence 
in a variety of cancer (and Covid-19) populations. The short answer is that it can be; 
the nuanced answer will follow in the discussion below.

1.1 The electronic health record and text mining
First, we will discuss the source and method used in this thesis. Of all RWD sources 
investigated in Chapter 2 (case report forms, administrative claims data, patient reported 
outcomes, registries, wearable devices, and social media data), the EHR was the source 
with the most potential to study a range of real-world aspects of cancer patients and their 
treatments. Even though other sources have specific advantages, for example, claims 
data contains information across healthcare facilities, and patient reported outcomes 
can give insights into the patients’ perception, the EHR is the most extensive and 
nuanced source overall. Especially, since cancer patients regularly visit the hospital for 
their treatment and evaluation, and therefore continuous patient data regarding their 
disease and treatment is captured in structured and unstructured parts of the EHR, e.g., 
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the prescribed medication, laboratory data, and free-text notes [7]. However, the review 
also showed that for research purposes, the EHR as a real-world source has its limita-
tions, first since notes and values can be uninterpretable, inconsistent, or erroneous, and 
second since data may be missing [14, 15]. As missing, or otherwise limited, data may 
influence the method as well as and the results. These will also be addressed later on. 

CTcue (CTcue B.V., Amsterdam, The Netherlands), the EHR text-mining software 
used in this thesis, is a rule-based text-mining tool, meaning that the user/researcher 
sets a selection of rules, queries, for what patients to identify and what data to extract. 
To gain insight in whether a text-mining tool could be useful for cancer treatment 
evaluation, we performed a validation study (Chapter 3). Next to inclusion criteria, 
based on medication use and diagnosis-treatment codes (DBCs), a range of patient 
characteristics, treatments, survival outcomes, and adverse events (AEs) were collected 
both with text mining and manually from the EHR to estimate time spend per method 
and the precision, recall and F1-score of the text-mining tool. 

It showed that with text mining, the time spend on information extraction could be 
reduced sevenfold. Part of the benefit in time with this method is in the patient identi-
fication. Since this was highly accurate, only using text mining for patient identification 
can already be beneficial, especially when a combination of inclusion criteria defines 
the population and this tool can work as a structured filter. Others also found that 
using text mining for patient identification alone can greatly decrease the time and 
resources needed to review charts [16, 17]. However, text mining can be used for more. 

This study also showed the range in accuracy and recall of specific variables. Overall 
we could conclude that the risk factors based on laboratory values and variables 
extracted from free text with limited variability in terminology (e.g., type of cancer) 
showed higher accuracy than the extracted comorbidities, AEs, and risk factors stored 
in unstructured data. This can shortly be explained by the difference in variability of 
the data in the EHR, both related to the criteria themselves and how they are registered. 
As for the data extraction, the queries are comprised by the researcher, even though 
well informed, it is more likely to include all relevant terms of patient variables with 
low variance than with high variance. This potential difference of accuracy per variable 
key for researchers to keep in mind when designing queries. 

Moreover, inconsistencies, errors, and omissions in the EHR contributed to differences 
between the results collected with text mining and manual data retrieval. If structur-
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ally stored information (used for text mining) was not consistent with the free-text 
notes, this could be adjusted in the manual data retrieval only. For example, we found 
differences in start- and stop dates of the treatments and this influenced outcomes by 
text mining. Since data collection was in all studies related to the moment of start or 
stop of treatments. Furthermore, even though some data was stored structurally, it 
was at that moment not yet extractable with the text-mining tool, including the vital 
signs as length and weight, therefore had to be extracted from the free-text. This was 
updated in newer versions of the tool. And these variables furthermore sometimes 
had large fluctuations, which we assigned to measurement- or typing errors, or rough 
estimations from the healthcare professional. These limitations of the EHR are also well 
recognized in the literature. Bowman et al. [18] described the discrepancies between 
structured data fields and free-text. And for drug dosing instructions and Hanauer 
et al. [19] underlined the variety and errors of numerical values registered in clinical 
notes. Ideally, the EHR would contain all relevant data, and without any errors, ready for 
secondary use. But that is not the current practice, and might not be reached anytime 
soon. That does not mean that the data becomes useless, in contrary, however, these 
limitations must be taken into consideration when performing (text mining) studies 
with EHR data and decide upfront how to deal with it. 

1.2 Patient inclusion
Defining fitting patient inclusion queries, based on the patient inclusion- and exclusion 
criteria, is a crucial step in performing a text-mining study. All studies we performed 
were medication oriented. Therefore, we used medication prescriptions as the basis for 
the patient inclusion. We combined this with the diagnosis-treatment codes (Dutch: 
diagnose-behandelcombinatie-codes; DBC) in all studies reviewing oncologic treat-
ments (Chapter 4–7). The advantage of using prescribed medication and DBCs is that 
they are, in general, structured and reliable data, and therefore identify all potential 
patients. However, as treatments can have more than one specific indication and DBCs 
can still be too broad for the specific aimed diagnosis and for several other reasons, 
we found that the combination of medication and DBC was not specific enough to 
include no “false positives”. Since an accurate patient population is the basis of a study, 
and is an important step in collecting reliable real-world data, we have added a third 
component. For all these studies, discriminating free-text searches were added to 
manually verify the population with context validation.
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Context validation was used to exclude patients from the initial search. In Chapter 4 
and 5, patients were excluded since they started treatment before the inclusion period, 
did not start the prescribed treatment, or received the treatment for a different type of 
cancer. An even more accurate registration of start of treatments and the indication 
could partly have prevented the patients ending up in our initial search. Furthermore, 
in Chapter 6, the added value of the verification was mostly to exclude melanoma 
patients that received palliative treatments, instead of the intended adjuvant treatment, 
as the DBC code does not discriminate between these two. Furthermore, in Chapter 
7, the verification method was used to distinguish between a range of treatment 
courses, for example, the regular doxorubicin and cyclophosphamide (AC) course 
and a dose dense AC course. The advantage of this semi-automatic method was that 
with these three components already a large part of the manual labor is replaced, and 
this semi-automatic concept can also be used in other studies as a stepping stone to 
full automized patient inclusion. McKenzie et al. [20], for example, also used a semi-
automatic approach to identify patients, in this case whether lung cancer patients 
developed radiation pneumonitis. However, all manual labor limits the scalability of 
the method. Therefore, further optimization and validation of the inclusion queries 
of these studies are needed before they can be implemented on a large scale without 
manual verification. Only in Chapter 8, patient inclusion was possible without addi-
tional verification since remdesivir use and a positive PCR for Covid-19 – both struc-
tured data – was already highly specific. This illustrates, furthermore, the potential 
for automatic patient identification.

1.3 Baseline characteristics 
Baseline characteristics are key in every study. They are needed to describe the popu-
lation in order to provide context to outcomes. This can be done by comparing the 
study population to other populations or by distinguishing subgroups within the 
population. For patients with cancer, these characteristics can further be roughly 
categorized in patient-, disease or tumor-, and treatment related characteristics. In 
our studies, these were collected with different approaches linked to the start date of 
the specific treatment.

Patient-related characteristics mainly include sex, age, length, weight, a selection of 
relevant laboratory values, including renal- and liver function, values that are already 
known to be predictive for an outcome of that type of disease, and the performance 
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status. The vital signs and laboratory values were found to be extracted with high 
accuracy from their structured source. By design of the queries, automatically the most 
recent value before the start of the treatment was selected for data extraction. This 
significantly reduced the time spend on data collection and the risk of typing errors 
when manually transferring these values to an electronic collection report form, also 
found by others [21]. These patient data already generate added value. 

In Chapter 8, the structured laboratory values were sufficient to characterize patients 
according to their kidney-, and liver function. And in Chapter 5 we could determine 
that at least 28% of the patients would not be eligible for participation in the pivotal 
trials based on values from structured data. However, sometimes these well-defined 
and/or structured data will not cover all desired patient characteristics in a study. In 
Chapter 7, investigating the use of G-CSFs in patients with intermediate risk of febrile 
neutropenia (FN), we limited the inclusion of the risk factors for FN to structured 
variables. To ensure high accuracy risk factors that were too broad or unclear to extract 
in high accuracy were excluded. One patient characteristic, the performance status, 
is notorious for being underreported in the EHR [22, 23]. In Chapter 4 to 7 between 
35% to 55% of the performance statuses could not have been retrieved. However, this 
rate is comparable to other real-world studies [22, 23]. As the performance status of 
patients is often a significant predictor of outcomes, irrespective of a specific cancer 
type, it would be beneficial for real-world treatment evaluations if this specific char-
acteristic was better registered. 

Next, often it is relevant to further subdivide the investigated cancer type based on 
its histology-, tumor receptor-, and/or oncogene mutation profile since these can be 
predictive for the overall survival or the clinical outcome of medical treatments. These 
details are often stored in unstructured text. And, even though these characteristics 
are well-defined, and therefore have the potential to be extracted with high accuracy 
with text mining, we encountered several challenges. In Chapter 4 we identified the 
tumor histology by including free-text key words not only for the most prominent 
clear-cell type, but also papillary- and chromophobic renal cell carcinoma (RCC). 
However, as a high variety of other rare subtypes are present, we scanned the texts 
by adding a general query instead of adding all potential variables, and identified by 
context analysis the sarcomatoid subtype in the population. With this, we were able to 
observe that specifically sunitinib treated patients had a non-clear cell histology and 
therefore identify a potential bias by indication in this group that is underrepresented 
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in trials [24]. This was not only reflected in clinical practice in which sunitinib was 
first choice for non-clear cell histology, but also could partially explain differences in 
results between the sunitinib and pazopanib treated group in our study population.  

Furthermore, we had to adapt search queries regarding disease characteristics, since 
punctuation, in general, is ignored by the text-mining program, and the symbols 
as “+” and “-”, often used to indicate presence or absence of a specific mutation or 
receptor cannot be included in searches. Removal of punctuation is often done in the 
pre-processing of text data for text mining [25]. In Chapter 6 and 7 we extracted the 
presence or absence of a specific receptor or mutation. Since punctuation is ignored 
by the text-mining program, including, for example, “PR+” a common method to note 
progesterone receptor positive, would not result in the desired outcomes. Therefore, 
other combinations of the specific gene combined with options used textually to note 
the presence or absence of a mutation were searched for. Specifically, in Chapter 6 
these results were used to show that all patients receiving dabrafenib plus trametinib 
had a BRAF mutation, but also up to half of the patients receiving immunotherapy. 
This was relevant, since for this group of melanoma patients both therapies can be 
considered.  

Also for cancer staging we had to adapt the search method to the practice. Cancer 
staging can be classified with the TNM staging system, composed of the primary 
tumor site and size (T), regional lymph node involvement (N) and the presence of 
metastasis (M) [26]. As this is a general standard to register the stage, we expected that 
is would be easy to use this for the determination of the disease stage. However, due to 
the complexity in the reporting of this score with subcategories, e.g., T1aN2M1b, the 
variants reported in the EHR were too diverse to include in the search. Other attempts 
for retrieving the TNM classification by text mining showed varying accuracy ranging 
from 64–94% for the retrieval of the different T, N, and M components [27, 28]. In 
Chapter 6, only disease stage was used instead. With this, enough insight in disease 
severity could be established by retrieving stage from the EHR for most patients. 

Treatment-related variables do not only describe the specific treatment investigated, 
but can also be used to put this treatment in perspective by including previous and 
following treatments. All systemic cancer treatments could be extracted from the medi-
cation lists. Even though the validation study in Chapter 3 highlighted that start- and 
stop date may not always be correct, omissions will be highly unlikely since patients 
then would not receive their treatment. Vice versa, verification showed that not all 
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patients started their intended treatment, due to multiple reasons as already further 
progressive disease. With these treatment-related variables, a variety of insights can be 
created. The field of RCC and HCC treatments are undergoing major developments. 
Therefore, we investigated treatment patterns in Chapter 4 and 5. These patterns add 
relevant insights, as for the HCC population the data illustrate the introduction of new 
treatments after a decade with only sorafenib as treatment option. And in the RCC 
population, compared to the first trials of sunitinib and pazopanib, significantly more 
patient received follow-up treatments, and the type of treatments also changed. In 
our study, these follow-up treatments might have added to improved overall survival. 
However, this does not only highlight the relevance of real-world data on treatment 
patterns, but also the complexity in interpreting results. With the introduction of a new 
treatment, more treatment lines can be followed, which contribute, next to patient- 
and cancer characteristics, to the outcome. Even though estimations are made, for 
example by investigating the (improvement of) overall survival between time periods, 
or investigating multiple lines of one treatment [29, 30] it is difficult to estimate, based 
on these complex data, the added benefit of every individual treatment to the overall 
survival of a patient. 

However, not all treatments could not be extracted by using the medication list. Other 
types of treatment as radiology interventions (e.g. TACE in Chapter 5) or surgical 
interventions (e.g. nephrectomies in Chapter 3/4) were determined by text mining. 
And in Chapter 7 we had to perform free-text search to identify granulocyte colony-
stimulating factor (G-CSF) as G-CSF treatment is extramural therapy and only docu-
mented in unstructured text. However, as use of G-CSF was also a study outcome and 
we wanted to ensure high accuracy, we did not only perform context validation, but 
also manual validation in the EHR of G-CSF use for the patients that were identified 
as potential users by text mining. This was not only followed by context validation 
but also manual validation in the EHR to determine whether patients started G-CSF 
treatment. 

To summarize, all these examples of baseline characteristics show the variability in 
documentation and some accompanying challenges. Over the chapters we have shown 
all approaches we have used in an attempt to optimize efficiency and accuracy in the 
data extraction of the baseline variables, which can be used as basis for new studies. 
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1.4 Treatment effectiveness
The most important endpoint to assess the effectiveness of cancer treatments is the 
measurement of overall survival (OS). Determining the overall survival time per patient 
based on real-world data from the health records is also relatively easy since the start 
of treatment and time of death are structurally and accurately stored in the EHR. The 
accuracy was confirmed in our validation study (Chapter 3) which showed an almost 
identical Kaplan-Meier curve when calculating the median OS based on manual versus 
text-mining data. We first used this to estimate the effectiveness of RCC treatments in 
Chapter 4 and reused the queries in Chapter 5 now only regarding HCC treatments. 
This resulted in the OS of first-line treatments pazopanib, sunitinib, nivolumab (RCC), 
and sorafenib (HCC). As only data that can be extracted from structured sources is 
needed to calculate the effectiveness, this could be something to use on a large scale 
to gain very general insights into whether treatments are effective in clinical practice, 
especially since this has not always been the case [31]. And it could, for example, be 
used to yearly benchmark hospital results. Of course, only effectiveness data will not 
be enough, but with these data trends can be identified.  

Since the median time to OS, fortunately, often takes years, surrogate endpoints 
are often used in trials for an earlier estimation of treatment efficacy. Often-used 
surrogate end-points are progression-free survival (PFS), in case of palliative disease, 
and recurrence-free survival (RFS) or disease-free survival (DFS) for curative disease. 
For the extraction of the PFS of pharmacological treatments for RCC and HCC, and 
RFS for adjuvant melanoma (Chapter 4–6), a more elaborate method was used. Even 
though the measurement of tumor response is standardized in the Response Evalua-
tion Criteria In Solid Tumors (RECIST), the documentation in the radiology reports 
was unstructured and very high dense and variable in information. Therefore, these 
radiology reports were not fit for direct text mining. In our approach, we first identi-
fied relevant free-text fields to determine reason to end treatment. This was linked 
to the last date of use of a treatment according to the prescription data. Following, 
in case of recurrence or progression, the radiology report diagnosing the case was 
selected, to have the most accurate date of the event. Even though this method 
still contains some manual labor, it also is a significant reduction and shown to be 
accurate in the validation study. This method is, in basis, comparable to a mix of the 
clinician-anchored approach radiology-anchored approach of Griffith et al. [32], who 
investigated methods to identify real-world progression in EHRs, and showed that the 
combination was most optimal. 
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The difficulty with survival results in our studies, irrespective of the collection method, 
was the interpretation of the results because of the large confidence intervals due to 
small sample sizes and sometimes limited follow-up time (e.g., the recurrence-free 
survival in Chapter 6). Mostly, we could detect trends but lacked statistical significance 
to make conclusions. Therefore, it might be beneficial to not only aim to include more 
patients, but also to – a priori – determine the sample size and power necessary to 
detect meaningful insights [33]. Even when sample sizes are not reached, this can put 
the outcomes better in perspective. Also, it is known that not all surrogate endpoints are 
not always good predictors of overall survival, even the well-established progression-
free survival [31, 34]. Therefore, it remains a challenge to quickly establish treatment 
effectiveness based on real-world data, since it takes time for enough patients to reach 
the median OS. 

1.5 Treatment safety
Even though adverse events are monitored before the marketing approval of a 
treatment, post approval monitoring is important to identify 1) adverse events 
occurring in subgroups, especially patients not meeting trial eligibility criteria, 2) 
adverse events that occur later after the start of a medication, and 3) rare events [35]. 
In this thesis we also used text mining to estimate the incidence of adverse events. 

In Chapter 3, we extracted regular occurring adverse events during treatment with 
targeted therapies, such as diarrhea, liver toxicity, hypertension, and hand-foot 
syndrome to test text mining for AE extraction. In general, we set a threshold for 
accuracy of 90%, and for none of these adverse events this threshold was reached. This 
relative low accuracy be attributed to the different and tangled way AEs are recorded in 
the EHRs. What further might contribute is the – often – temporary nature of adverse 
events. Wang et al. [36] already stated that ADE identification is complex. However, we 
argue that a larger range of uncertainty may be acceptable for the detection of adverse 
events, compared to treatment effectiveness, as at least the results can indicate whether 
an AE occurs distinctively more, less, or comparable to the trials. 

The first study we implemented automated data extraction to evaluate potential 
adverse events was slightly out of scope of this thesis, nevertheless fully in line with 
the period in which this thesis was written and the urgent need for data on pharmaco-
logical treatments for Covid-19. In Chapter 8, fast data extraction was performed to 
test the hypothesis that remdesivir could result in nephrotoxicity and hepatotoxicity 
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in Covid-19 patients. Especially since patients with poor kidney- and liver function 
were contra-indications. No severe nephrotoxicity, and in two patients grade 3 hepa-
totoxicity, was found in the first fifteen days after treatment initiation. Furthermore, 
the incidence of decreased eGFR was comparable with data reported in the RCTs last 
year [37, 38]. And none of the patients that started with transaminases above ULN, 
including patients meeting exclusion criteria, had grade 2 or higher transaminase 
elevation. Based on these results of structured data, we concluded that patients meeting 
contra-indications seem not to develop more renal- or hepatotoxicity on remdesivir 
treatment, and this may be no reason for these contra-indications to be absolute. It has 
to be mentioned that since later no effectiveness was shown for remdesivir treatment 
of Covid-19, it is no longer advised in The Netherlands [39]. However, in general, it 
shows how fast(er) access to and publication of data is of relevance for adverse events. 

Next, in Chapter 7, we investigated the use of G-CSFs to prevent the adverse event 
of chemotherapy-induced febrile neutropenia in breast cancer patients. Even though 
neutropenia can be identified based on laboratory results, the “febrile” aspect is not 
always documented as elevated body temperature in the structured vital signs, even 
though this is potentially a reason for hospitalisation. Since this adverse event was 
a crucial outcome, we identified the potential cases of neutropenia and febrile neu-
tropenia with text mining, and additionally performed manual validation by EHR 
review. This is another method to use text mining and simultaneously reduce the 
risk of incorrect data by only performing this validation on the selection of patients 
[40]. Furthermore, even though the low use of G-CSFs in the intermediate risk group 
(<20% FN risk), the FN incidence was moderate (12%), but a substantial amount of 
the patients developed grade 3-4 neutropenia (31%). Therefore, we concluded that 
higher G-CSF use could further have prevented cases of severe neutropenia, and with 
it concomitant chemotherapy dose delay or reductions [41, 42]. 

In the real-world evaluation of adjuvant nivolumab, pembrolizumab, and dabrafenib 
plus trametinib for melanoma in Chapter 6, we not only investigated the ten most 
frequent adverse events reported in the pivotal trials (including the severity), but also 
the treatment-limiting adverse events in this population. To estimate the incidence 
of the common adverse events, we used extensive free-text search. With this we, for 
instance, found that manifestations of thyroid-related AE after use of both nivolumab 
of pembrolizumab seemed to occur more often in this population than in the trials. 
Even though a thyroid-related AE not necessarily leads to treatment termination, or 
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can be classified as severe, patients often need lifelong hormone replacement [43], and 
therefore the occurrence of this type of AE might have a severe impact on an individual 
patient’s quality of life. Furthermore, we were able – to a limited extent – to identify 
the severity of adverse events based on the context corresponding with the CTCAE. 
De Meza et al. [44] did report higher rates of severe AEs in clinical practice compared 
to the RCTs. However, due to the low incidence of the individual severe AEs, we could 
not determine if this was the case for our study population.

To identify the treatment-limiting AE, we used the parts of EHR used to select the 
reason to end treatment and were able to select the specific treatment-limiting AE in 
the program. This showed that, in general, nivolumab and pembrolizumab had less 
treatment-limiting toxicity compared to dabrafenib plus trametinib. Furthermore, for 
both immunotherapies, mostly one or two concurring immune-related AEs (irAEs) 
were treatment limiting. These irAEs are characterized by auto-reactive T-cells and 
can affect many organs. This contrasts with combinations of two up to six treatment-
limiting AEs on dabrafenib plus trametinib treatment [45-47]. Most outstanding 
treatment-limiting adverse event due to dabrafenib plus trametinib was pyrexia, 
occurring in more than half of the patients who ended treatment due to toxicity. Even 
though pyrexia is a well-known AE of dabrafenib plus trametinib, the rate in which 
it occurred seemed higher than in the trial [48]. Overall, we could use the analysis 
of treatment-limiting adverse events to conclude that, in this population, adjuvant 
immunotherapy was better tolerated than dabrafenib plus trametinib, which is relevant 
to consider when initiating adjuvant melanoma treatment.

Overall, the different chapters show that, AE can be gathered with multiple approaches 
of text mining EHRs. This is also done by others. But, e.g., Mashima et al. [49] used 
a machine-learning approach to develop an algoritm to detect nausea/vomiting and 
diarrhea. The difficulty with AEs is that for every event a query has to be developed. 
And, since there are many possible AEs, it will take a lot of effort to develop and 
validate the extraction methods of AEs.

2. Future perspectives

The amount of available real-world data in the EHR of patients with cancer receiving 
systemic pharmacologic treatments is constantly growing, and this thesis shows 
that with text mining these data can be captured for several research and evalua-
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tion purposes. These data have the potential to replace or add data to the evidence 
generated in traditional research methods by being able to generate datasets quicker, 
cheaper or datasets that are bigger, and generate insights in data that were previously 
not available. However, by improving registration at the source and by application of 
text-mining techniques, the use of RWD can reach its full potential.

2.1 Improving EHR
The quality of the data is essential to establish meaningful real-world evidence. However, 
the challenge of the EHR is that the primary purpose for data registration is not research. 
Therefore, the data has limitations. Part of the solution can be improving and harmoniz-
ing the data capture by generating more user-friendly and clear front-ends of the used 
EHR software so that healthcare professionals easily can store information for secondary 
use. However, fundamentally, it remains impossible to capture everything. Thus, relevant 
baselines should be established and harmonized over all the used EHRs [50]. However, 
these alterations should not add to the burden of registration. By requesting only the 
registration of relevant variables, healthcare professionals will still be motivated [51]. 
Reflecting on cancer treatment care, it might be relevant to systematically capture the 
diagnosis and stage for all patients at the start of every treatment. But, in case of labora-
tory values, one might argue that it is reasonable that only relevant parameters for patient 
care measured. Furthermore, regarding adverse events, not every symptom might be 
recognized as an adverse event, and writing down all symptoms can be burdensome. 
However, optimized data registration in the EHR, making it suitable for text mining, 
can potentially reduce time spent on validating data extracted for research purposes 
and registries, and therefore motivate healthcare professionals. 

Also, other methods of data collection and entry into the EHR can be implemented. 
For example, integration of patient reported outcome measures (PROMs) and wearable 
devices into the EHR can add extra perspective. Not only for research purposes, but 
also/especially for healthcare practice. Some devices and questionnaires have been 
piloted or implemented in EHR systems already. However, limited interoperability 
of systems is currently still a barrier [52]. Also, in the future, manual data entry can 
potentially be replaced with new techniques as automatic speech-recognition based 
clinical documentation, in which conversations between patients and healthcare 
professionals are captured and automatically documented. However, these speech to 
text-techniques are still in development [53]. 
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2.2 Development of text-mining use
(Semi-)automatic data extraction, as shown in this thesis, can significantly reduce 
time needed to extract relevant real-world data for treatment evaluation. But, as this 
is still a relative new technique, further developments can be made, both technical and 
in the used procedures. The challenge in the field of NLP is generating a query set or 
algorithm that is specific and precise enough to fit the often heterogenous EHR (72). 
The rule-based extraction, used in this thesis, is in the basis a coded set of rules for 
data extraction. And especially use of elaborate searches in free-text notes is of added 
value. However, currently, the data retrieval is limited to the synonyms provided, and 
recognition of typing errors or the sentiment (in short: is the mention of a variable 
positive, negative, or neutral) is not yet possible in the used software. To enable these, 
often machine-learning based NLP is necessary, a system based on a statistical learning 
algorithm that identifies the relevant context based on annotated training data (70). 
With large data sets as training data, and more uniform data, use of machine learning 
to establish the algorithms might be the next step.

Furthermore, not only the literal use of text mining can be improved, but also the 
agreement on procedures followed when implementing. For example, in Chapter 3 
we choose to formally validate individual queries by comparison to manual data col-
lection and calculate precision, accuracy and F1-scores, and set 90% as benchmark. 
However, no guideline or standard is set on how and when to manually validate, 
including a minimal percentage or number of records/data points, what benchmarks 
needs to be met, and how to verify if these queries can also be applied in other centers. 
This should not be a one-size-fits all agreement, but be dependent on the variables, 
research questions and population size. For example, higher accuracy can be relevant 
for the primary end-points.

2.3 Active use of real-world data in pursuit of value-based healthcare
This thesis showed that text mining EHRs can create insights into real-world data on 
cancer treatments: the primary aim of this research. The data can be used – as previously 
discussed – to evaluate treatment effectiveness, adverse events, patient populations, 
treatment patterns, and guideline adherence, reflecting current care. By text mining, 
more data can be gathered for evaluation, creating the potential for more insights into 
clinical practice of oncologic treatments. These real-world data are of the most value 
when actually actively used. 
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More concretely, ideally, real-world data is collected regularly and with or without 
the use of text mining. The results should be linked to concepts of value-based 
healthcare, in which measuring outcomes (and costs) is only one step of the cycle. 
A step further in this direction is using these data to refine funding recommenda-
tions needed to challenge currently escalating costs [54]. In case benefits in clinical 
practice do not match the results on a national level, they potentially could be reduced 
accordingly. Additionally, real-world data can play a role in other payment schemes, 
such as outcome-based payments. Lorgelly et al. highlighted that not only survival 
is an outcome of importance for cancer patients, but also other tumor progression 
and quality of life aspects – which should and can be included [55]. Reducing costs 
is only one aspect. Using these data to regularly reflect on outcomes on the hospital-, 
regional- or (inter)national level and change or verify treatment policies is a second. 
And actively implementing insights from real-world data for shared patient and 
clinician decision making [56].

As this discussion highlights once more, there is a high need for real-world data to 
evaluate cancer treatments in clinical practice, and the EHR is a source containing 
these. This thesis shows that text mining can extract the data that create insights on 
a variety of aspects, including patient characteristics, treatment outcomes, adverse 
events and treatment patterns by a variety of different cancer patient populations and 
their treatments. However, this method is relatively new, and still can be optimized 
by improving the source, the EHR, and further developing the use of text mining. 
But, ultimately text mining can be a critical component in the generation of more 
real-world data. This must result in better insights in all aspects of a cancer treatment, 
especially what treatment would benefit an individual patient best in every phase of 
their disease, and therefore optimize systemic cancer therapy.   
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