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Abbreviations  

ALD: affection de longue durée 

CepiDC: centre d’épidémiologie sur les causes médicales de décès 

CMS: centers for Medicare & Medicaid services 

CNODES: Canadian Network for Obervational Drug Effect Studies 

DDD: defined daily dose 

EMA: European Medicne Agency 

ICD-10: international statistical classification of diseases and related health problems 10th revision 

LTD: long term disease 

M-CAHPS: Medicare consumer assessment of healthcare providers and systems 

MPR: medication possession ratio 

NCI: National Cancer Institute 

NorPEN: Nordic PharmacoEpidemiological Network 

OMOP: observational medical outcomes partnership 

OTC: over-the-counter 

PIC: personal identity code 

PMSI: French hospital discharge database (programme de medicalisation des systèmes 
d’information) 

PROTECT: pharmacoepidemiological research on outcomes of therapeutics 

SEER: surveillance, epidemiology and end results program 

SNDS: French national health insurance database (système national des données de santé) 
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Summary 

Some concerns have emerged about the evidence of benefits on survival outcomes or quality of life 

of new anticancer drugs. In parallel, the decreased cancer mortality leads to an increased number of 

patients exposed to cancer-treatment-related consequences. In this context, pharmacoepidemiology 

is crucial to assess anti-cancer drug use, effectiveness and safety in real life conditions. We aimed to 

describe strengths, limitations and considerations associated with the use of the French national 

health insurance database (système national des données de santé [SNDS]) to conduct 

pharmacoepidemiological studies in oncology. The SNDS represents a powerful tool in 

pharmacoepidemiology owing to its extensive coverage, accurate description and quantification of 

drug exposure and individual data on patients. The main limitations of this database ensue from the 

administrative nature resulting in technical difficulties in its management and gaps in availability of 

data. Another limitation is the lack of accurate identification of diseases, comorbidities or outcomes 

and potential confounding with notably the lack of data regarding cancer stage, prognosis or risk 

factors. Finally, the accurate identification of the nature of chemotherapy received by patients is 

sometimes complex. To minimize these limitations, several approaches and statistical methods 

could be used as highlighted by national or international initiatives. First, the SNDS may be linked 

with cancer registry or clinical data. Then, several data sources could be combined using meta-

analytical methods. The development of methodological tools and the use of standardized methods 

are crucial to enhance the quality of studies that can impact clinical practice and guide public 

decision. Pharmacoepidemiological approaches and pharmacovigilance represent an important 

cornerstone in oncology for signal detection or long-term follow up of cancer patients. In this 

context, validated methods to identify cancer patients and to describe chemotherapy regimens 

within these data should be promoted and remain too scarce despite international guidelines. 

Moreover, limits and strength of each data sources should be systematically discussed according to 

the research question. Optimized and framed use of claims database represents a future challenge in 

onco-pharmacoepidemiology. 

KEYWORDS 

Pharmacoepidemiology; Oncology; Electronic claims databases; Electronic health care databases; 

Anticancer drugs; Safety; Benefit; Utilization  
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Introduction 

 

Nearly 40 % of men and women will be diagnosed with cancer of any site at some point during 

their lifetime with a median age at diagnosis of 66 years. Breast, bronchopulmonary, prostate and 

colorectal cancers account for approximately half of all new cancer cases. Cancer represents the 

leading cause of death for patients less than 65 years of age. The five year relative survival rate 

varies between 4 and 98% according to cancer types [1]. Cancer can be treated with systemic 

cytotoxic chemotherapy and/or with a new heterogeneous group of anticancer drugs presented as 

“targeted” (monoclonal antibodies, protein-kinase inhibitors). This group represented 60% of 

anticancer drugs’ marketing authorizations between 2012 and 2015 [2]. These drugs’ marketing 

authorizations are based on results of randomized controlled trials with strict selection criteria, low 

number of exposed patients and limited duration of exposure [3–7]. In addition, concerns have 

emerged about evidence of benefits on survival outcomes or quality of life of anticancer drugs. 

From 2009 to 2013, the European Medicines Agency (EMA) approved the use of 48 anticancer 

drugs in 68 indications while only 51% of them showed a significant improvement on survival or 

quality of life [8]. In parallel, there is an average decreased of death rates of 1.5 % each year over 

2006-2015 with an increased number of patients exposed to treatment cancer-related consequences 

[1]. Adverse drug reactions, potential misuse, second cancer, polypharmacy and drug-drug 

interactions with cancer specific drugs or non-cancer specific drug are examples of these adverse 

outcomes. Therapeutic progresses have led to the development of new paradigms in the 

management of some cancer types considered today as chronic diseases. In this context, most of 

patients are now essentially treated as outpatients with the development of oral anticancer drugs. 

Taking into account the above considerations, pharmacoepidemiological studies became crucial in 

oncology to describe patterns of use and to assess benefits and harms of anticancer drugs in real life 

conditions during the active treatment phase of cancer but also during survivorship. Owing to 

numerous advantages, health insurance administrative databases are frequently used to conduct 

pharmacoepidemiological studies and to guide public decision in many countries [9–17]. The 

French “système national des données de santé” (SNDS) is one of the largest health insurance 

databases in the World. This database contains anonymous claims from outpatients and inpatients 

care linked with the French hospital discharge database (programme de médicalisation des systèmes 

d’information [PMSI]). The SNDS has been also recently implemented with cause of death by the 

linkage with death registry (centre d’épidémiologie sur les causes médicales de décès [CepiDC]). It 
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may be used as a pertinent and complementary tool for onco-pharmacoepidemiology studies 

because of several strengths that can minimize classic bias related to other sources. However, some 

biases and technical difficulties need to be acknowledged before widely using these complex and 

administrative data developed for management purpose. In this way, reflections in future challenge 

and perspectives are needed to compensate these limits and to improve reliability of future studies. 

Moreover, validated and standardized methods remain scarce and need to be developed to improve 

validity of future onco-pharmacoepidemiology studies.  

 In this context, we aimed: 

 1) To describe methodological tools, strengths, limits and considerations related to the use of 

the SNDS to conduct pharmacoepidemiological studies in oncology; 

 2) To present international initiatives proposed to optimize the use of a health insurance 

database and minimize potential biases. 

 

 

The système national des données de santé (SNDS) 

 

Exhaustive coverage 

 

The SNDS has been described in details elsewhere [14,18–21]. This national database provides 

extensive data encompassing a population of more than 65 million inhabitants. It provides 

anonymous and individual data on patient characteristics with demographic data, long-term chronic 

diseases (long term disease [LTD] so called in French: affections de longue durée [ALD]) and vital 

status. The access to ambulatory health care consumption (reimbursed drugs and medical acts) and 

the linkage with data from the national hospital database (medical information systems programme, 

so called in French: programme de médicalisation des systèmes d’information [PMSI]) gives a 

complete overview of patients care pathway for several years all over France [14,18–21]. The large 
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number of patient recorded in this database allows increasing statistical power of analyses 

especially when studying rare cancer [22–24]. Moreover, completeness of the data could minimize 

selection bias related to the constitution of specialized cancer center’s cohorts and attrition bias 

related to long-term follow-up. Selection bias is an important issue with results not always 

transposable to the target population. However, it seems crucial to understand that SNDS provides 

exhaustive data on all reimbursement of care but not exhaustive data for the identification of 

prevalent and incident cancer cases as highlighted in the literature.  

 

 

Identification of incident cases of cancer 

 

Accurate and exhaustive identification of incident cases of cancer has been studied in oncology in 

order to estimate cancer incidence even in areas were no cancer registry exists. In this context, 

validation studies have been performed using cancer registries or medical records as gold standard. 

Performance of algorithms detection varies between 30% and 94% for sensitivity and between 20% 

and 90% for predictive positive value according to type of cancer, type of sources used and type of 

codes used to detect cases. It is important to note that some algorithms gave incidence close to those 

from registries, but this is due to the fact that false-negatives and false-positives have similar 

frequencies and counterbalanced each other [22,25–35]. Table 1 and table 2 summarize validated 

algorithms of incident cancer patient selection in the SNDS available in the literature. We identified 

only five validation studies for solid tumors conducted before 2006. Yet, PMSI data reliability 

improved after 2007 and we can assume that the results of these studies would be different today. 

Heterogeneity in performances of detection can be explained by the heterogeneity of cancer care 

pathway and questioned on the relevance of the use of PMSI data to select new cases in certain 

cancer subtypes. For example, some hematologic malignancies such as chronic lymphocytic 

leukemia are non-progressive at diagnosis and do not require active treatment and related 

hospitalization. When exploratory analyses were conducted, they showed that cancer patients not 

detected as incident or identified in the PMSI database are more likely to be old, with localized 

stage of cancer [22,28]. These results suggest that sensitivity analyses including only treated cancer 

patients would have been of interest but this information is often lacking in cancer registry database. 

Hence, false-negatives may concern patients never hospitalized for their cancer because of different 
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disease management and/or a gap between diagnosis and treatment. Moreover, the use of ICD-10 to 

classify cancer by subtypes often lacks of precision and is sometimes ambiguous because of the 

multiplicity of codes. Finally, coding errors could be another reason of misclassification. Therefore, 

sources of detection are of primary importance. The use of LTD data alone for identifying cancer 

patients in claims database resulted in poor performances with sensitivity lower than 50% for many 

cancers [27]. Despite these limits, the SNDS remains a source of interest in onco-

pharmacoepidemiology for many cancer types notably with regard to precise quantification of drug 

exposure. In fact, exhaustive data is not needed in pharmacoepidemiology but only representative 

sample of patients requiring drug therapy. Moreover, exhaustive data are not available in other data 

sources and some rare cancers such as Hodgkin lymphoma are well detected using these databases.  

 

 

Drug exposure 

 

The SNDS is a powerful tool to describe and quantify drug exposure in patients as described 

elsewhere [19,20]. First, it contains claims from drugs dispensed by community pharmacies. Each 

drug packages are identified by a unique CIP (club inter-pharmaceutique) code providing for each 

drug, their anatomical therapeutic chemical (ATC) codes, the number of items and dosage for each 

item. For each drug, date of prescribing, date of dispensing and information on prescribers are 

available. Hence, the SNDS enables to estimate a large amount of drug exposure indicators such as 

duration of treatment, discontinuation and number of treatment cycles, number of defined daily 

doses (DDDs) or medication possession ratio (MPR). These data allow to assess compliance and 

associated factors to oral anticancer drugs which become of great importance as regards the 

increasing marketing of this route of administration for cancer treatment. Hence, this database 

provides accurate information to model drug exposure with minimized information bias (recall bias, 

non-response bias or reporting bias).  

 However, data availability in the SNDS is not continuous and gaps in availability must be 

accounted when designing a pharmacoepidemiological study in order to minimize bias. Drugs 

dispensed over the counter or during hospital stays are not available from the SNDS with potential 

classification bias. As described previously by Palmaro et al., other factors of potential gap in 
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availability of drug exposure should also be checked to minimize bias [19]. However, innovative 

and costly drugs (established by decree), drugs dispensed by hospital to ambulatory patients (so 

called: “retrocession”) and drugs not approved on the basis of the programme of temporary 

authorization of use are available. This is of great interest in oncology, because new anticancer 

drugs are often included in this category.  

 Another fundamental issue in onco-pharmacoepidemiology is the lack of method to identify 

multidrug chemotherapy regimens in these databases with only one publication in multiple 

myeloma patients in France [36]. In fact, sequence of treatments (chemotherapy, radiotherapy or 

stern cells transplant) can be identified using diagnosis procedure codes in the PMSI database but 

the type of chemotherapy protocol is not always fully available. In fact, old and conventional 

anticancer drugs are not recorded. Yet, it is essential to identify the type of chemotherapy regimen 

and number and rank of treatment lines to describe with accuracy care pathway and to assess 

survival, effectiveness or safety. One possible approach is using recorded drugs (costly or 

retrocession) as tracers of chemotherapy protocol when available or specific. Another approach 

could be the linkage of SNDS data with other hospital sources giving access to the nature of 

chemotherapy received by patients but also other potential confounding factors not available in the 

SNDS as done by several international initiatives. 

 

 

Confusion bias 

 

The major limitation to conduct onco-pharmacoepidemiology studies with the SNDS is confusion 

bias. The lack of clinical data such as cancer stage, prognosis factors, anatomo-pathology reports, 

result of diagnosis tests does not permit to consider data according to prognosis markers. Moreover, 

there is little social information and no information on lifestyle habit of patients (e.g.: smoking 

status, addictions etc.) [18,20]. Moreover, adverse drug reactions not requiring a specific treatment 

such as drug initiation, medical procedure or hospitalization are not detectable in the SNDS. 

Finally, the SNDS enables to identify the reimbursement of medical act but the results are not 

registered in the database. This is particularly the case for medical biology examinations including 

pharmacogenetic explorations and  could be a limit as regards the request of genetic exploration for 
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the initiation of anticancer treatments [37,38]. The pharmacoepidemiology approach does not allow 

making a direct link between the status for a gene and the use of a drug at the population level. In 

addition, reimbursement of pharmacogenetics explorations is still carried out today only on non-

nomenclature acts (“biologie hors nomenclature”), which makes their identification in the databases 

more complex. The attribution of dedicated codes could facilitate the identification of the 

realization of such acts and thus be able to study the proportion of exploration performed before the 

introduction of certain drug treatments. All these limitations highlight the complementarity of 

sources that can be used in onco-pharmacoepidemiology. Several cohort studies have been 

conducted to describe patterns of drug use and to assess effectiveness in real life conditions. These 

cohorts included data from university hospitals, cancer care centers, private clinics or community 

hospitals with patients identified by physicians or anticancer drugs by nominative hospital 

pharmacy dispensation [39–42]. Then, pharmacovigilance in oncology based on spontaneous report 

remains irreplaceable to detect and prevent adverse drug reaction in oncology [43,44]. To minimize 

confusion bias, linkage with observational cohort data is a perspective of interest as highlighted by 

international initiatives [45]. Then, statistical methods such as propensity scores or the use of self-

controlled designs can be used to deal with confounding factors [20,46]. It should be noted that 

since 2016, owing respecting regulation processes, the link from field cohorts with reimbursement 

data is allowed which could be an enrichment data source.  

 

 

International initiatives 

 

Linkage of health insurance administrative databases with multiple sources 

 

The Surveillance, Epidemiology and End Results (SEER) program in the United-States.  
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The National Cancer Institute’s (NCI) Surveillance, Epidemiology and End Results (SEER) 

programme is a population-based registry. It collects informations from some geographic areas 

which represent 28% of the US population. It aims to produce epidemiological data on incidence 

prevalence and mortality. There are additional supplementary data that SEER collects and makes 

available through databases that are not part of the standard SEER Research. In 

Pharmacoepidemiology, two specialized databases are of interest: the SEER-MEDICARE database 

and the SEER-CAHPS data set. These databases are based on a linkage between SEER data and the 

Centers for Medicare & Medicaid Services' (CMS) Medicare Consumer Assessment of Healthcare 

Providers and Systems (M-CAHPS®) patient surveys. The SEER-CAHPS data set links 3 types of 

data: clinical/registry (SEER), patient-reported information from the Medicare Consumer 

Assessment of Healthcare Providers and Systems (M-CAHPS), and administrative/billing 

(Medicare claims and enrollment files). Beneficiaries included with cancer are Medicare 

beneficiaries residing in SEER areas who responded to a CAHPS survey between 1997 and 2015. 

The SEER-MEDICARE links 2 types of data: clinical/registry (SEER) and administrative/billing 

(Medicare claims and enrollment files). Beneficiaries with cancer included are all Medicare-eligible 

persons appearing in the SEER data who were diagnosed with cancer between 1973 and 2013 and 

their Medicare claims through 2014. This resource permits examination of sociodemographic, 

clinical characteristics and medical care of patients diagnosed with cancer, including cancer 

survivors. However, Medicare is not representative of the whole US population including only 

beneficiaries older than 65 years old, beneficiaries aged <65 years with certain disability and 

beneficiaries of any age with renal end-stage disease [47–49]. Yet, it is crucial to assess long-term 

consequences of cancer chemotherapy in young adults in terms of somatic and psychologic 

complications, quality of life or social impact such as difficulties in returning to work. Moreover, 

this database has geographical limits contrary to the national coverage of the SNDS. 

 

 

The Nordic prescription databases 

 

The five Nordic countries (Denmark, Finland, Iceland, Norway and Sweden) have nationwide 

prescription databases on prescriptions dispensed in pharmacies. In these countries, all residents are 
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identified through a unique personal identity code (PIC) at birth or time of permanent residency 

since 1960s. PIC permits the linkage between various population-based data sources, such as 

Nordic cancer registries or biobanks. Available data are categorized in 4 categories patient-specific 

data, prescriber data, drug data and pharmacy data [50,51]. Between 2005 and 2010, 515 studies 

including drug utilization studies, effect studies and validation studies were published using these 

databases. A linkage with other registries was done in 63% (N = 356) of these studies with only 5% 

(N = 25) concerning antineoplastic and immunomodulation agents [52]. However, some limitations, 

similar to that observed with the SNDS, must be highlighted. First, OTC drugs and drugs dispensed 

in hospital and other institutions are not available while anticancer drugs are mainly administered in 

hospital. Another limit is possible confounding resulting from a lack of data regarding lifestyle 

habits or detailed clinical data in the database and in other registries. Finally, these databases are 

limited by small population’s coverage ranging from 0.3 to nearly 9 million inhabitants and 

consequently for studying rare diseases or events [51–53]. One approach to obtain large population 

study and get sufficient statistical power is to combine information from multiple health care 

databases as describe in the review by Trifiro et al. [54]. In this way, the Nordic 

PharmacoEpidemiological Network (NorPEN) has been created in 2008 in order to facilitate 

research within pharmacoepidemiology in the Nordic countries.  

 

 

Combination of multiple health care databases 

 

Several international initiatives have been conducted combining multiple health care sources in 

order to increase statistical power. In Europe, several projects combining multiple national health 

care databases are conducted to evaluate specific safety issues but none projects were conducted so 

far in oncology [46,55–58]. In Canada, the Canadian Network for Observational Drug Effect 

Studies (CNODES) was created in order to link health care databases and to collect data on nearly 

40 million of subjects with meta-analytical approach of individual provinces data [59,60]. The 

difficulty is to combine heterogeneous medical data with different type of systems, sources, medical 

event coding and languages. However, this approach is of great interest in oncology drug safety and 

in the detection of signal but harmonization of methods is needed to detect diseases or events of 

interest.  
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Discussion 

 

Harmonization process 

 

These considerations highlight that the relevance of the use of health care database for research 

purpose must be based on a case by case reflection process. In this way, several aspects should be 

considered in order to improve results’ validity of future studies conducted on these databases, such 

as intrinsic features of diseases and management, type, design and aims of study conducted 

according to data sources. The development of validated tools and standardized methods is crucial 

for the validity of future active surveillance studies in oncology. In fact, different published studies 

used distinct definitions for the same event or disease or to quantify drug exposure. Moreover, the 

concept of “expert users” should be promoted given the complexity of these data sources. In this 

way, several initiatives and projects are conducted with the aims to harmonize detection of medical 

event in claims database in the USA and in Europe (mini sentinel program, observational medical 

outcomes partnership, pharmacoepidemiological research on outcomes of therapeutics by a 

European consortium) [61–63]. The development of such initiatives contrasts with the difficulty to 

publish validation studies, which are needed for national research or international collaboration. 

Moreover, the use of health care databases is increasing to conduct pharmacoepidemiological 

studies in oncology with a growing interest in the “big data” context but study validation remains 

scarce despite guidelines published since 2013 by the ISPOR oncology special interest group. A 

systematic review conducted to identify secondary data use to conduct health research in oncology 

between 2006 and 2010, revealed that 72.8% of studies were using claims data with very little 

studies reporting the use of published algorithms and only 4.8% discussing the impact of their 

selection algorithm on the results [64]. The development of methodological tools is crucial to 

enhance quality of studies that can impact clinical practice and to guide public decision. As 

described above, it is essential to accurately identify stage of cancers, biomarkers, type and line of 
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treatments, relevant clinical confounders such as comorbidities but also patients reported outcomes. 

Such information could be obtained with the combination of multiple data sources which constitute 

a future challenge in onco-pharmacoepidemiology. The use of health care database without linkage 

with other sources is of great interest to study health care pathway as a whole with significant 

statistical power but often only in a macroscopic way. However, this increase in statistical power 

can lead to statistical significance due to very minor effects without clinical relevance [65,66].  

 

 

Value of pharmacoepidemiology in oncology 

 

In oncology, systemic older anti-cancer drugs present a well-known safety profile for patients 

contrary to “innovative” ones. In March 2018, a French press release states the request of patient 

organizations suffering from hematological malignancies to obtain early access to “innovative 

drugs”. This request takes place in a general context suggesting that a rapid access to innovative 

drugs is necessarily valuable for cancer patients. However, some concerns have emerged in the 

literature about this new heterogeneous group of anticancer drugs which are presented as 

“innovative, targeted and safer”.  

First, as depicted in the introduction, analysis of EMA marketing authorization between 

2009 and 2013 showed that only half of new anti-cancer drugs actually improves survival or quality 

of life in cancer patients. When survival gains were found, they were frequently marginal compared 

to existing drugs. These concerns contrast with the substantial cost of these drugs. Moreover, 16% 

of drug approvals received orphan designation. In onco-hematology, this percentage increases to 

47% [8]. As depicted in the literature, orphan drugs in oncology generated the largest amount of 

profit. Some authors comment this concept with headlines such as “from blockbusters to niche-

busters” [67,68]. In fact, the development and authorization of orphan drugs are facilitated and 

centralized. After authorization, companies can ask extension of marketing authorization to other 

indications with a large number of treated patients. Finally, a recent study showed that the median 

total number of patients studied prior to marketing authorization was 1,708 (interquartile range 

[IQR] 968-3,195) for standard drugs and 438 (IQR 132-915) for orphan drugs. Then duration of 
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exposure for chronic medication was insufficient in 20% of studies conducted [7]. In this context, 

pre-marketing results may be controversial and assessment of these results’ transposition in terms of 

effectiveness and safety in real life conditions is crucial at the population level. In addition, the 

long-term adverse events of these new drugs or combinations remain unknown.  

 

 

Conclusion 

 

Pharmacoepidemiology and pharmacovigilance constitute an important cornerstone in oncology for 

signal detection and long-term follow up of cancer patients. Optimized use of claims data represents 

a future challenge in Pharmacoepidemiology according to research issues but also with limits and 

strengths specific to every data sources. In the future, other complementary data sources such as 

social networks could be considered in a new field of cyberpharmacovigilance or 

cyberpharmacoepidemiology [69]. 
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Table 1. Description of validated algorithms to identify incident cancer patients in the système 
national des données de santé (SNDS) by cancer type for solid tumors 

Solid tumor 

Cancer type ICD-10 Codes 
Medical Acts or 

procedures 
Other 

variable 
Gold 

standard 
Se* PPV+ 

Colorectal  

Quantin et al 

J Cancer 
Epidemiol 
2012;2012:298369. 

C18; C19; C20 

“endoscopic 
examination of the 
colon or rectum”; 
“partial or total 

exeresis of the colon 
or rectum”; 

“excision, exeresis or 
destruction of polyps 

or tumours in the 
colon or rectum”; 

“colostomy repair or 
closure”; “secondary 

restoration of 
continuity”; 

“implantation of a 
colon 

endoprosthesis” 

- 
Cancer 
registry ≈75% ≈75% 

Breast  

Couris et al. 

J Clin Epidemiol 
2009 Jun;62(6):660-
6 

C50 - - 
Cancer 
registry 

64% - 

Prostate  

Couris et al. 

J Med Syst 
2006;30:459-63 

C61; D07.5 
Surgical procedures 

and ultrasound 
procedures 

- 
Medical 
record 

- ≈33% 

Central nervous 
system 

Coureau et al 

Rev Epidemiol Sante 
Publique 
2012;60:295-304 

C70; C71; C72; 
D32;D33;D42; D43; 
C75.2;D35.3; D44.4; 

G93.0: 

Surgical procedures 

Diagnosis act 

Chemotherapy and 
radiotherapy 

No 
metastasis 
antecedent 

Age>70 
years old 

Cancer 
Registry 

67% 69% 

Thyroïd  

Carré et al 

Rev Epidemiol Sante 
Publique 
2006;54:367-76 

C73; D09.3;D44.0 Surgical acts - 
Cancer 

Registry 
73% 89% 

*Sensitivity; +Predictive positive value 
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ICD-10 codes: international statistical classification of diseases and related health problems 
10th revision 

 

 

 

Table 2. Description of validated algorithms to identify incident cancer patients in the système 
national des données de santé (SNDS) by cancer type for hematologic malignancies 

Hematologic maligancies 

Cancer type ICD-10 Codes 
Medical 

Acts/procedures 
Other 

variable 
Gold 

standart 
Se* PPV+ 

Hodgkin Lymhoma1 C81 Chemotherapy 
No 

lymphoma’s 
antecedent 

Cancer 
registry 94.2% 74.2% 

B-Non Hodgkin 
Lymphoma1 

C82 ; C83.3; 
C83.0; C83.1 ; 
C83.7 ; C83.8 ; 
C83.9 ; C85 ;  

C88.4 

Chemotherapy 
No 

lymphoma’s 
antecedent 

Cancer 
registry 74.6% 64.6% 

T- Non Hodgkin 
Lymphoma1 

C84;C86 Chemotherapy 
No 

lymphoma’s 
antecedent 

Cancer 
registry 48.6% 78.3% 

Chronic Lymphocytic 
Leukemia/ Small 
lymphocytic 
lymphoma1 

C91.1 Chemotherapy 
No 

lymphoma’s 
antecedent 

Cancer 
registry 19.0% 22.6% 

Myeloma2 C90 - 
No 

Myeloma’s 
antecedent 

Cancer 
registry 

90% 66% 

*Sensitivity; +Predictive positive value 

ICD-10 codes: international statistical classification of diseases and related health problems 10th 
revision 
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