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Perspective

Appropriateness of tumor marker request: a case of study
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Abstract: Appropriateness is crucial to provide efficient and high-quality health services at affordable 
costs. Laboratory medicine is a sector of special interest for the investigation of inappropriateness, due to 
the high rate of technological innovation and its pivotal role in many diseases and clinical settings. Some 
subjective aspects related to either the patient or physician seem to have a major role on inappropriateness 
rates. Given the psychological impact of cancer on both patients and physicians, tumor markers represent a 
case of study for appropriateness. The assessment of inappropriateness of laboratory tests has been focused 
mainly on ordering patterns. Appropriateness can barely be appraised by matching the requested test 
with the clinical problem because clinical information on the test requisition form is usually inadequate. 
Monitoring inappropriateness through individual clinical information may be feasible in inpatient (clinical 
data are available), while an indirect approach should be used for outpatients. To estimate inappropriateness 
in outpatients our group developed innovative models based on comparison between the actually ordered 
and expected requests of tumor marker, calculated according to recommendations of clinical practice 
guidelines (CPGs) applied to figures of cancer prevalence. The implementation of the model at national 
scale in Italy led to recognize a very high rate of overordering of tumor markers. The model was further 
focused by a dedicated algorithm to be adapted to different clinical conditions or organizational settings by 
applying performance indicators to cohort-wide structured information in electronic health records (EHRs). 
With this novel approach, we showed that inappropriateness is multifaceted even within the specific category 
of tumour markers. The model was effective in identifying both over- and underordering. Implementation 
of evidence based information and monitoring their impact on the clinical practice are parts of the same, 
multistage, process aimed at the progressive improvement of health care.
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Introduction

Appropriateness, defined as “the outcome of a process of 
decision-making that maximizes net individual health gains 
within society’s available resources” (1), is a crucial issue 
in health care systems, encompassing both clinical and 
organizational aspects, that intersects all health services. 
Appropriateness is the key to fulfill the requirement of 
delivering efficient and high-quality health services at 
affordable costs, which is the goal of all health care systems. 
Over the last decades, with the exponential increase of 

knowledge in the biomedical fields and the consequential 
dramatic technological advances, appropriateness in 
health care has taken on a more stringent connotation. 
In fact, health care systems are facing major challenges 
of offering innovation and clinical advances at individual 
and population levels in the frame of a global scenario of 
resource constraint. In this context health care systems may 
reduce costs through either an unbalanced, linear restriction 
of services currently furnished, or a selective restriction of 
inappropriate expenditures. The former option is simple 
and rapid, but would lead to a progressive deterioration of 
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the quality of health care; the latter, although it could be 
certainly more complex and time consuming, is the proper 
approach to guarantee a long-term sustainable development 
of health care systems.

Laboratory medicine represents a health care sector 
of special interest for investigation and management of 
inappropriateness for several reasons. First, knowledge 
growth is translated into technological innovations with 
a probably higher rate in laboratory medicine than in any 
other clinical field. Second, while requiring a minimally 
invasive approach, laboratory tests have a pivotal role in 
the diagnostic process of many diseases and in different 
clinical settings. In parallel, laboratory tests have a limited 
cost when considered in isolation and are not restrained 
by organization barriers—such as waiting lists—which 
could “physiologically” limit their access, as for example 
may occur in the case of imaging tests. Not surprisingly, 
laboratory tests represent the single highest-volume of 
the procedures related to medical activity (2). Finally, 
laboratory tests may be requested by several professionals, 
such as general practitioners, hospital clinicians, consultants 
and other health care professionals as the case of waived  
tests (3). In addition, direct-to-consumer testing is also 
expected to rapidly grow in response to consumer demands 
and declining prices (4). All the above variables are 
potentially related to an increased risk of inappropriate use.

General variables (i.e., country, type of test, health 
care organization) possibly related to different ordering 
pattern have been investigated. Zhi et al. did not find 
significant differences of appropriateness rates among 
studies performed in different countries, neither among the 
different diagnostic area that were explored (5). A previous 
study of our group, performed at a regional scale, showed 
that the appropriateness rate of tumor marker orders 
was not dependent on factors related to the institution 
(i.e., territorial area covered by the institution, presence 
of oncology facilities, declared adherence to guidelines) 
or laboratory organization (i.e., certification and/or 
accreditation process) (6).

Possible causes of the continuous increase in medical 
laboratory testing have been extensively investigate and 
both patient-related and doctor-related factors have been 
identified as causal variables (7). Of special interest are some 
subjective factors, such as patient need for reassurance, fear 
of missing an unexpected diagnosis and fear of litigation, 
which are prominent when dealing with serious diseases, 
perceived as potentially life threatening. In this scenario, 
the use of circulating tumor biomarkers for the diagnosis 

and management of cancer can be cited as an emblematic 
example, and may represent an interesting case of study for 
appropriateness.

The multifaceted aspects of inappropriateness

Inappropriate testing is a complex phenomenon that can 
occur at different levels, such as: (I) test ordering; (II) 
patient preparation; (III) specimen collection, handling and 
storage; (IV) assay of the proper analyte; (V) interpretation 
and clinical use of test result. Several of these phases are 
managed within quality assurance systems and are under 
the responsibility of laboratory staff. Inappropriate actions 
in the pre-analytical and analytical phases are therefore 
regarded as process errors, identified, amended and 
prevented through routine quality assurance procedures. 
In contrast, test ordering and utilization of test results 
in the medical decision process are typically managed by 
clinicians and the control by the laboratory personnel 
may be performed only in an indirect way. Laboratory 
may influence appropriateness by acting on two sides: 
(I) an effective translation of knowledge through regular 
educational and informative interventions; and (II) 
monitoring either ordering patterns, or actions undertaken 
on the basis of a test result, or both. The assessment of 
ordering pattern is a typical process analysis, in which 
the monitored action—test ordering—is examined per se, 
whereas the appraisal of downstream actions following a test 
result fits in the area of outcome analysis. Although actions 
undertaken on test results must certainly be considered 
crucial for the appropriate use of laboratory resources, 
they are in fact driven by a multiplicity of factors, making 
difficult to evaluate the real contribution of the laboratory 
result on clinical outcomes.

On the other hand, monitoring test ordering and 
assessment of appropriateness seem to be feasible tasks, 
as the clinical question and the test request should be two 
sequential, strictly logically related, steps. In accordance 
with these assumptions, the assessment of inappropriateness 
of laboratory tests has been focused mainly on ordering 
patterns.

Test ordering may be inappropriate in two opposite ways, 
implicating over-ordering and under-ordering, respectively. 
The former refers to tests not appropriate but actually 
requested, whereas the latter refers to tests not requested 
even when appropriate. The inappropriateness (either over- 
or under-ordering) of test requests may be examined in 
relation to several factors: (I) the clinical question, including 
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the type of disease and the clinical stage; (II) age; (III) 
gender; (IV) the setting, considering for instance outpatient, 
inpatient or emergency; and (V) the scenario, considering 
initial testing on patients at their first referral or repeated 
testing of patients followed-up or periodically monitored 
subjects with increased risk of a given disease.

The consequences of inappropriate laboratory 
test ordering

Both over-ordering and under-ordering have deleterious 
consequences. Not ordering the appropriate tests can 
be considered as malpractice, since it is associated with 
the concrete risk of missing or delaying a diagnosis, with 
probable harm to the patient. Notably, the effects of 
under-ordering may be crucial independently of the rate 
of inappropriateness; missing a diagnosis may be vital also 
if it occurs in a few or even in one patient. Ordering a not 
indicated test has several negative effects as well, some of 
which are a consequence of the ordering itself, some others 
occur only when the test has a positive result. The former 
includes the waste of resources, inefficiency of the health 
services overloaded by not necessary diagnostic tests and the 
loss of business hours of patients. The latter encompasses 
false positive results and over-diagnosis, with possible 
health harms due to anxiety and side effects of avoidable 
invasive investigations or procedures. False positive results 
may occur in a certain percentage of healthy subjects, 
since positive/negative threshold levels are calculated as a 
given point of distribution of test results (usually from the 
90th to the 95th percentile) in a cohort of control subjects 
(ostensibly healthy people). In other words, in a predictable 
percentage of cases, healthy people may be erroneously 
classified as possibly affected by the disease. Conversely, 
in the case of over-diagnosis, despite the result of the test 
is correctly identified as positive because the patient is 
affected by the disease, it pertains to asymptomatic subjects 
which are diagnosed with a disease that will never cause 
symptoms, nor eventually reduce their life expectancy. 
In both instances—false positive and over-diagnosis—
the positive result of the test classifies subjects in good 
health as diseased patients. The effects of overordering are 
increasingly negative as the rate of overordering increases. 
For instance, cost of laboratory tests accounts for a minimal 
portion of total health care expenditure, being less than 
2% of total spending on health care in Italy and across 
Europe. Nevertheless, a positive result of inappropriate 
requested test necessarily prompt downstream diagnostic 

steps to either confirm or confute the suspicious diagnosis, 
which amplifies costs and services overload. Noticeably, 
the relevance of these consequences will  increase 
dramatically when the rate of overordered tests is elevated. 
Not surprisingly, research on over-diagnosis is receiving 
increasing interest within the Scientific Community  
(8-10) and in the United States research has been 
recognized as part of the scientific direction of the National 
Cancer Institute (NCI) (11).

The consequences of inappropriate test ordering are 
dissimilar in inpatients and outpatients. Inpatients are 
theoretically ill subjects admitted to the hospital with 
symptoms or suspicious clinical signs. Therefore, the result 
of a given laboratory test is considered in the frame of 
both a complete clinical evaluation and several additional 
diagnostic data. In the case of tumor markers, the meaning 
of a false positive result is considerably mitigated and 
most probably will not induce any clinical decision alone. 
Conversely, outpatient is mainly represented by healthy 
people and frequently laboratory tests are performed alone 
for check-up or screening. In the case of tumor markers, 
a false positive result necessarily induces further, not 
previously planned, clinical or instrumental investigations. 
Due to the low prevalence of cancer in a non-selected 
general population, a high rate of false positive results 
of tumor marker assessment is hence predictable (12). 
To be noted, only a minor percentage of tumor markers 
is requested in inpatients, ranging from <1% of total 
PSA requests to 10% of total CEA requests (M. Gion, 
unpublished data). In conclusion, from the above reasons, 
the control of inappropriateness of tumour markers seems a 
crucial issue mainly in outpatients.

How to measure inappropriate ordering of tumor 
markers

The appropriateness of a health care intervention is assessed 
with reference to the clinical question that prompted the 
intervention itself, by weighing the medical decision against 
evidence based indications of clinical practice guidelines 
(CPGs). In the case of laboratory tests, appropriateness of 
requests should be appraised by matching the requested 
test with the underlying clinical issue. This approach is 
conceptually ideal, but is unfortunately barely usable as 
clinical information supplied with the test requisition form 
is usually poor and generic, when not lacking at all.

Monitoring appropriateness of laboratory requests 
presents different features in outpatient and in inpatient. 
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First, information on the clinical question for inpatients, 
although not regularly provided, may be conveniently 
obtained contacting in real time the ward ordering the test, 
or retrospectively by consulting the hospital informatics 
system, as clinical information and outcome data of 
any admission episode are regularly filed. Conversely, 
information available on the test requisition form are 
generic and/or incomplete in the majority of cases in 
outpatients. Contacting the physician requesting the test 
may be troublesome and time consuming. Moreover, 
electronic records with clinical information of outpatients 
are neither available nor accessible by the laboratory. 
Second, the laboratory may autonomously modify the type 
or the number of test requested by the ward physician, 
when seemingly inappropriate. Unlike this case, the test 
requisition form for outpatients has official (legal) value, 
and so cannot be modified by the laboratory receiving the 
request. Thus, while monitoring inappropriateness through 
individual clinical information may be a realistic goal in 
inpatients, it seems more difficult to perform in outpatients.

Revision of published studies on inappropriateness of 
laboratory test ordering should identify proper indicators to 
be used on a regular basis. However, only three systematic 
review have been published on this issue so far (5,13,14). 
One review focused on ongoing evolution of laboratory 
test audits, examining methodology, study design and role 
of different professionals involved, but did not report rates 
of inappropriate texting (14). Two other review examined 
appropriateness of testing reporting mixed data, with 
inappropriateness rates scattered in a wide range (5,13). 
Overall, only 86 papers met the methodological criteria 
of a study on appropriateness required in two systematic 
reviews over the past 46 years, thus proving that appraisal of 
appropriateness on the basis of the clinical question remains 
challenging. In the more recent review, Zhi et al. selected 
and examined 40 studies; 18 were focused on inpatient 
settings only, while 22 considered both in- and outpatients: 
of these, 6 studies evaluated inappropriate repetitions of 
specific tests and 16 examined appropriateness of initial 
requests. These latter studies were principally focused on 
specific clinical scenarios, i.e., drug monitoring (3 studies), 
plausibility of multiple testing in infectious diseases (4 
studies) and very detailed clinical questions (4 studies: 1 on 
thyroid screening in Down syndrome, 1 on liver function 
monitoring in patients on statin therapy and 2 on venous 
thromboembolism). Two studies were focused on general 
panels of tests and only 3 concerned tests that may be 
requested in the general practice: 1 was on anti-neutrophil 

cytoplasmic antibodies, the second examined 2,425 requests 
of prostate specific antigen (PSA) and the third studied 
a panel of 5 tumor markers in 373 patients (5). From the 
settings of the studies selected by Zhi et al. (5) it appears 
that the assessment of inappropriateness in outpatients is 
much less common than in inpatients and seems feasible 
mainly for some specific—and narrow—diagnostic areas. In 
conclusion, proper indicators for monitoring inappropriate 
tumor marker ordering are still demanding.

Developing indicators to monitor 
appropriateness of tumor marker requests

Lack of reliable clinical information on the test requisition 
form of tumor markers hampers the assessment of 
appropriateness comparing the requested test with the 
clinical question. Accurate recording of clinical data 
provided to the laboratory is not expected to improve in the 
next future due to the increasing automation of laboratory 
workflow and the diffusion of the “hub-and-spoke” 
organization paradigm, with many peripheral phlebotomy 
centres referring samples to a central laboratory. Indirect 
approaches to appraise appropriateness could circumvent 
the need for thorough information with any individual 
requests.

In fact, though accurate clinical data reported in 
individual order forms of outpatients is lacking, relevant 
information can be obtained by mining structured 
databases regularly fi l led in for administrative or 
epidemiologic purposes.  Our group developed an 
innovative model to estimate appropriateness based on 
the comparison between the actually ordered and the 
expected requests of tumor marker (15). Laboratories of 
public hospitals of two Italian regions were surveyed and 
1,891,070 requests registered over a year in laboratory 
informatics systems of 66 laboratories were extracted and 
examined. Epidemiologic figures of malignancies were 
obtained from Cancer Registers (16). Requests of CA15.3, 
CA19.9 and CA125 were compared with prevalence or 
incidence figures of the diseases in which the markers 
can be considered. The model identified much higher 
requesting rates than expected of both CA19.9 (expected 
vs. observed difference, +1,842%) and CA125 (expected 
vs. observed difference, +130%). The model was effective 
in demonstrating overordering of tumor markers, possibly 
associated with inappropriate use (15).

On the basis of these findings, our research group 
carried out a confirmatory study testing and validating 
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the model on a national scale (17). The number of tumor 
markers ordered in Italy over 2 years (2011 and 2012) was 
obtained from the Ministry of Health, whereas cancer 
prevalence was obtained from the Italian Association of 
Cancer Registries (16). The number of requested tumor 
markers was matched with those expected, calculated on 
the basis recommendations of CPGs applied to figures of 
cancer prevalence. Tumor markers ordered in Italy were 
13,207,289 in 2012 (221.3/1,000 individuals). Given an 
estimated prevalence of 2,243,953 cancer cases, 7.04 tumor 
markers appear to be requested for every prevalent case. 
Meaningful region-to-region variations were also identified, 
which do not correspond to any known variation of cancer 
prevalence. The model, validated at a national scale, showed 
that tumor markers are overused in Italy, and that their 
ordering pattern is not related to cancer prevalence, thus 
providing a proxy indicator of inappropriateness (17).

The model was developed using data on cancer 
prevalence assuming that (I) prevalent cases were 
represented by patients with the most probable clinical 
status; and (II) the limit of acceptable appropriateness was 
the number of tumor markers recommended by general 
practitioners (CPGs) in the most probable clinical status. 
Using these assumptions, overordering of CA19.9, CA125 
and carcinoembryonic antigen (CEA) was shown, whereas 
ordered and expected CA15.3 were quite similar (17). In the 
case of breast cancer, the assumptions were further focused 
in accordance with current CPGs that recommend against 
CA15.3 determination in the follow-up of asymptomatic 
patients, whereas they consider using the marker to monitor 
the response to treatment of metastatic disease (18). 
Prevalence rate includes all cases with a given malignancy, 
but does not provide information on their disease status. 
Therefore, the number of prevalent cases, with or without 
advanced disease, may only be indirectly inferred on the 
basis of data regarding mortality and survival rate. The 
number of expected CA15.3 requests was estimated on the 
basis of data on mortality rate and survival rate of women with 
metastatic breast cancer under anticancer treatment. According 
to a published algorithm (19), approximately 36,000 prevalent 
cases are expected to be affected by metastatic breast cancer 
disease in Italy. Assuming that every case with metastatic 
disease is monitored monthly with CA15.3 for therapy 
response, the expected number of CA15.3 determinations 
would be 432,000. Therefore, the reported number of 
CA15.3 requested per year (1,078,864) (17) resulted in fact 
considerably higher than the expected one with an over-

prescription rate of 149.7% (19). The above findings show 
that the proposed model is adequately flexible to be adapted 
to diverse epidemiological data and also suggest that it can 
be suitable to develop indicators for appropriateness in the 
use of tumor markers in different clinical conditions or 
organizational setting.

Population-based assessment has been suggested as 
an ideal approach for measurement of appropriateness 
in order to generalize the evaluation of test ordering 
within a given geographic area. However, the developed 
epidemiological-based model does not provide a direct 
measure of appropriateness, since it reveals areas of 
overutilization probably related to inappropriate use, in 
which it is necessary to confirm the inappropriateness 
through a deeper analysis. Our group developed a 
complementary methodological approach to deeply 
examine the inappropriateness of tumour markers 
ordering in outpatients (20). The method was based on 
the formulation of performance indicators which were 
tested by mining cohort-wide structured information in the 
electronic health records (EHRs) of the Italian National 
Health Service, which include demographic data as well 
as disease-associated codes registered to manage costs and 
reimbursement. The benchmark for defining the frame of 
appropriate ordering was grounded on recommendations 
of CPGs (19,21,22). The study considered currently used 
tumour markers requested to all outpatients referred to 
the Local Health Authority Aulss3 of Veneto Region over  
one year. In total, 80,813 tumour marker tests requested for 
52,536 patients were examined. Indicators were formulated 
in relation to age, gender, disease type and number of 
repetitions of the test in any individual subject. CA15.3 and 
CEA were found to be prevalently requested in patients 
with cancer, whereas the other tumour markers [alpha-
fetoprotein (AFP), CA125, CA19.9] were largely requested 
also in patients without cancer. Multiple repetitions of 
AFP, CA125, CA15.3, CA19.9 and CEA were found to 
be prevalent in patients with cancer or benign diseases, in 
which the request of tumour markers may be appropriate, 
while PSA repetitions occur mainly in patients without 
cancer. The study by Gion et al. shows that the mining 
of EHRs is an effective strategy to assess appropriateness 
of tumour marker ordering and to optimize performance 
indicators (20).

It appears that inappropriateness is multifaceted, even 
within a specific category of laboratory tests such as 
tumour markers. For instance, CA15.3 and CEA, although 
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overordered (as shown by the analysis of epidemiological 
data)  (17),  are mainly requested in patients  with  
cancer (20), thus suggesting that interventions to enhance 
appropriateness should be addressed to oncologists. On 
the other side, overordering of AFP, CA125, CA19.9, and 
mainly of PSA, occurs in patients without cancer. In this 
latter case actions to improve appropriateness should be 
focused on general practice. Interestingly, in 69.3% of 
patients labelled with disease codes for “cirrhosis of liver 
and biliary” or “chronic hepatitis (active)” AFP was not 
requested (20), although being recommended by some 
CPGs (21). These findings show that both overordering 
and underordering may be investigated by exploring 
EHRs which integrate data captured for administrative 
purposes and structured information on every health care 
intervention.

Concluding remarks

In the last two decades evidence based medicine has 
acquired increasing popularity. Awareness of the need 
to base clinical decisions on CPGs has also significantly 
increased among physicians. Hauser et al. reported that 
organizational guidelines have become the predominant 
source of audit criteria over the last two decades, accounting 
for over 75% of audits reports in recent years (14). In 
contrast, Zhi et al. reported that inappropriateness of 
laboratory tests ordering did not show significant variations 
over a similar time period (5). Published data on tumour 
markers confirm that no significant improvement of test 
ordering appropriateness occurred over the last years 
(15,17,19,20,23-27). These findings support the hypothesis 
that recommendation of CPGs on tumour markers are 
largely disregarded and the process of knowledge translation 
presents on the whole significant margins for improvement.

The  roadmap  for  a  cont inuous  improvement 
of appropriateness should consider to move from 
implementa t ion  o f  gu ide l ines  to  in tegra t ion  o f 
guidelines into the more formal context of knowledge 
translation (28). In a broad connotation, knowledge  
translation describes the process of putting knowledge into 
action (29) and has been described by a variety of terms, 
which contributed to reinforce the idea that knowledge 
translation is an unstructured and generic pathway, thus 
hampering the benefit it could actually provide (30). 
According to the Canadian Institutes of Health Research, 
knowledge translation is more accurately defined as ‘‘a 

dynamic and iterative process that includes the synthesis, 
dissemination, exchange and ethically sound application 
of knowledge to improve health, provide more effective 
health services and products and strengthen the healthcare 
system’’ (31). In agreement with this definition, knowledge 
translation is a formal approach that combines and manages 
several phases, including identification of problems 
and evaluation of their priority, assessment of barriers, 
implementation of evidence, monitor of evidence use and 
evaluation of outcomes. Notably, the formal definition 
of knowledge translation fits with that of “best practice” 
in health care, that has been defined as “the best way to 
identify, collect, evaluate, disseminate, and implement 
information about as well as to monitor the outcomes of 
health care interventions for patient population groups 
and defined indications or conditions. Information 
is required on the best available evidence on safety, 
efficacy, effectiveness, cost-effectiveness, appropriateness, 
social and ethical values and quality of the health care  
interventions” (32). These strong similarities confirm, 
from different points of view, the need for a weighted 
use of all valid and relevant information coupled with a 
careful and regular monitoring of outcomes of health care  
interventions (33). Implementation of evidence based 
information and monitoring their impact on the clinical 
practice are parts of the same, multistage, process aimed at 
the progressive improvement of health care.
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