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Background: Immunoassay screening is used by pain physicians to determine compliance
with controlled substances. Because clinical use of pain medications is different from illicit drug
use, there is a need to evaluate the level of diagnostic accuracy of this procedure for the pain
patient.
Objective: To compare the results of automated screening by immunoassay with analysis by
Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) in identifying pain patients using
illicit drugs and pain patients excreting low concentrations of their prescribed medications.
Study Design: A diagnostic accuracy study.
Methods: Urine samples from 4,200 pain patients were tested by immunoassay and LCMS/MS for the following drugs and metabolites: Amphetamine, Methamphetamine, Alphahydroxyalprazolam, Lorazepam, Nordiazepam, Oxazepam, Temazepam, Cannabinoids, Cocaine,
Methadone, Methadone Metabolite, Codeine, Hydrocodone, Hydromorphone, Morphine,
Propoxyphene, and Norpropoxyphene.
Results: In a number of patients negative immunoassay findings were superseded by positive
results on analysis by Mass Spectrometry. These were termed false negative results. The greatest
failures were for the benzodiazepines (28%) and for cocaine (50%).
Limitations: The study was limited by the lack of complete demographics for the cohort and
because only one immunoassay diagnostic product was used. It was also limited because not all
drugs react the same in the immunoassay.
Conclusions: We show that in general, immunoassay screening results are accurate, although
as shown in this study there are many false negative observations. The use of LC-MS/MS
technology significantly decreases the number of false negative results.
Key words: Drug abuse, illicit drug use, opioids, illicit drugs, benzodiazepines, false negatives,
liquid chromatography-mass spectrometry, immunoassay, adherence monitoring
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W

ith the increasing therapeutic use of
opioids there is also increasing abuse by
patients being prescribed these drugs
for pain management (1-14). Non-medical use of other
psychotherapeutic and illicit drugs is also prevalent

in this population (4,5). One way to monitor opioid
adherence and identify abuse is urine drug testing
(6-8,15).
Physicians treating pain patients with prescription drugs that are controlled substances order drug
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screens in part to ensure compliance and determine illicit drug use (7,8,15-19).
Forensic drug testing focuses on illicit drug use,
the determination of which is based on positive results
of urine drug tests. Negative results are considered an
indication of no illicit drug use (20). The drug testing
utilized by pain physicians concerns both positive and
negative urine drug screening observations. In the case
of prescription medications, positive results indicate
compliance and negative results indicate the potential
for drug diversion (15,21). The sensitivity of any immunoassay is defined as the concentration of the index
drug which yields a positive response. The specificity of
any immunoassay is defined as the concentration of any
compound which also gives a positive response (10). For
example, immunoassay tests for morphine also react
with hydromorphone and hydrocodone. For many commercial assays the reaction with hydromorphone and
hydrocodone occurs at higher concentrations than with
that of morphine. In this instance, even though the assay is specific for an opiate for all of these reactions,
the sensitivity is poorer for hydromorphone and hydrocodone. Similar sensitivity and specificity considerations
extend to immunoassay measurement of the various
benzodiazepine drugs and their metabolites (22).
It is well known that a number of commercial assays yield false negative results (7,8,22,23). There have
been several studies determining the accuracy of specific drug immunoassays (24-27).
Historically, mass spectrometry procedures have
been expensive to perform because they required sample extraction and derivatization of the test drug. The
advent of rapid dilution and injection technology specific to Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) has reduced the cost of this procedure,
making it possible to perform urine drug screening and
confirmation rapidly and at a reasonable cost. The increased sensitivity and selectivity of this technology has
created standards that reflect lower drug cutoffs and
a broader, more accurate identification of illicit drug
content in the urine drug test (UDT).
Fraser and Zamecivik (28) and Hattab et al (29)
have shown that cutoffs below the standard Substance
Abuse and Mental Health Services Administration
(SAMHSA) concentrations used as cutoffs utilized by
laboratories testing for illicit drugs show higher incidences of illicit drug use in their respective study test
populations. Mikel et al (30) conducted a study using
lower cutoffs with LC-MS/MS instruments that showed
higher incidences of licit and illicit drug use among pain
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patient populations. However, that study was limited
because it did not do a direct comparison of actual immunoassay observations versus those done by LC-MS/
MS. It remains to be seen how accurately immunoassays
detect licit and illicit drug use (15).
The rationale for this study was to better define
the accuracy of immunoassays compared with the gold
standard LC-MS/MS analyses on the same specimens.
The purpose of the study was to compare the accuracy
of the detection of opioids, benzodiazepines, and propoxyphene as well as the illicit drugs marijuana, cocaine, and methamphetamine using an automated immunoassay versus detection by LC-MS/MS.

Methods
Participants
The cohort was comprised of 4,200 patients treated
with opioids for chronic pain. All patients were tested
as part of the usual practices of the treating physicians
and no exclusion criteria were used in the selection of
these patients. This research was approved by the Aspire IRB, 9320 Fuerte Dr. Suite 105, La Mesa, CA, 91941.
As this study was prospective in nature, treatment of
patients was not affected. Participant recruitment was
the result of pain physicians deciding to test their patients for either routine drug screens or for reasons of
suspicion according to the American Society of Interventional Pain Physicians (ASIPP) guidelines (7).

Test Methods
No outside funding was provided for this study.
Physicians in their office practices initiated the test requests and collected the urine specimens for this study
onsite. Most physicians conducted initial drug screens
using point of care devices. These results were not included in the comparison presented. Rather, they were
used by the physicians to select the test menu for the additional screening and confirmation testing performed
at Millennium Laboratories. All data were collected at
Millennium Laboratories and Millennium Laboratories
Research Institute.
Sequential urine specimens sent by pain physicians
were tested for the analytes requested by that physician: opioids, benzodiazepines and propoxyphene, as
well as marijuana, cocaine, and methamphetamine. It
should be noted that not all physicians requested the
same tests. Therefore, only the results of those tests
that fell into these categories were compared. Analyses
were performed on each consecutive specimen by both

www.painphysicianjournal.com

Evaluation of the Diagnostic Accuracy of LC-MS/MS vs. Immunoassay Drug Testing

4,200 patients’ urine specimens
submitted for analysis

Data Entry staff entered
Physician Order which delineated
each analyte test request.

Analyte

Amphetamine
Benzodiazepines
Cannabinoid
Cocaine

Number of
Specimens
Tested
2792
3301
2921
2840

Methadone
Opiates
Propoxyphene

2735
3414
2917

All specimens split for parallel analysis

[ Patient result by immunoassay ] [ Patient result by LC-MS/MS ]

Comparison of Results on the Same Specimen
Fig. 1. Specimen Analysis Flow Chart

immunoassay and LC-MS/MS techniques. The tests were
performed in parallel; that is, they were conducted simultaneously on split specimens (Fig. 1).
No data was collected on treatment or on severity
of disease.
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The immunoassay (EIA) procedures used DRI reagents from Microgenics Corporation (31). These were:
DRI Amphetamine Assay, DRI Benzodiazepine Assay,
DRI Cannabinoid (THC) Assay, DRI Cocaine Assay, DRI
Methadone Assay, DRI Opiate 300 Assay, and DRI Pro-
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poxyphene Assay. (Microgenics Corp. 46360 Fremont
Blvd., Fremont, CA 94538 USA.) They were used in the
Olympus model 640 analyzer (Olympus America Inc.,
3500 Corporate Parkway, P.O. Box 610 Center Valley, PA
18034-0610, USA) according to the manufacturer’s (Microgenics) directions. The amphetamine, cannabinoid,
cocaine, methadone, and propoxyphene assays were
set up as single point calibrators. The benzodiazepine
and opiate assays were set up as semi-quantitative assays. Table 1 lists the cutoff values for the Microgenics
assays. Values above the calibration cutoff were defined
as positive. Those below were defined as negative. Because the EIA cutoffs vary by drug, these are listed as
a separate column in Table 1. The immunoassay reproducibility was ± 25% of the cutoff for amphetamine,
marijuana, opioids, cocaine which are set by SAMHSA
(32). The benzodiazepine and propoxyphene assays
were the same.
The reference standard was detection and quantitation by LC-MS/MS. The LC-MS/MS procedures were
performed on Agilent 6410 instruments (Agilent Corporation, 5301 Stevens Creek Blvd, Santa Clara, CA

95051,USA). The method was that described by Yang
(33). Each analyte was specifically identified by the mass
ion of the parent drug, 2 qualifier ions, and the ratio
of the 2 qualifier ions to each other. The ratio of the
parent mass ion to its deuterated internal standard was
used for quantitation. The LC-MS/MS cutoffs are the
lower limit of quantitation of the investigators’ procedure and are listed in Table 1. Values above the Lower
Limit of Quantitation (LOQ) were defined as positive.
Those values below were defined as negative. The accuracy of the LC-MS/MS determinations is approximately
± 20% of the target value as determined by proficiency
testing data. The method was validated to meet the
Clinical Laboratory Improvement Amendments (CLIA)
standards required by the state of New York and the
College of American Pathologists confirmatory proficiency testing (34,35).
The units used were nanograms per milliliter (ng/
mL). The cutoffs used for the immunoassay for amphetamine, marijuana, opioids, and cocaine were those set by
SAMHSA (32). The benzodiazepine and propoxyphene
cutoffs are those set by the immunoassay manufactur-

Table 1 Cutoff values for EIA and LC-MS/MS

Compound

LC-MS/MS Cutoff (ng)

Relative EIA Reactivity

Amphetamine

100

1000

Methamphetamine

100

1000

Alpha-hydroxyalprazolam

20

Not listed

Lorazepam

40

200

Nordiazepam

40

150

Oxazepam

40

200

Temazepam

50

25
-

Amphetamine class

Benzodiazepine class

EIA Cutoff (ng)
1000

200

Cannabinoids

50

10

Cocaine

300

25

-

Methadone

300

50

300

50

10,000

Codeine

50

180

Hydrocodone

50

1700

Hydromorphone

50

4000

50

300

Propoxyphene

100

300

Norpropoxyphene

100

500

Methadone Metab
Opiates class

300

Morphine
Propoxyphene Class
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er (31). The LC-MS/MS cutoffs were set by Millennium
Laboratories (30). These cutoffs represent the LOQ. All
of the test results were reviewed by clinical laboratory
scientists certified by the State of California.
The readers of the index immunoassay tests were
separated from the readers of the reference standard
(LC-MS/MS) and were thus blind (masked) to the results
of the other test. The only clinical information available
to either set of readers was that the urines were from
pain patients.
A simple tabulation was done: the number of patients undergoing the test, the number positive by immunoassay, and the number positive by LC-MS/MS. The
number positive by LC-MS/MS was used to calculate the
total positive number for that test. The number positive
by immunoassay was defined as those positive for that
test. False negatives were the difference between the 2
observations.

Statistical Methods
Data was retrieved from Millennium’s laboratory
information management system (LIMS) using an algorithm that recorded any LC-MS/MS results from the test
panel as positive and matched those findings with the
recorded EIA result. The total of all positive confirmed
EIA results was generated in another report and combined with the false negative data to form Table 2.
As LC-MS/MS was the gold standard for this study,
there were no false positives on this instrumentation.
False positives for immunoassay were determined by the
LC-MS/MS procedure and were deleted from the calculation. For example, the opiate immunoassay gave false
positive results when high concentrations of oxycodone
or oxymorphone were present. These were not included
in the number of LC-MS/MS positives in Table 2. The same
procedure was applied to all the other analytes.

Results
This study was conducted between 10/16/08 and
11/04/08. The distribution of the reference test results
are presented in Table 2. As the tests were performed
on split samples, there were no missing results. No adverse events were observed from performing either
test. The 99% confidence intervals for the immunoassays were ± 25% of the cutoff. Test reproducibility at
greater than 25% above or below the immunoassay
cutoffs were greater than 99%. The 95% confidence
limits for the LCMSMS cutoffs were ± 30%. There were
no indeterminate results.
The total tests for each separate analyte represented 100% for that sample. EIA positive was defined as a
positive test result by immunoassay. An LC-MS/MS positive result was defined as that value above the cutoff
standard defined in Table 1. The difference between
the positive findings for any given analyte in the immunoassy and the LC-MS/MS were defined as a False Negative. The Positive Rate was defined as the percentage of
tested samples found positive by LC-MS/MS. The Percent
False Negative was derived by dividing the number of
LC-MS/MS positive results by the false negative number
for that drug times 100%.
The difference between the immunoassay and LCMS/MS cutoffs as listed in Table 1 accounted for all of
the false negative results for the amphetamine, methamphetamine, cannabinoid, cocaine, and methadone
analytes. The immunoassays for the benzodiazepines
and the opioids were designed to be positive or negative for the entire class of drugs. However, each drug
or metabolite can react differently. These are listed in
Table 1 as the relative reactivity for each benzodiazepine metabolite. For some of them, more than one
metabolite was present; for others the nominal EIA reactivity is for the un-conjugated form of the drug, not

Table 2. Positive and false negative test rates for drugs in urines of pain patients

Total
Tested

EIA Positive

Amphetamine

2792

137

151

Benzodiazepines

3301

998

1278

Cannabinoid

2921

370

414

Cocaine

2840

64

128

Methadone

2735

258

Opiates

3414

Propoxyphene

2917

Drug
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LC-MS/MS
Positive

Difference
(False Negative)

Positive
Rate (MS)

Percent False
Negative

14

5.4%

9.3%

280

38.7%

22%

44

14.1%

10.6%

64

4.5%

50%
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17

10%

6.1%

2191

2233

42

65%

1.9%

204

264

62

9.1%

23.4%
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the excreted form. Since it was not possible to compare
results for benzodiazepines and hydrocodone and hydromorphone at the nominal cutoff, this is a limitation
of the study. However, in virtually all of the false negative cases of the benzodiazepines and opioids, the observed mass spectrometry values exceeded the nominal
cutoff. That is, the false negative observation was due
to the poor cross-reactivity of the immunoassay and not
to the cutoffs.
The 14 false negative EIA amphetamine observations were due to the differences in cutoffs between
immunoassay and LC-MS/MS. The 44 false negatives for
cannabinoids, 64 for cocaine, and 17 for methadone
were due to the same factor.
Virtually all of the 42 false negative opiate results
were in urines containing hydromorphone and hydrocodone. This is consistent with the poor cross reactivity
of these compounds compared to morphine in the EIA
(31). The 62 false negative results for propoxyphene
were almost all due to the presence of norpropoxyphene without detectable propoxyphene. According to
the nominal cross reactivity listed in the package insert,
at least 40% of these should have been EIA positive
(31). The 280 false negative values for benzodiazepines
were almost all due to the presence of lorazepam. The
investigators observed LC-MS/MS lorazepam values
that in many cases far exceeded the nominal EIA cutoff
listed in the package insert (31). The large number of
benzodiazepine false negative values was due to poor
cross reactivity with the excreted metabolites and not
to the difference between cutoffs for the EIA and LCMS/MS procedures.

Discussion
The results of this study show that although immunoassays do provide correct results in most cases,
they are not always able to detect either illicit drugs
or the excretion products of drugs used in the treatment of pain patients. For example, in this study assays
for amphetamines, cannabinoids, cocaine metabolite,
and methadone worked well at the nominal cutoffs.
However, a significant number of cases were observed
where the quantities of these substances were between the nominal EIA cutoff and the LOQ of the LCMS/MS. Additionally, we observed the poor reactivity
of hydromorphone and hydrocodone by immunoassay
which indicated that the nominal opiate cutoff of 300
ng for EIA was misleading, albeit this nominal cutoff
is correct for morphine and codeine. Although false
negatives for the opioids occurred in only 2% of the
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tests, this represents an important failure of EIA testing, since the repercussions for a patient who is discharged from a practice can be life-changing. All of
this is in line with Trescot et al (7) who succinctly stated
that, “Since false negatives and false positives are possible, when questions arise, prior to taking any actions
a confirmatory test or no threshold test must be performed in the laboratory.”
One limitation of this study is the lack of complete
demographic information on the cohort. However,
Manchikanti et al (1) have outlined the usual description of this patient population. The study is also limited
because only one manufacturer’s set of products was
used. However, in White and Black’s book, Pain Management Testing Reference, they list all the package
inserts immunoassay variances for opioids and benzodiazepines (22). These listed antibody cross-reactivities are
similar to those listed in the Microgenics assays package
inserts. Therefore, we believe the results reported here
are applicable to other instruments and drug testing
reagents.
This study revealed a large false negative finding for
propoxyphene. Analysis by LC-MS/MS revealed 23.4%
more patients taking propoxyphene than were revealed
when tested by EIA. This large variation appeared to be
due to the poor reactivity of the norpropoxyphene with
this immunoassay. Equally disconcerting was the investigators’ finding of a 22% false negative rate for the
benzodiazepine assay. Almost all could be ascribed to
the poor cross reactivity with lorazepam.
It is well known that there is a large variance in
the immuno-reactivity with different benzodiazepines
(25,26). As described in one of the package inserts, the
cross reactivity of the benzodiazepine glucuronides is
less than that of the parent drug. Specifically, for CEDIA
assays, the lorazepam glucuronide reacts 4% as well as
the parent drug. The poor cross reactivity of lorazepam
has previously been described (25). As observed here,
false negative results by immunoassay for benzodiazepines can be expected. It is surprising that the manufacturer of the benzodiazepine immunoassay has not
corrected this deficiency.
The investigators’ patient population had an illicit
drug observation for cocaine of about 2.25% by the
immunoassay screening method and 4.5% by the LCMS/MS method. Cone et al (36) observed an incidence
of cocaine of 3.2% in their pain population. It appears
then that the populations are roughly equivalent.
Therefore, the investigators argue that the incidence of
cocaine abuse may have been much higher in Cone’s
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population but went undetected because of their use
of a higher screening cutoff in that study. If the new
National Library Certification Program guidelines were
used, a higher incidences would certainly have been observed (37).
Even though the effectiveness of opioids in the
treatment of chronic non-cancer pain has limited evidence, these medications are widely prescribed (38).
Because of the possibility of abuse and diversion, urine
drug screening is used as a physician tool to monitor
these patients. The presence or absence of substances
in their urine guides them in the patient’s treatment
(7,8). Negative results on a urine drug screen imply
non-compliance with a physician’s prescribed medications, often causing the physician to conclude that the
patient is diverting drugs (39). This may not always be a
correct conclusion though. For example, a patient may
have been taking the prescribed drug and the excreted
urine concentrations were below the cutoff value used
for the test. This would result in a false negative. Another problem could occur when a patient taking illicit
drugs excretes at test time below the cutoff level (7,8).
Whether this is due to the patient having taken only a
small amount of the drug prior to the test, having last
used it several days prior to the test, or metabolizing
in an unusual way, the knowledge that the patient is
taking illicits still eludes the doctor.
Misinterpretation of lab results by the physician
can also be problematic if the doctor lacks sufficient understanding of the pharmacology of opioids (7,8,15,4042). For example, if the physician doesn’t know that hydormorphone is the excreted metabolite of morphine
– and this study showed that hydromorphone reacts
poorly with the immunoassay antibody – then he or she
might believe that the drug test result of negative for
opioids means that the patient is not taking their morphine when in fact they are.
Many physicians may not be aware of the variance in sensitivity of assays used by laboratories to analyze urine specimens for the presence of prescription
medications. They may assume that a negative result
indicates non-compliance. Again, the potential consequence to the patient is grave. This raises the question:
Is it the responsibility of the laboratory to carefully instruct the physician as to the limit of their testing? This
study leads these investigators to believe that it is. The
National Academy of Clinical Biochemistry suggests that
when immunoassays are used, “the laboratory should
list the major cross-reacting substances for each drug
class when a positive result is reported. It may also be
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appropriate to indicate in the final report (e.g. “notes”
section) that a negative urine drug result does not indicate absence of all drugs of abuse” (43).
SAMHSA sets the guidelines for detecting illegal
drug use in Department of Transportation workers
and these have been adopted for workplace testing
(37). These cutoffs are useful for emergency unit testing of potentially overdosed patients. In these cases,
the urine concentrations of drugs are very high and
overcome the limitations of sensitivity. These same
guidelines have been applied to the detection of
drugs in the pain patient population (7,36). Leading
pain physicians recognize that this is not appropriate:
“Clinicians should remember that the cutoff concentrations used for drugs in federally regulated testing,
particularly opioids, are too high to be of value in clinical practice” (7).
Substance abuse is a well-known problem in the
pain patient population (1-8). Bearing in mind that the
present investigators detected double the number of
illicit cocaine users by LC-MS/MS using a lower cutoff
compared to those observed by immunoassay using
SAMHSA cutoff, this prompts another question: Should
physicians treating pain patients go beyond the legal
guidelines and demand more accurate testing using
lower cutoffs such as those provided by LC-MS/MS?
Again, these investigators believe so.
The implications are significant, not only for pain
doctors and their patients, but for society as well. According to the National Prescription Drug Threat Assessment, diversion and supplementation (the acquisition of prescription drugs for recreational use) costs
public and private insurers $72.5 billion per year for 6.9
million non-medical prescription drug abusers (44,45).
This is over $10,000 per abuser per year.
It is believed that more than 10% of pain patients
abuse medications (3,13). The problem for physicians is
to detect the abusers among their patients. This is not
easy. It has been shown that even experienced doctors are often fooled by pain patients who are abusing
medications. Researchers at Cornell University found
that physicians detect a bogus patient only 10% of the
time, even when warned of a visit by an actor with a
“pain” condition; in addition, physicians were liable to
mistakenly identify real patients as actors (46). Therefore, it could be surmised that subjecting pain patients
to urine drug testing at lower quantitative levels could
expose some of those abusers who have heretofore
gone undetected, substantially decreasing their cost
to society.
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It is important to consider why there is a difference in accuracy between screening immunoassays and
confirmation by LC-MS/MS. First, cutoffs for are higher
for the immunoassay procedure than mass spectrometry (7). Second, the 2 techniques measure different
compounds. Immunoassay procedures measure the
glucuronide (metabolized) form of the drug, whereas
confirmation methods measure the drug itself. Thus,
it is to be expected that there are differences in accuracy between immunoassay and mass spectrometry
procedures.

Limitations
The study was limited by the lack of complete demographics for the cohort and because only one immunoassay diagnostic product was used. It was also
limited because not all drugs react the same in the
immunoassay.

Conclusions
Many clinical and forensic evaluations of excreted
drugs are dependant on initial screening results. We
show that in general, immunoassay screening results
are accurate, although as shown in this study, there are
many false negative observations. The use of LC-MS/MS
technology significantly decreases the number of false
negative results. This finding reinforces the importance
to both physician and patient of accurate urine drug
testing. This study shows that testing by LC-MS/MS
should be considered the standard of choice for analysis of drugs in urine.
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