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Multidrug resistance (MDR) is a major problem in lung cancer.
99mTc-methoxyisobutylisonitrile (**™Tc-MIBI) has been demon-
strated to be a noninvasive marker for the diagnosis of MDR-
related P glycoprotein and MDR-associated protein expression
in various solid tumors. Studies have shown that %*™Tc-MIBI
could play a significant role in the management of lung cancer;
for example, it could be used in the selection of patients for che-
motherapy or radiotherapy or in combined protocols before the
start of treatment. Accurate selection of chemosensitive patients
with ®¥mTc-MIBI would result not only in effective treatment of
patients but also in significant cost savings for health care pro-
viders. There is increasing pressure on health care providers to
consider costs in medical decision making, particularly in the
last decade, as several economic evaluations have appeared in
the medical literature. The aims of this study were to undertake
a systematic review of the performance of °®™Tc-MIBI imaging
in the assessment of treatment resistance in lung cancer and
to use the findings of the review in a decision tree analysis of
the potential cost-effectiveness of ®*mTc-MIBI imaging in select-
ing lung cancer patients for chemotherapy. Methods: This study
included a systematic review of the literature and a meta-analysis
together with a cost-effectiveness analysis of studies with a de-
cision tree analysis model. Results: Analysis of the studies
revealed that the overall sensitivity of ®*™Tc-MIBI in identifying
responders to chemotherapy was 94%, the specificity was
90%, and the accuracy was 92%. The sensitivity analysis
revealed an incremental cost-effectiveness ratio of greater than
£30,000 (~$42,900) for the strategy of treating all patients to re-
cover the small loss of life expectancy (7.5 d) associated with the
use of 9¥mTc-MIBI to preselect patients for chemotherapy. Con-
clusion: 9¥mTc-MIBI SPECT can accurately predict which pa-
tients with lung cancer will respond to chemotherapy. The use
of 99mTc-MIBI to preselect patients for chemotherapy has the po-
tential to yield significant cost savings in the health care system
without a significant loss of life expectancy for patients.
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Chemotherapy in lung cancer was first studied in the
late 1960s and has been used extensively since then (/,2).
The use of chemotherapy has resulted in a 5-fold increase
in median survival and a long-term disease-free survival of
over 3y in 5% —10% of patients with small cell lung cancer
and in patients with non—small cell lung cancer as well.
99mTc-methoxyisobutylisonitrile (°°™Tc-MIBI) has been
used as an imaging agent in the evaluation of breast, bone,
thyroid, and lung tumors (3-6). It has been shown that
99mTc-MIBI is a transport substance recognized by multi-
drug resistance (MDR)-related P glycoprotein (P-gp) and
that tumor cell accumulation is enhanced by inhibition of
the efflux transport function (7). These results provided the
basis for clinical studies that investigated the role of **™Tc-
MIBI in predicting the response to chemotherapy in
patients with lung cancer (8-15).

There is increasing concern about the economic burden on
health care providers because of the increasing costs of
management coupled with increasing drug resistance. The
number of economic analysis studies has increased greatly in
the last 2 decades (/6) in an increasingly cost-conscious
environment. Increasing concern about containing costs and
overall spending has resulted in the evaluation of imaging as
part of strategies for managing the costs associated with the
use of imaging for specific clinical conditions (/7-19). This
situation is particularly relevant for strategies whose adop-
tion and use result in a significant financial commitment from
the health care system. However, to date, no studies have
assessed the cost-effectiveness of **™Tc-MIBI in predicting
the response to chemotherapy; in addition, this use of *°™Tc-
MIBI imaging has not been considered in the formulation of
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clinical guidelines for lung cancer, such as those published by
the U.K. National Institute for Clinical Excellence (NICE)
(20).

The aims of this study were to undertake a systematic
review of the performance of **™Tc-MIBI imaging in the
assessment of treatment resistance in lung cancer and to use
the findings of the review in a decision tree analysis of the
potential cost-effectiveness of **™Tc-MIBI imaging in se-
lecting lung cancer patients for chemotherapy.

MATERIALS AND METHODS

Systematic Literature Review

We performed a systematic analysis of the available literature on
the use of *°™Tc-MIBI in predicting the clinical response to
chemotherapy in lung cancer. We followed the guidelines set out
in a recent publication by Matowe and Gilbert (27) for gathering and
evaluating evidence from the literature on the efficacy of imaging in
systematic reviews. MEDLINE was searched from 1966 through
July 2007. Additional studies were identified by searching the
Internet for the Agency for Health Care Policy and Research, the
Canadian Medical Association Clinical Practice Guidelines Data-
base, and the Centers for Disease Control and Prevention. Further
Internet searches were performed with the Google search engine.
We searched PubMed with the MeSH terms “mibi and lung cancer”
and “mibi and chemotherapy response” and “mibi and chemore-
sistance,” with the search being limited to “humans” and “English
language.” Case reports were also excluded.

Only studies in which the initial imaging had been performed
within 30 min of tracer injection were included.

Meta-Analysis

A meta-analysis was used to derive the overall prevalence of
responders, the sensitivity and specificity of **™Tc-MIBI SPECT,
and the 95% confidence intervals (Cls) for the parameters.

Cost-Effectiveness Analysis (CEA)

CEA is increasingly used in the health care sector and is designed
to answer the question, “Is it worth the extra money to implement
strategy B instead of strategy A?” A common approach is to
examine a currently accepted standard of care against a new, more
expensive strategy that improves outcomes. The consequences of
alternative strategies are measured in physical units rather than just
monetary values, for example, life years saved. Hospitals, managed
care organizations, self-insured employers, researchers, and indi-
vidual physicians have used this technique for the development of
new management guidelines, either formally or informally.

In this study, we considered 3 strategies for the management of
lung cancer: basic supportive care, which was the strategy with the
lowest cost and the shortest life expectancy; treatment of all
patients (“treat all”); and the use of **™Tc-MIBI to select patients
for treatment.

A decision tree analysis model was used for each strategy (Fig. 1).
The contribution of **Tc¢c-MIBI SPECT in the prechemotherapy
evaluation was assessed by decision tree analysis with Extend
Software (Imagine That, Inc.) and blocks used in the decision tree
model software from the Crump Institute, University of California
at Los Angeles. The imaging strategy was compared with the
baseline strategies of chemotherapy for all patients and palliative
care for all patients. For the imaging strategy, it was assumed that all
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patients would undergo a **™Tc-MIBI SPECT study before che-
motherapy and would have chemotherapy only if their *°™Tc-MIBI
SPECT study results were positive. The sensitivity and specificity of
SPECT, along with their 95% ClIs, were determined from patient
data. The cost of the SPECT study was obtained from the NICE
guidelines for myocardial perfusion imaging with *°™Tc-MIBI
SPECT (22). The costs of basic supportive care and chemotherapy
were obtained from the National Health Service health technology
assessment report (23) and were based on the most cost-effective
paclitaxel-based therapy, reflecting the chemotherapeutic approach
adopted in some of the **™Tc-MIBI studies. The life expectancies
achieved with basic supportive care and chemotherapy were also
obtained from randomized trials summarized in the NHS HTA
report (23). The survival benefit of chemotherapy was adjusted to
account for the prevalence of responders, as determined from the
meta-analysis.

Outcome

For each strategy, cost, life expectancy gained, and cost benefit
were calculated. The incremental cost-effectiveness ratio (ICER)
was used to compare the cost-effectiveness of different strategies,
according to the following equation: ICER = (cost of strategy 1 —
cost of strategy 2)/(effectiveness of strategy 1 — effectiveness of
strategy 2).

We adopted an ICER of £30,000 (~$42,900) per life year, in
keeping with the threshold used by NICE since 1999.

Sensitivity analysis was used to assess the impact of variations in
baseline assumptions on the study results. Values for the prevalence
of responders and the sensitivity and specificity of the **™Tc-MIBI
study for identifying responders were varied within the range of
95% Cls from the meta-analysis. Chemotherapy costs were varied
as described in the NICE guidelines (20). A worst-case scenario in
which the SPECT cost was doubled was also considered.

RESULTS

Literature Review and Meta-Analysis

Overall, this search produced 56 articles from May 1966
through October 2007; 16 studies of those studies were
identified as being common to the 3 search terms. Of these
16, 8 were not included because 2 studies were case reports,
4 studies used a different imaging agent (tetrofosmin), and
2 studies had initial imaging times that were more than
30 min after the injection of *°™Tc-MIBI.

A total of 235 patients were included in the 8 studies.
The total number of responders, including both complete
and partial responders, was 116, resulting in an overall
prevalence of 0.49. The 95% Cls were between 0.44 and
0.55. The overall sensitivity of **™Tc-MIBI in identifying
responders to chemotherapy was 94%, the specificity was
90%, and the accuracy was 92%.

CEA
The baseline assumptions used in the decision tree
modeling are summarized in Table 1. The overall results of
the decision tree analysis are summarized in Table 2.
Under baseline conditions, the imaging strategy was less
expensive than the treat-all strategy but resulted in a small
loss of overall life expectancy (7.5 d). The imaging strategy
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FIGURE 1. Decision tree analysis model based on NICE guidelines. BSC = basic supportive care; CDDP = cisplatin; Def =

definition; Exp = expectancy; NSCLC = non-small cell lung cancer; PAX = paclitaxel.

was the most cost-effective of all 3 strategies. The ICER for
the treat-all strategy compared with the imaging strategy
indicated that the cost of regaining the small loss of life
expectancy was £60,051 (~$85,873) per life year.
One-way sensitivity analyses examining the cost-
effectiveness of each strategy with various prevalence,
SPECT sensitivity, and SPECT specificity values showed
that the strategy of using **™Tc-MIBI to preselect patients for

chemotherapy was always the least expensive and the most
cost-effective. The maximum loss of life expectancy result-
ing from the imaging strategy compared with the treat-all
strategy was 15 d. The ICER for the treat-all strategy
compared with the strategy of using **™Tc-MIBI remained
greater than £30,000 (~$42,900) under all conditions.

The sensitivity analysis considering the cost of chemo-
therapy showed that only when the cost of chemotherapy was

TABLE 1. Parameters Used in Decision Tree Modeling

Parameter Baseline
Prevalence of responders 0.49
SPECT sensitivity 0.94
SPECT specificity 0.90
Cost of SPECT* 265 (~379)

Cost of chemotherapy*

Cost of basic supportive care*

Life expectancy of basic supportive care

Life expectancy with treatment success
adjusted for prevalence of responders

113y

*Cost is reported in pounds sterling (U.S. dollars).

6,283 (~8,985)
3,210 (~4,590)
0.433 y

Limits Source
0.44-0.55 Meta-analysis of studies 6-13
0.88-0.97 Meta-analysis of studies 6-13
0.83-0.94 Meta-analysis of studies 6-13

NICE guidelines (22)
HTA report (23)
HTA report (23)
HTA report (23)
HTA report (23)
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TABLE 2. Results of Decision Tree Analysis*

Cost (£) Survival (life years) Cost-effectiveness (£/life year)
Basic Basic Basic ICER (£) for
supportive supportive supportive  treat all
Parameter Treat all Imaging care Treat all Imaging care Treat all Imaging care vs. imaging
Baseline prevalence 6,283 5,047 3,210 0.78 0.76 0.43 8,093 6,678 7,408 60,051
Lower 95% ClI 6,283 4,918 0.74 0.72 8,475 6,804 73,860
Upper 95% CI 6,283 5,202 0.82 0.80 7,678 6,542 46,795
SPECT sensitivity
Lower 95% ClI 6,283 4,980 0.78 0.74 8,055 6,729 31,000
Upper 95% ClI 6,283 5,120 0.78 0.77 8,055 6,649 110,800
SPECT specificity
Lower 95% ClI 6,283 5,180 0.78 0.76 8,055 6,815 52,500
Upper 95% CI 6,283 5,011 0.78 0.76 8,055 6,593 60,500
Chemotherapy cost
Lower limit 3,700 3,729 0.78 0.76 4,744 4,907 —1,450
Upper limit 18,700 11,529 0.78 0.76 24,087 15,256 348,407
SPECT cost doubled
Lower limit 3,700 3,994 0.78 0.76 4,766 5,285 —14,324
Upper limit 18,700 11,794 0.78 0.76 24,087 15,606 335,530

*Current exchange rate for currency is 1.43 U.S. dollars per pound sterling.

as low as £3,700 (~$5,291) was the treat-all strategy less
expensive and more effective than the imaging strategy, with
an ICER of —£1,450 (~—$2,074). Even in the worst-case
scenario, when the SPECT cost was doubled, the ICER was
less than £30,000 (~$42,900) only when the chemotherapy
cost was as low as £5,575 (~$7,972) (Fig. 2).

DISCUSSION

The current decision analysis represents a population-
based approach intended to identify the algorithm providing
the most cost-effective management of lung cancer chemo-
therapy. We did not attempt to address how a physician
should manage the care of an individual patient. Patient
preferences and concerns must be considered when deter-
mining how to use imaging tests with different degrees of
certainty or uncertainty.

The current strategy used for the management of surgically
nonresectable lung cancer is either chemotherapy or just
basic supportive care for patients with terminal disease.
However, with modern imaging technologies, including
CT, MRI, and PET/CT, the management of lung cancer has
been altered significantly. Early diagnosis with newer tech-
nology and the development of newer chemotherapy drugs
have led to aggressive management of the disease. However,
these changes have placed great stresses on both finances and
the resources of the health care system.

Since the study of Piwnica-Worms et al. (7) described the
use of *°™Tc-MIBI in the identification of MDR mediated
by P-gp, many studies have been undertaken to examine the
usefulness of **™Tc-MIBI in identifying drug resistance in
tumors. Such study is essential considering the toxic nature of
chemotherapy. Also, itis important to deliver a drug to patients
who will respond to it rather than to patients who will be
resistant to its effects, resulting in better clinical effectiveness
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FIGURE 2. Chart plotting ICER for
treat-all strategy vs. cost of chemo-
therapy. LY = life years.
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and reducing the side effects of failed therapy on the rest of the
body in chemotherapy-resistant patients. Such achievements
also translate into improved cost-effectiveness, as shown by
our analysis.

The number of published studies examining the effective-
ness of 2°MTc-MIBI in preselecting patients before chemo-
therapy in lung cancer is limited. However, it has been
observed that when **™Tc-MIBI is used, it is very effective in
differentiating responders from nonresponders.

The treat-all strategy proved to be more costly than the
imaging strategy even when the lowest limits of sensitivity
and specificity for the imaging strategy and the lowest
prevalence of responders were considered. The added benefit
of the treat-all strategy translated into a survival gain of only
7.5 d compared with the results obtained from imaging
patients with 2°™Tc-MIBI to preselect responders. Only when
the cost of chemotherapy was less than £5,575 (~$7,972) was
it more cost-effective (i.e., <£30,000 [<~$42,900] per life
year gained) to treat all patients. However, the cost of chemo-
therapy, as outlined by NICE guidelines, ranged up to £18,700,
with a median cost of £11,000; these costs justify the use of an
efficient preselection technique to identify responders. The
other important issue to consider is the loss of quality of life
because of morbidity and mortality associated with toxic
chemotherapy drugs in nonresponders. These facts make a
strong case for tailoring therapy to patients.

Different parameters have been used in various studies to
identify chemotherapy responders. These include initial
uptake of *™Tc-MIBI, delayed retention, percentage wash-
out, and retention index. The best parameter for predicting
the response to chemotherapy was the degree of initial *™Tc-
MIBI uptake by the tumor, seen in 7 of the 8 studies included
(7,9,11-15). In all of these studies, lung cancer patients who
had less °°™Tc-MIBI uptake were less likely to respond to
chemotherapy than those who had more uptake. However,
some overlap in initial tumor uptake between responders
and nonresponders reduced the accuracy of the studies. Bom
et al. (I5) reported that with dipyridamole, which is a P-gp
modulator, they were able to improve the accuracy of
identifying responders by nearly 2-fold. A reduction in the
initial uptake of *°™Tc-MIBI followed by a subsequent
increase after dipyridamole infusion was a strong negative
predictor of the response to chemotherapy. They concluded
that dipyridamole—°™Tc¢-MIBI SPECT could help physicians
predict the response to chemotherapy in patients with small
cell lung cancer. These findings suggested that P-gp expressed
in a tumor was responsible for the reduction in initial uptake.

Tumor 2°mTc-MIBI washout rates, however, were not
found to be very reliable in identifying nonresponders.
Tumors in some responders showed *°™Tc-MIBI washout
as early as tumors in nonresponders. Early imaging in all 8
studies included was performed within 30 min of the intra-
venous injection of **™Tc-MIBI. In 2 studies (24,25) that
were not included in the present investigation, the chest was
imaged more than 30 min after the injection of **™Tc-MIBI, a
factor that may explain the reduced tumor uptake seen in
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responders on early imaging. There was no significant dif-
ference in **™Tc-MIBI uptake between non—small cell lung
cancer and small cell lung cancer in these 8 studies.

The costs used for modeling in the present study were
from the U.K. health care system. Although health care
costs vary from country to country, the relative proportions
are likely to be similar; therefore, similar results would be
expected to be obtained in comparisons of various decision
pathways.

CEA can be used not only to guide clinical practice but also
to prioritize clinical trials on the basis of the likely impact on
evidence-based clinical practice (26,27). Given the relatively
small numbers of cases in the literature reporting the use of
99mTc-MIBI to predict the response to treatment, the results
of our study may not be sufficient to influence clinical
practice without further randomized controlled trials. How-
ever, our results do indicate that such trials should be a high
priority for clinical research.

CONCLUSION

The results indicate that *™Tc-MIBI SPECT has excellent
sensitivity and specificity in predicting chemotherapy re-
sponders and nonresponders. The use of *°™Tc¢-MIBI to
preselect chemotherapy responders would result in significant
cost savings for the health care system. In our opinion, the cost
of treating all patients outweighs the modest gain (7.5 d) in life
expectancy achieved. The data from the present study indicate
a high priority for prospective randomized trials to confirm the
role of *°™Tc-MIBI in patients with lung cancer.
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