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Bortezomib in combination with dexamethasone for
the treatment of patients with relapsed and/or
refractory multiple myeloma with less than optimal
response to bortezomib alone

Corticosteroids have long been a central
component of the treatment for multi-
ple myeloma, with the most common-

ly used regimens being melphalan and pred-
nisone,1,2 vincristine, doxorubicin, and dexam-
ethasone (VAD),3-5 thalidomide plus dexam-
ethasone,6-8 and high-dose dexamethasone
alone.9 The dose of dexamethasone used in
the VAD regimen and as a single agent is typ-
ically 40 mg po on days 1-4, 9-12, and 17-20 of
a 28- to 35-day cycle, for a total of 480 mg.

Bortezomib (VELCADE®, Millennium
Pharmaceuticals, Inc. and Johnson & Johnson
Pharmaceutical Research & Development,
L.L.C.) is a potent, reversible inhibitor of the
proteasome and is active in myeloma.
Preclinical evidence provides a rationale for
combining bortezomib with dexamethasone,
suggesting that the therapeutic effects of the
two agents could be additive and that borte-
zomib may overcome resistance to dexam-
ethasone in multiple myeloma cells.10

Adherence of myeloma cells to bone marrow
stromal cells triggers nuclear factor (NF)-κB-
dependent transcription and secretion of inter-
leukin (IL)-6,11,12 a growth and survival factor11,13

that blocks dexamethasone-induced apoptosis
in myeloma cells.14 Bortezomib inhibits bind-

ing of multiple myeloma cells to bone marrow
stromal cells, prevents activation of NF-κB,
and inhibits the secretion of IL-6 in vitro.10,15 

Bortezomib is approved for the treatment of
myeloma patients who have relapsed after
one prior therapy in the United States and
European Union based predominantly on the
results of two phase 2 clinical trials, SUMMIT
and CREST,16,17 and the randomized, phase 3
APEX trial.18 In the European Union, patients
must have already undergone bone marrow
transplantation or be unsuitable for the proce-
dure. Both phase 2 studies allowed for the
addition of dexamethasone in patients with a
suboptimal response to bortezomib alone.
The response to and toxicity of bortezomib
alone in these two trials were reported in pre-
vious publications.16,17 We report here for the
first time a detailed analysis of the contribu-
tion of dexamethasone when it is added to
bortezomib in this patient population.

Design and Methods

In SUMMIT, 202 patients who had received
at least two lines of therapy for myeloma and
had progressed during or within 60 days after
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Background and Objectives. The efficacy and safety of added dexamethasone were
assessed in patients with relapsed and/or refractory multiple myeloma who had a sub-
optimal response to bortezomib alone. 

Design and Methods. In two previously reported, open-label, multicenter phase 2 stud-
ies, bortezomib 1.0 or 1.3 mg/m2 was administered intravenously twice weekly for 2
weeks of a 3-week cycle for up to 8 cycles to patients who had failed either ≥2 lines
of therapy (SUMMIT, n=202) or first-line therapy (CREST, n=54). Patients with progres-
sive disease after the first two cycles or stable disease after four cycles of bortezomib
were eligible for addition of oral dexamethasone 20 mg on the day of and after each
bortezomib dose. Responses were assessed by an Independent Review Committee
using European Group for Blood and Marrow Transplantation criteria.

Results. Addition of dexamethasone to bortezomib was associated with improved
responses in 13 of 74 evaluable patients (18%) in SUMMIT and 9 of 27 (33%) in
CREST; eight of these 22 patients had been previously refractory to dexamethasone.
There were 2 complete, 8 partial, and 12 minimal responses. Dexamethasone did not
appear to alter the type or number of adverse events. Treatment-emergent adverse
events reported in ≥ 20% of patients receiving combination therapy were fatigue (25%),
thrombocytopenia (24%), insomnia (21%), and nausea (20%).

Interpretation and Conclusions. Addition of dexamethasone to bortezomib in patients
with relapsed and/or refractory myeloma who had suboptimal responses to bortezomib
alone was associated with improvement in responses without prohibitive toxicity. 
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completion of their last therapy (i.e., refractory myeloma)
were enrolled to receive bortezomib monotherapy, 1.3
mg/m2. In CREST, 54 patients who had progressed during
or after completion of first-line therapy were randomized
to receive bortezomib monotherapy, 1.0 or 1.3 mg/m2.
The methods used in the SUMMIT trial have been pub-
lished in detail17 and are generally similar to those of the
CREST trial,16 except that CREST patients presented at an
earlier time in their disease treatment after failing only one
prior treatment regimen and were randomized to receive
one of two different doses of bortezomib. 

Patient selection
All SUMMIT and CREST study patients were at least 18

years of age, had measurable relapsed and/or refractory
myeloma, and had a life expectancy of ≥3 months.
Measurable disease was defined as a monoclonal
immunoglobulin (Ig) concentration on serum elec-
trophoresis of ≥1 g/dL of IgG or ≥0.5 g/dL of IgA, or uri-
nary excretion of ≥200 mg/24 h of monoclonal light chain;
patients with non-measurable disease, defined as non-
secretory or oligosecretory myeloma, had to have other
measurable evidence of disease such as extramedullary
plasmacytoma. Corticosteroid-refractory disease was
defined as progression during a prior corticosteroid-con-
taining regimen. Other inclusion criteria included a
Karnofsky performance scale score of ≥60%, serum aspar-
tate aminotransferase or alanine aminotransferase concen-
tration ≤3 times the upper limit of normal, serum total
bilirubin concentration ≤2 times the upper limit of normal,
creatinine clearance of >30 mL/min (patients with a crea-
tinine clearance >10 mL/min and <30 mL/min could be
enrolled in the study if approved by the sponsor and local
institutional review board), platelet count ≥50×109/L or
≥30×109/L if the bone marrow was extensively infiltrated
by myeloma, hemoglobin level ≥8 g/dL, and absolute neu-
trophil count ≥0.5×109/L. Premenopausal women were
required to have a negative pregnancy test result before
enrollment, and all patients had to agree to use an accept-
able method of birth control during the studies. All
patients provided written informed consent before enter-
ing the studies, which were performed in accordance with
the Declaration of Helsinki and approved by the institu-
tional review board at each participating center.

Interventions
Bortezomib was administered by intravenous bolus

over 3 to 5 seconds on days 1, 4, 8, and 11 of a 21-day
cycle for up to eight cycles; the dose was 1.3 mg/m2 for all
patients in SUMMIT and, by random assignment, either
1.0 mg/m2 (n=28) or 1.3 mg/m2 (n=26) for patients in
CREST. Patients who exhibited progressive disease after
two cycles or no change after the first four cycles of borte-
zomib monotherapy as determined by the investigator
were allowed to receive additional oral dexamethasone 20
mg on the day of and the day after each dose of borte-
zomib, for a total dose of 160 mg every 21 days. The deci-
sion to add dexamethasone based on the response criteria
was at the discretion of the investigator.

Bortezomib treatment was withheld if non-hematolog-
ic adverse events were grade 3 or if hematologic adverse
events were grade ≥4. After adverse events had resolved,

bortezomib could be resumed at a dose of 1.0 mg/m2 if
adverse events had occurred at the 1.3 mg/m2 dose, or at a
dose of 0.7 mg/m2 if adverse events had occurred at the 1.0
mg/m2 dose (~25% dose reduction). There were no
defined or prespecified dose interruptions or modifica-
tions with regard to dexamethasone. Patients with a com-
plete response received two additional cycles of treatment
beyond confirmation of the complete response. An exten-
sion protocol was available in which treatment was con-
tinued beyond eight cycles for patients who achieved a
response or who, in the investigator’s opinion, could
potentially benefit from additional treatment.

Efficacy assessment
The intent-to-treat population was used for efficacy

analysis in these studies, which included all patients who
received at least one dose of study drug and had measura-
ble disease at screening. An Independent Review
Committee (IRC) consisting of three independent physi-
cians with expertise in multiple myeloma, who were not
investigators in the study, assessed data from each treat-
ment cycle in which efficacy evaluations were conducted.
IRC members were blinded to whether the patients
received added dexamethasone. Patients with non-meas-
urable disease at baseline with insufficient data available
for the IRC were excluded from the analysis.

Responses, including improvements relative to the start
of dexamethasone, were determined by an IRC according
to the criteria of the European Group for Blood and
Marrow Transplantation (EBMT).19 Complete response
was defined by a negative immunofixation test result for
myeloma protein in serum and urine, absence of soft-tis-
sue plasmacytomas, normal serum calcium concentration,
stable skeletal disease, and <5% plasma cells in the bone
marrow. Near complete response, a modification of the
EBMT criteria, was defined as a positive immunofixation
test result, absence of myeloma protein on serum and
urine electrophoresis, stable skeletal disease, and normal
serum calcium concentration. Measurements to confirm
responses were required at least 6 weeks after the initial
response was observed. Improved response was defined
as improvement from at least no change or not evaluable
during bortezomib monotherapy to minimal response or
better during combination therapy with added dexam-
ethasone. As prospectively defined, patients with progres-
sive disease receiving bortezomib alone were considered
to have progressive disease in the final response evalua-
tion of the study, regardless of a possible response upon
addition of dexamethasone. 

Safety assessment
Adverse events were assessed and graded according to

the National Cancer Institute Common Toxicity Criteria
(version 2.0).20 All patients who received any study drug
were included in the safety evaluation. Adverse events are
reported as those that were treatment emergent and were
defined as any adverse events that occurred after adminis-
tration of the first dose of study drug(s) and through 20
days after the last dose of study drug(s), events that were
considered drug-related (possibly or probably) regardless
of the start date of the event, or events that were present
at baseline but worsened in severity or were subsequently
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considered drug-related by the investigator. Adverse
events reported for bortezomib alone and for bortezomib
combined with dexamethasone were assessed.

Statistics
Descriptive analyses were performed using SAS statisti-

cal software (version 8.2, SAS Institute). Time-to-event
analyses were analyzed using Kaplan-Meier methodology:
event times were calculated from the first dose of borte-
zomib until the occurrence of the first event in patients
receiving either bortezomib alone or combination therapy.
Adverse event summaries include all treatment-emergent
events separated by start date, that is, based on the start
date of the adverse event relative to the start date of the
first dose of bortezomib alone, or the first dose with dex-
amethasone added. Any adverse event that started before
combination therapy was attributed to bortezomib alone,
and any event with a start date after the first dose of dex-
amethasone was attributed to the combination.

Results

Of the 256 patients with relapsed and/or refractory mul-
tiple myeloma who were enrolled in SUMMIT (n=202) or
CREST (n=54), 106 (41%) had dexamethasone added to
the initial bortezomib monotherapy. The demographics
and disease characteristics of all patients at enrollment in
both trials were similar to those of patients who later
received the combination regimen (Table 1). All 106
patients who received dexamethasone had been treated
with corticosteroids in a previous regimen. Figure 1A
shows the cycle of bortezomib therapy at which dexam-
ethasone was initiated in the 106 patients who received
added dexamethasone. Dexamethasone was started at
cycle 3 of bortezomib therapy in 20 of 78 (26%) SUMMIT
patients and 7 of 28 (25%) CREST patients.
Dexamethasone was started after the fourth cycle of
bortezomib in 51 of 78 (65%) patients in SUMMIT and in
19 of 28 (68%) patients in CREST. Figure 1B shows the
number of cycles in which the combination of bortezomib
plus dexamethasone therapy was administered to patients
in each study. The bars indicate the number of patients
who were administered the combination by extent of
exposure; all 106 patients were administered the combina-
tion in at least one cycle, whereas fewer received two or
more cycles. Dexamethasone was administered for a
median of 39 days (range 1-138 days) in SUMMIT and 54
days (range 5-117 days) in CREST. Twenty-eight of 106
patients who had received combination treatment with
bortezomib plus dexamethasone in the parent trial subse-
quently received a median of three additional cycles of
treatment in an extension trial that was designed to allow
patients with the potential to benefit to receive additional
therapy beyond eight cycles. 

Activity
Ten of the 256 patients who were enrolled in SUMMIT

or CREST had non-measurable disease at baseline or had
insufficient data available for the IRC and were excluded
from the analysis. In SUMMIT, 74 of 78 patients receiving
bortezomib plus dexamethasone combination therapy

were evaluable for response; 13 (18%) had improved
responses during combination therapy, six of whom
(46%) had been refractory to previous dexamethasone

Table 1. Baseline characteristics of all patients and the subset
receiving the combination of bortezomib and dexamethasone.

All patients Combination
SUMMIT and CREST bortezomib plus

(n=256) dexamethasone
(n=106)

Male, % 56 57
Median age, y (range) 60 (30-84) 62 (30-84)
Ethnicity, white, % 82 84
Karnofsky performance status
≤70%, % 19 14
Myeloma type, IgG/IgA/other, % 60/24/16 59/24/17
Median percentage of plasma cells 50 40
in bone marrow biopsy
Abnormal cytogenetics, % 36 34
Median platelet count, 109/L 168 185
Median β2-microglobulin, mg/L 3.6 3.2*
Number of previous regimens, 5 (1-15) 5 (1-15)
median (range)
Prior steroid treatment, % 99 100

*Based on data from 91/106 patients.

Figure 1. Timing of addition of dexamethasone by bortezomib
treatment cycle (A) and number of patients receiving dexametha-
sone by number of cycles of combination treatment received (B)
in SUMMIT and CREST.
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(Table 2). Of these 13 patients, five achieved partial
responses following minimal responses (n=2) or no
change (n=3) on bortezomib alone. The response status
improved to a minimal response in the remaining eight
patients whose initial response to bortezomib alone was
no change (n=7) or not evaluable (n=1). Response in the
remaining 61 patients did not improve.

In CREST, 27 of 28 patients who received combination
therapy were evaluable for response; nine (33%) had
improved responses during combination therapy, two of
whom had been refractory to previous dexamethasone.
Of 15 patients who received bortezomib 1.0 mg/m2, the
response status improved to complete response in two
patients whose initial response to bortezomib alone was
minimal (n=1) or no change (n=1) and to minimal
response in two patients whose initial response to borte-
zomib alone was no change. Responses in the remaining
11 patients did not improve. 

Of 12 patients who received bortezomib 1.3 mg/m2 in
CREST, the response status improved to partial response
in three patients whose initial response to bortezomib
alone was minimal (n=2) or not evaluable (n=1) and to
minimal response in two patients whose initial response
to bortezomib alone was no change. Responses in the
remaining seven patients did not improve. 

Improvements in response were analyzed according to
when dexamethasone was first added to bortezomib
monotherapy. In patients who received dexamethasone
either on or before cycle 4 of bortezomib therapy (n=34),
five (14.7%) improved responses (one complete response,
two partial and two minimal responses) were seen. In
patients who received dexamethasone after cycle 4 of
bortezomib therapy (n=67), 17 (25.4%) improved
responses (one complete, six partial and ten minimal
responses) were seen.

Data on change in M-protein level were analyzed in
patients evaluable for response who received added dex-
amethasone. Table 3 shows the results for patients who

experienced an improved response upon addition of dex-
amethasone and those who did not, in order to assess the
relative impacts of bortezomib alone and the combination
therapy. In patients who had an improved response with
the combination therapy, the median reduction in M-pro-
tein level was 36.7% following the addition of dexam-
ethasone, compared with a median reduction of 15.4% on
bortezomib alone. As expected, the select patient popula-
tion that received combination therapy after a less than
optimal response to bortezomib alone had a shorter time
to progression. In SUMMIT, the median time to progres-
sion was 6.9 months for all patients on bortezomib alone
(n=202) and 5.3 months for the subset that received dex-
amethasone (n=78). In CREST, the median time to pro-
gression was 10.6 months for all patients on bortezomib
alone (n=54) and 6.8 months for the subset that received
dexamethasone (n=28).

Safety
Of 106 patients receiving dexamethasone, 100 (94%)

had at least one treatment-emergent adverse event report-
ed after the addition of dexamethasone. Most adverse
events were mild to moderate in severity and did not usu-
ally lead to discontinuation because of toxicity. Adverse
events leading to discontinuation occurred in 13 of 106
patients (11%), 12 in SUMMIT and one in CREST.
Peripheral neuropathy was reported as a reason for dis-
continuation in four patients and was considered possibly
or probably attributable to bortezomib in all instances.
Other reasons for discontinuation included diarrhea (n=3;
one of these patients also had neuropathy leading to dis-
continuation), dehydration (n=1), hyponatremia (n=1),
syncope (n=1), and diverticulitis (n=1). One patient dis-
continued because of thrombocytopenia and tachycardia,
and another because of dyspnea and dysautonomia. Table
4 lists the most common treatment-emergent adverse
events by bortezomib dose group reported before and
after the addition of dexamethasone. The most common

Table 2. Improved responses following the addition of dexametha-
sone to bortezomib monotherapy.

Parameter SUMMIT CREST 

Improved response on 13/74 (18) 9/27 (33)
combination therapy, n/n (%)*

Improved response despite being 6/13 (46) 2/9 (22)
refractory to prior dexamethasone, n/n (%)

Median time to improved response 1.2 1.2 
from start of dexamethasone, months 

Median duration of response
(CR + PR + MR), months (n)
1.3 mg/m2 5.1 (29) NR (8)
1.0 mg/m2 NA 4.7 (6)

Median time to progression among patients 5.3 6.8
receiving bortezomib + dexamethasone, months†

*Improvement to MR or better from at least no change or not evaluable during
bortezomib monotherapy. †From initial dose of bortezomib. CR, complete
response; PR, partial response.MR, minimal response; NA, not applicable;
NR, not reached.

Table 3. Summary of changes in M-protein levels in patients
evaluable for response who experienced an improved response or
did not improve following the addition of dexamethasone to borte-
zomib monotherapy.

Response following addition of 
dexamethasone 

Percentage changes in M-protein levels Improved Did not improve
(n=22) (n=79)

Change between study enrollment and -57.7 -28.6†

overall best M-protein response, (-100, -25.0) (-100, +359.9)
median (range) 

Change between study enrollment -15.4* -17.1‡

and best M-protein response (-100, +5.3) (-100, +424.2)
on bortezomib alone, median (range) 

Change between initiation of -36.7 -9.0¶

dexamethasone and best M-protein (-100, +42.9) (-100, +246.2)
response on combination therapy,
median (range)

*n=21, †n=78, ‡n=73, ¶n=72, patient data not available.
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adverse events reported during treatment with borte-
zomib alone were fatigue, nausea, diarrhea, and thrombo-
cytopenia. Thrombocytopenia was cyclical, occurring
during the administration of bortezomib but recovering
toward baseline during the rest period of each cycle. No
serious bleeding events associated with thrombocytope-
nia occurred.

With the addition of dexamethasone, several adverse
events appeared to be reported less frequently. Adding
dexamethasone in patients initially receiving bortezomib
1.3 mg/m2 was associated with a reduction in the report-
ing of fatigue (from 56% to 24%), nausea (from 52% to
21%), and diarrhea (from 42% to 22%). Of the most fre-
quently reported adverse events, the only events that
were reported more frequently during combination thera-
py were arthralgia, pyrexia, and possibly constipation,
and these were limited to the group receiving bortezomib
1.0 mg/m2. During therapy with bortezomib alone,
peripheral neuropathy was reported in 22% (23/106) of
patients; after dexamethasone was added, it was reported
in 20% (21/106). Grade 3 or 4 peripheral neuropathy was
reported in 12% (13/106). In the patient populations of
SUMMIT and CREST, peripheral neuropathy was report-
ed in 35% (90/256) of patients overall. 

Neutropenia of any grade was reported as an adverse
event in 20% (21/106) of patients receiving bortezomib
alone and in 7% (7/106) after the addition of dexametha-
sone. Grade 3 or 4 neutropenia was reported in 13%
(14/106) of patients based on adverse event reporting. No
instances of febrile neutropenia were reported.

Discussion

Bortezomib is a novel antineoplastic agent approved for
the treatment of multiple myeloma in patients who have

received at least one prior therapy in the United States and
European Union based primarily on the results of two
phase 2 trials, SUMMIT and CREST,16,17 and the phase 3
APEX trial.18 Using rigorous EBMT criteria,19 overall
response rates (complete + partial + minimal responses) to
bortezomib 1.3 mg/m2 as monotherapy were 35% in
SUMMIT17 and 50% in less heavily pretreated patients
who failed first-line therapy (CREST).16

Overall, 41% (106/256) of patients starting on borte-
zomib alone in these two phase 2 trials ultimately received
treatment with the combination of bortezomib and dex-
amethasone because of suboptimal response to borte-
zomib alone. Following combination treatment with
bortezomib and dexamethasone, improved responses
were observed in 18% of heavily pretreated patients in the
SUMMIT trial and in 33% of less heavily pretreated
patients in the CREST trial who received the combination.
These improved responses occurred in 22 patients (2 com-
plete, 8 partial and 12 minimal responses), including eight
with multiple myeloma who had been refractory to previ-
ous dexamethasone. The results of our analysis suggest
that if the response to bortezomib as a single agent is less
than optimal, even among patients previously treated with
or refractory to corticosteroids, then the addition of dex-
amethasone may provide additional benefit. The
improved responses (1 complete response, 4 partial
responses) seen in patients who achieved minimal
response to bortezomib alone suggest some degree of
additive sensitivity. Additionally, although numbers are
small, the data indicate a trend towards greater sensitivity
to bortezomib combined with dexamethasone in patients
with a better overall initial response to bortezomib
monotherapy, i.e. those who had dexamethasone added
later in their treatment (after cycle 4). Data on median
changes in M-protein levels indicate that, in patients who
had an improved response following the addition of dex-
amethasone, the majority of the overall reduction in M-
protein level occurred during combination therapy.

These findings suggest initial clinical validation of addi-
tional benefit from dexamethasone in combination with
bortezomib in multiple myeloma, as has been demonstrat-
ed in preclinical models.10 However, the potential benefit
of an earlier introduction of dexamethasone therapy could
not be assessed. Moreover, the possibility that some of the
improved responses may have represented a late response
to bortezomib (and not a response to the combination
with dexamethasone) or a response to high-dose dexam-
ethasone itself could not be excluded in the absence of a
control group and requires further study. In addition,
although bortezomib combined with dexamethasone
appeared to improve responses, the duration of response is
less than optimal. Therefore, combination with other
chemotherapeutic agents such as doxorubicin, which has
clear synergy with bortezomib21,22 should be considered.
As expected, the median time to progression was shorter
in patients for whom dexamethasone was added to the
treatment regimen. Baseline demographics and disease
characteristics of the subset that received combination
therapy were similar to those of the overall population;
this observation was surprising because these patients
already had a less than optimal response to bortezomib
alone by definition.

Table 4. Most frequently reported adverse events (>30% in any
single group).

Patients (%)

Adverse Bortezomib 1.3 Bortezomib 1.0
event mg/m2 (n=90) mg/m2 (n=16)

Alone After DEX Alone After DEX All grade 3
added added or 4 events

(n=106)

Fatigue 56 24 63 25 8
Nausea 52 21 44 13 7
Diarrhea 42 22 25 0 8
Thrombocytopenia 38 24 31 19 33
Pyrexia 32 12 13 25 2
Anemia 32 14 25 13 9
Insomnia 26 19 31 31 3
Constipation 27 14 25 31 3
Headache 24 8 38 0 4
Arthralgia 23 13 31 50 5
Pain in limb 17 12 31 6 6
Bone pain 13 8 38 0 2
Back pain 9 6 31 13 4
Peripheral edema 8 3 31 6 0

DEX: dexamethasone.
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The combination of bortezomib and high-dose dexam-
ethasone was associated with manageable adverse events
that did not usually interfere with the ability to continue
therapy. Adding high-dose dexamethasone did not appear
to change the type of adverse events or increase their inci-
dence compared with those associated with bortezomib
alone. Indeed, the reporting of some adverse events was
lower after the addition of dexamethasone than with
monotherapy alone. For example, combination therapy
was associated with an approximately 50% lower fre-
quency of fatigue, nausea, and diarrhea. Because dexam-
ethasone has long been known to have properties that
alleviate nausea and fatigue,23 even at oral doses as low as
4 or 8 mg twice daily,24,25 the apparent decrease in the inci-
dence of nausea is not unexpected. The safety profile of
bortezomib and dexamethasone is noteworthy, because
the spectrum and frequency of adverse events has been
less favorable when dexamethasone is added to agents
other than bortezomib for the treatment of multiple
myeloma.26,27 For example, adding dexamethasone to
thalidomide resulted in several unusual adverse events,
including vascular thrombosis.26

In conclusion, the combination of bortezomib and dex-
amethasone was associated with improved responses in
patients with relapsed and/or refractory multiple myelo-
ma who had a less than optimal response to bortezomib
monotherapy. Adding dexamethasone did not appear to
have an adverse effect on the safety profile of bortezomib.
Additional studies are needed to assess the efficacy of this
and other combinations and to identify patients most like-
ly to benefit from these combinations. Clinical trials are
ongoing to investigate these and related clinical issues.
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