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C hronic lymphocytic leukemia (CLL) is the
most common adult leukemia, accounting
for nearly one-third of all leukemias.1,2 Al-

most all cases of CLL occur in adults 50 and older
with a median age at diagnosis in the mid-60s.2,3

Median survival is 4-5 years after initiation of
treatment, but early-stage patients often do not
require treatment for many years after diagnosis.1

Both the underlying CLL and its treatment result
in immune compromise, particularly poor anti-
body responses; infection is common.1,4 The
most common infections in CLL patients are
acute respiratory infections (ARIs).4 Many of
these ARIs are viral, but antibiotics are fre-

Wake Forest University School of Medicine, Winston-Salem,
North Carolina (Drs High, Hurd, Powell, and Lesser); Depart-
ment of Internal Medicine, Sections on Infectious Diseases (Dr
High), Hematology and Oncology (Drs High, Hurd, Powell and
Lesser), Radiation Oncology (Dr Shaw); and Division of Public
Health Sciences (Dr Case), University of Rochester School of
Medicine, New York (Ms Falsey); Hartford Hospital, Helen and
Harry Gray Cancer Center, Connecticut (Dr Siegel); Advanced
Oncology Hematology, Self Regional Cancer Center, Green-
wood, South Carolina (Dr Metzner-Sadurski); Michigan Can-
cer Research Consortium, Ann Arbor Hematology/Oncol-
ogy, Ypsilanti (Dr Krauss); Southeast Cancer Control
Consortium, Emerywood Hematology and Oncology, High
Point, North Carolina (Drs Chinnasami and Sanders); Metro
Minnesota Community Clinical Oncology Program, South-
dale Medical Center, Edina (Dr Rousey).

Submitted for Publication: August 12, 2011; accepted Oc-
tober 14, 2011.
Published Online: Jan 21, 2012 (doi: 10.1016/
j.suponc.2011.10.005)

Correspondence Author: Kevin P. High, MD, MS, Chief,
Section on Infectious Diseases, Wake Forest University
School of Medicine, 100 Medical Center Blvd., Winston-
Salem, NC 27157-1042 (khigh@wfubmc.edu).
t
J Support Oncol 2012;10:195–201 © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.suponc.2011.10.005

VOLUME 10, NUMBER 5 � SEPTEMBER/OCTOBER 2012
uently prescribed because it is difficult to differ-
ntiate viral from bacterial infection. The rate of
ajor infection (ie, infection severe enough to

equire hospitalization or treatment with paren-
eral antibiotics) is 0.04, 0.06, and 0.14 per pa-
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Ginseng Extract and Respiratory Infection in CLL
chlorambucil, fludarabine, and the combination, respec-
tively.3 Untreated CLL patients are more prone to infection
than are similar-age patients with nonmalignant comorbidity
(eg, myocardial infarction) based on data published more
than 30 years ago;5 but there are no more recent data, and
those data included patients with a mix of CLL stages. Be-
cause the vast majority of CLL patients are older than age 60,
it is likely that immune senescence (ie, the waning of immu-
nity with advanced age) also a risk factor for infection.6

Recent studies7 suggest that the mean number of ARI days
during the winter respiratory illness season within this age
group is about 8.

Strategies to prevent infection are problematic in CLL.
Inadequate antibody responses render vaccines less effec-
tive.1-4 Infusion of intravenous immunoglobulin (IVIG) has
been used in subjects with low serum immunoglobulin G
(IgG) (�500 mg/dL). However, IVIG use is controversial due
to supply issues, lack of consensus on frequency of adminis-
tration or dose, and the questionable cost-effectiveness of this
very expensive therapy (approximately $11,000,000 per qual-
ity-adjusted life year gained).2 Prophylactic antibiotics are
much less expensive, but this strategy likely enhances anti-
microbial resistance and has poor compliance; prophylaxis for
common viral pathogens is not available.1-4 Thus, there is a
pressing need for effective, low-cost interventions that en-
hance immunity, reduce infection risk, and limit antibiotic
use in CLL patients.

CVT-E002, a patented mixture of polysaccharides isolated
from Panax quinquefolius (Afexa Life Sciences, Edmonton,
Canada), has been investigated as an immunomodulatory
compound. The accumulated data on the mechanism of ac-
tion indicate that CVT-E002 is an innate immune modulator,
acting through toll-like receptors on the surfaces of these
cells. This activation leads to increased numbers and function
of cells within both the innate and adaptive immune sys-
tems.8-11 CVT-E002 reduces the incidence of ARIs in
adults.7,12-14 Importantly, 3 of these studies7,12,14 were per-
formed in older adults, the population most affected by CLL.
One study in healthy, community-dwelling seniors showed
that CVT-E002 reduced the number of days with respiratory
illness symptoms by more than 50%.12 Another study was
conducted in long-term care (nursing home) residents,7 with
the main end point being laboratory-confirmed symptomatic
influenza; of 101 placebo recipients, only 7 had confirmed
influenza or respiratory syncytial virus (RSV) illness, com-
pared with only 1 of 97 CVT-E002 recipients (P � .033). In
the third study, conducted in 783 community-dwelling se-
niors,14 the incidence of respiratory illness was decreased by
one-third in the CVT-E002 recipients (P � .04).

In addition to older age, there are important parallels of
subjects in published CVT-E002 studies7,12,14 with CLL pa-
tients. Subjects in two studies7,14 were highly immunized
(�90% received an influenza vaccine within 2 years); thus,
most cases of influenza represented vaccine failure. Also, the
characteristics of long-term care residents—older age, multi-

ple comorbidities, and impaired immunity including ineffec- a
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ive vaccine responses—closely resemble the population and
mmune milieu of CLL patients. Based on these parallels and
he need for effective preventive measures for ARI in CLL
atients, we performed a randomized, double-blind, placebo-
ontrolled trial of CVT-E002 to reduce ARI and the need for
ntibiotic treatment in CLL patients.

ATERIALS AND METHODS

ubject Selection and Enrollment

Subjects were enrolled between November 1 and Decem-
er 31, 2008, at sites affiliated with the Community Clinical
ncology Program Research Base of Wake Forest University’s
omprehensive Cancer Center or the National Cancer In-

titute’s (NCI’s) Cancer Trials Study Unit. Inclusion criteria
ere age �18 years, phenotypic evidence of CLL (flow cy-

ometry or bone marrow), Eastern Cooperative Oncology
roup (ECOG, Zubrod) performance status �2, life expec-

ancy �12 months, and ability to provide informed consent.
xclusion criteria were human immunodeficiency virus; cir-
hosis; autoimmune disease (eg, multiple sclerosis); malig-
ancy other than CLL (nonmelanoma skin cancer and car-
inoma in situ of the cervix were allowed); creatinine
learance �50 mL/min; serum glutamic oxaloacetic transam-
nase (SGOT, aspartate aminotransferase) or serum glutamic-
yruvic transaminase (SGPT, alanine aminotransferase) �2.5
imes upper limit of normal (ULN); total bilirubin �1.5 times
LN; current or prior treatment with fludarabine, alemtu-

umab, or rituximab; IVIG; hematopoietic stem cell trans-
lantation; current or recent (within 3 months) therapy with
hlorambucil; current treatment with corticosteroids equiva-
ent to �20 mg/day prednisone; use of antibiotic prophylaxis
ther than trimethoprim-sulfamethoxazole (TMP-SMX); cur-
ent use of warfarin; allergy to ginseng products; or current use
f other herbal products (and unwillingness to discontinue).

Subjects were stratified by use of prophylactic TMP-SMX
yes/no), serum IgG (�500 vs �500 mg/dL), and influenza
accine status for the enrollment year (yes/no) and random-
zed (1:1) to receive CVT-E002 (200 mg twice daily) or
atching placebo (microcrystalline cellulose) orally. Treat-
ent continued from the time of enrollment through April

0, 2009, to allow for a consistent period of time during which
ll subjects were on protocol (January 1 through April 30).
his period encompassed the time of maximal respiratory

ract infection and influenza risk (January to April) regardless
f geography in the United States.

efinitions and Main Outcomes

The main outcome measured was ARI days during a fixed
-month period (January 1 through March 31). Subjects took
VT-E002 or placebo for an additional month to ensure that

econdary end points were met and to encompass a potential
ate influenza season in the treatment period. All subjects
ere seen at enrollment, week 4, week 10, and the end of the

tudy; a follow-up phone call was performed 4 weeks later to

ssess any adverse events.
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Subjects kept a daily symptom diary to determine the
number of ARI days, and study personnel instructed subjects
at enrollment regarding each item in the diary. Symptoms
specifically queried daily included cough, sore throat, nasal/
sinus congestion, runny nose, feverishness, chills/sweats, my-
algias (muscle aches), fatigue, headache, poor endurance, and
increased shortness of breath. Each symptom was rated on a 0-3
scale of severity (0 � absent, 1 � mild, 2 � moderate, 3 �
severe). If they felt feverish, subjects were asked to take their
temperature orally with a home thermometer. Subjects also in-
dicated whether symptoms limited their participation in usual
activities.

An ARI day was defined as any day on which the subject
experienced 1 or more respiratory symptoms (cough, sore
throat, nasal or sinus congestion, or runny nose) and 1 or
more systemic symptoms (feverishness, chills/sweats, myal-
gias, fatigue, headache, poor endurance, or increased short-
ness of breath). Use of the rating scale for each symptom
allowed the first validation of the instrument in CLL patients
with other commonly used scales, such as the modified Jack-
son criteria for “colds”15 as later refined by Gwaltney et al.16

Severe ARI days were defined as an ARI day plus one of the
following: fever (oral temperature �100oF) or limited partic-
ipation in usual activities.

Antibiotic use days were defined as days on which sys-
temic (oral/parenteral) antibiotics were given once or mul-
tiple times for any reason, excluding prophylactic TMP-
SMX. Subjects recorded the information on antibiotic-use
forms, and entries were confirmed by study personnel dur-
ing visits.

Toxicities were evaluated by the standard Common
Toxicity Criteria–NCI Version 3.0. Any untoward adverse
events were reported to the institutional review board and
the Comprehensive Cancer Center of Wake Forest Uni-
versity Clinical Research Oversight Committee for further
review.

293 sub

147 in the active treatment group
• 8  subjects withdrew 
participation after 
randomization, but before 
January 1
• 2 subjects completed diaries 
incorrectly

137 analyzed in the active treatment group 

Figure 1
The CONSORT Diagram is a breakdown of subjects enrolled in the study.

VOLUME 10, NUMBER 5 � SEPTEMBER/OCTOBER 2012 w
erologic Responses to Common Respiratory Viruses

Enzyme immunoassay was performed to detect virus-spe-
ific serum IgG for 9 respiratory viruses: influenza A and B,
SV, parainfluenza virus (PIV) serotypes 1-3, human metap-
eumovirus (hMPV), and coronaviruses 229E and OC43 per
ublished methods.17-20 Briefly, antigens were produced from
irally infected whole-cell lysates for all viruses except RSV.
urified viral surface glycoproteins were used as antigen for
SV enzyme immunoassay according to a published
ethod.17 Paired serum samples were screened at a single

ilution, and those showing a �1.5 increase in optical density
eading from baseline to the end of study were further tested
y full dilution to determine antibody titer. Serial 2-fold
ilutions of each sample were tested in duplicate. Serocon-
ersion was defined as a �4-fold rise in antibody from base-
ine to end of study.

tatistical Analyses

Chi-squared and Wilcoxon rank-sum tests were used to
ssess baseline group differences in categorical and continuous
ariables, respectively. Fisher’s exact test and Poisson regres-
ion were used to compare toxicities in the 2 groups. Efficacy
utcomes were assessed over the 3-month period between
anuary and March (primary analyses) and toxicity outcomes
ver the entire study. Negative binomial regression was used
o assess the effect of treatment arm on the rate of events.
xposure times were included in the models, as not all sub-

ects returned all diaries. The negative binomial model was
sed, as the variances of the outcomes were greater than what
as predicted by a Poisson model. In these models, age, sex,
nd strata were used as covariates. Fisher’s exact test was used
o assess differences in the proportion of subjects with sero-
onversion vs measured viral pathogens, and Poisson regres-
ion was used to compare seroconversion rates.

Originally designed for a sample size of 112 patients per group
which would allow detection of a 30% difference in the number
f ARI days with 90% power at the 5% 2-sided level of signif-

randomized

6 in the placebo group
• 3 subjects withdrew participation after 
randomization, but before January 1 

143 analyzed in the placebo group 
jects 

14
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Ginseng Extract and Respiratory Infection in CLL
icance, assuming a coefficient of variation of 80%), the accrual
was bolstered to account for an assumed 20% dropout rate.

RESULTS
From November 1, 2008, through December 31, 2008, 293

subjects were enrolled; 147 subjects were randomized to active
drug and 146 to placebo (Figure 1). Diaries were not com-
pleted by 12 patients, 11 of whom decided not to participate
in the study after being randomized and 1 of whom refused to
complete the diary. An additional patient completed the
diary incorrectly. These 13 subjects were excluded, leaving
280 analyzed subjects (137 in the active treatment group and
143 in the placebo arm). Table 1 shows subject characteristics
in each group; there were no significant differences between
groups in any of the characteristics. The study was completed
by 120 subjects in the active treatment group and 125 subjects
in the placebo arm. Reasons for withdrawal were similar
between groups; only 2 subjects in the active group and 1

Table 1

Baseline Demographics and Clinical Characteristics of
CHARACTERISTIC

Total

Age (years)

Median (range)

�50

50–59

60–69

70–79

80�

BMI (kg/m2)

Median (range)

Underweight-normal (�25)

Overweight (25–30)

Obese (�30)

Strata

3: TMP/SMX, yes; IgG, �500; influenza vaccine, yes

4: TMP/SMX, yes; IgG, �500; influenza vaccine, no

5: TMP/SMX, no; IgG, �500; influenza vaccine, yes

6: TMP/SMX, no; IgG, �500; influenza vaccine, no

7: TMP/SMX, no; IgG, �500; influenza vaccine, yes

8: TMP/SMX, no; IgG, �500; influenza vaccine, no

Race

Hispanic

Asian

Black

White

Sex

Female

Male

ECOG Performance Status

0

1

subject in the placebo group withdrew due to toxicity. In both 1

198 www.SupportiveOncology.net
roups, 92% of all daily diaries were completed and returned.
ean adherence with prescribed medication (by patient self-

eport on completed diaries) was 97% in both groups.

RI Days and Antibiotic Use

An ARI occurred in 54% of subjects overall during the
-month primary study period of interest. The overall rate of
RIs was 0.09 per patient day; or, on average, subjects expe-

ienced an ARI approximately 1 of every 11 days. There were
o significant differences in the 2 a priori primary end
oints—: ARI days were 8.5 � 17.2 in the CVT-E002 recip-
ents vs 6.8 � 13.3 in the placebo group (10.5% � 20.1% vs
.2% � 15.6%, respectively; P � .23), and severe ARI days
ere 2.9 � 9.5 in CVT-E002 recipients vs 2.6 � 9.8 in
lacebo recipients (3.4% � 11% vs 3.1% � 12%, respec-
ively; P � .78). There were also no significant differences in
he 2 a priori secondary end points: Antibiotic use days were

luable Subjects
E002, NO. (%) PLACEBO, NO. (%) P

7 (100) 143 (100)

.810

5 (43–87) 66 (44–82)

6 (4) 9 (6)

7 (27) 30 (21)

6 (34) 56 (39)

6 (26) 44 (31)

2 (9) 4 (3)

.927

.9 (17–47) 28.2 (18–41)

0 (22) 34 (24)

7 (42) 61 (43)

0 (36) 48 (34)

—

1 (1) 1 (1)

1 (1) 0 (0)

1 (8) 13 (9)

3 (2) 2 (1)

4 (69) 99 (69)

7 (20) 28 (20)

.623

0 (0) 2 (1)

0 (0) 1 (1)

1 (1) 2 (1)

6 (99) 138 (97)

9 (43) 59 (41) .760

8 (57) 84 (59)

.583

5 (91) 133 (93)

2 (9) 10 (7)
Eva
CVT-

13

6

3

4

3

1

27

3

5

5

1

9

2

13

5

7

12
.8 � 5.0 for CVT-E002 vs 2.3 � 7.1 for placebo (P � .37),

THE JOURNAL OF SUPPORTIVE ONCOLOGY
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and Jackson-defined cold days were 2.1 � 6.6 for CVT-E002
vs 1.2 � 3.2 for placebo (P � .23).

Incidence of ARI

When data were examined as the proportion of subjects
experiencing an ARI, 51% of CVT-E002 recipients experi-
enced at least 1 ARI day vs 56% of placebo recipients (dif-
ference, �5%; 95% confidence interval [CI], �16% to 7%;
P � .42) and 27% of CVT-E002 recipients experienced at least
1 severe ARI day vs 30% of placebo recipients (difference, �3%;
95% CI �13% to 8%; P � .57). More intense ARIs, defined as
the occurrence of multiple mild symptoms or 1 or more moderate
to severe symptoms, were experienced by 32% of CVT-E002
recipients vs 39% in the placebo group (difference, �7%; 95%
CI �18% to 4%; P � .22). Analysis of specific moderate to
severe symptoms (sore throat, cough, runny nose, congestion,
sneezing, earaches, myalgias, fever, fatigue, headache, chills, and
shortness of breath) showed a significantly lower rate of sore
throat (P � .004) and any moderate to severe symptom (P �
.02) in the CVT-E002 group (Figure 2).

0
10
20
30
40
50
60
70

Active Placebo

p=0.004

p=0.02

Figure 2

Respiratory Illness Symptoms Reported as Moderate to Severe. The per-
centage of subjects in each group reporting moderate to severe ARI
symptoms (worst reported severity, January to March) is shown.

Table 2

Number of Subjects Experiencing a Seroconversion (�
Respiratory Viruses During the Entire Study Period
VIRUS

Influenza A

Influenza B

Respiratory syncytial virus

Human metapneumovirus

Parainfluenza type 1

Parainfluenza type 2

Parainfluenza type 3

Coronavirus 229E

Coronavirus OC43

Proportion of subjects with seroconversion/cold season

Seroconversion rate/cold season

Included in the analysis were 191 subjects who had serum samples available both at base
experiencing seroconversion/cold season and, since individuals could seroconvert to more than

VOLUME 10, NUMBER 5 � SEPTEMBER/OCTOBER 2012 w
eroconversion vs Common Respiratory Viruses

Of 191 subjects with serum specimens available at baseline
nd at the end of the study, 22 (15 of 91 CVT-E002 recipients
s 7 of 100 in the placebo group) experienced seroconversion
o a common respiratory virus (Table 2; P � .04). As sero-
onversion to more than 1 virus could occur, we also deter-
ined that 27 seroconversions occurred in the 22 subjects, for
seroconversion rate/cold season of 0.22 in CVT-E002 vs

.07 in placebo recipients (P � .005).
The study design did not allow for serologic sampling

efore and after each ARI episode, so we cannot match a
iven ARI event with a specific viral etiology. However, of
he 22 subjects experiencing seroconversion, 5 were asymp-
omatic throughout the study period (that is, 5 in the CVT-
002 group and 1 in the placebo group experienced no ARI
ays), suggesting asymptomatic conversion. The 5 subjects
ad seroconversion vs coronavirus 229E or PIV type 2, sug-
esting that all influenza, RSV, hMPV, and PIV types 1 and
were likely symptomatic.

mmune and Disease Activity Parameters

There were no significant differences in either group in
re- vs post-white blood cell count, platelet count, total
erum IgG level, percent CD4 T cells, or �2-microglobulin.
iven the short duration of the study, one would not expect

rogression of CLL in many patients; and there was no dif-
erence between groups before and after intervention as mea-
ured by Rai stage.

afety

CVT-E002 was well tolerated. Toxicities were evaluated
oth as the number of patients experiencing toxicity and as
he rate over time, because a subject could experience more
han one event; the overall number of subjects and rates of
dverse events and serious adverse events were not different
etween groups. The most commonly reported adverse events

old Rise in Antibody Titer) vs 9 Common

-E002 (N � 91) PLACEBO (N � 100) P

1 0 .48

1 1 1.0

1 1 1.0

6 1 .06

1 1 1.0

1 0 .48

1 1 1.0

3 1 .35

5 1 .10

591 (16%) 7/100 (7%) .04

0.22 0.07 .005

d at the end of the study. Totals are given both as proportion of subjects in each group
4-F

CVT

1

line an
one virus, as the rate of seroconversions/cold season by group.

ww.SupportiveOncology.net 199
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Ginseng Extract and Respiratory Infection in CLL
in both groups (number of subjects in the active group vs the
placebo group) were joint pain (47 vs 58), insomnia (45 vs
31), hyperglycemia (30 vs 39), and headache (31 vs 37).
There was, however, a difference in the rate of severe (grade
3 or higher) toxicities reported between groups. From January
1 to April 30, 13 of 142 subjects in the control arm, compared
with 8 of 135 in the CVT-E002 arm, experienced at least 1
grade 3 or higher toxicity (P � .37). However, control pa-
tients experienced a greater cumulative number of grade 3�
toxicities (25 vs 12; P � .02).

DISCUSSION
ARI is common in CLL. ARI symptoms occurred on 9% of

all days from January 1 through March 31 in enrolled subjects.
CVT-E002 did not significantly reduce ARI days or antibiotic
use, although a trend was noted for CVT-E002–associated
reductions in the rate of moderate to severe ARI, and signif-
icant reductions were seen in the rates of any moderate to
severe symptom and of moderate to severe sore throat. A
greater proportion of CVT-E002 recipients experienced sero-
conversion to common viruses (16% vs 7%; P � .04).

Previous studies have noted high rates of respiratory infec-
tion in CLL patients,1-5 but nearly all prior studies examined
patients with CLL in later stages that require treatment. To
our knowledge, this is the first study to determine the inci-
dence of ARI in untreated, early-stage CLL patients. More
than 50% of subjects in this study experienced at least 1 ARI.
Furthermore, ARI symptoms were reported on �9% of the 90
days from January 1 to March 31, a rate similar to previously
published data in healthy, community-dwelling older adults.12

For the vast majority of days, symptoms were mild and did not
result in antibiotic use. The average number of antibiotic
use days was �2 in both groups. The mild nature of ARI
symptoms may have been due to relatively mild influenza
activity during 2008 to 2009 (http://www.cdc.gov/flu/weekly/
fluactivity.htm); indeed, of 191 subjects with serologic data, only
3 episodes of influenza seroconversion were confirmed (Table 2).
A limitation of this study is that symptoms and serology were
used to identify ARIs; prospective surveillance using polymerase
chain reaction or viral culture would have been preferable, but
was beyond the scope of support available for this study.

In 4 prior randomized, controlled studies in adult popula-
tions, CVT-E002 was safe and reduced ARI risk.7,12-14 This is
the first study in CLL subjects; the safety and tolerability of
CVT-E002 was again evident in this trial, with no difference
compared with placebo recipients. However, there was no
effect on ARI illness days or antibiotic use, the a priori–
defined end points. The lack of efficacy for reaching ARI end
points in CLL patients could be due to multiple factors. The
accumulated data on the mechanism of CVT-E002 indicate
that CVT-E002 is an innate immune modulator, acting
through toll-like receptors on the surfaces of these cells. This
activation leads to increased numbers and function of cells
within both the innate and adaptive immune systems.8-11

However, there is no current method to measure blood/tissue

levels of the “active compound,” nor a measurable bioassay to C

200 www.SupportiveOncology.net
llow a correlation of outcome with evidence of drug effect. It
s possible that these pathways are not sufficiently influenced
y CVT-E002 at the dose utilized to demonstrate clinical
enefit in CLL patients, or that the toll-like receptor pathway
s impaired in CLL patients. However, the results regarding
eroconversion suggest otherwise (see below), and indicate
hat further study of higher doses of CVT-E002 is warranted.
n addition, it is worth noting that the variability in the
ymptom-defined measures was far greater than that seen in
revious studies in nonleukemic participants, which may have
ontributed to the failure to reach significance.

To our knowledge, this is the first study in CLL patients
reated with an immune modulating agent to comprehen-
ively evaluate seroconversion vs multiple viral pathogens
hat cause ARI. The serologic data (Table 2) suggest that
-fold increases in antibodies occurred more frequently in
VT-E002 recipients, reaching statistical significance for com-
ined viral infection rates. Increased viral exposure risk in CVT-
002 recipients seems very unlikely. Furthermore, an in-
reased risk for viral infection is not consistent with the
linical data that show a trend toward lower incidence of
oderate to severe ARI in CVT-E002 recipients. The sero-

onversion data are much more consistent with enhanced
mmune responses as a result of CVT-E002 therapy. Sensitiv-
ty for detecting seroconversion rests on documenting a 4-fold
ise in titer. CLL patients generally have impaired antibody
esponses.1,3-5 Thus, a more likely explanation for the dem-
nstrated seroconversion rate difference is a manifestation of
VT-E002–enhanced, virus-specific antibody responses, a
ypothesis being evaluated by our group and others.

ONCLUSIONS
In summary, ARI is a common complication in patients

ith untreated CLL, with an average of 1 day in every 11
eing an ARI day during the winter respiratory virus season.
VT-E002 was well tolerated but did not reduce the number
f ARI days or severe ARI days, the two a priori primary end
oints, or antibiotic use. CVT-E002 therapy, however, was
ssociated with trends toward a reduced rate of more intense
RI and a significant reduction in the percentage of subjects

eporting moderate to severe sore throat, any moderate to
evere symptom, or grade �3 toxicity. A significant increase
n the rate of seroconversion vs respiratory viral pathogens in
VT-E002 recipients most likely reflects augmented antibody

esponses. Future research should examine whether CVT-
002 can affect antibody titers after immunization in CLL
atients, and whether higher doses of CVT-E002 might ef-
ectively reduce ARI incidence and severity.
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