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A randomized, placebo-controlled trial of
repeated IV antibiotic therapy for Lyme
encephalopathy

B.A. Fallon, MD J.G. ABSTRACT

Keilp, PhD K.M. Background: Optimal treatment remains uncertain for patients with cognitive impairment that

Corbera, MD E. persists or returns after standard 1V antibiotic therapy for Lyme disease.
Petkova, PhD C.B.

Britton, MD E. Dwyer,
MD I. Slavov, PhD J.
Cheng, MD, PhD J.

Methods: Patients had well-documented Lyme disease, with at least 3 weeks of prior IV antibiot-
ics, current positive IgG Western blot, and objective memory impairment. Healthy individuals
served as controls for practice effects. Patients were randomly assigned to 10 weeks of double-
masked treatment with IV ceftriaxone or IV placebo and then no antibiotic therapy. The primary

Dobkin, MD D.R. outcome was neurocognitive performance at week 12—specifically, memory. Durability of benefit
Nelson, PhD H.A ) . . P .
Sackeim. PhD was evaluated at week 24. Group differences were estimated according to longitudinal mixed-

effects models.

Results: After screening 3368 patients and 305 volunteers, 37 patients and 20 healthy individu-
Address correspondence and  gls enrolled. Enrolled patients had mild to moderate cognitive impairment and marked levels of
rJS”T;‘JE?#;Z‘EL‘IV?S?yFﬂé’I fatigue, pain, and impaired physical functioning. Across six cognitive domains, a significant
Riverside Drive, Unit9,New  treatment-by-time interaction favored the antibiotic-treated group at week 12. The improvement
;;’frlk@'zzl wose was generalized (not specific to domain) and moderate in magnitude, but it was not sustained to
week 24. On secondary outcome, patients with more severe fatigue, pain, and impaired physical
functioning who received antibiotics were improved at week 12, and this was sustained to week
24 for pain and physical functioning. Adverse events from either the study medication or the PICC
line were noted among 6 of 23 (26.1%) patients given IV ceftriaxone and among 1 of 14 (7.1%)
patients given IV placebo; these resolved without permanent injury.

Conclusion: IV ceftriaxone therapy results in short-term cognitive improvement for patients with
posttreatment Lyme encephalopathy, but relapse in cognition occurs after the antibiotic is dis-
continued. Treatment strategies that result in sustained cognitive improvement are needed.
Neurology® mm m

GLOSSARY

CDC = Centers for Disease Control and Prevention; LMM = longitudinal mixed-effects models; NAART-R = North American
Adult Reading Test-Revised; PCS = Physical Component Scale; ITT = intent-to-treat; VAS = visual analog scale; WMS-Ill =
Wechsler Memory Scale.

Lyme disease, a tick-borne bacterial illness cause@8orrelia burgdorferi, can induce
cognitive deficits when it affects the CNSThese deficits, often mild to moderate in
severity, extend across multiple domains of cogaifunction, including memory, work-
ing memory, verbal fluency, and psychomotor perfamoe®® Although treatment with 4
i&%'ﬁ&?&f&%@ at  weeks of IV ceftriaxone usually results in marketpiovement, in a subgroup this treat-
' ' ment results in only partial or nonsustained beti&fiPosttreatment cognitive deficits
E‘;'(ig(o”a'r see page may reflect residual effects of past infection, tioning effects of current low-grade
B burgdorferiinfection, the presence of an unrecognized coiidagcbr incorrect diagno-
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sis. Consequently, clinicians are uncerta either IV ceftriaxone (2 g/d) or IV placebo (0.9%rmal

about optimal treatment strategies. For p

saline), and then 14 weeks off all antibiotics. tBakone
was chosen because it is the recommended treatiment

tients in whom no other cause of Symptonneurologic Lyme disease and has excellent penatrafithe
can be found, community practice varieblood—brain barrie?. A 10-week duration was chosen be-
Widely ranging from no treatment to pa| cause of reports of persistent or relapsing symgtafter 3

liative treatment to use of repeated or lony

term antibiotic courses.

weeks of IV ceftriaxone, and because of case ssuggest-
ing that longer courses of antibiotic therapy mayrhore
effective?*! After week 24, treatment assignment was re-

To evaluate the benefit of additional I\ vealed by a research staff member not involvedaita ¢ol-
antibiotic therapy we conducted a trial COI‘TIECtion’ and no further constraints were placed on

paring clinical improvement from 10 week:

subsequent care. Participants underwent one falipvas-
sessment at week 48. This report concerns onlyctime

of IV ceftriaxone vs IV placebo in patientstrolled phases of the study, from baseline to wk

with previously treated Lyme disease wh
had objective memory impairment and a cu

rently positive IgG Western blot.

Randomization. Patients were assigned in a 2:1 ratio to
IV ceftriaxone or IV placebo, using permuted blocksize
20 based on a computer-based randomization ligt1Aan-
domization schedule was used to encourage enrdlmen
Masking. An unmasked off-site pharmacist, who had no

METHODS Study participants. Between January 20Ccontact with patients, ensured that patients werg the

and April 2004, healthy voluntee(sontrols)and individuals

assigned treatment; this pharmacist was the ontyasked

with a history of Lyme diseageatients)between the ages of individual during the 24 weeks of each patient'sskeal

18 and 65 years were recruited; follow-up evaluetioere
completed by April 2005. The institutional reviewdrds at
Columbia University and the New York State Psychgan-

stitute approved the study, and all participantsvigted
written informed consent. Evaluations were condiietethe
New York State Psychiatric Institute and Columbiaivr-

sity Medical Center. Treatments were conductechah ga-
tient's home. Patients met the following critefiB} history
of physician-documented erythema migrans or U.Sit&s
for Disease Control and Prevention (CDC)-definedifes-
tation of Lyme disease, and a positive or equivdgalSA

confirmed by positive "Western blot serol8dy (2) current
positive IgG Western blot using CDC surveillancéetia,

assessed using a single reference laboratory (tditivélos-
pital of Stony Brook); (3) treatment for Lyme diseawith at
least 3 weeks of IV ceftriaxone, completed at ldastonths
before study entry; (4) subjective memory impairtrigat,

by participant report, started after the onsetyhe disease;

and (5) objective evidence of memory impairmentasu-
mented by the Wechsler Memory Scalé-tbmpared with
age-, sex-, and education-adjusted population nofinese
study criteria were conservative and narrow to eobaliag-
nostic confidence. Prior IV antibiotic therapy wasjuired
to ensure that all patients had received treatmensidered

treatment. The neuropsychological technicians wese
privy to information about adverse events. To assescess
of masking, patients were asked to guess treatassign-
ment at both the week 12 and 24 evaluations.

Compliance with treatment. Compliance and safety
were monitored by home infusion nurses who vistteite
weekly. Patients had weekly telephone contact \aitte-
search physician and monthly in-person evaluatiitis the
patient's private physician. Study medication waskaged
in pressured infusion devices, numbered from TQoBoth
the visiting nurse and the research physician dembrthe
number of completed infusions. Patients who misseidy's
dose were instructed to continue in consecutivelesce un-
til all 70 doses were infused.

Sample size. The target sample size of 45 Lyme patients (30
randomized to active treatment and 15 randomizeiaicebo)
provided at least 80% power to detect an effeetaiZ.1 with a
two-sided test witta = 0.05. Power calculations were based on
the results of an uncontrolled pilot studwith the outcome
measure ofnemoryassessed with the Buschke Selective Re-
minding Test total verbal memory score. Althouglgrative
improvement was expected in both visual and vertshory,
as well as in multiple other cognitive domains,baémemory
was selected for the power analysis, given the dégliot data

adequate for neurologic Lyme disease by publishefor other aspects of cognition.

guidelines>*

The control sample of healthy volunteers had (Dare

tive history of Lyme disease, fibromyalgia, or chiwo fa-
tigue; (2) negative IgM and IgG Western blot fornhe
disease; and (3) no evidence of memory impairmameu-
ropsychological testing.

Patients and controls were excluded if their hista-
vealed a prior learning disability or medical cdiafi that

could confound neuropsychological assessment. matie

with cephalosporin allergy or a history of majoygsiatric

disorder before the onset of Lyme disease were ejso ; .
ore Reading Test-Revised (NAART-R).

cluded. The control and patient samples were malt
the mean, variance, and shapes of the distributibrage
and education, and the distribution of gender.

Assessments. Screening Subjects were screened for mem-
ory impairment with the Wechsler Memory Scale (WMS-
1),® which measures immediate, delayed, and working
memory in auditory and visual domains. Demograghica
adjustedt scores were computed for all indices, correcting
for the influence of sex, ethnicity, and educatievel. Mem-
ory impairment was defined as af score of one oren8D
below population norms on at least one of the simary
WMS-III indices. Premorbid IQ was estimated usihg Ba-
rona demographic formufaand the North American Adult

Outcome measures. The primary clinical outcome mea-
sure assessed neurocognitive performance, andritimery
biologic outcomes assessed brain structure andtifumc

Study design. Treatment.The controlled phase of this Relative to the placebo and control groups, IV lintic

study consisted of 10 weeks of randomized treatmetht
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memory domain scores, as well as across cognitiveaths.
The cognitive assessments sampled six domains:r wto-
tion (finger tapping, simple reaction time, choieaction
time), psychomotor function (Trail Making A&B; Digi
Symbol), attention (Continuous Performance Testodgt
task), memory (Buschke Selective Reminding Testhae
memory]; Benton Visual Retention Test [visual meyjpr
working memory (A, Not B Logical Reasoning TestBaek
Test), and verbal fluency (Controlled Oral Word dsis-
tion Test and Category Fluency Test). Descriptiohthese
measures may be found elsewHéte Scores on these tests
were z transformed relative to either publishednmmor a
reference sample of healthy controls and were getjufor
the effects of age, gender, and education. Donwires rep-
resent the average of the z scores for the priteastg within
each cognitive domain. To characterize overallgrenance,
the six domain scores were averaged to producgpmitoe
"index" score; this index was not used in the primaixed-
model analyses. Brain imaging measures included MRl
PET scans; these imaging results will be reporiseidere.

Assessments of physical outcome included the rhielona
gist's exam (trigger points, total number of jointpain at rest
or on movement) and self-report measures of fat{§atigue
Severity Scale-14), pain (McGill Pain Questionnaire-Short
Formt’), and physical functioning (Short Form-36 Physice
Component Scale [PC&}9). Psychopathology was assesse
with respect to depression (Beck Depression Invgiitoanxiety
(2ung Anxiety Scalé), mental functioning (SF-36 MES?, and
global symptoms (SCL-90 Global Symptom Iridex

Time of assessment. Major assessments occurred a
baseline, week 12, and week 24. The primary endtpoi
for efficacy analyses was week 12. The week 24 szsse
ments evaluated durability of benefit. Controls avers-
sessed at the same time points to allow corredtorihe
impact of practice effects on the repeated neunoitivg
measures. The secondary outcome self-report seades
collected at 4-week intervals (baseline and weelk®, 42,
16, 20, and 24). The rheumatologist exam was caeduc
at baseline, week 12, and week 24. The lumbar puect
(for patients) and neurology exam (for all partaiys)
were done only at baseline. The neurologic exanesses!
five areas: cranial nerves, reflexes, sensory, maod
associated motor (cerebellar and basal gangliagtioms.

Statistical analysis. Efficacy analyses were performed us-
ing all randomized participants, the intent-to-tr¢&l T)
sample. Lyme patient and healthy controls were @regh
with respect to demographic and baseline clinitaracter-
istics, usingt tests for continuous measures andtests for
categorical measures.

Tests and estimates of differences between grols (
antibiotic, 1V placebo, and healthy controls) wittspect to
the multivariate measure of cognition (six domaimgtor,
psychomotor, working memory, attention, verbal flog,
and memory) over time (baseline, week 12, and v&Bk
were based on longitudinal mixed-effects models KM®
which account for the correlation between the dosand
between the repeated observations over fmkhe LMM
included main effects and all interaction termsm@&iwas
modeled as a nominal factor rather than a contisuou
variable.

Including all two- and three-way interactions, tinedel
for the covariance structure was selected basedaimiz-
ing Bayesian information criterfd*® Keeping the model for
the covariance as selected, stepwise backward redtion
was used to select the "best" model for the mearctsire.
Inference regarding the comparison between thepgrowas
based on the best model. Significant omnibus test$TT
differences among the three groups over time (tdees =
0.05) were followed by pairwise comparisons; thealues
for these post hoc tests are reported unadjusted.

Secondary outcome measures were analyzed with
LMMs, using a similar strategy. Healthy controlsrevenot
included because practice effects were not of aondeor
the outcomenumber of joints with pairg Poisson variable,
an appropriate generalized LMfiwas employed, using log
link. As initially planned, the LMMs included theaseline
value of the outcome as a continuous covariatectouant
for heterogeneity in clinical characteristics amdrémedy
potential floor effects. The significance of theeiraction
terms was judged at a two-sidad 0.15, to avoid the erro-
neous omission of potentially important effectsvidrich the
study was not powered; the significance of a méfiecefor
drug vs placebo was still judgedat 0.05. To illustrate the
impact on outcome of different baseline severitgraes, an
estimate of the mean response based on the best foodach
outcome was computed at weeks 4, 12, and 24 fa dnd
placebo forypotheticalubjects with baseline symptom sever-

For the standardized neurology exam, a summaryesctity equal to the lowest (first) or highest (thirglartile of the
[0—5) indicated the number of areas with at least one mobserved baseline severities. The reporting of conés for

nor or major abnormal finding. An objective neumilo
abnormality was considered major if it was assadat
with either a significant deficit or impairment the per-
son's functioning.

"low" and "high" baseline severity is for illustiat purposes
only: the actual analysis based on LMMs includégatients
and used baseline severity as a continuous covasigibout
dichotomizing it into low and high values. All apsés were

Laboratory assessments. Screening serum was sent for performed using SAS software versiofi; the LMMs were fit
Lyme IgM and IgG Western blot testing. Enrolledigrats had using PROC MIXED and PROC GLIMMIX.
serum examined by IFA for signs of coinfection witt  To explore whether particular patient subgroups had
Anaplasma phagocytophilthuman granulocytic erhlichiosis) preferential benefit from active treatment, ANCOVigsted
andBabesia microt{Babesiosis). Samples of whole blood an for associations between selected demographidcaljrand
CSF were tested by PCR assayHoburgdorferiDNA, using laboratory variables and the primary and seconaary
the plasmicbspAprimer. CSF was sent for cell count, proteincomes at week 12 and week 24 that had shown arieeat
glucose, total gammaglobulin, Lyme ELISA, and dfignal  effect in the LMM analyses. Treatment group, basebe-
bands. Serum and CSF were sent for determinatioBbef Verity of the outcome measure, and (dichotomousoottin-
specific intrathecal Ab production to University $fital of UOUS) potential predictor were examined as fullgtdeial,
Stony Brook using the whole-cell sonicate ELISAsffiee cut-  Petween-subject factors.
off a 1.1). To determine whether viabi burgdorfericells
were present, spinal fluid was cultured in BSKIhtoning
kanamycin (5 /ng/mL) at 33°C and was checked weleklyp
to 12 weeks.

RESULTS Study populationHealthy controls.Of
305 individuals contacted by telephone, 58 were
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early termination of study medication (one at
week 6 and two at week 8), but each of these pa-
tients continued in a masked fashion through to
Il Sevecning Coa] . o the week 12 and 24 evaluations. No patients with-
T e drew from the study between weeks 12 and 24.

Figure Flow diagram of patient enrollment

thet exclusion Laboratory results for enrolled patierdood. All
Euluialxif Nowgesh  [31 ] R samples were IgG WB positive, and 18 of 37 were
- IgM WB positive. No patient samples were PCR

positive using the@OspAprimer assay. None of
Sttdy eligible s the serum samples were IgM positive on either of
L the two coinfection tests, whereas low positive
IgG results were noted on 4 of 37 (10.8%) samples
for Anaplasma phagocytophiland on 10 of 37
(27.0%) samples fddabesia microti.

Cerebrospinal fluid.Baseline lumbar puncture,
conducted in 33 of the 37 patients, revealed few
abnormalities: mildly elevated WBC (two sam-
ples), mildly elevated protein (four samples), and
elevated gammaglobulin (one sample). Positive
results were noted for 22 on Lyme ELISA, 28 on
IgG WB, and none on IgM WB. For intrathecal
Ab production, samples tested positive for 4 of 31
(12.9%) patients; each positive intrathecal sample
invited for on-site screening, and 20 were eiwas also seropositive. No patient had a positive
rolled. Reasons for exclusion included laborato CSF PCR. When cultured, one sample was posi-
abnormalities, memory deficits on testing, ctive for growth and revealed spirochetes by both
other exclusions. Of the 20 enrolled, two partic phase contrast and dark-field microscopy. To ex-
pants had impaired scores on baseline neuropC|ude contamination as an explanation, the cells's
chological testing and were excluded. DNA was extracted and was used as a template

Patients.Of 3368 initial clinic contacts, 1439 for PCR amplification of thespoTgene. Exami-
were excluded because of insufficient prior I'nation of the PCR amplicon by agarose gel elec-
treatment, and 1316 were excluded because trophoresis revealed an approximately 3-kbp
patient had not met the CDC criteria for Lym band, whereas a PCR amplicon from wild-type
disease (figure). Among the remaining 613 p strains was approximately 2 kbp. Additionally,
tients, 512 were excluded because their serum \the B burgdorferiisolated from the CSF culture
not IgG Western blot positive, and 20 were e;was able to grow when transferred into BSKII
cluded for other reasons. Of the 81 patients icontaining kanamycin (5 /xg/mL) plus streptomy-
vited to Columbia for neuropsychologicacin (100 juig/mL). These results strongly suggest
screening, 31 did not have sufficient memory inthat theB burgdorferistrain found in the CSF cul-
pairment, 12 were not able to provide adequeture was the result of contamination byspoT
documentation of their clinical history, and onmutant strain (WC07) oB burgdorfericontain-
patient who had been deemed eligible for tting a deletion of part of thepoTgene plus the
study withdrew for private treatment before rarinsertion of a streptomycin resistance gespgT
domization. Thirty-seven patients were randonmutant strains were under investigation in the lab
ized to interventions, representing 1% of aat the time of the culture.

patients screened for the study. Of these 37 |pemographics and pretreatment clinical character-
tients, five withdrew from the study during th¢jzation of patients and controls. The patients and
first 12 weeks: three within the first 3 weeks Chealthy controls did not differ in the matching
therapy (two because of thrombus and one tygriaples of age, gender, or education (table 1).
cause of hemolytic anemia; all three on antitthe patients' clinical histories indicated that all
otic), one after 8 weeks because of a syster g rheymatologic symptoms, and most had neu-
infection (on placebo), and one after 10 weeks (y|ogic symptoms associated with cognitive com-
placebo) because of intolerable joint pain that 'plaints. Nearly half (49%) had had a prior lumbar

quired narcotic medications for relief. Three auncture; only three of these patients had had ele-
ditional patients had adverse events that required
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Table 1 Demographic and clinical characteristics of all participants by study group

Patients
Ceftriaxone group Placebe group Total Controls
Characteristic n=23) h=14) (n=237) [n=18)
Age inyears, mean (SD) 45.3(13.7) 448(127) 45.1(13.2) 456(11.3)
Female, n{%) 14.0(61.0) B.O (57 1) 22.0(59.0) 13.0(72.2)
Years of education, mean (SD) 14 7(2.4) 148(2.7) 14 7 (2.5) 156 (2.4}
White, n (%) 23.0(100) 14.0 (100) 37.0 (100} 17.0(94.4)
Ermployment, n (%)
Waorking full- or part-time 14 (60 9 7 {50.0) 21 (57.0) 7(339)
School full- or part-time oo.0) 21143 2154) 1(5.5)
On leave from work or disabled 3130 4 (28 8) 7189 a{0.0}
Other 6(261) 1(71) 7189 10 (55.6)
Lyme disease symptom history, n (%)}
Erythema migrans 13(56.5) 7 (500 20 (54 1)
Arthralgias or myalgias 23(100.0) 14 {Lo0.0) 37 (100.0)
Arthritis 20(87.0) 11 (78.8) 31(838)
Facial nerve palsy 3(13.0) 6 (42.9) 3(24.3)
Meningitis or encephalitis 3{13.0) 2143 5135
Polyneuropathy 18(78.3) 11 {78 6} 28 (78.4)
Cognitive problems 23(100.0) 14 (160.0) 37 (1000
Months of prior IV antibiotics, mean (SD) 2520 1213 2.3(1.8)
Meonths of prior oral antibiotics, mean (SD) 7.9010.2) 59(7.8 7.2(9.2)
Rheumatology exam, mean (SD)
No. of joints with pain at rest or motion 5.9(4.5) 6.4(7.2) 6.1 (5.6} 05075
Nao. of fibromyalgia trigger points 1427 2.3(3.4) 1.8 (3.0 0.0 (0.0)
Na. of tender joints 11(24) 11(21) hISat f iz 01021
No. of swollen joints 0.8(186) 0383 0.7(14F 0.0 (0.0r
Neurology exam, n (%)
Sensory exarn abnormality 16(62.8) 11 (78 8) 27 |73 4 (22 2%
Motor exarn abnormality B8(248) 6429 14(37.8) 2{11.1)
Associated motor exam 7(30.4) 5(357) 12 (22 4) 2(16.7)
Cranial nerves 3(13.0) 4 (28.8) 7189 2(11.1)
Reflex exam 3130 4(288) 7(18.9) 2{11)
*n< 01
'p<0.01.
tp < 0.001.

vatedB burgdorferi-specitidntrathecal Ab pro- though healthy controls had superior IQ as esti-
duction. The total amount of prior antibioticmated by the NAART (108.9 [SD 8.1] for patients
therapy for Lyme disease was extensive, wivs 115.9 [SD 6.0] for control@ < 0.01). There
57% of the patients in each treatment group hewere pronounced differences between the groups
ing had more than 1 month of prior IV antibioticin WMS-IIl scores for immediate memory (93.1
therapy. Patients reported having been sympto [SD 12.4] for patients and 119.7 [SD 11.4] for con-
atic with Lyme disease for a mean of 1.7 (SD 3.trols, p < 0.01) and delayed (general) memory
years before diagnosis, and they reported havi(94.7 [SD 10.2] for patients and 122.1 [11.5] for
been ill for a total of 9.0 (SD 6.8) years. controls,p < 0.01). The magnitude of these dif-
Patients and controls on the screening measdies. ferences in memory substantially exceeded the
groups did not differ in estimated premorbid I(difference between the groups in estimated Q.
according to the Barona method (111.5 [SD 6.  Patients and controls on postscreening meases.
for patients vs 113.7 [SD 5.5] for controls), al ticipants were entered into the study based on a
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predetermined level of impairment (patients) crepresenting 20 patients in the ceftriaxone gr&@p,
lack of impairment (controls), using the WMS-IIl in the placebo group, and all healthy controls.

Because Lyme disease typically affects multip', . .
. oo7 : Primary outcome: Treatment effects on neuropsy-
aspects of cognitiof,’ patients and controls

were expected to differ at baseline on other Cog‘chological tests. Arithmetic means and standard
tive domains as well. It was also expected basdeviations are given in table 2. The inference re-
on prior studies of. posttreatment Lymé dicgarding ITT comparisons between the groups
ease®that the two groups might differ on severaover time is based on the best-fitting LMM that
of thé secondary clinical outcome measures. contained the main effects for group, time, and
Patients and controls differed significantly owgoTam’ agd the t\t/Jvo;jway !ntiriclznosns of group
all clinical outcome measures, both primary ar ytime a,n group y omain (table )
secondary. Mean difference of at least one ¢ The primary omnibus LMM analysis revealed
(moderate impairment) occurred in the pS}a.grqup-by-tlm.e Interaction effe(p = 0.04), in-
chomotor, memory, working memory, and verbzd'cat'ng that with respect to cognition, the groups
fluency domains. In the secondary measures, (drug. placebo, and healthy controls) differed in

impairment was severe in the physical measuichange over time (week 0 to week 12; week 12 to
(fatigue, current pain, physical functioning, joinweek 24) across all domains. The lack of a three-

pain on exam) and was mild in the psychopath¢ W&y interaction among group, domain, and time
ogy measures (depression, anxiety, general syrindicates that differential improvement over time
tom index, mental component scale). Compar Petween the domains was not demonstrated as
with published samples, reports of pain were sirhad been hypothesized for memory and that the
ilar to those of postsurgery patiefigatigue was joint effect of time and group can be described
similar to that of patients with multiple sclero.Without reference to a cognitive domain. Because

sist® and limitations in physical functioning werethe primary omnibug value was significant, we
comparable with those of patients with conge then conducted model-based estimation of the ef-
tive heart failuré? Individual subject scores onfect of time within groups and pairwise compari-
secondary measures ranged from mild to sevesons of the effect of time between the groups.
reflecting our enrollment criteria, which did no These comparisons demonstrated within-group
preselect patients based on a level of impairmecognitive improvement (as measured by the six
in these areas. cognitive domains) during the acute course of
Patients, compared with controls, had signiftreatment (from week O to week 12) for the pa-
cantly more trigger points, joints with pain, antients given ceftriaxoné < 0.01) but not for the
joint swelling on rheumatologic exam (table 1). Pipatients given placebfp = 0.15) or the healthy
tients averaged 1.8 (SD = 3.00) trigger pointshwicontrols(p = 0.51). The cognitive improvement
only one subject meeting the criteria for fibromya between baseline and week 12 in the drug-treated
gia with more than 10 trigger points. Joint pairswipatients was better than in the healthy controls
common, elicited on exam in 35 patients, with pa(p < 0.01) and better than in the placebo-treated
on motion (34/37) being more common than tendpatients(p = 0.053).
ness (13/37, McNemaf = 17.39,df = 1, p < During the antibiotic-free interval to week 24,
0.01) or swelling (10/37, McNemaf = 22.04, the patients initially on ceftriaxone lost the pref
df= 1, p < 0.01). The number of abnormal arezerential cognitive gains seen at week 12, whereas
on neurologic exam was greater in patients (Methe two control groups (placebo and healthy vol-
1.8 + 1.2, median 2) than in controls (0.67 £ 1. ynteers) continued to show the same mild cogni-
median 0f = 3.3,df = 53, p < 0.01). Major neu- tjye improvement as they had demonstrated in the
rologic abnormalities were infrequent in the péacute phase. At week 24, the within-group im-
tients and absent in the controls (3/37 vs 0818, provement from baseline continued to be signifi-
NS). However, minor abnormalities on neurccant for the drug-treated group, but it was also
logic exam were found in 73 % of the patients \q\y seen in the placebo-treated group. At week
27.8% of the controls (Fisher< 0.01); most fre- 54 the petween-group treatment effects were no
quent was a mild sensory abnormality among t|ger seen. In summary, the inability of the drug-
patients. _ treated group to sustain the distinguishing acute-
Completengss of follow-upighty-seven percent phase improvement in cognition during the
(32/37) of patients and 100% (18/18) of Cor]trosubsequent antibiotic-free interval resulted in a

cpmpleted the week 12 acute-pha§g efficacy gval loss of the differential treatment effect among the
tion and week 24 follow-up durability evaluation,
three groups at week 24.
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Table 2 Neuropsychological test results (raw scores) by domain, treatment group, and time

Baseline Week 12 Week 24
Mean (SD) Mean {SD) Effect size* Mean (SD) Effect size’

Drug group n=23) n=20} 12/base n= 20} 24/base
Motor -0.23(1.34) 0.58(088) 087 0.33 [1.05] 0.70
Psychornotor -0.21(0.75) 01a{089 0.54 0.12(0.88) 056
Attention -0.12(0.78) 0.15{080) 0.27 018083 0.36
Memory total -0.75{1.07) -0.44 (129 0.50 -0.62 (1.30) 0.37

Buschke -1 13{1.33 —0,.7841.71) 04z -0.98(1.44) 0.31

Benton -0.36(1.21) -0.08{1.20) D25 ~-0.26(1.43) 016
Warking memaory -0.82(1.08) -0.42 {084} 0.52 -0.54 (088 0.33
Fluency -0.731(094) -0.38{1 .04} 055 -0.3010.98) 11
Index -049(063) -0.05(0.74} 081 -0.1410.68) 11
Placebo group n=14) (n=12) n=12)
Maotor -006(1.18) 0.086(1.31) 013 0.36 (0.64) 0.49
Psychornotor ~-0.16(0.61) 0.14(0.57} 0.58 D22(0.71) 0.88
Attention 0.04(120) 0.34(0.70) 0.40 037 (022 0.35
Memory total -0.36 (0.95) -0.20(0.74 0,06 -0.22(0.61) 0.03

Buschke -0.7811.37) -0.72{1.44} -013 -086(1.26) -018

Benton 0.06(1.09 0:33(0.73) 022 D42 [0.62) 0.29
Waorking memory -0.32[0.73) -0.37{0.75) -0.24 0.04 (0.70) 0.237
Fluency -0.80(0.38) -0.48{0.35} 053 ~0.48(0.44) 0.50
Index -02a(054) -0.08{0.50} 030 0.08[0.48) 072
Control group (n=18) (n=18) {n= 18}
Motor 058063 0.56 (0.68} -0.08 0.66 (0.68) 015
Psychornotor 058 (0.75) 0.893(0.74) =73 118 (0.89) 0.38
Attention 0.35(0.85) 0.60(0.71) 0432 065 [0.68) 0.59
Memory total 056043 0.62(0.49 016 087 (0.55) 0.23

Buschke 0.3810.78) 0.7210.74} 0.51 0721088) 0,46

Benton 0.73(0.48) 0.52(0.65) -0.32 082073 0.17
Working memory 0.34 (D65 0.38 (064} 0.01 0.43(0.70) 0.19
Fluency 0.48 (0.66) 0.57 {0.68} o1s8 0.52(0.86) 0.21
Index 0.55 (D40 0:61 (0.36) 026 070(0.37) 0.58

Benton riegative scoring has been adjusted.
An effect size of 0.2 reflects small improvement, 0.5 reflects moderate improvement, and 0.8 reflects large improvement.*®

Secondary outcomes. Arithmetic means are p post hoc comparisons between groups were per-
sented in table E-l on thdeurology®Web site formed within baseline severity level.
(www.neurology.org), and the best-fitting model The majority of the physical self-report mea-
for each secondary outcome measure are psures (fatigue, current pain, physical functioning)
sented in table E-2. Table E-2 also provid¢indicate interaction effects at week 12 favoring
model-based estimates of the means over time drug over placebo as a function of baseline sever-
subjects’ baseline severity scores correspondincity, with the drug effect increasing with higher
the lowest or highest quartile of the distributio baseline impairment. Improvement continued to
of baseline scores of all 37 patients. These meiweek 24, but only for current pain and physical
are obtained from the respective LMMs (given ifunctioning. For example, for physical function-
the right-hand side of table E-2) by substitutining as measured by PCS, table E-2 indicates a two-
the selected baselines in the models. When iway interaction(p = 0.06) for baseline severity
LMM contained an interaction involving group, and treatment, such that the beneficial effect of
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Table 3 Summary of the model for the six domains of neurocognitive performance

Model information

Type 3 tests for fixed effects G T (] GxT G=D T«D GxTxD
Nurnerator df 2 2 5 4 10
Denominator df 531 966 259 966 258
F test 16.25 1310 945 e 209
pvalue <001 =0,01 =0.01 004 003

Model-based contrasts related to group « time interaction

Week 12/week O Est. SE df t Value p Value 95% Cl
Within group
Drug 043 0.08 8.0 505 <001 {0.27.0.81)
Placebo 018 011 983 143 015 (~0.05,0.38)
Control 006 0,08 953 0,66 051 (012,024
Between groups
Drug vs placebo 0.28 014 88.2 196 005 (-0.01,0.58)
Drug vs control 0,28 013 86.6 298 <001 (0.12,0.63)
Placebo vs control 0.10 0.15 @y D69 049 (~0.10,0.30}
Week 24fweek O
Within groups
Drug ;25 0.08 8.0 4.08 <0.01 (0.18,0.53)
Placebo 031 011 98.3 278 <001 {0.09,0.53)
Control 0:15 0.08 853 1.61 011 (=0.03,0.23)
Between groups
Drug vs placebo 0.04 014 982 030 076 (-0.24,0.33)
Drug vs control 021 013 966 162 011 [-0.05,0.48)
Placebo vs control 016 1 971 112 027 (-0.13,0.45)

G = group {drug, placebo, control); T = time (baseline/week 0, week 12, week 24}, D = domain {moter, psychomotor, atten-
tion, memory, working memory, fluency); SE = standard error; df = degreas of freedom.
* Indicates exploration of interaction between variables.

drug over placebo increased as baseline seveweek) or main group effects were noted, except
increased; model-based comparisons reveal 'on one outcome measure (physical functioning,
main effects of drug vs placelfp < 0.05) at high measured by PCS), for which there was a weak
levels of baseline severity. As an illustratiortteé  interaction between group and wegk< 0.15),
LMM results, figure E-I shows that among hyposuch that improvement in physical functioning
thetical subjects starting with a higher currerwas greater across time for the ceftriaxone group
pain severity (visual analog scale [VAS] = 8.1 compared with the placebo group, with the mag-
there is a greater improvement in pain for tknitude of improvement increasing to week 24.
drug group compared with placeljp < 0.05) On the rheumatologist assessment of joint
that is sustained to week 24, whereas among th'pain (at rest and with movement), the treatment
starting with a lower pain severity (VAS = 2.1) effect was not dependent on baseline severity, but
there is little difference between treatmerthere was a group-by-time interaction. There was
groups. no difference between drug and placebo at week
In a post hoc analysis with time as a contini12 or at week 24 in improvement compared with
ous variable, we examined whether there woubaseline, whereas between weeks 12 and 24 the
be a treatment effect for the secondary outcorplacebo-treated patients improved more than the
measures of current pain, fatigue, and physicdrug group(p = 0.052). On measures of psycho-
functioning during the 24 weeks if baseline sevepathology and its effects (depression, anxiety,
ity were not included as a covariate in the LMMglobal symptoms, mental functioning), there were
analysis. No significant interactions (group ancno differences between drug and placebo at weeks
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12 or 24, although there was a transient treatmeication either at week 12 (68.4% vs 53.8%6+
difference on the global psychopathology index 0.40) or at week 24 (75.0% vs 58.3p6F 0.32).
week 4 when patients with low baseline sympAnalyses of covariance found no relationship to
toms who had received the drug had less improioutcome of a patient's guess of medication vs pla-
ment than did patients with low baselinicebo and the actual treatment assignment at week
symptoms who had received the placebo. 12. At week 24, there were trends for patients who
believed that they had received active medication
to report less fatiguép = 0.08) and less impair-
ment in physical functiorfp = 0.05), but this
main effect was independent of actual treatment
assignment. Finally, patients who had severe side
effects were not more likely to report a beneficial
effect from ceftriaxone; indeed, there was a trend

CSF values, or clinical history (amount of prio . . .
. i . . _for patients with severe side effects to report
oral or IV antibiotic therapy; the interval since . S
worsened physical functioning at week 12.

last antibiotic course). Interaction effects betwee
baseline physical exam and treatment on outco Compliance. Compliance was excellent. Weekly
were noted. On joint exam, patients with moinotes indicate that patients completed all 70
joints in pain at baseline had a preferential irdoses, except for those who terminated early. Of
provement with ceftriaxone on the measures 37 patients who began treatment, 30 completed
cognitive index at week 1 = 0.06) and at week the full 10-week course (17 on ceftriaxone; 13 on
24 (p = 0.04), and on the self-report measures placebo). Among the seven who did not complete
fatigue(p = 0.11) and pairfp = 0.07) at week 24. the full course, one person on placebo completed
On neurologic exam, patients with more areas 58 doses, and among the six antibiotic noncompl-
abnormality at baseline had a preferential ineters, the total numbers of completed doses were
provement with ceftriaxone on the measure 5, 11, 19, 35, 54, and 58; patients with the latter
memory at week 24p = 0.11) and on the self- three totals returned for week 12 assessments.
report measures of fatigue at week(p2= 0.06)

and week 24p < 0.01) and physical functioning DISCUSSION This placebo-controlled, double-
as measured by PGS = 0.09) at week 24. masked trial tested the efficacy and safety of re-
peated IV antibiotic treatment in a sample of
patients with posttreatment Lyme encephalopa-
thy. Conservative inclusion criteria were used to
attain high diagnostic confidence. More than half
of the patients had prior courses of IV antibiotic
therapy that exceeded the standard recommenda-
tions for neurologic Lyme disease. Although en-

) ) rollment required objective memory deficits, the
in the study despite adverse events that requ”patients had generalized, mild to moderate cogni-

either early termlnatl.on of st_udy m(_EOI'C"’lt'O'tive deficits. They also had more sensory and
(three on drug; two with allergic reactions, an.

) . . R joint abnormalities on physical exam and self-
one with abdominal pain) or hospitalization (Onreports of marked pain, fatigue, and impaired
on _drug; chplecystectomy at week 16); fqr the:physical functioning, replicating earlier
patients, ratings at weeks 12 and 24 Com'nuedﬁndingsf‘-zg
be c.onc!ucted without reveallng treatment ra The primary result was that the three groups
domlzat_|on. The adverse react|on§ of seven (ceftriaxone, placebo, health control) differed in
these mne patients were thought likely to ha\cognitive improvement over tim@ = 0.04), fa-
been directly reIaFed o the s.tud.y treatment (pr(voring ceftriaxone at week 12 but not at week 24.
ence of a PICC line or medication), for a rate ,'At week 12, the end point for efficacy selected a
)among patients given 10 weeks of IV ceftriaxone

treatment-related adverse events of 6 of :
0 . . .
(26.1%) among patients given IV ceftriaxone aryad better within-group and between-group im-
provement in cognition compared with the pla-

1 of 14 (7.1%) among patients given IV placeb:
cebo group or healthy controls. This

all patients recovered fully.

Masking. Patients assigned to ceftriaxone did nimprovement was manifested broadly across sev-
differ from those assigned to placebo in their raeral cognitive domains—not specific to the do-
of guessing whether they had received active memain of memory. Benefits from ceftriaxone

Variables associated with outcome measures.

lected baseline variables were examined for int
action effects with treatment group on th
cognitive and self-report physical outcomes. Like
lihood of improvement with ceftriaxone vs pla
cebo was not related to demographic variable

Adverse events. Five patients withdrew from tt
study because of adverse events: two because
thrombus (both on drug), one because of stapl
lococcal infection (on placebo), one because of
allergic reaction (on drug), and one because
worsening joint pain (on placebo) that require
narcotic pain medication. Four patients remain
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exceeded the benefits expected from retestirareas of neurologic abnormality at baseline were
both in the healthy controls and the placektmore likely to benefit from ceftriaxone than pla-
group. For the drug vs placebo comparison, ticebo on various outcome measures.
borderlinep value of 0.053 reflects both the mod We did not find evidence that unmasking con-
est magnitude of cognitive improvement and tttributed significantly to the positive results g
small sample size, and it indicates that this figdi study, because patients in each treatment group
has a slightly elevated risk of having occurred tdid not differ in the rate of guessing assignment t
chance: 5.3% vs 5%. On self-report measuresceftriaxone. Further, patients' guesses had no re-
benefit of ceftriaxone relative to placebo was ollation with treatment response at the primary
served at week 12 for physical functioning, cu outcome time point of week 12. At week 24, al-
rent pain, and fatigue for those patients witthough patients' guesses of ceftriaxone were asso-
greater severity of symptoms at baseline. ciated with greater improvement in physical
Durability of benefit was assessed at week :functioning, this was true for both the drug and
after patients had been off of all treatment for Iplacebo groups; when only those who guessed
weeks. At this time point, there was no differencceftriaxone were included in the analysis, a non-
among the three groups in cognitive improvemesignificant pattern continued to be evident of
from baseline. Sustained improvement, howevegreater improvement in the drug group compared
was noted in physical functioning and currerwith the placebo group, supporting a drug effect
pain among patients with greater baseline impaindependent of guess. Third, the presence of se-
ment, suggesting that ceftriaxone may have bcvere side effects was not associated with a more
short- and long-term benefits for these sympton favorable outcome on the primary or secondary
A post hoc analysis suggested that the ceftriaxcmeasures at either week 12 or 24.
group's sustained improvement in physical fun  How do these findings compare with those of
tioning to week 24 could also be seen when ba:other placebo-controlled studies of posttreatment
line severity of impairment was not included as Lyme disease? In two tria§8,3 months of antibi-
covariate. otics conferred no greater benefit than did pla-
Ceftriaxone has both infection-independercebo on the primary SF-36 functional measure or
neuroprotective and infection-dependent antirrthe secondary outcome measure of cognition. In-
crobial effects that could account for improveability to detect a treatment effect may reflect a
ment in both primary and secondary measurc¢true failure of repeated antibiotic therapy or imi
Ceftriaxone upregulates the expression of gluttations of the study design (e.g., lack of severity
mate transporters on the astroglia of rat brai standard for study enrollmeritj’ In contrast, in a
with neuroprotective effects—presumably be- study of posttreatment Lyme disease for patients
cause of reduced extracellular glutamate, a pottwith at least moderate fatigue, improvement at 6
tially neurotoxic neurotransmitter. This coulcmonths on the Fatigue Severity Scale was noted
explain short-duration improvement in that coramong 64% of patients who received 1 month of
tinued exposure to ceftriaxone would be requir¢lV ceftriaxone vs 18.5% who received IV
for sustained upregulation of the glutamate trar placebo(p < 0.001)*° Improvements in cognition
porter. Another explanation for the observed ror spinal fluid levels ofOspAprotein were not
lapse is that the course of ceftriaxone may hadetected, but patients were not required to
killed some borrelia, but it exerted little effemt  manifest impairment on either of these measures
other organisms in sequestered sft&There is at study entry® For post hoc comparison, we re-
one North American report of persistdhtburg- analyzed our data using the post-Lyme fatigue's
dorferi by culture after antibiotic theragy,and study enrollment criteria, and we applied the
there are several such European ci&&siow- same definition for response (change > 0.7 on
ever, in our study, the baseline CSF specimeFSS). Our results were compatible: at 6 months,
were PCR- and culture negative Bburgdorferi. 66.7% of ceftriaxone-treated patients vs 25% of
Few variables at baseline showed consisteplacebo-treated patients were responders (Fisher
associations with the primary or secondary oLexact testp = 0.05).
come measures, perhaps because of inadeqi The strengths of this study were recruitment of
sample size, which limits the power to detect ira rigorously diagnosed patient sample, use of
teraction effects. However, the analysis sugge:quantitative measures of cognition with multiple
that the physical exam may be an important pralternative forms, use of self-report instruments
dictor variable of short- and long-term respons employed in other trials to facilitate comparison,
because patients with more painful joints or morinclusion of a healthy control group to account
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for practice effects, and the randomized, placekJ. Taylor, PhD, Robert Heaton, PhD, Wendy Coy, Rirzyne Care

controlled design that included a discontinuatic

o : p
phase to test durability. Noteworthy is that thyy
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and Kenneth Liegner, MD), community leaders wiedped ar-
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provement during the 24 weeks were nea”y ide'nc, Time for Lyme, Inc, National Research Fund fidck-Borne

tical for the healthy volunteers and placebc
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treated patients; the healthy control groujrichard Tilton, PhD, Steven Schutzer, MD, Allen & MD, and
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estimates of the treatment effect and to provide
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enhanced power for the overall analysis to dete2007

treatment effects in the active drug group, thus

reducing the risk of a type Il error. The primar RererENCES

limitations of this study were its restrictive inel 1

sion criteria (only 1% of screened patients wer:
enrolled), the relatively small sample size, arel th

lack of posttreatment lumbar puncture or neuro?

logic exam. Therefore, generalizability is uncer-
tain to posttreatment Lyme patients without

cognitive impairment or to seronegative patient:s,

with persistent symptoms.
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primary efficacy end point of week 12, IV ceftri- %

axone treatment resulted in greater improvemel
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physical functioning, pain, and fatigue. Clinical
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duration of cognitive improvement and the risks
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confirmation, treatment strategies that are sal
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