CHAPTER 5

DISCiISSIOIg )
This wz;s a randomized placebo comroll_ed study investiga;ing the
A effccti\'/enessl ;)f | garlic in rcducvingl“thcl in;idcnge' of infection among chemotherapy
induced neutropenic AML patients,

Garlic has bcep used as a félk medicine for il_aoti#aﬁds of yeafs. vIts therapeutic
efficacy has been stucj_iedextensivel).' in vr.e;'cent dglcades.' The antihyperlipidcmic effect
of garlic‘ has- already bﬁeh pfoven clinically. Animal experiments f;re being
undertaken to ijnVcstigate the efficacy of garlic to inhibit the growth of certain tumor
cells. However the dosage used iﬁ animal tests are rather high and impractical in
human. Therefore there has been no clinical trial on cancer prophylaxis of garlic.

As mentioned in the literature rpview, garlic has been proven to have
bactericidal effect both by in vitro experiment and animal tests. However, there has
been no standard 'dosage or préparation of garlic that should be used clinically.v
- Previous studig:s have used aqu garlic water extract, garlic powder, oil extract and so
~on. It was reported that garlic juice had a bacterial inhibitory effect about 100 times

stronger than other extracts of garlic®!. Su GL et al® also proved the strongest in
vitro fungal inhibitory etfect'bf garlic juice,'compared td garlic oil, alcohol extract etc.
In the present study, aqueous garlic extract (AGE) was used, the preparation of AGE

was similar to that of garlic juice described by Su Guilan et al. Preparation of garlic
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juice or AGE is relaﬁvel& easy and can be performed by the patients or their family
- members. This will reduce the cost. | |
lRleports in China hﬁve used 30-40 grams of raw garlic dai]); for adult, 6-9
grams for children witﬁ pulmonary fungal infection® "j. | In the presentbstudy, a
maximal tolerable dosc of 30 grams of ran ga;lic was decided by a pilot study. This
was similar to the feporfcd dosage, y |
Only AML patients who were not infected, undergoing remission induc(ibn,
rcinduction and post-remission coﬁsolidation chemo_thefapy were included in this
study. This have somewhft reduced thcA generalizability of the reéulls. However, it
was probably responsil;le for allowing us to see a treatment effect.
5.1 Unpréée.ssed Procedure
Surveillance culture for the bacteria colonizing the GI tract, oropharynx and
skin hqd been originally proposed to guide the administration of empiriéal antibiotics
to patients with infection. Later however, this was found not availaﬁ]e at the central
laboratory of my hospital because of the lack of personnel and its excessive cost. If
surveillance culture had been Apg:rformed in the presen; study, it would have helped
explain more clearly whether garlic could serve the purpose of GI decontamination.
Although survleilllance culture was widely used in studies investigating the
effectiveness of antibiotics in providing GI decoﬁtamination, it was found by de Jong
PJ et al® that surveillance ci.lliures were of limited use in predicting infection or
idehtifying causative organisms of 'fever in neutropenic patients receiving selective
intestinal decontamination. However surveillance cultures were useful in monitoring

the effect of microbial suppression. Therefore the inability of performing bacterial
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surveillance cultures in the present study did not influence the outcome of those
infected patients in whom the infecti‘on couid not bé documented either biologically or
clinically, némeiy the selection and modification of empirical antibiotics.
5.2 The Thgrapgutic Outclt;mes

| The tptai incidence of infection in the present lstudy was 63.2%. Different
hospitals in China reported incidence;é of infection betwécn 56-90%! 2% Infection
is associated with the duration of neu;ropcnia. The ilngidlt:nces o_f infection wér:
57.89% and 68.42% in garlic and pllacebo' recipients fesb¢ctive!y. Thcn; was no
signiﬁéant difference between the two gréups. However, the power of this ;tudy was
very low. Considering the original esfimated incidences of infection of 80% in AML
patients without .antibiotic prophylaxis and a reduction in this proportion to 50% in
patients receiving garlic prophylaxis, a totai of 64 paticnfs, with 32 in each group were
needed to prove the difference. With the sample size of 19 each group in the presentv
study, the power was rather low, 46%., If we consider the incidences of the infection
in the present study represent the true incidences in the bopulation, the power of the
present study was extremely lo)w. Two-hundred seventy seven patients for each group
are needed to find a significant dif'ferencé between the proportions of 57.89% and
- 68.42%.

Only 1 patient died in thi§ study a'nd the cause of death was pulmoﬁary

aspergillosis. The diagnosis was based on clinical, radiblogical and microbiological
findings. Because of the small number of patients inéludea in this study and most |

patients recruited were in postremission consolidation which usually had a less severe
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infection, no concluéion could be drawn from the infection related death in the"pr_csem

study.
| The tblal. days of fever in this stud& were 4.05+1.07 days and 6.47+1.33 days
in garlic gnd placebo rpéipiéﬁis respectively, similar to lhosé reported by Ward TT et'
al®, The tqtal daﬁrs of antibiotics given to paticnts. we;e 7.26tl.27 and 10.42i1.92
days for garlic and placcbo recxptents respectwely, much less than the 18.9 days
reported by Ward TT et al. This is probably due to the dlfference in mcluded patlcnts
and intensily of chemotherapy between the present studyv and that of Ward TT et al.
In the present study, most recruited patients were AML’ in complete remission, unlike
in 6ther studies, in which most patients were with active leukemia, Patients in
éomplete remission had a ‘higher éotentia! for bone marrow recovery after
chemotherapy than patients not in complete remission. The relatively shon
neutropenic period in the present study may count fo»r the shoﬂ ;luration of antibiotics
given to'patients.

Among the infected pauents, ‘6 out of 12 in garllc rccnplcnts had their infection
effectively controlled by . snmply using piparacillin plus amikacin (Tablc 4.5),
compared to 3/13 in placebo recipients. Third generation cephalosporin or imipenem -
were required in 8 patients in the placebo group, ‘While 4 garlic recipients required
tﬂém. The cost 6[ piparacillin in China is z;bout 0.25‘ US dollar per gram, in
comparison to that of cefatazidimé, about 25 US dollars per gram. Although theré
was no statistically significant diﬁ:ercnce between the'twolgroups in the types of
antibiotics used, an economic study is needed to investigate the reduction in the cost

of antibiotics brought by garlic.
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Was the selection (;f antibiotics inv this study biased by Ithe,inabilily to blind thg
doctors and paticms fmm'identifying' which patient Was receiving garlic? This did nof
seem possible. In this study, thc fact Qf using placebo cohtrol was'kept confidential 16
all thle staff and patiénts. | Therefdrc ngithcr tbc doctors ﬁér the patiénts knew ».vhich
drug was the sfudy or coﬁtrol dmg, altho;gh they ‘might have identified tha“tlpn»e of‘
them contained garlic. Pl'n.yéiciahs v;er‘e not biased when sc!vecti'ng’ antibiotic‘s for thc‘
‘patients by not khpwingvb ‘v“vﬁethér palienis were iaking lac.tive drug for prophylaxis.
Before the start of ;his study, detailed guidcliﬁes for ;:mpirical antibi.oti;:s were
provided to the pﬁysiciané. All the staff particiﬁ#ting Jin the study used these
guidelines for antibiotic selection or modification.

The incidencc of septiceﬁia was 1/19 (5.26%, 95% CIL: 0.13%, 26.23%) and
4/19 (21.05%, 95% Cl: 6'.05%. 45.56%) in garlic and placebo recipients respectively
(Table 476)‘ There was ﬂo significant difference ‘bctwcen the two groups (p=0.34,
Fisher’s exact teét). The incidences of documented infection were 5/19 (26.32%, 95%
CIL: 9.15%, 51.20%) and 10/19 (52.63%, 95% CI: 28.8‘6%,’ 75.55%) in garlic and
;;laccbo recipients respéctive]-l)/. Like “most of the previous studies of antibiotic
prophylaxis, the ve;fvfect of garlic'ih rédu{;ihg the :ddpumcme'd infec_ﬁons was offset by
the increaéing nu‘mbers. of uneiplained fever or pvossible»ih'fection (6/19 and 319 in
garlic and placeboA recipients rcépcctively). | ‘

Thé clinical implicaiion of unexplained fe‘v‘erv is not yet clear. Jones GR et al
suggested that discontinuation of antibiotics was saﬂ;, in Ifebrile episodes without
documented Enfections before neutropenia resolved in patients with high potential for

{35]

bone marrow recovery™™, De Marie S et al* also reported that empirical parenteral
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antibacterial therapy could be Qafély wiihhcld:orl vdiscontinu/ed early in neutropenic
pﬁticnts who were receiving quinolonel brophyléxis ﬁnd had unckplained fevers.
These ﬁndihgs suggest that some unexplained fever mighf not be associated with
. infection, or it could héve r;sulted‘ frpm increased absorption of such pyrogenic -
substances as cndoloxjn thrpugh_ gut cpi_thclia -surfacgs damggcd by 'cytotoxiﬁv

P In the present study, it was found that patients- with undocumented

| the;'apy
-Eir‘xfection had a shprter duratiqn of feve? and antibiotic rleq‘uirement.. Furthér -work is
needed to investigate the ouk‘:.om'es of patients willh upcxi)lained fever an& ;6
| differentiate infectious uncxplgincd»fevcrs‘ from those §f ﬁqt}infcctiolus origin, |

Fungal colonization of the rectum was signiﬁcantly ‘reduced in garlic
recipients. Unlike the studies of TMP/SMZ or quinolones, all of which found
increased fungal colonization in the study groups‘3" . ingcstio\n of garlic significantly
reduced the fungal colonization. This is probably attrib}utvable to the antifungal
activity of garlic. Clinical application of garlic in treating pulmonary fungal diseases,
cryptococcal méningitis, topical application for trea_tmcht of skin fungal infection
already proved this effect of gt;rlict”' 2,23.26]

Although fungal coloﬁizﬁiion was suggested t‘ovbe a predictor of inyasivé
fungal disease” band associated with fungal infection™*’, §nly 2 patients in the present
‘study were proven to have fungal infection, 41 in garlic and 1 in placebo recipients.
This was probably dﬁe,to;lack of apprqpriate iﬁstrufncnt for diagnosing fungal

infection. The diagnosis of fungal infection was very difficult. In a postmortem study

of paiicnts with hematological malignancy, only 2 of the 29 patients with systemic

fungal infection had been diagnosed before the patients died"l. Another report of
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aﬁtopsicd cases of h_cl-nﬁtolog_ic’:' ma_lignancy also showed a relatively increased
incidence of: fungal infection as the éau;g of death iﬁ recent years"”.

Allhéugh’ more ‘patients's in cqntrql group seemc;.d to require the addition of
antifungal medication, there was no significant difference bétween garlic and placebo
reéipients in the proportions of patients to Whom fluconazole lwas added.

All patients treétcd Sy sj\‘ntifu‘ﬁgz‘d‘medication were among those with fungal
colonizations. Doctors seemed to be influenced by the r/‘esulwls of fuﬁgal colonization
to decide the addition of antifungal 'medicétibn. However this was not the case for
most patients iﬂ the present study. }n my hospital, the rcsul:ts of funga] culture went
back to the ward one week z;ﬁer the sampie _had‘bleen‘ submitted vto the Iabor;atories.
Therefore most d.ecisions of addition of antifungal medication was made on the basis
of the clinical situation of the patients and the antibiotic guidelines.

53 The Side Effect of Garlic

Generally speaking, garlic had no mgjor side effects except the unappealing
ordér. Gastric irritation had been reported from patients taking garlic. In the present
study of taking 30 grar;us of fz;w géu-lic per day, no vomitiﬁg. was reported from the
patient. Nausea was complained by similar prOpOrtions of patients_in each group.
- Therefore the nausea in this study may not be associated with garlic. For patients
suffering from acute leukemia, there may be. ‘many reasons for nausea, e.g.
chemotherapy, antibiotics, depr‘és.sion eté. -

Twelve of garlic recipients experienced heart burn and 2 dropped out because
of this. Garlic, onion and some other plants can cause an uncomfortable heart burn,

the mechanism of which is not clear. It was reported that heart burn induced by garlic
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could be alleviated by taking oil or vitamin B1 at the same time of taking garlic. In
the present study, taking AGE along wnth meals also hclped to alleviate thls side
effect. As a result, AGE equwalent to 30 grams of raw garlic was well tolerated by
most patients.’ Nausca was only mild. Interestmgly, 6 patients in the control group‘
also complamed of mild heart bum No possnblc explanatnons couid be made for these
patlents exceptapsychologlcal ef.fect.' | N

There was no bleeding associated death in the :.prgsent study. Garlié and
placebo recipients received similar»'amount of platelgt anq packed red bloéd cell
transfusions. Theréforc garlic ingestion was not associated with an inf:reascd blecding
tend'ency. o |

No dcﬁnit;a method is available for measuring the bleeding tendency. Studies
comparing different cancer chcn;othcrapy regimeﬂs used whether transfusion of
platelets was need, how much platelet transfusions were needed or deaths caused by
hemorrhage to describe the severity of b[éédﬁng. Therefore in the present study, the
tendency of garlic to causeé excess bleeding was measuréd by the platelet and red
blood cell transfusions needcd'l;y thé patients.

Although garlic has been repoi‘ted to have antiplatelet and fibrinolytic
activities' ** “| there has been no definite clinical report of garlic induced bleeding,
exéept a case report suspecting fhe postoperat.ive Bleeding of a palieﬁt attributable to
the garlic preparation the patlent had been taking for years'“’ The present study did
not find any bleeding associated thh garlic. No excess bleeding was rcported in a
study in China of the bone marrow transplantation recipients receiving intravenous

garlic infusion for protection against CMV. infection'®*',
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54 Assessing Instrument
The criteria for diagnosis of infeciion was. the major instrument used in the
preécnt étu&y. There is no unified standard for diagnosing iﬁfection. Hughc;: WT et
al® suggested all fever patients with néutrophil counts of < 0.5X10°/L and those with
- counts of O.S-I.OXIO’/i. in whom a decrease could be expected should be assumed to
havc a potentially life-threatening ba;cterial' infebtion and treqted'with broad-spectrum
. antibiotics promptly by th§ intravenous route and in ﬁ;aximal therapcutic dosages.
Other studies took fqur episodes ‘a‘s infection and‘ divided the fever episodes} to
bacteriqlbgically, clinically documentedl infections and 'fc'ver of annou)n origiﬁs
(e;(cluding fevef associated ‘with néninfectious éauses sucﬁ z;s blood transfusion,
administration of antileukemic therapy, or the administration of other drugs)* ** *7,
However, some of the unexplained fevers might not be associated with infection™ ™,
In the present study, infection was defined as fever episode plus bacteriologically or
clinically documented infectiobn, or un;xp]gined fever with a neutrophil count of <
O.SXIOf/L. Therefore patients with unexplained fever ».vcre classified as infected if
their neutrophil count was < 0:5X10°/L. They were observed closely if the neutrophill
count was > 0.5X10/L. Among patients with fever, 21 patients met with the criteria -
of infection at the onset of’ fcvﬁr, 4 met with the f:riteria on the 2™ or 3 daylof fever, 4
did not meet with the criteria. Of thesé last 4 patients, 3 were garlic recipients, 1 was
placebo recipient. Defcrves(:eﬁce occurred within two days. All patients in the
present smdy responded well to antibiotics. excebt the> one who died of pulmonary

aspergillosis. No death or serious complications were associated with the delay in the
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initiation of empirical antibiotics in the 4 patients not meeting with the criteria of
infection at the onset of fever.

Two recent publicationsl inlChina about the infection of hospitalized leukemic
patients reported much lower incidences of infection, 28-33.14% in AML patients"**
1, One reason for the low incidences of infection may be the less imcnsive' '

chc‘mothcrapy regimen applied in r;la;\y hospitals in China, Another rcéson is they}
 only considered }tho'se patients with documented infc(;'tion as infected. T_hcrcforc,
establishing a unified standard fof the diagno;ié of i_nfection is very important to
protect patients against fatal infeption§,_ to reduce thg.i;»ost of ;antibiotics given
unnecessarily to patients without infection. The criteria for diagnésing infection in
the present stuciy seemed appropriate in our setting, »Since the number of study
subjects were rather small}in this study and most of the included paticnts were in
complete remission, these criteria should be applied with caution.
55 Clinical Implication
‘Infection is a serious problem élmong palienfs sulfering from malignant
diseases. The frequency of t;ebrife neutrdpenic episodes among patients with acute
leukemia undergoi.ng chemotherapy has led investigators to test the potential of oral
antimicrobial agents as an .adjunct to oth_er‘ infection prevention téchniques.
TMP/SMZ was initially reported to decrcas;, the occurrence of bacterial infection''”,
Although clinical trials have ‘éhbwn a Adec;e’as»e of grarﬁ-negative bacterial infection,
the occurrence of episodgs of fcvér, the need for tl.\crapeutic antibiotics and thg
: sufvival of patients have not been changed. In addition, TMP/SMZ had been reported

to increase fungal colonization, prolong marrow suppression, accompanied with an
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increasing incidence of antimicrobial resistance. Therefore TMP/SMZ

[18, 34, 50)

chemoprophylaxis is not recommended by some authors . Another selection of

antimicrobial chcmopropﬁylaxis is - quinolone. The cumulative experience wiih
quinolone chemoprdphylaxis has been ‘s'ufﬁcicntly eencouraging for it to become
_perhaps a standard of caré for patients with leukeﬁia and recipients of bone marrow
gransplantation. In 1996, a mcta-m;alysis including 19 raﬁdomizcd clinical trials, -
2112 patients proved that prophylaxis with ﬂuroquinolog;es signiﬁcgﬁtly reduc;,d the
frequency of gram-negative bacterehia, without afchting the frequency of gram-
positive bacteremia and infectiop relaied mortality, ‘a,ddilion of gram-positive
prophylaxis to fluroquinolone prophylaxis signiﬁ;:antly Ireduced the frequency of
gram-positive bac:teremia without affecting the incidence of féve; related morbidiiy"".
But quinolone prophylaxis is also associateq with increased ‘fungal colonization, In
Chiné, quinolones ax;e widely used both in the community. and in hospitals for
treatment of all kinds of infections or possible infections, because quinolones have é |
wide antibacterial spect"rur‘r; and the cost is relatively low. Therefore the occurrence
and spread of quinolone resisté.;tt bﬁcteria is highly possible.

The results of the present 'study showed that garlic coﬁld. not lower the
incidence of overall febrile episodes. This is similar to the results of studies of
antimicrobial chemoprophylaxis. However, the iﬁcidence of lsepticemia was lower in
garlic rec_:ipients, although the'diﬁerence between the two treatment groups was not
statistically significant. The major benefit of garlic over the previous studied
antibiotis was that it significantly decreased the fﬁhgal colonization of AML patients,

This distinct characteristic of garlic will probably recognize itself as the most
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appropriate agent for infectioh prophylaxis in the future. Based on the results of the
present study, we recqmrpend garblic‘ for infection prophylaxis in chemotherapy
induced neufropenic patient;. |
To the author s knowle&gc thcre have bccn no tnals of using ;,arhc for
infection prophylaxns in patlcnts undergomg chemotherapy Although an overall
protection against all febnle cplsodcs was not demonstrated in this study, garhc worth
vmore studies on its cfﬁcacy in mfectwn prophylaxns It should be noted that garhc is
only.a' natural plant. -Thcrefore its lhcrapeutnc effect can not be very strong. The
antili pidemic effect bf bgarlic had not been provén untii 2 m;th-analysis was ‘performed
by Silagy et al™! who finally concluded that garlic had antilipidemic activity. More
| studies afe needed before a final conclusion can be made on whether garlic is suitable
- for the purpose of infection prophylaxis. Sinéc garlic is inexpensive, non-toxic, easily
accessible, it can now be recommended for clinical use, based on the finding in the
| presentvstudyv that garlic decreased fungal colonization. Physicians interested in using
garlic for infection prophylaxis shquld notice that until néw no drug has been proven
effective in preventing the ove;'all incidence of infectious febrile episodes. Thergfore
the initiation of empirical antibiotics shoul& not be delayed in patients taking garlié. '
Since inl;ection in neutropenic patients is oflen fatal, efforts should be made to
identify the source and the pathogen of infgction and to make appropriate
| modifications of antibiotics accordmg to the bacterlologlcal studies.
5.6 Other possible approachcs |
| Although this study seemed to show a favorable outcome toward garlic, we

can not rule out the possibility that this was a random error. 'Thergfore. it is quite



pOSSlble that garlic can not dccreasc the incidence of mfecnon One possnbnhty is that
garlic is like all the prevxously £csted oral antlbnotlcs, which did not decrease the
~overall incidence of infection. Another possibility is garlic could not eliminate the
| microorganisms that colonize the GI tract. The present study can not make this point
clear since'fgcal bacterial surveillan#e culture was not performed. However, this is
not quite likely since we found in tﬁe present study that‘gérlic decreased the nﬁmbcr
l‘of ﬁhgi from the rectal swab cultures. Therefore, studieé \;vith larger sample sizes are
needed to prove whether garlic is better than placebé in reducing the incidence of
infection.

Except from obscrvingA ‘the proporﬁpn of infectién }in garlic and placebo
recipients, there éré some other possible ways 1o carry out the study. One method is
to measure the time period before the oﬁset of infection. Then by using survival
analysis, it can be analyzed whether garlic can delay“ the occurrence of infection,

Another possible approach is to use garlic for a prolonged period, from the
start of the first course of chemotherapy till the ehd of the last course of
chemotherapy. The& the total ‘epis'odes of fever can be comparéd between the study
and control groups. The major ﬁroblem with this kind of study design is the
compliance of patients. Itl is difficult to'ask patients to take garlic juice continuously
for 6 to 8 months. Some patients may be loét to follow up if the study period is too

long.

A third possible way is to change the antibioﬁc gﬁidclines. Based on the
results of the present study, gﬁr!ic recipients seemed to require less expensive

antibiotics. Therefore different antibiotics can probably be used for garlic and placebo
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recipients who are febrile. An economic study can be performed to see whether garlic
will reduce thé cost of antibiotics. H(;wever, # study like should be éarefully
designed. Since infection 1s often fatal in neutropenic paticnts; serious corhplications
r’nayvocc‘ur if infected patients did not receive proper antibiotics. More information
~ about the effectiveness of garlic in preventing infection should be available before a

study of using different antibiotic guidelines can be designed.
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