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FPN\YL 3. GLUL E_WYLZZPVU PYVÄSPUN VM PHY906

AbZ[Yac[ / S`UVWZiZ:°
O\Y YeZeaYch gYV\W haZ e_[eUZi]el` chaYac[eYiaed [he WYecliUical aUd cliUical ac[i]i[ieZ Vf PHY906,
a [Yadi[iVUal ChiUeZe heYbal TediciUe, aZ a TVd\la[VY Vf iYiUV[ecaU-baZed cheTV[heYaW` fVY [he
[Yea[TeU[ Vf cVlVYec[al caUceY. ThiZ aY[icle Ye]ie^Z [he cYi[ical iZZ\eZ Vf X\ali[` cVU[YVl aUd
Z[aUdaYdiaa[iVU Vf PHY906 aUd highligh[Z [he iTWVY[aUce Vf high-X\ali[` Ta[eYial fVY [he cVUd\c[
Vf WYecliUical aUd cliUical Z[\dieZ. S[\dieZ [V iU]eZ[iga[e [he WV[eU[ial biVlVgical TechaUiZTZ Vf
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ac[iVU \ZiUg a Z`Z[eTZ biVlVg` aWWYVach Wla` a Wi]V[al YVle iU WYV]idiUg [he WYecliUical Ya[iVUale [V
TV]e fVY^aYd ^i[h cliUical Z[\dieZ. FVY eaYl`-WhaZe cliUical Z[\dieZ, [YaUZla[iVUal biVTaYkeYZ
ZhV\ld be iUcVYWVYa[ed [V chaYac[eYiae [he biVlVgical eɈec[Z Vf [he heYbal TediciUe. TheZe
biVTaYkeYZ iUcl\de [\TVY T\[a[iVUal lVad, c`[VkiUe/cheTVkiUe e_WYeZZiVU, Te[abVlVTic
WYVÄliUg, aUd [he WYeZeUce Vf ke` heYbal Te[abVli[eZ. SVWhiZ[ica[ed biViUfVYTa[ic aWWYVacheZ aYe
cYi[ical fVY TiUiUg [he da[a aUd ideU[if`iUg [hVZe biVTaYkeYZ [ha[ caU deÄUe [he Z\bZe[ Vf Wa[ieU[Z
^hV ^ill beUeÄ[ fYVT PHY906 VY aU` V[heY heYbal TediciUe, iU [eYTZ Vf Yed\ced [Yea[TeU[ [V_ici[ ,̀
iTWYV]ed X\ali[` Vf life, aUd/VY eUhaUced cliUical ac[i]i[` Vf [Yea[TeU[.

In[rod\c[ion
Complemen[ar` and al[erna[i]e medicine (CAM) are medical and heal[hcare prac[ices [ha[ are
considered o\[side [he realm of con]en[ional mains[ream Wes[ern medicine.[1,2] SpeciÄcall ,̀
complemen[ar` medicine in]ol]es [he \se of healing prac[ices and prod\c[s [ha[ ^ork [oge[her ^i[h
con]en[ional medicine. In con[ras[, al[erna[i]e medicine is \sed in place of [radi[ional [herapies. The
Na[ional Cen[er for Complemen[ar` and In[egra[i]e Heal[h (NCCIH; kno^n \n[il 2015 as [he Na[ional
Cen[er for Complemen[ar` and Al[erna[i]e Medicine [NCCAM]) has recogniaed Ä]e main ca[egories of
CAM: mind-bod` medicine; ^hole medical s`s[ems; manip\la[i]e and bod`-based prac[ices; energ`
medicine; and biologicall` based prac[ices ^i[h a foc\s on herbal medicines, die[ar` s\pplemen[s,
]i[amins, and n\[ri[ion. More recen[l ,̀ [he NCCIH has de]eloped [he [erm in[egra[i]e medicine, ^hich
combines con]en[ional medical [herapies and CAM [herapies in a more highl` coordina[ed and
in[egra[ed manner based on high-q\ali[` e]idence of safe[` and eɈec[i]eness. There are man`
deÄni[ions of ¸in[egra[i]e¹ medicine, b\[ all in]ol]e bringing con]en[ional and complemen[ar`
approaches [oge[her in a coordina[ed ^a .̀ The \se of in[egra[i]e approaches [o heal[h and ^ellness has
gro^n signiÄcan[l` ^i[hin heal[hcare se[[ings across [he Uni[ed S[a[es.[3]

O]er [he pas[ 10 [o 15 `ears, [here has been s[eadil` increasing \se of in[egra[i]e medicine approaches
in conj\nc[ion ^i[h con]en[ional s`s[emic an[icancer [herapies.[4-10] I[ is es[ima[ed [ha[ 40% [o 50% of
cancer pa[ien[s, and perhaps more, ha]e \sed in[egra[i]e medicine [herapies for s`mp[om relief d\ring
[he co\rse of [heir con]en[ional s`s[emic [rea[men[s. Ac\p\nc[\re, for e_ample, has been sho^n [o be
an eɈec[i]e mind-bod` prac[ice in alle]ia[ing [rea[men[-associa[ed side eɈec[s of fa[ig\e, pos[opera[i]e
pain, and na\sea and ]omi[ing.[11-15] An impor[an[ medicinal agen[ in cancer care is ginger (Zingiber
oɉcinale), a Åo^ering plan[ ^hose rhiaome is ^idel` \sed as a folk medicine, and ^hich is a]ailable in a
]arie[` of form\la[ions. Ginger s\pplemen[a[ion ma` represen[ an al[erna[i]e adj\]an[ [rea[men[ for
chemo[herap`-ind\ced na\sea and ]omi[ing. Con[rolled randomiaed clinical [rials [o conÄrm [he clinical
beneÄ[ of ginger are ongoing.[16,17] Finall ,̀ in[egra[i]e medicine approaches ha]e become especiall`
pop\lar ^i[h cancer s\r]i]ors [o manage [he ad]erse eɈec[s and conseq\ences of par[ic\lar [rea[men[s
·^he[her [he` be s\rgical resec[ion; radia[ion [herap`; or s`s[emic [herap` ^i[h c`[o[o_ic
chemo[herap ,̀ [arge[ed [herap ,̀ and/or biologic [herap .̀

Chinese Herbal Medicine and [he Herbal Form\la PHY906
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Tradi[ional Chinese medicine has been prac[iced for more [han 2,000 `ears. The earlies[ medical [e_[ on
[radi[ional Chinese medicine, ^ri[[en aro\nd 200 AD, incl\des [he medicinal and [o_icological proper[ies
of 364 en[ries, [he ]as[ majori[` describing plan[s.[18] In [he 16[h cen[\r ,̀ [he classical Chinese herbal
medicine [e_[book doc\men[ed [he \se of nearl` 1,900 indi]id\al herbs and more [han 11,000 form\las
[o [rea[ h\man diseases.[19] Tradi[ional Chinese medicine has been \sed [o con[rol disease-associa[ed
s`mp[oms and [o impro]e o]erall q\ali[` of life for pa[ien[s aɈec[ed b` a ^ide range of medical
condi[ions, incl\ding cancer, gas[roin[es[inal disorders, skin disorders, fa[ig\e, s[ress, li]er disease,
cardio]asc\lar disease, and allergies and a\[oimm\ne diseases.

O\r o^n s[\dies of [radi[ional Chinese medicine began in [he earl` 2000s, ^hen ^e so\gh[ [o ans^er
[he q\es[ion of ^he[her [here ^as a Chinese herbal medicine [ha[ co\ld pre]en[ and/or red\ce [he
gas[roin[es[inal [o_ici[ies associa[ed ^i[h irino[ecan-based chemo[herap .̀ Aro\nd [ha[ [ime, [he
combina[ion of irino[ecan, Å\oro\racil (5-FU), and le\co]orin (IFL) ^as being de]eloped as a fron[line
[rea[men[ regimen, and i[ ^as associa[ed ^i[h a 25% [o 30% incidence of grade 3 or 4 gas[roin[es[inal
[o_ici[` in [he form of diarrhea, na\sea and ]omi[ing, and abdominal cramps. T̂ o large phase III clinical
s[\dies sponsored b` [he Na[ional Cancer Ins[i[\[e re]ealed an increased earl` dea[h ra[e in pa[ien[s
[rea[ed ^i[h [he IFL regimen, ^hich ^as largel` secondar` [o [he [rea[men[-rela[ed gas[roin[es[inal
[o_ici[ies. Wi[h [his in mind, Professor Y\ng-Chi Cheng, PhD, and his research [eam a[ Yale Uni]ersi[`
re]ie^ed [he Chinese li[era[\re and iden[iÄed H\ang Qin Tang as a classic form\la [ha[ has been ^idel`
\sed in China and o[her Asian co\n[ries [o [rea[ gas[roin[es[inal disorders, incl\ding na\sea and
]omi[ing, abdominal cramps, and diarrhea,[19,20] ^i[h [he la[[er pres\mabl` occ\rring secondar ,̀ b\[
no[ limi[ed [o, infec[io\s e[iologies in h\mans ^i[ho\[ serio\s side eɈec[s, o[her [han re]ersible
cons[ipa[ion.

PHY906 is a po^der con[aining a spra`-dried aq\eo\s e_[rac[ deri]ed from [he H\ang Qin Tang form\la;
i[ consis[s of fo\r principal herbs (Fig\re 1): GS`c`YYOPaa \YaSLUZPZ Fisch, PaLVUPa Sac[PÅVYa Pall, Sc\[LSSaYPa
baPcaSLUZPZ Georgi, and ZPaPWO\Z Q\Q\ba Mill. Of no[e, \p [o 65 indi]id\al chemicals ha]e been iden[iÄed,
[o da[e, in [hese fo\r herbs. The iden[i[` of each herb ^as conÄrmed b` [rained bo[anis[s, and [he plan[s
^ere closel` moni[ored ^i[h respec[ [o soil and gro^[h condi[ions [o ens\re [he highes[ le]els of
chemical consis[enc` in [he ra^ herbs. In addi[ion, [es[ing ^as performed [o ens\re [he absence of
con[aminan[s, s\ch as hea]` me[als, pes[icides/insec[icides, and ]ario\s microbial organisms. In
con[ras[ [o H\ang Qin Tang, [he PHY906 form\la[ion ^as prepared according [o a proprie[ar`
man\fac[\ring pro[ocol [ha[ ^as speciÄcall` designed and implemen[ed b` S\n Ten Pharmace\[ical
Compan` in Tai^an. This pro[ocol emplo`ed s[andard opera[ing proced\res in]ol]ing ho[ ^a[er
e_[rac[ion of [he fo\r herbal componen[s in a speciÄc dr` ^eigh[ ra[io of 3:2:2:2; [his ra[io is diɈeren[
from [ha[ ^hich is [radi[ionall` \sed in e]er`da` clinical prac[ice in Asia. The ho[ ^a[er e_[rac[ion ^as
[hen spra`-dried in[o a gran\la[ed po^der and packaged in [he form of caps\les according [o s[ringen[
man\fac[\ring prac[ices [ha[ follo^ed C\rren[ Good Man\fac[\ring Prac[ices (CGMP) as de[ermined b`
[he US Food and Dr\g Adminis[ra[ion.

Q\ali[` Con[rol in [he Prod\c[ion of PHY906
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One of [he main challenges associa[ed ^i[h [he de]elopmen[ of Chinese herbal medicine rela[es [o [he
iss\e of q\ali[` con[rol and ba[ch-[o-ba[ch ]ariabili[ .̀ Since herbal e_[rac[s con[ain \p [o h\ndreds of
indi]id\al ph`[ochemical componen[s, i[ is cri[ical [o de]elop rob\s[ q\ali[`-con[rol me[rics. To address
[his concern, a pla[form [ermed Ph`[omicsQC ^as de]eloped; [his \niq\e and comprehensi]e se[ of
me[hodologies in[egra[es chemical anal`sis, bioresponse anal`sis, and in ]i]o animal pharmacolog` [o
achie]e q\ali[` con[rol and ba[ch-[o-ba[ch reprod\cibili[` in [he prod\c[ion of PHY906.[21] For chemical
anal`sis, liq\id chroma[ograph`/mass spec[rome[r` (LC/MS) ^as selec[ed (Fig\re 2), gi]en i[s broad
capabili[` and increased spec[ral sensi[i]i[ .̀ Gene e_pression proÄling, as seen in Fig\re 3, ^as \sed for
bioresponse Ängerprin[ing, since i[ pro]ides a sensi[i]e, comprehensi]e, and \niq\e pa[[ern in response
[o e_pos\re [o a gi]en herbal form\la. Working closel` ^i[h Professor Hong`\ Zhao, PhD, his
bioinforma[ics colleag\es a[ Yale, and Ph`[oCe\[ica ([he de]elopers of Ph`[omicsQC), a Ph`[omics
Similari[` Inde_ (PSI) ^as de]eloped for bo[h [he chemical anal`sis and [he bioresponse Ängerprin[
anal`sis. This PSI ]al\e is de[ermined b` in[egra[ing peak pa[[erns, peak ra[ios, and peak in[ensi[ies
from ]ario\s ba[ches; i[ is a q\an[i[a[i]e meas\re of similari[` be[^een [^o compo\nds, ranging from 0
[o 1, ^i[h 1 being iden[ical. This ^ork has been cri[icall` impor[an[ bo[h for [he clinical de]elopmen[ of
PHY906 and as a frame^ork for [he de]elopmen[ of herbal medicines, as i[ has sho^n [ha[ herbal
form\la[ions man\fac[\red \nder s[ric[ CGMP g\idance can `ield highl` consis[en[ ba[ches of high-
q\ali[` herbal prod\c[s [ha[ can [hen be \sed for bo[h preclinical and clinical s[\dies.
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