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Brief analysis on the fixed dose composition
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Abstract: New drugs approved by authorities are classified into two categories: new molecular entities
(NME) and fixed dose combination (FDC) formulations, both of which are documented by scientific experiments
and clinical trials. Complex diseases frequently possess multifactorial causes, and drugs that only focus on a single
target may not achieve satisfactory results; moreover, it is difficult to achieve full optimization of the
pharmacodynamics, pharmacokinetics, safety, and patient compliance for a drug. Therefore, combinatorial
remedies with two (or more) drugs at a fixed dose may provide patients with better treatment options. Based upon
understanding the various molecular regulation of pathological processes and principles of drug action, clinicians
and pharmacologists are able to design new FDC to achieve optimum efficiency in clinical practice. In this sense
the significance of FDC is no less than NME, because it is closer to clinical practice and directly meets the needs of
patients. This article briefly analyzes the development of FDC from the microscopic characteristics of pathology
and the molecular mechanism of drug action with influential examples.
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Table 1 Fixed dose combination (FDC) formulations of top 200 drug sales in 2023
Name . L Sale/$
FDC Composition Target Indication .
(dosage form) billion
1 Biktarvy (Tab) Bictegravir HIV-1 integrase HIV infection 11.84
Emtricitabine Reverse transcriptase
Enofovir alafenamide Reverse transcriptase
2 Trikafta (Tab) Elexacaftor CFT regulator Cystic fibrosis 8.94
Tezacaftor
Ivacaftor
3 Entresto (Tab) Sacubitril Neprilysin inhibitor Heart failure 6.04
Valsartan AT1 inhibitor
4 Trelegy Ellipta Umeclidinium LAMA COPD 2.38
(Inhale) Vilanterol LABA
Futicasone Glucocorticoid receptor
5 Symbicort (Inhale) Budesonide Glucocorticoid receptor COPD 2.36
Formoterol p2-Adrenergic receptor Asthma
6 Genvoya (Tab) Elvitegravir HIV-1 integrase HIV infection 2.06
Cobicistat CYP3A4/5/7 inh
Emtricitabine Reverse transcriptase
Tenofovir alafenamide Reverse transcriptase
7 Descovy (Tab) Emtricitabine Reverse transcriptase HIV infection 1.99
Tenofovir alafenamide Reverse transcriptase
8 Dovato (Tab) Dolutegravir HIV-1 integrase HIV infection 1.96
Lamivudine Reverse transcriptase
9 Tafinlar + Mekinist Dabrafenib BRAFY*"" NSCLC 1.92
(Tab) Trametinib MEK
10 Prezista (Tab) Darunavir HIV protease HIV infection 1.85
Cobicistat CYP3A4/5/7 inh
11 Trajenta (Tab) Linagliptin DPP-4 inh Type 2 1.81
Metformin PRKABI agonist diabetes
12 Epclusa (Tab) Sofosbuvir RdRP HCV 1.54
Velpatasvir NSS5A polymerase
13 Mavyret (Tab) Glecaprevir NS3/4A protease inh HCV 1.43
Pibrentasvir HCV NSS5A inh
14 Odefsey (Tab) Emtricitabine Reverse transcriptase HIV infection 1.35
Rilpivirine Reverse transcriptase
Tenofovir alafenamide Reverse transcriptase
15  Janumet (Tab) Citagliptin DPP-4 Type 2 diabetes 1.18
Metformin PRKABI agonist
16  Sulperazon (Inj) Cefoperazone PBBs Bacterial infections 0.76
Sulbactam f-Lactamase
17 YAZ (Tab) Drospirenone AR/MR antag, PRagonist Contraceptive 0.73
Ethinyl estradiol Suppressing gonadotrophic hormone
18  Juluca Dolutegravir HIV-1 integrase HIV infection 0.71
Rilpivirine Reverse transcriptase
19  Exfolge Amlodipine Ca®' channel antag Hypotensor 0.71
Valsartan AT R inh
20 Augmentin (Tab) Amoxilline PBBs Bacterial infections 0.68
Clavulanate f-Lactamase
21  Briztri (Inhal) Budesonide Glucocorticoid receptor COPD 0.668
Glycopyrrolate Anticholinergic
Formoterol LABA
22 Diovan (Tab) Valsartan ATIR inh Hypotensor 0.61
Hydrochlorotiazide Thiazide-sensitive sodium-chloride cotransporter
23 Lonsurf (Tab) Trifluridine DNA polymerase Colorectal or gastric 0.53
Tipiracil Thymidine phosphorylase cancer
24 Symtuza (Tab) Darunavir HIV protease HIV infection 0.53
Emtricitabine Reverse transcriptase
Tenofovir alafenamide Emtricitabine
Cobicistat CYP3A4/5/7 inh
25  Atozet (Tab) Atorvastatin HMG CoE A reductase Reduce cholesterol 0.52

Ezetimibe

Niemann Pick C1 like 1
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Continued
FDC Name Composition Target Indication S_alé/ﬂ;
(dosage form) billion
26  Zavicefta (Inj) Ceftazidime PBBs Bacterial infections 0.52
Avibactam f-Lactamase
27 Duodopa Levodopa D1 receptor agonist Parkinson Dis 0.47
(intestinal gel) Carbidopa Aromatic amino acid decarboxylase inhibitor
28  Lokelma (Susp) Sodium zirconium cyclosilicate Hyperkalemia 0.41
29  Orkambi Lumacaftor CFTR corrector Cystic fibrosis 0.33
Ivacaftor CFTR potentiator
30 Paxlovid Nirmatrelvir 3C-like protease (3CL™) COVID-19 -
Ritonavir CYP3A4 Inh

© W B A il B HIV 5 25 405 7 PO 25 1 gp120 AN
gpdl. NRJ5 gpl20 5 N A4 f R i 52 7k CD4 45 &,
1 R0 I B 5 4 Bh A £ %24k CCRS5/CXCR4 5545 &,
PG — 0 R, (1595 8 gp41 255, SFEUR S A
FTE A RS, R B AR T N, SR 5 0 R
P T S5 T 75 100300 7 SR Tl R A B B 1 N N A
. @ WSk HIV 2 585 RNA R, i3E A N\ R4
i 5 DL BE RNA A BRAR , 78 100 % Sk g /E R & Rl
DNA; F LLHL5E DNA AR, 7 DNA S-S B I/EH T~
A HOUEEDNA., B B4 5 24P 5%, a. HIV-DNA
3 AL . XUEE DNA TEREA B AE T 25 73l 9 ) 4t 37
Ui (19 2 ME IR, T B A AT 2 & & (PIC); b i #e
Bio PIC #ENAMMIIZ IS, B-E B4k 20 3w V) %1, 7]
o N AR 20 i G 5445 1K) DNA fift— AN A2 45 90 11, O HIV-
DNA RN “FTF7 (0] R, i J5 5 & Bk HIV DNA fix
AF)75 3 DNA F, 5 DNA ERAE . XMy
() 5% DNA BN RTR 5 . @ % SRUBIE: 1% 25 0%
TEALAE B B 5 5%, 6 5 DNA AR IR 5 5% & B RNA, —
4 RNA NG b0 B 28 0 B & B2 R4 5 —3 5
RNA JII B4 % J9 9% 7 mRNA, 76 40 A% 55 B4k F R
B2 SRR R [, JiG 3 78 B A AR T A B 4 R 43
THEAR, WRIBHFNEMEOMDGRED. © %
BC FURE T8 RNA 5 Gag 8 1 45 & 6 0 i 5o i, Ji it
225 7 M 5 S TSN SR A5 975 B A 10 M, B
TR 995 B RIURE o
XS AN AT E AT AT 250 T, WE ) AN
B 14175 o
2018 4F £ 36 [ L 17 JF T 2020 & 76 A [H it e -
T H b a9 U H (Biktarvy, 2 4E) £l — NS
Tt A% 52 A 0 o) ) R P A 08 9 g R O o1 790 4 P =BG
ST IR, A R e B R,
bictegravir) 50 mg. & #i fth 5% (2, emtricitabine) 200 mg-
P & #4845 (3, tenofovir alafenamide) 25 mg.
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Figure 1 Chrystalligraphy of bictegravir with mutant integrase
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4.2.2 KIABTEAESZARBRMTFI B B AN B AE 52 4
BELT 7515 P A 12 BELIVG T 24, & 3694 (4, umeclidinium
bromide) {1 & 2 & ¥ 55 FE 52 74 B W7 71 (LAMA),
2013 LA ZGI AR 5570 b7, YR 9T 12 BRI
423 K-8 ERREHET KAp-E ERER
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FEE G, 2 22 R B 5 1 3 IR 1 B B FDC, #R
{F Anoro Ellipta (& 3% JR 84 /4 2 %5 % 62.5 pg/25 ng) 1
2013 4E b7, [AI N LAMA F1 LABA & 7 18 11 FH %€
P 93 19 R 5 T o — R 2510, )5 4k B 1) COPD
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424 IMRIERMPER MR R B AL
ME R R, WSR2 e T 2 M ROE g Rk
T (5] 4 BB K 41 D 9 IR b A PR L b R R A R L B

Wk £ A« Ik EXL 40 AR ) R A R (9 AL B L R AR AR TR L
S ARER ). AR Ah/ P AR YR B R SR B R AL (6,
fluticasone furoate) [/ FH B2 ¥ i Al 57 o3 I 2% e B2
JC, P 4 % LR T (W1 NFxeB) A K 30 1l 470 J6L i
IR BSCREOR BRI g T P 400 PR Y 220

6 fE AN LA RS R BERE B FIRE 71
AR, S R 5 AT AR S I B B AR, XS &
RAEHAT VG T RCR, 10 H 638 i 5 5 B X 4 T Ak
{14 £ 15T ] 4 B 2 RE B 1 I AR A, B Ik 9 0E
IR A . BLAb, 638 #i 28 PE R 7 16 & i AN 5 2% 1
YRR T AR BT A A . 6 2 SR R RE B T 25
2, N SR 45 B S A0 0 2 H FE K FA 1 30 % TR R 3
BRI 1.7 500,
4.2.5 3MAREEARFDC GSK XL E3425%0L
AF AW T 3 FhaT7 18 B K 25 71: Breo
Ellipta 72 4 2 55 2 R 9005 R AL [ 8 F & Bk 55
7, I 25/100 pg, 245 5E RN 56 B e WA T4 .
FH W [F4E X BT T ZBEH Anoro Ellipta, A4 2%
K215 S8 IR A [ 5 7R &N 25/62.5 ng, R R H — .
G T 20174 BRI =4 — K FDC#7), i FH 4 N
B YER N 5577 (7 4 Trelegy Ellipta), 4E = 5F
B /5 5 LR R IR . S b [ R BN 25/62.5/100 pg,
Ik GSK 2 "M (1) 5 944 (Ellipta”™) T8 N3 B
fEH . Hooks B i A T o BRI T RE B
FAAE 12 EL s 6 2 Btk n 2 2 2 0 T Bk FDCM, %2
F 7 LA E 3 Bl FDC il 771 (0 28 s 751 2 AL T B ]

Table 2 Three FDC formulations and their dosages for the treat-

ment of chronic obstructive pulmonary disease (COPD)

Vilanterol Umeclidinium Fluticasone  Launch
Trade name .
/ug /ng furoate/pg time
Breo Ellipta 25 - 100 2013-05
Anoro Ellipta 25 62.5 - 2013-12
Trelegy Ellipta 25 62.5 100 2017-09

4.3 JATTLEFEH Entresto

REAEVR T (0o 132 0 25 ) 72 A I 5 K 3R A AL B4
i) 1) 37 ) 7 2 B B TR RIS AR A B “ Vb 4H 7 2K 2
Y, RAWHE R - Rk R - R 4 (RAS) 1
HHE

PRPIEF 55— A0 IE 2 ) 4 W R G, BP0 M A
fifg — I B4 Ik i — 0 5 BN IK (ANF) B % R 48, ANF B F
PRFNET 5 1075 2508, 18 8 I A A 2 o A L AR T
HIZhRE. ANF 5 RAS Ihfg & W AN Jl ST R 48, Entresto
J& WD B (7, sacubitril) A4 vDIH (8, valsartan) 41
R FDC #il77, 4 EH TN RERNEH. T2
LRAT ANF (1% fixi o ok 1t 440 1) 7)o
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I o9 ()

S Bey
Inhibitor @ @

ORI

Cco0

9

G0 I A0 R A R IR, 1E 9 AT1 2R 45 41
FIETT e ML A ) v, BT F 1996 4F . 7 Al
8 FIAAR P9 AN PR BRI (R 23 7 IR B ARG, (4 bR
AT, LA B R B i) il FDC #1 7), 6 1 & A 0 i L il
49 mg, 4ivbiH 51 mg, T 20154 E1li. % FDC 4 iR
TR, (B R H IThEE . Entresto 377 0 J1%E
P RCR S AR ST VR L, B M BRI B R AR T
RPN N S AT 40 £ K 0 ZE IR T 25 10 EOK RN,
2023 4 4 ER A B AIA B 60 123 7T, 2024 F A AERY B
37. 714370,

Entresto /& 3L i & &4, X B &1 i ieos, &
AN AR 6 NV FE L U T, 6 AN ERVD I A T
IS MAE T (A S EA R E) 154
KA TR, 53T 0H C,H,, N,y Na, O, 15H,0, A% 43
TN S 748.03, N ENIUTE FOIRES SR R, 45 5
138 °C. E &7 B2 pH 5~7 /K BB Fa & 1) .

YENHES TR E AW, 1SS F 5 RAWE
Bl AN 25D A 1 12 SR FERN 18 AN FRIE (M SR T, AR
15 AN 7K 4 FR I 13 A5 T8 RS A 45 44, an 1) 2 e
TNo RO TIEH T A I 4 T AR e A . @YD
DU M TR 35 A 5 BN T RS T, T A2 5 0 FE L 9 B
NH JE sl & gk

Figure 2  Chrystallography of Entresto. Red balls stand for

sodium ions, green balls water molecules

Vb P L HAAE i 1 A, o DS ) g At
THI T B4, P> 32 B4 1) 24 B FH 2% ) FLER, DhRe &0 22 B
A, 11453 Entresto 7E 8 J7 0 5 B B R AR 28
o FEF B BTH R 2> 7 S5 0 B AR A R B AN RO
(AR T 70 B AR i 2 S5 R R B S AN S T TR I A B A
B ARGy 1 R ) PR U D 245, ) BT AR E R
o F A AL R AR, IR R Y ER A
44 ETTEHERITUELZ5Y) Genvoya

T A A F] T 2015 4 BT E 9T HIV-1 /& 4L 1)
FDC %j fi Genvoya 5& B 4 N2 A Rk BB F (10,
elvitegravir). AJ [t &] i (11, cobicistat). & il i (2,
emtricitabine) FI Y £ 1545 13 (3, tenofovir alafenamide).

CHs,

BB 302 HIV-1 B4 By 85 50 B 01 70, 2 5
SHIET T ISR . ] B S B eT BH 1k HIV-1 DNA
4 275 £ DNA 1, AT BE W HIV-1 517 25 1% A
RELE. BERTREAEUWAERES ERelr
F]) Z J5 FDA T 2012 4F it i 25 FI 4 A =] 1) 5 5 i 41
HilR, HAR— . TEAR N CYP3A A AL (4% 2
BEFREFAL) T 235, BT LS CYP3A $l 7] &, Al it
E FH s [0
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352N At R el R AR A SRR, T 2014 4
ek B, 1F g0 (0 K P450 3A FIHIFI, A B %A Bt
HIV i PE X 5RFEIHAR), (5% B FHIEH, e
i 5 3 7 BUR R &N B B8 s 259k FE, T4 =
XoF 98 2 (A0 AR F IR T AN RO

55 3R 4> 4L o3 RRUih A e (2) AN Y B AR T (3)
& HIV 308 e 55 Wi 40 o] 77), 35 22 44 P9 3% A 3100 ) 5 2
DNA [ Je #6364k, T 415 AR .

Genvoya [T & A ¥ %58 & B ] 770 3% 5 45 5 2 5 25
PR AR E", TEAR N I 16 2590 7K AR F HIV-1
SR N K, X E R R E R T AR
S AN
45 BITHERNMTHTHNERS
451 MAPK{ESHEE WAINVMAHRES RE T
AL RFTEAHE A 0 (MAPK) B, Jh RAF 3%
SEER BN 7. Ef SR+, RAF T M.
24 KD 5 M SR T 2 A TS 2R WS (receptor
tyrosine kinases, RTKs) 25 & B (EGFR J2& i F- & I 1
RTK), 52 14— F A4 A0 FAF F A2 2E 40 i 9 3 RTK — 284K
TG R B AR ER AL, U5 6 1) RTK {2 #F Ras I GTP 5
GDP % #, RAS-GTP 1] DL Fi ¥ 55 RAF &R A 45 &, %
RAF M 5 I 7 5545 2040 f i |, i RAF i —
Py VG . B T, S A0 I RAF S R4 (B
MEK F1 ERK) # 17 — & ¥ 1% B2 1k ) BZ, J5 3l 48 gt
MAPK 3 15 B35 Ak, 1815 40 i A= 4R 86 5 L 43 1k A7 3
LR (K13),

Ak /N 40 i fili i (NSCLC) £ 5 il 988 1 85%. 1E
NSCLC ' BRAF % Kl 58 4 % 5 1.5%~3.5%; BRAF
V600X £ (5 T 5 BRAF 2248 ] 50%, o 5 % UL 1) 52
AR A V60OE. BRAF 28745 J& B 3] NSCLC /b Il
XN FEK, BRAF V600X 2848 F38 [ TG 2, A A7 1
B, B ATAT A VR T I R 3R 2 AN AR
452 JE/HRERTRE 55T H BRAF f1MEK RAF
H A/B/C3 Tl AL, Horh i 45 5 K A2 KAL) /2 BRAF,
T B MAPK NI 4 IS 5 5 5 00 B R SO, R
figh A= & VB, /5 M8 kA, JGHAE NSCLC % L

Y

R1K

O s >— u ~—1
i, S5 S oW o@D 7T
\r o N\ L

V600E [ 48 5 . 75 RE K% 0 Mo 31 ] BRAF 25 (3% 7%, nf
EL BT e 98 200 J 7 A N 4 3R, R VRIT I — AN IR .
MAPK | i 38 B () MEK 1/2 4 i th /& NSCLC /) 5 %
IR F-, %5 [F A 25930 ) MEK 1/2 f35 XA SR 20
A A MAPK B P N9 05, W2 a7 R AR AR AN
RN

453 ZFHRIFRMEBEBER KR E (12,
dabrafenib) »& GSK 2 ] Wt il [f] BRAFV600E/K/D i %
PRI, 555 T B AR R — AN B, Ui BH R
Val600 5% 3 58 48 1% Glu/Lys/Asp %5 % M & 3 82 ik 3k 5
REHFRTLE. KdaiiiidEe 5 BRAFV600 £
EW IR GE R, E AL T ATP 45 & 3800 1) 12, 5 3k 1
WE 5 Cys532 JE AV BE I 4%, AT FE3E N g /K i, ff Bk
[z 5 Asp594 Fl Phe595 (1) ik B 22 1 Rl 2B, — 96l R Ak
5 Phe595 KA m-n HEARAE I (] 4a K B 7R RAF AL
M EE). 12 00R7 BORE T 2013 4F 1, K&
Nk AET AEJE (vemurafenib) fLHE 1 58 2 M IBIT R
PE R /N T 2590, 5 4k 1038 BORE A2 3E /N 41 g

Jitiges )
F
o N’2<
& CH3
,S:OF =
F HN S
)
NH»
12
o]
HsC _CH, CHs
o) | N
H N N N
N : CH
) A i 3
13

A ZECFDC I 5 — /N2 2 ith 32 % e (13,
trametinib), GSK 2 & i #l| 3 5 2013 4F b 117 1R GIT
HOEM . 132 MAPK {5 538 % I MEK1 fl MEK2
F 58 2554 1) 71, A SRS 1C,, 39 2 nmol -1, 1 HL ik

Cell growth and
proliferation

Cell differentiation
Cell survival and
migration

b
7

Figure 3 MAPK signaling pathway. MAPK: Mitogen-activated protein kinase; RTK: Receptor tyrosine kinase; RAS: Rat sarcoma; GTP:
Guanosinetriphosphate; RAF: Rapidly accelerated fibrosarcoma; MEK: Mitogen extracellular kinase; ERK: Extracellular signal-regulated
kinase; P: Phosphorylation
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Figure 5 Binding mode of atorvastatin to HMG-CoA reductase
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Figure 6 Sketch map of ezetimibe (yellow) binding to MLD of
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Figure 7 a: Binding of PLP to AADC; b: Mechanism of decarboxylation of aromatic amino acid by AADC
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Figure 8 a: Formation of sodium zirconium cyclosilicate; b: The chrystal structure. Blue spheres stand for oxygen atoms; red spheres

zirconium atoms; green spheres silicon atoms
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Figure 10 The comparison of structural similarity between D-
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Figure 11 The process of f-lactam moiety of penicillin reacting with the active site of transpeptidase
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Figure 12 The process of penicillin inactivation by f-lactamase. a: General base activation and nucleophilic attack; b: Formation of

tetrahedral intermediate; c: General base activation and acyl-f-lactamase intermediate; d: Inactive reaction product
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