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Abstract

The number of cancer patients in Thailand has been steadily increasing, leading to a
significant rise in the demand for chemotherapy compounding by manual pharmacists. Currently,
robotic systems are widely employed in several countries and have begun to be introduced in
Thailand. This systematic review and meta-analysis aim to evaluate the preparation errors and
contamination rates associated with intravenous chemotherapy compounding, comparing robotic
systems with manual preparation by clinical oncology pharmacists. A total of 2,197 studies were
initially identified from various databases, including PubMed, ScienceDirect, Cochrane reviews,
and others, covering publications from database inception through April 16, 2025. Of these, 11
studies were selected for inclusion. The quality of the included studies was assessed using the
ROBINS-I tool, revealing that 7 studies had a moderate risk of bias, while 4 studies had a serious
risk of bias. The meta-analysis demonstrated that robotic chemotherapy compounding was not
significantly associated with lower rates of absolute dose errors (MD=-0.04, 95%Cl -0.40, 0.33,
°’=99.7% model with random effect model), external contamination (OR=0.49, 95%CL 0.10, 2.40,
’=71.4% model with random effect model) and with a reduction in failure rates or rejected
dose (OR=0.45, 95%Cl 0.09, 2.17, I°’=84.1% model with random effect model). Additionally,
environmental contamination (OR=1.61, 95%Cl 0.72, 3.63, I°’=54.3% model with random effect
model) was more frequently observed in the robotic compounding group, although this difference
was not statistically significant. In conclusion, robotic chemotherapy compounding represents
an effective alternative to manual preparation by pharmacists. However, its high cost should
be considered, and implementation must align with each hospital’s specific needs and financial
capabilities.
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NuITeidunsmunmuissanssuess
Wuseuu uagdinsigieiunu (Systematic review
and meta-analysis) lngduAutoyaiuideain
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MIULUINIYDY PRISMA statement® Uaziin1s
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1. MsduAuLazAnLaanaUITY: 3Ty
duAuauITeang udoyadauseina taun
PubMed, ScienceDirect, Cochrane reviews
(CENTRAL) g1uteyausemelng laun Thaio,

Thai Library Integrated System (Thai LIS) W@y

sutoyailaifinsweunsanide Grey literature)
164 OATD (Open access theses and dissertations),
BASE (Bielefeld academic search engine) wag
CORE (Connecting repositories) wonanil
Ivimsdusunuissnnenansddaiiniude
nsduAuagldAAY (Keywords) #30A1AUNIS
nsunng (Medical subject headings; MeSH)
Tnerimuansau PICO framework Lifamnsnsdi 1
(Table 1) dufutasnaduduigudeyaauds
16 WU W.A. 2568 lngdinanizn1wdingy
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Table 1 Keywords and MeSH terms defined according to the PICO framework

PICO framework

Keywords and MeSH term

Population (P)

Antineoplastic
Intervention (1) Robotic; Automatic; Automation
Comparator (C)

Outcomes (O)
Failure rate; Error

Oncolytic; Anticancer; Antitumor; Chemotherapy; Hazardous drug; Cytostatic; Cytotoxic;

Manual; Compounding; Preparation; Pharmacy; Pharmacist

Absolute dose error; Dose accuracy; Dose precision; Contamination; Wipe sampling;

2. nsafiadoya wasusziiuAnnIn
U398 {398 2 AU (PK U NS uag SS fiu NS)
sganfiunisieadudaseroeiy lnvadndoya
Adeid Ry I Jefise Dweuns Ussine
Mhmsfne siugud yrainsiwiousn S
Mog1e ansenaiuitn Msianaans waznis
FIUNAENS dmFuauNINYesUITe Ty

\A30aile ROBIN-| TunisUsziliununin uas
sreuNans 7 37 wagluninsan Faudseeniiu
4 szeu loun Sanudssseanisn (Low risk of
bias) finnudsseaafiuiunans (Moderate risk
of bias) ﬁmmﬁm&iaaﬂagﬂ (Serious risk of bias)
wazianudewieeniluseiuingd (Critical risk
of bias)’
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3. WAAWS WaZMSAATIZVINSEDR: NS0
AudnYaEreNadNS nIdifinadnsAdunsus
ndal (Binary outcome) it nsUuitiouanasiad
3081159915 AUAIBE 199518 Ty
8n31@3u (Odd ratio; OR) ﬂiﬁjﬁmaé’wélﬂuﬁﬁa;&a
seLiies (Continuous outcome) Wy ATAAIALAEDL
Pp9UUMY (Absolute dose error) 8518914
effect size tu mean difference 358 standard
mean difference @MMSUNTIATILINEDRHAY
EOALUUTIABINITUATIZHAINAIUAIIUUUNIG
ah@ (Statistical heterogeneity) lngwinlinu
ANANNWUUAY AgnseviRalaely fix effect
model LagynNUINNUIBIEANUAIUUUAUINN
n38A1 I° 1AW 50% 2gAszinaanslagle
random effect model

4. MsAanzingugas A1ull uazeni
INNITANKN: £IT8NUHIATIZINGUE LAY

anwaurveuEud gasguaivndn dneamves
15INEIU8 baEAMAINYRINUITY Iaefia1san
ANYULIDIAULANA19N19AATA (Clinical
heterogeneity) nednauiseiifitoasduonnan
TR uonani SRR EsoRRT NS
(Publication bias) ag14l3fin Lﬁ'mmﬂsﬁaga
T9in Jslalanunsninaeinduees Layiinses
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NAN1SANYI

1. NMSANLABNIUIY: NTAUAUNUITY
INFIUTeYaniee) nunwITediuau 2,197 309
flaasedisn 417 3o dledmdonsuddean
Fodes uazundngs uazUsudiuemAteanmeny
atuiiuud fnAdefigndndeniind o 11 Gos
Fauandlugud 1 (Figure 1)

c 2,197 records identified through
% Thai database International database Grey literature
= -Thallo (n=5) - PubMed (n=774) -OATD (n=20)
c
10 - ThaiLists (n=1) - Cochrane Review (n=5) - CORE (n=420)
- - ScienceDirect (n=946) - BASE (n=41)
)
Records removed before screening
on >
% v Duplicate records removed (n=417)
(]
4]
I§] 1,780 records screened
(%] Records excluded based on title and
— > abstract (n=1,736)
'
\4
g 44 reports assessed for eligibility Reports excluded (n=33)
o) ; i -
o ® No article type interested (n=13)
- ® No chemotherapy drugs (n=1)
S » e \Wrong intervention (n=2)
® No compared to manual (n=5)
8 ® No outcome interested (n=11)
ko)
% ® No English language (n=1)
< v
11 Studies included in systematic review and meta-analysis

Figure 1 Prisma flowchart of study selection and inclusion process
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2. MIUTLRUAMAINAIUAY: 518911
wansUsziunaunnvossAdelalumed 2
(Table 2) Wu ﬂmiﬁa‘ﬁwm 7 Sodlu 11 150
fnmsimvesnmuamlusziugs uasdn 4 Gesd
msdesiooniluszdugdings nsenAtinule
unfign Ae eaRantladuniu (Bias due to
confounding) aARaINATTAALABN (Bias in
selection of participants) 9ARIINNNTIANASNS
(Bias in measurement of outcomes) WaLDARH
91n1N19591891UKE (Bias in selection of the
reported result) d11SUBARIINFUNINUL (Bias
in classification of interventions) LazanA#
ﬁ]’]ﬂ%gaﬁmﬂlﬂ (Bias due to missing data)
firnundsssioaniluszius

3. ANWAIZVBIUINY: PNNUITLIIUIU
11 o wuth umsinuivilulsmeuiarmly
wielsanguraunInerdeiidnieniivada
nw1e An1sessuginlsiiolaslndsny way
Wunnstdvueuagaluiidnundeluniswsey
guafiU1dn " SULUUYRINIANY WUNTSANE
Badunmilifinsduuuulddrsmii (Prospective
observational study; non-RCT design) 91u7u

12141619 A5 nw I TNEBNABUULUS B ULAGU

6 1599
f14949a1 (Observational historical control
design) 91U2U 2 13892 MsAnEILUUAIAaDY

flsifnnsgaludranti (Non-RCT prospective

13,20

quasi-experimental design)’® 97U 1 1394
nsfnwnaassuulyinldfimsduuuuludnam

(Non-RCT prospective cross-over design) 31147u
11509 warmsAnwuuudounds (Retrospective
design) $1uau 1 3ee' My ianadndaiddny loun
AMUAAIALAABUTEILLINEN (Absolute dose error)
TneAAsgiU3unalenimeds Gas chromatography-
mass spectrometry (GC-MS)"™'"*° High-
Performance Liquid Chromatography coupled
with Mass Spectrometry (HPLC-MS)", High-
Performance Liquid Chromatography (HPLC)'"",
Ultra-High Performance Liquid Chromatography
(UHPLQC)Y?, Layistalagtimiin (Gravimetric

YIO12151819 g aqg gy guapsaNUU o U

analysis
(Concentration of contamination) msﬂm‘%au
Tudwndou (Environmental contamination)
mMsUudousnaneuen (External contamination)
waznsuloutussninanivug sdegunsal
(External cross-contamination) %ﬂﬁmﬂmilﬁu
fpgaanNsdnvitauazenn (Wipe sample)
TigAenas WaENAG S SPI M IVENI NN ENEN

)10,11,15,18 519013

(Failure rate %58 Rejected dose
gpdivTafinunseden Teun 5-luorouracil,
Cyclophosphamide, Cisplatin, Carboplatin,
Oxaliplatin, Methotrexate, Docetaxel, Etoposide,
Irinotecan, Paclitaxel, Gemcitabine, Busulfan,
Cytarabine, Fludarabine, Methotrexate,
Mitoxantrone, Leucovorin k8% Mesna
(2-mercaptoethane sulfonate sodium) &115u
eazBendug uandldddlunasd 3 (Table 3)
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Table 2 Results of quality assessment by ROBINS-I risk of bias

@ 9 9
C 2 t
on 8 9 © 8.
£| © E ® g
2l 5| s e | o] ® g
Authors 3| al| © 5 = o ES Overall
No. L S| | g 2| & | ©| ¢ o« . .
(year of publication) c o| 8 & ., 0| @ 9 ) risk of Bias
9 c| ® B c B £ E Q| ¢
i o o € o ¢ v c [9)
g £ £ g = g 8 2 0| B =
v| & £5| 8| g BE| 23
al | ce| de| a|l=3| §¢
1 | Seger AC, et al. (2012)"® O\ \ \; \
2 | Masini C, et al. (2014)” N\ N\ N\ \ \J
3 | Sessink PJ, et al. (2015)" S| © S \J
4 | Schierl R, et al. (2015)"" N\ N\ A\ N \Y
5 | lwamoto T, et al. (2017)" N\ I\ Q | S
6 | Krimer | (2018)" S S S \J
7 | Geersing TH, et al. (2020)" NI\ S N\
8 | Buning AW (2020)° Q| O S N
9 | Hao ML, et al. (2022)'¢ S| S S| S N\
10 | Shi LL (2024)° N\ I\ N\
11 | Cho HN (202)" \J N\ N\ \J
®=Low risk of bias; =Moderate risk of bias; ®=Serious risk of bias and ®=Critical risk of bias

4. mydemeeRume: i e neEen
Y999UINY" (Absolute dose error) ANUALILIARY
PMNNITR38UET (Rejected dose 130 Failure
rate) nsUutouludainden (Environmental
contamination) wazmsUuieuannaneuen
(External contamination)

ARG INAGDUYDIYUIRYT: Tean
9138 5 Fedly 21 1890258 g
mswdenelngvusudiliinnnunaiaadou
YDUINYILBENINNSIASENEPILlneLNdUNS
pu19lufidudrAynieain (MD=-0.04, 95%Cl
-0.40, 0.33, °’=99.7% model with random effect
model) ﬁ\‘]gﬂ‘ﬁ 2 (Figure 2)

AIEUHAITVINAITHTEUE: Tamaneda
AR UMAITILART UIINAINLARIALARBUVD
RN waatesnin 10% dadunariily
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fownseugeilvidalny Talnannauide 4

OIS iy AR ENEAEYUEUALAR

309
ANLALLAIYBINSLAS UYL BENIINTAS UL
aasilolauindunsog 19l idodAgyn19ais
(OR=0.45, 95%Cl 0.09, 2.17, ’=84.1% model
with random effect model) ﬁﬁgﬂﬁ 3 (Figure 3)

msvudeuluduando: Fe¥alasnis
Auiog1991nnsidariiaiuayeaiuiing
nanee amu%nmamuﬁm%amm TA9neuide
4 309 wyd1 msedsueilagusuiny
nsUuileuaneaiividaludundeusnnniy
nsnseugImeiielnandvnsegelifidedney
N1988R (OR=1.61, 95%Cl 0.72, 3.63, °=54.3%
model with random effect model) ﬁ'ﬂg‘d‘ﬁ 4

(Figure 4)
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Study Total
Seger AC, et al. (2012) - Cisplatin 3
Seger AC, et al. (2012) - Cytarabine
Seger AC, et al. (2012) - Etoposide
Seger AC, et al. (2012) - Fludarabine
Seger AC, et al. (2012) - Mesna
Masini C, et al. (2014) - Bevacizumab
Masini C, et al. (2014) - Cisplatin
Masini C, et al. (2014) - CPA

Masini C, et al. (2014) - Etoposide
Masini C, et al. (2014) - 5-FU bags
Masini C, et al. (2014) - 5-FU bolus
Masini C, et al. (2014) - Gemcitabine
Masini C, et al. (2014) - Irinotecan
Masini C, et al. (2014) - Oxaliplatin
Masini C, et al. (2014) - Paclitaxel
Masini C, et al. (2014) - Trastuzumab
lwamoto T, et al. (2017) - 5-FU
Iwamoto T, et al, (2017) - CPA

Geersing TH, et al. (2020} - MTX (HPLC) 20
Geersing TH, et al, (2020} - MTX (gravimetric) 20
Geersing TH. et al. (2020) - CPA (HPLC) 20
Geersing TH, et al. (2020) - CPA (gravimetric) 20
Cho HN (2024) - 7 of IV chemotherapy 3851
Random effects model 4429

Heterogeneity: I° = 99.7%, © = 05127, p=0

Experimental
Mean SD Total Mean
1.31 3.2205 3 097
1.27 2.4991 50 2.80
3.40 1.4676 21 1.77
2.10 3.3638 22 4.2
0.54 1.6408 21 1.70
0.95 1.4400 g8 0.28
0.42 0.5700 26 1.06
1.26 1.1400 39 1.26
2.54 1.4200 22 1.39
0.19 0.7000 11 0.70
0.49 1.3200 63 091
3.17 1.9200 36 1.24
1.07 0.7800 12 059
0.73 0.9900 22 1.60
1.59 1.0200 42 1.31
0.91 1.3100 52 0.71
0.83 0.0086 20 1.20
0.52 0.0031 20 1.70
1.70 1.6994 20 0.96
0.50 3.9355 20 1.96
6.10 3.663¢ 20 5.20
0.67 0.6708 20 0.18
1.44 2.8500 1675 117
2245

Control
SD

2.0703
10.3418
6.0862
5.27086
2.2751
0.6200
0.8800
0.6200
1.6200
0.8300
2.0500
0.6300
1.1800
0.9500
1.5700
1.3100
0.0175
0.0374
1.5132
2.9516
3.8945
1.2522
3.0300

Mean Difference MD 95%-Cl Weight
0.34 [-4.00; 4.67] 06%
—_— -1.53 [-4.55; 1.49] 1.2%
—1T——— 163 [-1.0%; 427] 15%
—_— -2.02 [-4.93; 0.89] 1.3%
—— =117 [-2.30; -0.03]  41%
- 0.67 [-0.14; 1.48] 5.0%
E -0.64 [-1.09; -0.19]  6.1%
o= 0.00 [-0.42; 0.42] 62%
—— 115 [0.22; 2.08] 47%
-1 -0.51 [-1.15; 0.13] 56%
5 -0.42 [-1.00; 0.16] 5.7%
—— 1.93 [1.90; 2.76]  5.0%
i 048 [-0.31; 1.27] 5.1%
- -0.87 [-1.39; -0.35]  5.9%
= 0.28 [-0.27; 0.83] 5.8%
5 0.20 [-0.33; 0.73] 5.9%
-0.37 [-0.38; -0.36] 6.7%
-1.18 [-1.20; -1.16]  6.7%
—t—— 074 [-264 432] 10%
—_— -1.46 [-3.62; 0.70] 2.0%
e 0.90 [-1.44; 3.24] 1.8%
L 0.49 [-0.13; 1.1  56%
0.27 [0.10; 0.44]  6.6%
l -0.04 [-0.40; 0.33] 100.0%
T

4 2 0 2 4

Mean Difference (Robotic vs Manual)

Figure 2 Forest plot of meta-analysis in absolute dose error

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-C| Weight
Seger AC, et al. (2012) - 10 of IV chemotherapy 1 110 23 184 —‘— 0.06 [0.01; 0.48] 20.3%
Masini C, et al. (2014) - 11 of IV chemotherapy 13 348 4 333 P 3.19 [1.03 9.89] 26.4%
Cho HN (2024) - 7 of IV chemotherapy 8 3851 17 1675 — 0.20 [0.09; 0.47] 28.1%
Shi LL (2024) - 8 of IV chemotherapy 3 200 10 445 —ie— 0.66 [0.18; 2.43] 25.2%
Random effects model 4509 2637 i 0.45 [0.09; 2.17] 100.0%
Heterogeneity: /* = 84.1%, © = 2.1214, p = 0.0003 I T T !
0.0 0.1 1 10 100

QOdds Ratio (Robotic vs Manual)

Figure 3 Forest plot of meta-analysis in rejected dose (failure rate)

Experimental

Study

Schierl R, et al, (2015) - CPA

Iwamoto T, et al. (2017) - CPA and 5-FU
Kramer | (2018) - CytoCare

Kramer | (2018) - APOTECA

Buning AW (2020) - CPA and 5-FU

Random effects model

6 30
3 24
8 40
32 40
31 129
263

Heterogeneity: I° = 54.3%, ©° = 0.4321, p = 0.0675

Events Total Events Total

Control
18 28
1 8
32 40
32 40
10 113
229

0.1

0Odds Ratio OR  95%-Cl Weight
—_—1 063 [0.22; 1.82] 23.7%
i 1.00 [0.09: 11.24]  8.7%
t—s——— 4.75 [0.94; 23.98] 15.3%
e 1.00 [0.33: 2.99] 23.0%
e 326 [152: 7.00] 29.3%

1.61 [0.72; 3.62] 100.0%

051 2
Odds Ratio (Robotic vs Manual)

10

Figure 4 Forest plot of meta-analysis in environmental contamination
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Experimental

Control

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Schierl R, et al. (2015) - CPA 3 20 14 20 _— 0.08 [0.02; 0.36] 22.1%
Iwamoto T, et al. (2017) - CPA and 5-FU 1] 4 2 4 1 0.11 [0.00: 3.35] 12.3%
Kramer | (2018) - CytoCare 29 30 23 30 | —=—— 883 [1.01:76.96] 18.5%
Kramer | (2018) - APOTECA 39 5 23 30 — 0.33 [0.13; 0.86] 25.4%
Buning AW (2020) - CPA and 5-FU 3 80 3 80 —— 1.00 [0.20; 5.11) 21.7%

Random effects model 209

Heterogeneity: /%= 71.7%, ©° = 2.3644, p=0.0068

001 01 1 10 100
Odds Ratio (Robotic vs Manual)

164 0.49 [0.10; 2.40] 100.0%

Figure 5 Forest plot of meta-analysis in external contamination
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