Is Per-oral Endoscopic Myotomy (POEM) More Effective than Pneumatic Dilation and Heller
myotomy? A Systematic Review and Meta-Analysis: Supplements

S1. PICO questions

Population
Adults and children with achalasia who are candidates for surgery. The motility disorder must
have been objectively established by esophageal manometry
e Exclude secondary esophageal motility disorders, such as secondary to esophagogastric
cancer, large hiatal hernia (>3cm), post-radiotherapy
e Population subgroups of interest (pending available literature)
o Achalasia subtypes (subtypes 1, 2 and 3)
o Esophageal anatomy — linear vs. sigmoid
o Prior intervention (Botulinum toxin, dilation or myotomy)
o Adults vs. children
o Surgeon experience (foregut surgeons with previous experience in Heller)

Intervention: Peroral endoscopic myotomy (POEM)

Comparators
o Heller myotomy [KQ1]
o Pneumatic Dilation [KQ2]
Outcomes

o Dysphagia rates
o Pain scores
o Reflux symptoms, including:
= Heartburn
= Regurgitation
= Belching
Bloating
Rectal flatulence
Quality of life, patient satisfaction
Cost
Length of hospital stay
Perforation rates
= Detected
= Undetected
o Reoperation rates

O O OO0 oo

Study design
o Systematic reviews (with or without meta-analysis)
RCTs

e Non-randomized comparative studies (experimental or observational)
« Non-comparative (experimental or observational) studies if no evidence found from
aforementioned study designs — exclude case reports
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S5. Risk of bias detailed assessments for 20 observational studies addressing POEM (per
oral endoscopic myotomy) versus HM (laparoscopic Heller myotomy).
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S6. Cochrane Risk of Bias Tool 2.0 domains

signaling questions and answers, and judgements for Werner 2019.

Domain Randomization Deviation from intended Missing outcome data Measurement of outcome Selection of reported results
interventions
Signaling | 1.1 Was the Y | 2.1 Were Y | 3.1 Were data available for all, Y | 4.1 Was the method of N | 5.1 Was trial analysed Y
questions | allocation participants aware or nearly all, participants? (N) | measuring the outcome in accordance with a
sequence of their (reflux, esophagitis, LESP, inappropriate? pre-specified plan?
random? intervention? abnormal pH)
1.2 Was the Y | 2.2 Were personnel Y | 3.2 Reflux, esophagitis, LESP, N | 4.2 Could measurement or N | 5.2 Is the result likely PN
allocation aware of the abnormal pH: Evidence that ascertainment of the outcome selected from multiple
sequences intervention? the result was not biased by differ between groups? eligible outcome
concealed? missing outcome data? measurements?
1.3 Did baseline N | 2.3 Were important Y | 3.3 Reflux, esophagitis, LESP, Y [ 4.3 Were outcome assessors PY | 5.3 Is the result likely PN
differences non-protocol abnormal pH: Could aware of the interventions selected from multiple
suggest a interventions missingness depend on its true received? eligible analyses of the
problem with balanced? value? data?
randomization?
2.4 \Were there PN | 3.4 Reflux, esophagitis, LESP, PN | 4.4 Could assessment have PN
failures in abnormal pH: Is it likely that been influenced by (PY)
implementation missingness depended on its knowledge of intervention?
affecting the true value? (subjective outcomes)
outcomes?
2.5Wasthere non- NA 4.5 Subjective outcomes: Is PN
adherence affecting it likely assessment was
the outcomes? influenced?
Judge- Low Risk of Low Risk of Bias Low RoB (primary outcome) Some Low Risk of Bias (objective) Some Low Risk of Bias
ment Bias Concern ? (reflux, esophagitis, LESP, Concern® (subjective outcomes)

abnormal pH)

Y- Yes, N- No, PY — Probably Yes, PN — Probably No

a.

At 2-year follow-up, only 78% and 72% of patients received EGD for POEM and LHM respectively, only 63% & 51% underwent pH testing, and only
69% & 65% underwent LESP testing. Given patients chose not to undergo testing, it is reasonable to assume the absence of data could be due to the true
value. Patient reported reflux had excellent follow up at 2 years (96% & 94%, POEM & LHM), but the observed events are smaller than the missing

participant

Blinding of patients was not possible, and patients were the outcome assessors for all subjective outcomes, suggesting assessment could theoretically be
influenced by this knowledge (4.4). Considering “objective assessment corroborated the primary finding,” it is unlikely that assessment truly was

influenced by this knowledge (4.5).




S7. Components of the Eckardt Symptom Score and Stages [45].

Eckardt Score and Components.

Score Weight Loss (kg) Dysphagia Retrosternal Pain  Regurgitation

0 none None None None

<5 Occasional Occasional Occasional
2 5-10 Daily Daily Daily
3 >10 Each Meal Each Meal Each Meal

Eckardt Stages and associated scores and implication.

Stage  Eckardt Score Clinical Implication
0 0-1 Remission

I 2-3 Remission

I 4-6 Treatment Failure

1 >6 Treatment Failure



S8. Gastroesophageal reflux (GER) symptoms as reported in Bhayani et al. [25]

POEM Heller Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
< 2 week Heartburn
Bhayani 2014 1 37 3 63 100.0%  6.24 [1.86, 20.94] i
Subtotal (95% CI) 37 63 100.0% 6.24 [1.86, 20.94]
Total events 11 3

Heterogeneity: Not applicable
Test for overall effect: 2= 2.97 (P = 0.003)

6 month Heartburn
Bhayani 2014 7 27 16 38 100.0% 0.62 [0.29, 1.29] —
Subtotal (95% CI) 27 38 100.0% 0.62 [0.29, 1.29]

Total events 7 16

Heterogeneity: Not applicable
Test for overall effect: 2= 1.29 (P = 0.20)

6 month Reflux
Bhayani 2014 4 27 3 38 100.0% 1.88 [0.46, 7.71] h—

Subtotal (95% CI) 27 38 100.0% 1.88 [0.46, 7.71]

Total events 4 3

Heterogeneity: Not applicable
Test for overall effect: Z= 0.87 (P = 0.38)

0.05 0.2 5 20
. 2 2 ) Favours POEM Favours LHM
Test for subgroup differences: Chi* = 10.63, df = 2 (P = 0.005), I’ = 81.2%



S9. Observational data for per oral endoscopic myotomy (POEM) versus laparoscopic
Heller myotomy (LHM) on pain (A), perforation (B), return to OR for postoperative
complications (C), unexpected ICU stay (D), and length of hospital stay (E).

A

Risk Ratio

Risk Ratio
M-H, Random, 95% CI

0.59 [0.03,11.74]

0.81 [0.54, 1.23]
1.70 [0.53, 5.49]
0.88 [0.60, 1.29]

POEM Heller
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI
Post-op pain
Hungness 2013 o] 18 2 55 1.6%
Hanna 2018 19 42 30 54 87.6%
Bhayani 2014 5 37 5 63  10.7%
Subtotal (95% CI) 97 172 100.0%
Total events 24 37

Heterogeneity: Tau® = 0.00; Chi® = 1.46, df = 2 (P = 0.48); I’ = 0%
Test for overall effect: Z= 0.67 (P = 0.50)

6 mo Chest pain

Bhayani 2014 0 27 5 38 100.0%
Subtotal (95% CI) 27 38 100.0%
Total events 0 5

Heterogeneity: Not applicable
Test for overall effect: Z= 1.42 (P = 0.186)

0.13[0.01, 2.20]
0.13 [0.01, 2.20]

|

0.1 10

.O"
(=]
—

100

Test for subgroup differences: Chi* = 1.73, df = 1 (P = 0.19), I’ = 42.3% Favours POEM Favours LHM

POEM Heller Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% ClI
Caldaro 2015 0 9 1 ] 6.7% 0.33 [0.02, 7.24]
Fumagalli 2016 0 6 3 el 8.0% 0.20 [0.01, 3.36]
Hungness 2013 1 18 1 55 8.5% 3.06 [0.20, 46.40]
Leeds 2017 1 12 3 11 14.2% 0.31 [0.04, 2.52] . . E—
Podboy 2020 0 55 1 43 6.3% 0.26 [0.01, 6.27]
Ramirez 2018 0 35 1 35 6.3% 0.33 [0.01, 7.91]
Schneider 2016 7 25 3 25  41.4% 2.33 [0.68, 8.01]) —IT— &
Ujiki 2013 1 18 1 21 8.7% 1.17 [0.08, 17.35]
Total (95% CI) 178 208 100.0% 0.94 [0.42, 2.08] f
Total events 10 14
Heterogeneity: Tau® = 0.00; Chi* = 6.62, df = 7 (P = 0.47); I* = 0% k t T t 1
Test for overall effect: Z = 0.15 (P = 0.88) 0.01 Ff\.;éurs POEMlFa\.rours Ll%iﬁ'l 100

POEM Heller Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Low RoB
de Pascale 2017 0 32 1 42  10.6% 0.43 [0.02, 10.32]
Schneider 2016 1 25 1 25 14.4% 1.00 [0.07, 15.12]
Subtotal (95% CI) 57 67 25.0% 0.70 [0.09, 5.52] —e—
Total events 1 2
Heterogeneity: Tau® = 0.00; Chi* = 0.15, df = 1 (P = 0.69); I = 0%
Test for overall effect: Z2=0.34 (P = 0.74)
High RoB
Bhayani 2014 1 37 1 64  14.1% 1.73[0.11, 26.84)
Caldaro 2015 0 9 1 9 11.2% 0.33 [0.02, 7.24] -
Hungness 2013 1 18 1 55 14.4% 3.06 [0.20, 46.40] ol
Kumagai 2015 1 42 1 41 14.2% 0.98 [0.06, 15.08]
Podboy 2020 0 55 1 43  10.5% 0.26 [0.01, 6.27]
Ramirez 2018 0 35 1 35 10.6% 0.33 [0.01, 7.91]
Wirsching 2019 0 23 0 28 Mot estimable
Subtotal (95% CI) 219 275 75.0% 0.82 [0.25, 2.71] *-
Total events 3 6
Heterogeneity: Tau? = 0.00; Chi® = 2.36, df = 5 (P = 0.80); I = 0%
Test for overall effect: 2= 0.32 (P = 0.75)
Total (95% CI) 276 342 100.0% 0.79 [0.28, 2.22] i
Total events 4 8
Heterogeneity: Tau® = 0.00; Chi* = 2.52, df = 7 (P = 0.93); F = 0% IO o1 051 130 100

Test for overall effect: Z = 0.45 (P = 0.66)

Test for subgroup differences: Chi’ = 0.02 df = 1 (P = 0.90) I = 0%

Favours POEM Favours LHM




POEM Heller Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Caldaro 2015 o] el 1 9 19.4% 0.33 [0.02, 7.24] =
Hungness 2013 1 18 1 55 24.9% 3.06 [0.20, 46.40] =
Leeds 2017 1 12 0 11 19.1% 2.77[0.12,61.65] =
Podboy 2020 0 55 1 43 18.2% 0.26 [0.01, 6.27] =
Ramirez 2018 ] 35 1 35 18.3% 0.33 [0.01, 7.91] =
Total (95% CI) 129 153 100.0% 0.83 [0.21, 3.22] et
Total events 2 4
Heterogeneity: Tau’ = 0.00; Chi* = 2.64, df = = 0.62); I" = 0% f t i |
Tes for overallefiect 2= 0.27 ¢ = 008y oo 001 0.1 10100
' ' ' Favours POEM Favours LHM
POEM Heller Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.25.1 United States
Bhayani 2014 1.1 o0& 37 25 1.9 &4 11.0% -1.40[-1.90, -0.90] —_
Hungness 20132 1 29 18 1 58 55 2.6% Q00 [-2.37, 2.37]
Leeds 2017 le 1.2 12 2 13 11 5.8% -0.40[-1.71, 0.91] —_—
Miller 2017 2 1la a8 2 2.3 27 7.9% Q.00 [-0.95, 0.95] e
Podboy 2020 1.7 1.7 55 26 2.5 42 8.4% -0.90[-1.77, -0.03] —
Ujiki 2013 2.4 13 18 2.4 0.9 21 9.5% Q.00 [-0.71, 0.71] ——
Ward 2017 2 33 41 25 26 24 5.2%  -0.50[-1.85 0.85] —_—
Wirsching 201% 1.26 0.32 23 178 (.57 28  11.8% -0.52 [-0.90, -0.14] —
Subtotal (95% CI) 302 273 62.1% -0.58 [-1.00, -0.16] ‘
Heterogeneity, Tau® = 0.17; Chi® = 14.74, df = 7 (P = 0.047; 7 = 53%
Test for owerall effect; 2 = 2.68 (P = 0.007)
1.25.2 Italy
Caldaro 2015 4.1 1.4 9 & 4.3 a 1.4% -1.90[-5.23, 1.43] +
de Pascale 2017 43 2.1 32 33 16 42 8.4% 1.00[0.13, 1.87] e—
Fumagalli 2016 2.5 0.3 & 44 21 a 5.4% -1.90[-32.29, -0.51] EEE—
Subtotal (95% CI) 47 60 15.2% -0.74[-3.08, 1.61] ——e
Heterogeneity: Tau? = 3.38; Chi® = 1338, df = 2 (P = 0.001); 12 = 85%
Test for overall effect; £ = 061 (P = 0.54)
1.25.3 Additional
Kumagai 2015 22 18 42 2.7 =21 41 70 Q.50 [-0.59, 1.59] —_—
Kumbhari 2015 232 14 459 22 23 26 73k Q.10 [-0.92, 1.12] I
Peng 2017 4 0.83 13 5 1lel 18 8.4% -1.00[-1.87, -0.13] e
Subtotal (95% CI) 104 85 22.7% =0.18 [-1.10, 0.74] -
Heterogeneity: Tau? = 0.40; Chi® = 5 10, df = 2 (P = 0.08); I = 61%
Test for owerall effect: 2 = 0.29 (P = 0.70)
Total (95% CI) 453 418 100.0% =-0.43 [-0.85, -0.00] ’
Heterngeneity. Tau® = 0.2&; Chi® = 37.80, df = 13 (P = 0.0003); 17 = 66% _I4 _12 2‘ ‘I‘

Test for owerall effect: 2 = 1.98 (P = 0.05)
Test for subgroup differences: Chi® = 0.63, df = 2 (P = 0.733, I = 0%

Favours POEM Favours HM



S10. Cost estimates from observational studies comparing per oral endoscopic myotomy
(POEM) and Heller myotomy (HM). All values are in dollars.

Study POEM HM Description of Cost

Greenleaf 2018  10763.21 8923.43 USD, Pre-procedure, Index admission, & post-procedure costs
Hanna 2018 3473 3024 USD, Operative costs (room time and supplies)

Khashab 2017 14481 17782 USD, index admission (operative costs, inpatient stay charges)
Miller 2017 12120 11582 USD, "cost per cure" at first year

Wirsching 2019 14201 13328 USD, overall cost (hospital and clinic costs)

S11. Risk of bias detailed assessments for 7 observational studies addressing POEM (per
oral endoscopic myotomy) versus PD (pneumatic dilation).

Study

'Kim 2019
Meng 2017 |
Miller 2017
\Sanaka 2016
|Tan 2016
Wang 2016
:ﬁzheng 2019

Selection Bias

High
Low
High
High
High
Unclear

Low

Incomplete Outcome Selective Outcome

Data
High
Low
High
Low
High
High
Low

- Performance Bias Detection Bias Overall
Reporting
High Low High High
Low Low Low Low
High High High High
Low Low Low High
High Low High High
High High High High
Low Unclear Low Low




S12. Cochrane Risk of Bias Tool 2.0 Domains, signaling

uestions and answers, and judgements for Ponds 2019.

Deviation from intended

Selection of reported

Domain Randomization . . Missing outcome data Measurement of outcome
interventions results
1.1 Was the 2.1 Were Y | 3.1 Were data Y | 4.1 Was the method N | 51Wasthetrial Y
allocation participants aware of available for all, or of measuring the analyzed in
sequence random? their intervention? nearly all, outcome accordance with
participants? inappropriate? a pre-specified
1° Outcome (2 yr plan?
symptom resolution)
1.2 Was the 2.2 Were personnel Y | (2° outcomes) PN | 4.2 Could N | 5.2 Is the result N
allocation aware of the measurement or likely selected
sequences intervention? ascertainment of the from multiple
concealed? outcome differ eligible outcome
between groups? measurements?

. . 1.3 Did baseline 2.3 Were important  PY | 3.2 (2° outcomes) PN | 4.3 Were outcome PY | 5.3 Is the result N
Signaling | gifferences non-protocol Evidence that the assessors aware of likely selected
questions | g ggest a problem interventions result was not biased the interventions from multiple

with balanced? by missing outcome received? eligible analyses
randomization? data? of the data?
2.4 Were there N | 3.3 (2° outcomes) NI | 4.4 Could assessment PN
failures in Could missingness of the outcome have
implementing depend on its true been influenced by
affecting the value? knowledge of
outcomes? intervention?
2.5 Was there non- NA | 3.4 (2° outcomes) Is Y
adherence affecting it likely that
the outcomes? missingness in the
outcome depended on
its true value?

Judge- _ _ _ _ 1°_outcome: Low Risk_ of _ _ _ _

ment Low Risk of Bias Low Risk of Bias Bias; 2° outcomes: High Low Risk of Bias Low Risk of Bias

Risk of Bias®?

a. While the primary outcome of treatment success at 2years by Eckardt score had >95% outcome data for both intervention groups, the
outcome data for secondary outcomes was at best 91% for POEM and 52% for PD without description or explanation for missing data.




S13. Observational data for per oral endoscopic myotomy (POEM) versus pneumatic
dilation) on binary dysphagia (A) perforation (B)

A.
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Meng 2017 7 32 40 40  82.7% 0.23[0.12, 0.43) ——
Zheng 2019 2 26 17 40 17.3% 0.18 [0.05,0.72] —
Total (95% Cl) 58 80 100.0% 0.22 [0.12, 0.39] -
Total events 9 57
Heterogeneity: Tau’ = 0.00; Chi* = 0.10. df = 1 (P = 0.75); I = 0% otos o t 2%
Test for overall effect: Z=5.17 (P < 0.00001) Favours POEM Favours PD
B.
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kim 2019 0 64 3 177 100.0% 0.39 [0.02, 7.47]
Meng 2017 0 32 0 40 Mot estimable
Tan 2016 0 12 0 9 Not estimable
Wang 2016 0 21 0 10 Mot estimable
Zheng 2019 0 26 0 40 Not estimable
Total (95% Cl) 155 276 100.0% 0.39 [0.02, 7.47] e —
Total events 0 3
Heterogeneity: Not applicable b0l o 10 100

Test for overall effect: Z= 0.62 (P = 0.53)

S14. Cost estimates from observational studies comparing per oral endoscopic myotomy

(POEM) and pneumatic dilation (PD). All values are in dollars.

Study POEM PD

Description

Miller 2017 12120 7175

Wang 2016 2620.3 1212.6

USD, “Cost per cure”

at first year

USD, Hospitalization

costs

Favours POEM Favours PD
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