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Objectives

* To review the COVID-19 vaccine response in lung transplantation and
indications of lung transplantation in COVID-19pateints

* To Review newer data on CMV Prophylaxis and other viruses in Lung
Transplantation.

* To review the updated epidemiology, the antifungal prophylaxis
strategies employed in lung transplant recipients.

* To appreciate the CAPA in lung transplant recipients.

* To understand the role of newer antifungals in the management of
invasive fungal infections in solid organ transplant recipients.

* A brief review of Phage therapy in M.abcessus and Hyperammonemia

syndrome
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Clinical Presentation and Initial Laboratory Values at Hospital

% Admission by COVID-19 severity In Lung Transplant Recipients
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Outcomes of COVID-19 by Type of Transplant

Outcomes

Hospital admission related
to COVID-19

Pneumonitis

Acute rejection
Cytomegalovirus viremia
Acute kidney injury (any)
ICU

Ventilator

All-cause mortality within
28 d of diagnosis

All-cause mortality within
90 d of diagnosis

Kidney
n=325

182 (56.0)

147 (45.2)
3(0.9)
9(2.8)

70 (21.5)

64 (19.7)

53 (16.3)
33(10.2)

48 (14.8)

Heart
n=23

9(39.1)

8(34.8)
2(8.7)
0
3(13.0)
1(4.4)
1(4.4)
1(4.4)

1(4.4)

No. (%) of patients

Lung
n=48

34 (70.8)

31 (64.6)
1(2.1)
7(14.6)
14 (29.2)
16 (33.3)
13 (27.1)
12 (25.0)

15 (31.3)

Liver
n=T79

29 (36.7)

19 (24.1)
1(1.3)
1(1.3)
9(11.4)
8(10.1)
6(7.6)
4(5.1)

9 (11.4)

Kidney-
pancreas
n=25

17 (68.0)

16 (64.0)
1(4.0)
0
4(16.0)
4(16.0)
2 (8.0)
1(4.0)

3(12.0)

CMAJ 2022 August 29;194:E1155-63. doi: 10.1503/cmaj.220620
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114 consecutive
immunocompromised
patients were enrolled.
Eighty-nine percent had
previously received 3
MRNA vaccinations.

16 lung transplant

Predictors of Hospitalization with Omicron Variant

Odds Ratio (95%

Independent Variable PValue Confidence Interval)
Sex (male/female) 43 0.69 (.27-1.7)
Age (year) .00036 1.1 (1.0-1.1)
Ethnicity 12 2.1 (.81-5.6)
Chronic kidney disease® (yes vs no) .090 2.3(.88-5.9)
Use of mycophenolate mofetil (yes vs no) .058 2.8 (.96-8.3)
Fully vaccinated (yes vs no) .091 0.35(.10-1.2)
Boosted (yes vs no) 1 2.7 (.79-9.0)
Immunoglobulin G titer (BAU/mL) .091 0.99 (.99-1.0)
Being an adequate responder .0064 0.053 (.0060-.44)
(=300 BAU/mL)
Being a kidney transplant recipient .88 1.1 (.42-2.8)
(ves vs no)
Being a lung transplant recipient (yes vs no) <.000010 16 (4.7-53)
Obesity” (yes vs no) 22 2.6 ((b7-12)
Number of comorbidities (0-5) .00065 2.1(1.4-3.2)
Frailty score (1-9) .00092 1.8 (1.3-2.6)

https://doi.org/10.1093/cid/ciac571
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COVID-19 vaccine (3 doses ) Antibody Response in Lung Transplant
Recipients

e 1071 adults (551 [52%] males) at nine transplant centers in France.
* Each had received three COVID-19 vaccine doses in 2021 after lung transplantation.

 An anti-spike protein IgG response, defined as a titer >264 BAU/mL after (median, 3.0 [1.7-4.1]
months) the third dose was the primary outcome.

* The median time from transplantation to the first dose was 64 [30—110] months.
* Median follow-up after the first dose was 8.3 [6.7-9.3] months.
A vaccine response developed in 173 (16%) patients.

* Factors independently associated with a response were younger age at vaccination, longer time
from transplantation to vaccination, and absence of corticosteroid or mycophenolate therapy.

* After vaccination, 51 (5%) patients (47 nonresponders [47/898, 5%] and 4 [4/173, 2%]
responders) experienced COVID-19, at a median of 6.6 [5.1-7.3] months after the third dose.

* No responders had severe COVID-19, including six who died of the disease.

Transplant Infectious Diseases 2 UHN
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SCIENCE TRANSLATIONAL MEDICINE | REPORT

CORONAVIRUS

Lung transplantation for patients with severe COVID-19

Ankit Bharat'*, Melissa Querrey', Nikolay S. Markov?, Samuel Kim', Chitaru Kurihara',
Rafael Garza-Castillon', Adwaiy Manerikar’, Ali Shilatifard®, Rade Tomic?,

Yuliya Politanska?, Hiam Abdala-ValenciaZ, Anjana V. Yeldandi®, Jon W. Lomasney?,
Alexander V. Misharin?, G. R. Scott Budinger?
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Timing for Lung transplantation in COVID-19 Positive Patient
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Survival through 3 Months after Lung Transplantation among Patients with
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Timing of lung transplantation

Pulmonary fibrosis

— - ARDS
Pneumonia

Pulmonary
reserve

Host
inflammatory/proliferation response

__ — —BIR
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2 +
Timeline
post infectior

Medical treatment
{anti-inflammatory, anti-viral, etc.)
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Lung transplant

(Indication/risks)
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Proposed Criteria for the Selection of Lung Transplantation

General criteria

Ageyounger than 65 years, extended to younger than
TOyears in exceptionally ft individuals

Single-organ failure; in selected cases, multiorgan
transplantation can be considered

Mo malignancy or disabling comorbidities

No dependence {(akcohol, drugs, other) and not an active
smoker

Body-mass index in the mnge of 17-32 kg/m’, with
exceptions on a case-by-case basis

Pastoperative social suppart available {at least one reliable
primary and one secondary caregiver identified)

Insurance approval obtained or financial support established
for transplant-related care, as applicable

Patient and caregivers agreeable to lung transplantation
and willing to relocate close to the transplantation centre
for a period established by the transplantation centre

Meurocognitive status

Patient Is awake and interactive, with exceptions in selected
cases if sedation wean is associated with severe hypoiaamia
and haemodynamic changes

If not awake and interactive, evidence supporting the
absence of irmeversible brain injury is obtained throwgh
physical assessment and brain imaging or
neuropsychological consultation; an individual with medical
power of attormey & identified who can make informed
decisions consistent with patient’s goals and consent to
transplantation

General condition

Patient is participating in physical therapy while
hospitalised; exceptions can be made in selected cases if

transplant evaluation is urgent, the patient has a high
potential for past-transplantation recovery, and
rehabilitation is hindered mainky duwe to lung injury
associated with severe COVID-15

COVID-19 status

Twi negative PCR tests of bronchoalveolar lavage fluid are
obtained, 24 hapart; in such cases, transplantation can be
considered reqardless of nasophanmgeal swabs when at
least 4 weeks have elapsed since COVID-15 symptom onset,
afthough both might be requested in some patients with a
pre-existing immunosuppressive state, owing to concerns
aof profonged shedding of replication-competent virus

If separated from the ventilator with no tracheostomy,

two negative PCR tests of nasophanmgeal swabs are
obtained, 24 h apart

When available, viral cultures are negative, confirming the
abisence of replication-competent vinus in the potential
transplant recipient; bronchoaleolar lavage should be used,
when possible

Evidence of irreversible lung damage

At least 4 weaks have elapsed since the onsat of severa
acute respiratory distress syndrome; rarely, evaluation for
lung transplantation can be considered earlier than 4 weeks
if potentially lethal pulmonary complications develop that
cannot be managed medically or through the use of
extracorporeal membrane oxygenation

Lung recovery is deemad unfikely by at least two physicians
from two different specialties (surgery, critical care, or
pulmonary medicine], despite optimised medical care;
transplantation should not be considered if ongoing lung
improvement s seen, regardless of the time elapsed

Lancet Respir Med 2021;9: 487-97
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Real-time Transcription Polymerase Chain Reaction Cycle Threshold
Values as Criteria for Utilization of Incidental COVID-19 Positive Lung

Donors

&% The emergence of COVID-19
-a;,;ﬁ pandemic placed significant
strain on lung transplantation

+ Lung Allografts recovered
Lung Transplants performed

é fh
pfffit
Algorithm for organ
evaluation of donors with
incidental positive
nasopharyngeal COVID-19

RT-PCR to increase organ
utilization

(e )™ ;
Organ

Algorithm for Organ Evaluation

Incidental Positive COVID-19
Nasopharyngeal RT-PCR

Cycle Threshold Cut Off
<35 >35

DT |

LRT COVID-19 RT-PCR

N\

Positive MNegative

Accept
organ

7 donars with incidental

positive NP COVID-19 RT-PCT
were included

T donor with incidental positive

LRT COVID-19 AT-PCT was
included

ZERO donor-to-recipient

transmissions of COVID-19
were observed

100% Survival at 30 and
90 days
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Transplanting Thoracic COVID-19 Positive Donors: An Institutional Protocol
and Report of the First 14 cases

* Lungs were eligible if the donor first tested PCR positive on
nasopharyngeal swab (NPS) for COVID-19 > 20 days prior to
procurement and had a negative lower respiratory tract specimen.

* 14 thoracic transplants in 13 recipients using organs from COVID-19
positive donors. ONLY TWO LUNG TRANSPLANTS

* None of the recipients or healthcare members acquired COVID-19. No
recipients suffered unexpected acute rejection.

* Patient survival is 92% to date, with graft survival 93%.
J Heart Lung Transplant 2022;41:1376-1381 ﬁ{i’\g UHN Transplant

Centre
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HCMV Human Cytomegalovirus

Update on CMV and Other Viruses in Lung transplantation
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QuantiFERON Directed CMV Prophylaxis in Lung Transplant Recipients

Table 4 Results of Cox Proportional Hazards Analyses Demonstrating Unadjusted and Adjusted Hazard Ratios (HR) for CMV infection
(n=263)

Site Quantiferon-CMV result and serostatus Unadjusted HR" (95% CI) p-value Adjusted HR® (95% CI) p-value

Overall Negative/indeterminate (vs positive) 2.07 (1.32-3.24) 0.001 0.95 (0.53-1.72) 0.88
D+/R- (vs R+) 4.76 (3.02-7.51) <0.0001 4.90 (2.68-9.00) <0.0001
Blood Negative/indeterminate (vs positive) 4.80 (2.33-9.90) <0.0001 0.89 (0.37-2.15) 0.79
D+/R- (vs R+) 18.19 (9.16-36.14) <0.0001 19.66 (7.99-48.34) <0.0001
BAL Negative/indeterminate (vs positive) 1.37 (0.82-2.29) 0.23 1.09 (0.55-2.16) 0.81
D+/R- (vs R+) 1.61 (0.91-2.86) 0.10 1.52 (0.71-3.23) 0.28
Abbreviations: BAL, bronchoalveolar lavage; CMV, cytomegalovirus; CI, confidence interval; CMV, cytomegalovirus; D, donor; HR, hazard ratio; R,
recipient.

*All models also adjusted for prophylaxis duration.
263 LTR (59 D+/R-, 204 R+).
QF-directed prophylaxis was associated with reduced CMV infection (84/195, 43% vs 41/68, 60%, p < .001).
Patients receiving extended prophylaxis experienced less CMV if negative and/or indeterminate (43%
vs 70%, p < .01) or positive (10% vs 51%, p < .01).
Only (8%) D+/R- patients were QF-CMV positive compared to (76%) R+ patients (adjusted OR 0.03, 0.01-0.07, p < .001).
After controlling for prophylaxis duration, only D+/R- serostatus remained associated with CMV infection

Transplant Infectious Diseases &2 UHN
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Unadjusted Kaplan-Meier estimates of freedom from CMV
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Letermovir Prophylaxis in lung transplantation

Primary PPx Secondary PPx
Prophylaxis variable (N=26) (N=16)
LET initiation, median days post-transplant (IQR) 315 (125-1139) 695 (537-1156)
LET duration, median days (IQR)" 280 (91-353)" 290 (196-629)
LET median dose, mg (range) 480 (240-480) 480 (240-720)
Rationale for LET use, no. (%)
Myelosuppression® 25 (96.2) 10 (62.5)
Viral resistance 0 6 (37.5)"
Other 1(3.8)° 0
Successful completion of LET prophylaxis, no. (%) 5(19.2) 3(18.8)
Remain on LET prophylaxis at end of study, no. (%) 11 (42.3) 9 (56.3)
Early discontinuation of LET prophylaxis, no. (%) 10 (38.5) 4 (25)
Adverse effects 5(19.2)" 0
Clinically significant CMV infection 0 1(6.3)
Other 5(19.2)° 3(18.8)"
Low level CMV DNAemia on LET prophylaxis, no. (%)’ 5(19.2) 10 (62.5)
Ajmera
J Heart Lung Transplant 2022;41:508-515 UHN Transplant
Centre




Leteromovir Treatment In Lung Transplantation

28 lung transplant recipients

* CMV disease was present in 15 patients (53.6%).

* In 23 patients (82.1%), rapid response was noticed, and CMV-viral load could be
significantly decreased (>1 log10) after a median of 17 [14—27] days and cleared
subsequently in all of these patients.

* Five patients (17.9%) were classified as non-responder.

o Development of a mutation of the CMV UL56 terminase (UL-56-Gen: C325Y) conferring
letermovir resistance could be observed in three patients (60%).

 Common side effects were mild and mostly of gastrointestinal nature.

* Mild adjustments of the immunosuppressive drugs were mandatory upon
treatment initiation with letermovir.

Am J Transplant. 2021;21:3449-3455. 'f .\\ UHN

Transplant Infectious Diseases 2 UHN
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Respiratory Syncytial Virus, Human Metapneumovirus, and Parainfluenza Virus
Infections in Lung Transplant Recipients:

Nineteen retrospective and 12 prospective studies were included (total of 1060 cases).
Pooled 30-day mortality was low (0—3%), but CLAD progression 180—360 days post-infection
was substantial (pooled incidences 19-24%) and probably associated with severe infection.
Ribavirin trended toward effectiveness for CLAD prevention in an exploratory meta-analysis
(odds ratio [OR] 0.61, [0.27-1.18]), although results were highly variable between studies

Study cr_ﬁ'g“};';, rénmréba:;:} OR CLAD development Og 953 CI  weight
Parmpalung 2021 17 56 B 23 _ D.AZ [.28; 2.20] 20.1%
e Zwark 8 85 18 62 —r 034 [14; 0.88] 32.7%
Fushner 3 34 g 28 —a D22 [.05 0.84] 19.4%
Heopking 5 25 0 12 : 671 [34;131.96] 59%
Gattlieb 2009 1 5 7149 - 043 [04; 464] 87
Palmear 2 3 W] 3 - - 1167 [32, 422.14] 4.2%
Summary (random effects, GLMM) == 061 [.27, 1.18] 100.0%
V= 0.24, P=16 L, E T
003 04 1 10 30
Fawvors RBV Favors Mo RBY

Clinical Infectious Diseases® 2022;74(12):2252-60
7\ Ajmera
I \ UHN Transplant
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Elevated cell-free DNA in Respiratory Viral Infection and Associated lung
Allograft Dysfunction

Low %ddcfDNA High %ddcfDNA
Variable (n= 38), n (%) (n = 21), n (%) p-value

Isolated pathogens in 20days

Transplant Infectious Diseases 2 UHN

Isolated respiratory bacteria 6/38(15.8) 3/21 (14.3) .88
Isolated respiratory fungus 6/38(15.8) 1/19 (4.8) 21
Histopathology and DSA in 180days
Abnormal biopsy in 180days 12/29 (41.4) 4/17 (23.5) 22
New DSA in 180days 1/33(3.0) 3/17 (15.8) 10
Allograft functionin 1 year
CLAD progression 6/35(17.1) 8/18 (44.4) nd
Allograft failure® 2/38 (5.3) 3/21 (14.3) .25
CLAD progression/Allograft failure 8/37 (21.6) 11/21 (52.4) 01
' Ajmera
Am J Transplant. 2022;22:2560-2570. Transplant

Centre
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French Study 2008 - 2016

« Cumulative incidence of IMI at one year

Cumulative incidence of invasive mold infection
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Spanish Study (Diaspersot): 2010 - 2019

* The incidences of I1A
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IFl Incidence in Solid Organ Transplantation, Long Term Follow-up

Cumulative probability (%)
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Overall, the incidence of IFl was 8.3 per 1000 person-years.

Heart

Kidney
Kidney-pancreas
Liver

Lung

Nulti-organs

9326 transplants,
942 lung, Ontario.
Shows long term
data 2005-2016

o 1 2 3 4 5 6 7 B 8 10 1 12 13
Time from transplant (years)

Hosseini-Moghaddam et al. Transpl! Infect Dis 2020;22(2)
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Invasive Aspergillosis in 900 Lung Transplant Recipients,
4 Year Follow-up

0-3 months

3-12 months 32.9

12-36 months

Time Post-Transplant

> 36 months

Transplant Infectious Diseases 2 UHN

Proportion of Patients (%)
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Mortality Associated with IFl in Solid Organ

= Transplantation
-
~
<
o 1.00
70)] ]
8 ‘\
1
3 075 === ——
a -
e
%) ey
= 0.50 B
L T
0
O 0.25
(S
HQ —— NolA
- 0004 | | | A
g 0 1 2 3 4
PE—« Post-Transplant (years)
7)) Number at risk
@ NolA 900 721 654 598 0
< A 0 40 46 48 0
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|A in SOT following Non Influenza Respiratory viruses Infection

* At a median post-transplant follow-up of 43.4 months, 221 of 2986 patients (7.4%)

developed 255 RSV, parainfluenza,or adenovirus infections.

* IPA complicating these NI-RVIs was exclusively observed in lung and small bowel
transplant recipients, in whom incidence was 5% and 33%, respectively.

o Cumulative prednisone doses >140 mg within 7 days OR, 22.6; 95% Cl, 4.5-112

o Pneumonia at the time of NI-RVI OR 7.2; 95% Cl, 1.6—-31.7

* Mortality at 180 days following NI-RVI was 27% and 7% among patients with and
without IPA, respectively (P = .04).

Apostolopoulou A Open Forum Infectious Diseases®2021 /,\\_\ UHN
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E Antifungal Prophylaxis in Lung Transplant
@9 120 m Dummer et al m Husain et al m Noeh et al m Pennington et al
70]
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Antifungal Prophylaxis Strategies in 44 U.S. Transplant Centres 2018-

2.5% 7.5%

13,9 %

19

Post Transplant Antifungal Prophylactic Strategies

90 %

m No Prophylaxis  m Pre-emptive/Selective Universal

Universal Prophylaxis Medication Strategies
22.2 % 72.2 %

m Nebulized Amphotericin Systemic Agent Nebulized Amphotericin + Systemic Agent

Universal Prophylaxis Duration
55,6 % 8.3 % 22,2 %

< 3 Months 3 -6 Months > 6 Months to < 12 Months > 12 Months
N Ajmera
il D/ Transplant
Pennington et al. Clinical Transplantation 2019;33 N\
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Comparison of Universal vs No prophylaxis

Recent Meta Analysis

Comparison of Universal vs Pre-Emptive

unkversal no prophylaxis Odds Ratio Odds Ratio

Stuvor Subgrop Gvoms Toiw Goms T Weiht M4 Radom, rncl Your M-H, Random, 554 Cl universal  preemptive Odds Ratio Odds Ratio
Calvo 1997 52 3 B e 0.03 B00,040] 1599 Events Total Events Total M-H. Random. 954 Cl_Year MH. Random. #5%CI
Maonforte 201 0 8 1 183w 011 P020.50] 001 e — Husain 06 FI W0 w osspos o) w —l——
Minari 202 4 81 16 -] usw 0.23 P.07,0.72] 2002 Sem—— Mu"al s [T 8 W LW 040471080 W8
Tofte 012 1 14 8 8 Baw LU P83, 5511 WAz T
Pennington w0 ELIN I H LH B 4w 041 10.38,059] 2 —a—

" I FI Total #5%Ch 2% LU 1LY 2[00, 28))
Total 5% Cly s 2 1000% 037 (0.13, 109) - Total events ¥ 5t
Total events s cwr’ ) e‘; . ) . . . Heterogenelty. Tau® = 313, ChP =125, 0f =1 (P =0.0009; P =920 :om oi’ ! 130 mo:
Heterogeneity: Tau® = 104 Chi® w18.13, df = 4 (P = 0.001), P = 280 ' y ¥ 1 T
001 01 1 0 100 estfor overall effect Z=116 P =0.29
Testfor overall effect: Z =160 (P =007 Favours rophylanis Favours mane) Favours univarsal) Favours preemptive)
universal no prophylaxis Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events  Total Weight M-H, Random, $5%Cl Year M-H, Random, $5% C universal  preemptive Odds Ratio Odds Ratio
Monforte 2001 0w« ] o 0w 011 0.02,0.50] 2001 —_— Events Total Events Total M-H. Random, 954 Cl_Year M-H, Random, 5% CI
Minari mwoz 4 @ 1 88 339w 0.3 0.07.0.73)  wo2 e Husain 2006 IRt} TN U 005 P01, 0.44) oy ———
Tofte 012 1 57 8 82 35a% 111083551 Wiz IA Aguilar s ¥ a0 8 W 0MPan 1) W
Total (¥5% Cl) 182 181 1000% 0.41 (006, 256)
Total events b1 n lﬂd M%CI) ] L 1L 024 [Ml,u?]
2 = - - - - b + 1 + i

;Iat:;oganeutz.' 'l‘;u't ;.u; Ch‘;: 14,27, df = 2 P = 0.0008); P =844 ool ol 3 75 P Total events EH 5% . ) | )

SHTW VBRI AT0ck Cmo . =00y Favours [universal] Favours monej Heterogenaity. Tau® = 300; Chi* =577, df =1 P =0.02) P =839 - > ; - =

Bitterman et al. J Fungi 2021; 7,122
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High IFI Rate Despite Universal Prophylaxis in 815 Lung
Transplants

. 19.1%
— AllIFI

181 —— candida IFI

16 | = non-Candida IF|

Cumulative Incidence (%)
=k
o

©o 3 6 % 120 15 180
Days after Transplant

\
Baker et al. Clin Infect Dis 2020;70(1) \{ u H N
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Mortality: Universal Prophylaxis Compared to None in 662 Lung
Transplants

Mortality Invasive Fungal Infection

—— No Prophylaxis
______ Prophylaxis —— No Prophylaxis
I ——— Prophylaxis

15

ks
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L
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ol
o
1

&3]
I

Cumulative Risk of Death, %
Cumulative Risk of Fungal Infection, %
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Outcomes of Prolonged Triazole Prophylaxis in 193 Lung Transplant

= o
= Recipients
-
Q)

7}

O No. of Patients

)

8 Still Taking 31(17.0) 0 24 (40.0) <0.05
fﬁ Adequate Duration of 7 (3.8) 2(2.7) 3(5.0) 0.73
Q Prophylaxis

g Taking Until Death 52 (28.9) 20 (27.3) 22 (36.7) 0.19
9 Lost to Follow-up 7 0 0 n/a
)

8 No. of Exposure Episodes 204 77 60 --
L’a Side Effect/Intolerance 20 (9.8) 42 (54.5) 4 (6.7) <0.05
— Concern for Fungal Infection 21 (10.2) 1(1.3) 1(1.7) 0.09
)

@ Malabsorbtion 32 (15.7) 2(2.6) 1(1.7) <0.05

<
?—4 Airway Colonization 14 (6.9) 1(1.3) 1(1.7) 0.09

é Expense 12 (5.9) 3(3.9) 4 (6.7) 0.73

2 Drug Interaction 6(2.9) 3(3.9) 0 n/a
F‘ Actively Discontinued 126 (61.8) 53 (68.8) 11 (18.3) <0.05
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Transplant
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A stitch in time
saves nine

But ...

What type of
stitches to use
and when?
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How to Better Risk Stratify Lung Transplant Recipients for
Invasive Aspergillosis?

Clinical risk stratification
through cohort studies.

*Measurement of immunity
against Aspergillus.

*Use of galactomannan assay
or Aspergillus PCR to identify
the patient at higher risk of
IA.

Transplant Infectious Diseases 2 UHN
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Meta-analysis of Risk Factors of Invasive Fungal Infection in

= Lung Transplant Recipients
: Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
@ Hosseini-Moghaddam SM 2015 -24142 11179 153% 0.09[0.01,0.800 +
Husain 8 2018 -1.4763 04753 847% 0.23]0.09, 0.58) —._
7}
Q Total (95% CI) 100.0%  0.20 [0.08, 0.47] e
n Heterogeneity Tau?= 000; Chi*= 060, df=1 (P = 0.44); F= 0% ID 5 u}1 1=D 1uu=
8 Testfor overall effect Z= 3.70 (F = 0.0002) Favors preemptive therapy Favors control
& A. Pre-emptive antifungal therapy
D Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
70] Aguilar CA 2018 0.7484 02559 478% 211[1.28 3.49| ——
5 Hosseini-Moghaddam SM 2015 1.0472 03626 238% 285[1.40, 580 —
O Huszain 52018 07924 03992 196% 221[1.01,4.83] ="
o= Luong M 2014 1.4714 05976 8.8% 4.36[1.35 14.08] L
)
Q Total (95% Cl) 100.0% 2.44[1.72,3.45] L
3 = = = E= | + + {
0 e T o W
g estforoverall efiect 2= 5.04 { ' ) Favors colonization Favors control
— B. Previous fungal colonization
)
q Odds Ratio Odds Ratio
CS Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
—{ Aguilar CA 2018 05026 02616 H4.0% 1,65 [0.98, 2.76] —l—
Q—d Hosseini-Moghaddam St 2015 03565 0F494 187% 1.43[0.40,510] R
wn Monforte V 2001 16267 OG763 17.4%  509[1.35 1917 —_—
Q Total (95% CI) 100.0%  1.96[1.08, 3.56] -
4+ Heterogeneity: Tau®= 0.08; Chi*= 2.58, df= 2 (P = 0.28), F= 22% lﬂ P 051 150 mu:
E = Test for overall effect 2= 2.20 (P=0.03) Favours CMV infection Favours no CMV infection

C. Cytomegalovirus infection
Ajmera
Transplant
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Meta-analysis of Risk factors of Invasive Fungal Infection in Lung Transplant

P Odds Ratio Odds Ratio
&j Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Aguilar CA 2018 08088 02666 800% 1.84(1.08,310]
70} Hosseini-Moghaddam SM 2015 02576 0.7985 10.0% 1.28 [0.27, 6.20] R
(D)
n Total (95% CI) 100.0%  1.77 [1.08, 2.91] <l
cﬁ Helerogeneity: Tau®= I]_DU; Chi’=_0.1?i di=1(P=088),F=0% Y o1 i 100
Q.) Test for overall effact Z= 2.27 (P=0.02) Favors single lung Tx  Favors double lung Tx
A
a D. Single lung transplant
) Odds Ratio Odds Ratio
:S Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
0O Aguilar CA 2018 -0.1434 02412 A8A% 0.87 [0.54, 1.39]
o Monforte V 2001 -2.1415 09033 405% 0.121[0.02, 069 —_—
+~
(&) Total (95% Cl) 100.0% 0.39 [0.06, 2.64]
(D] Heterogeneity: Tau®=1.56; Chi*=4.87, df=1 (P=0.03), F=78% I t 1 t |
I B : " 0.01 0.1 1 10 100
Lla Test for overall effsct Z= 0.97 (P = 0.33) ey T
| . )
L E. Antifungal prophylaxis
q Odds Ratio Odds Ratio
C3 Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
— Aguilar CA2018 -0.0656 0.2586 20.5% 0.95 [0.57, 1.57) ——
Q—d Hosseini-Moghaddam S 2015 05148 023765 241% 1.67 [0.80, 3.50) N
) Husain S 2018 05911 03332 261% 1.81[0.94, 3.47) =
S: Luong M 2014 15774 04693 203%  4.84[193 1215 —
(qv4 Total (95% CI) 100.0% 1.79 [0.96, 3.32] =i
— Heterogeneity Tau*= 0.27; ChF=9.79, df=3 (P = 0.02); F= 69% IU o1 n=1 1=n 1DD=
F Testfor overall effect Z=1.84 (P = 0.07) Favors rejection Favors control
F  Arite reiertinn S Aj
N\ ¥ Jjmera
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Univariable and Multivariable Analyses Evaluating Risk Factors

= for 1A in Lung Transplant Recipients
-

Q)

N m Univariable Analysis Multivariable Analysis

i SubHR 95% Cl Pvalue SubHR 95% Cl p.value
S Gender NG (0.96-2.97) 0.06 _ _ _
O 0.77 (0.24-2.48) 0.67 _ _ _
hy Anti-thymocyte globulin 0.32 (0.10-1.05) 0.06 _ _ _
- 1.98 (0.99-3.95) 0.05 _ _ _
« Pre-transplant Aspergillus

g colonizati‘; - Perg 1.66 (0.82-3.37) 0.15 ~ _ ~
ga 2.67 (0.84-8.46) 0.094 _ _ _
8 CMV DNAemia 1.69 (0.99-2.88) 0.05 _ _ _
G~ Respiratory Virus Infection 1.56 (0.79-3.07) 0.19 _ _ _
HQ Pre-emptive Therapy 0.41 (0.2-0.81) 0.011 _ _ _
- [Statinuse I 024 (0.11-0.51) 0.000 0.30 (0.14 - 0.64) 0.002
g 1.05 (0.98-1.02) 0.5 1.00 (0.97 - 1.03) 0.698
— Single lung transplant 1.31 (0.69-2.4) 0.39 1.29 (0.67 —2.49) 0.437
~ Cystic Fibrosis 0.90 (0.45-1.81) 0.78 0.76 (0.25-2.27) 0.626
(75]

g zzf;;';:rt'f:;a“t Aspergillus 8.35 (4.39-15.86) 0.000 9.05 (4.77 - 17.28) 0.000
Fh

Ajmera
Transplant
Centre

Villalobos AP: Clinical infectious Diseases 2022 e Q u H N




Transplant Infectious Diseases 2 UHN

Cumulative Risk of Patients who Developed IA Post Lung Transplant Estimated by the
Competing Risk Analysis Between LTRs with and without Statin Therapy with 95%

Probability

.05

Confidence Intervals

Cumulative Risk of IADX

= Statin

=== NoO Statin

Months post Transplant
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Pre-Tx Aspergillus No Pre-Tx
Colonization Aspergillus
(n=65) colonization (n=454)

GM pos or GM neg and
Aspergillus Culture Aspergillus Culture
pos (n = 164) neg (n = 290)

Received Did not receive
prophylaxis (n = 30) prophylaxis (n = 35)

Prophylaxis prior to No prophylaxis prior . . Did not receive
positivity to positivity Recelvzend_ar;tll;’ungals antifungals
(n=12) (n=152) - (n =259)

| |
‘ IA IA

No disease with first Disease with first No disease with first IA with first
positivity positivity positivity positivity
(n=10) (n=2) (n=129) (n=23)

/

No i;e—emptlve i e HaE \[e} ;i[]ee-reamptlve
erapy (n=53) Py
(n=10) (n=76)
\\

Pre-emptive therapy
(n=0)
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1A 1A
(n=1) (n=4)

Husain et al. J Heart Lung Transplant 2018;37(7)



Pre-emptive Therapy or |A Diagnosis Did Not Increase Mortality at One
Year

=
~\
<
7))
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= > =
C|= =
NG g e Pre-emptwe‘ 8 No 1A
D g 0.20-| —— No pre-emptive Log Rank P =0.20 g 0204|—— 1A Log Rank P =0.77
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o T 0.104 T 0.104
g ® e
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@ Months post transplant Months post transplant
rg Number at risk Number at risk
o Preemptive 74 74 74 73 73 73 72 71 70 69 69 68 68 NolA 471 459 451 445 443 440 437 433 428 423 420 417 412
é No pre-emptive 445 433 425 420 418 414 412 409 403 399 395 392 385 1A 48 48 48 48 48 47 47 47 45 45 44 43 41
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4 Year Follow-up in 350 LTRs who Received Pre-emptive Therapy

- i i
= During First Year
=
(<
” Incidence of IA after 1-year post- Mortality rate was similar between
Z transplant was 4% patients with or without IPA
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Antifungal prophylaxis in adult lung transplant recipients: Uncertainty despite 30 years
of experience. A systematic review of the literature and network meta-analysis

E Y @TheTxIDJournal @marinelli_tina Marinelli et al. Transplant Infectious Diseases. 2022,
E Systematic review and network 2348 abstracts and Network diagram SUCRA analysis:

& meta-analysis 86 full papers D - Strongest comparisons are - Top 3 ranked

) reviewed E between inhaled amphotericin treatments inhaled

Z - Lung transplant recipients formulations LAMB, inhaled AmBd

Q >18y/o 13 studies included and itraconazole plus
- - 1RCT inhaled AmB.

- All study designs - 12 observational - Top ranked azole =

g cohort studies - isavuconazole

0 - Bottom ranked azole =
i i Comparison: Universal itraconazole

Lé "=\  antifungal prophylaxis

k= agents or no prophylaxis Risk of bias: 12/13 studies assessed high risk of bias

- (ROBINS-I)

g Certainty of evidence: very low (GRADE approach)

'5‘_1 Outcome: incidence of

2 proven or probable Conclusions: This exploratory network meta-analysis provides insight into the comparative
< \ invasive aspergillosis or effectiveness of various antifungal agents in preventing IA and should serve as a guide
Hs« -+ invasive fungal infection when selecting antifungals to be assessed in an RCT.

The Official Journal of
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Fungal infection and colonization in lung transplant recipients with chronic lung allograft dysfunction

W @ThelxiDiournal @ DrEPennington

K Pennington ¢t al. Tronsplant Infectious Direases. 027

Background

While rare, fungal infection following CLAD Incidence, i tckrs, and imgoct of o oo ungal
onset significantly impacts survival gesuns

Ot 186 patents with CLAD, cumulative incidence for

& ?;rmmr: was 11.8% (T.0% infection and 4.8%

Peri-CLAD methyliprednizone bolus increased the nisk

Methylprednisolone bolus appears to be a ST e DALY

Median turvival from CLAD onset Tor those who dE‘I'EHIlpEd
IFI{302.6 days, ICR 239.4, 401.2) was signilicantly less

S | gr] |'|:1 Ca n‘t ri SI{ fa CtD]’ than those who did not develop IF1 {1104.4 days, IOR

193.7, 659.8; p=0.001)

Conclusion

e e Fungal events following CLAD are rans

AROREVATRRM R0 ¥ Pen-CLAD methylprednisclone bolus appears to be a
767 ojo1* 1185 oopar Eaq o0t significant risk factor

?"l'i’l.lﬂ

IF1 follerwving CLAD signilicantly imgacts survival
1.22 0.77 152 0.20 1.80 0.20
.70 011 281 0,34 121 [l |
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New entity CAPA

/ﬁ\h Ajmera
v U Transplant
. \_ -

S e Centre



Transplant Infectious Diseases 2 UHN

- 20 years old female

*Double lung transplant in 6/2019 for CF. Had CLAD and

was relisted for Tx. Needed supplemental O, on exertion.
o IS: prednisone 12.5 mg daily, TAC 10 mg BID, MMF 100 mg BID
o Prophylaxis: septra
o Pre-Tx infections: Stenotrophomonas, PsA, Achromobacter, MAC
o Post-Tx infections: Stenotrophomonas (12/2019), A. niger (7/2019)

e CF-related DM
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e Admitted on December 31 for COVID-19
infection

e Symptoms started 1d prior
*VS:130/79, 129, 38.2¢c, 97%+02 (NP-2L)

e Labs:

oHb 112, WBC 2, neutrophils 1.3, lymphocytes
0.2, platelet 209

oCRP 80
oFerritin 99
oD-Dimer 229

e Started on Remdesivir and Dexamethasone

Transplant Infectious Diseases 2 UHN

AJmera
Transplant
Centre

e tocilizumab was added



°Jan 8
oSputum sample grows Aspergillus
fumigatus

o Bronchoscopy shows ulcerative
tracheobronchitis and copious
secretions

oBAL culture grows A. fumigatus and
GM >4.18

oBlood GM is negative

oVoriconazole 6mg/kg—=>4mg/kg
started
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* Pt continues to deteriorate
* All cultures grow A. fumigatus
* BAL GM greater than 5

e Caspofungin was added to
Voriconazole

* Pt is put on ECMO on Jan 15

* Goals of care discussed with family
and care is withdrawn

Ajmera
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Risk factors of CAPA Studied

N -
& 5 & 5 5,
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Severity score on admission
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EORTC-MSGERC host factor
. L} L]

Solid organ malignancy

Pulmonary disease

Liver disease

Corticosteroids
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565 mechanically ventilated patients ; 35 SOT

CAPA in SOT

Age =62years (n=237 vsn=272) -
Sofid organ transplantation |
(N=35vsn=474)
Proven or probable COVIL-19-

assodated pulmonary —
aspergiliosis (n=76 vsn=433)

Candidaemia {n=32 vsn=477) 5

Effect on mortality Hazard ratio (95%Cl)  pvalue
— - 171(1-26-2.32) 0-0005
—_— 2-46 (1-53-3-95) 0-0002
—— 1-45(1-03-2-03) 0033
. 1.07 (0-65-1.77) 075
: ] ] T TTTITTI ] ] T TTTTM
1 10

01

Gangneux JP Lancet Respiratory Disease Nov 2021
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Newer Antifungals

ﬁ\h Ajmera
\]@J/}/@\’M v Transplant
N Centre



Newer Antifungals

L.

rimidine
g!:gnthesis
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Antifungal agents &8

Pathogens

Aspergillus calidoustus
Aspergitlus fumigatus
Azole-resistant A. fumigatus

Aspergillus flavus
Aspergills lentulus
Aspergillus nidulans

Aspergillus niger
Aspergillus terreus
Aspergillus tubingensis

Lichtheimia
Rivzopus I S
Fusarium spp. |

Atermara aomata I— —
Cil o (R R
—
F'urpureom{hum maunum _— D ( 20 2 1 ) 8 1 . 1 O 3_1 29
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60 Year-old Woman with Progressive Anastomotic Site Disease after Lung
Transplantation

* Undergoes left lung transplantation 2018
o CMV D+/R+, EBV R+/D+, Toxo R-/D-
o Prednisone, tacrolimus, MMF — no rejection

* Allograft airway edematous one month after transplantation
o Scopulariopsis sp. grows from surveillance BAL 06 December 2018

o No parenchymal disease
o Inhaled amphotericin B
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60 Year-old Woman with Progressive Anastomotic Site Disease after Lung
Transplantation

e Started treatment with
Olorofim on 04 Feb. 2019

 Cultures sterilized,

Steady improvement
01 February 2019 14 February 2019

* Completed 12 weeks of treatment

* Required stenting for airway patency, done after completion of treatment
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UK Special Needs program requests for PC-945 for patients with no other
treatment options

# of Patients Prior Antifungal Treatment izl Effel\jltovr\:;hs PC495 at 3

Treatment

Lung transplants (CF, al-
antitrypsis deficiency, IPF,
hypersensitivity, pneumonitis)

Critical Care (lupus-related
hemophagocytic syndrome)

ABPA

Secondary Prophylaxis

Lung transplant (Aspergilloma)

> 2.5 months to > 2 years
(multiple azoles, caspofungin,
neb amph B, terbinafine

1 month (IV isavuconazole, IV
voriconazole, caspofungin, IV
amph B, neb amph B)

> 12 years (azole, caspofungin,
neb amph B, IV amph B)

Surgical removal, multiple
azoles, caspogungin, amph B
contraindicated

Favorable response in 6
patients, Stable disease in 1
patient (infection unconfirmed)

Favorable response (treated for
6 weeks)

Favorable response

Follow-up information pending
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* 29 year old female with CF developed
invasive Aspergillus 1-month post
bilateral lung transplant

* Infection not responding to 2+ months
on multiple antifungal treatments

* Azoles, caspofungin, terbinafine & neb
amphotericin B

Transplant Infectious Diseases 2 UHN

Courtesy : Dr. Anna Reed, London
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After 2 weeks of pC945 inhalation, the
effects began to clear

At 2 months no fungus was visible at
site of infection, and airway had healed
(shown above)

Treated with PC945 for 3 months
=R Ajmera
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Phage Therapy of Mycobacterium Infections: Compassionate Use of
Phages in 20 Patients With Drug-Resistant Mycobacterial Disease

e 20 patients on a compassionate use basis, and patients were monitored for adverse
reactions, clinical and microbiologic responses, the emergence of phage resistance, and
phage neutralization in serum, sputum, or bronchoalveolar lavage fluid.

* No adverse reactions attributed to therapy were seen in any patient regardless of the
pathogen, phages administered, or the route of delivery.

* Favourable clinical or microbiological responses were observed in 11 patients.

* Neutralizing antibodies were identified in serum after initiation of phage delivery
intravenously in 8 patients, potentially contributing to lack of treatment response in 4 cases.

 Eleven patients were treated with only a single phage, and no phage resistance was observed
in any of these.

* 2 lung transplant recipients both became negative

Transplant Infectious Diseases 2 UHN
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Hyperammonemia Syndrome post-Lung Transplantation

=
=
: Age attransplant 55.2 (+9.7)
ﬁ) Male 66.6% (n=28)
wn Cause of ESLD
(D) Idiopathic pulmonary fibrosis 34.9%(n=15)
g Chronic obstructive lung disease 23.2%(n =10)
(D)} Bilateral sequential lung transplant 85.4% (n=41)
. 2 Time of HS presentation 11.0(+7.7) days
D Clinical presentation
-5 Decreased level of consciousness 11.9%(n=25)
:S Lethargy and somnolence 11.9%(n=5)
O Cerebral edema 36.6%(n=11)
'_:j Ammonia level at diagnosis 326 (+317.4) umol/L
O Microbiology findings 88.8% (n=16)
(_'q_',‘) Ureaplasma urealyticum 56% (n=19)
g Ureaplasma parvum 31.2%(n=5)
— Mycoplasma hominis 31.2%(n=5)
+ Co-infection rate 18.7%(n=3)
g Therapy during HS
r—{ Use of antimicrobials in HS 41.6% (n=15)
8-1 Renal replacement therapy 77.5% (n =38)
q Bowel decontamination 75.5%(nh=37)
(qv] Nitrogenscavenging therapy 53.0% (n =26)
g Dietary modifications 26.5%(n=13)
Overall fatality rate 59.1%(n=29)
) Ajmera
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