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Early thymectomy

* 1% of all children born with a
congenital heart defect
—1/3 undergoes open heart surgery

« Thymus removed to facilitate
surgical access
— 250 each year

« Thymus central for T cell

maturation

— Impact of thymectomy on immune :
function? What should we do with this extra part?

Cartoonstock©



W= Aim: to investigate the immunologic and
clinical long-term impact of early
childhood thymectomy

. Thymectomy (n=1 1) Hjirt @ Lungfonden

— total thymectomy
— before 6 months of age

— analyses

» before surgery
* 18 months
18 years

+ Controls (n=11) ”Barnen med hjartfel

behover forskning”

Ledande experter om virden av barn med hjirtfel
ikten av forskning kring medfédda hjirtfel

Hjért-Lungfonden, den 14 februari 2012

— age and gender matched
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* Analyses

— Lymphocyte subpopulations

CD4+T cell number CD8+T cell number

Naive Memory : Naive Memory
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* Analyses

Thymectomy

— Lymphocyte subpopulations

Number of cells per mm?3

Naive Treg number
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CD4+ T cell number

Naive Memory

CD3*CD4* cells x109L

Memory Treg number

CD8*T cell number

Naive Memory

CD3*CD8"* cells x10%/L.




CD4+T cell number CD8*T cell number
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Naive Treg number

— Lymphocyte subpopulations
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Deviations 2 3 SD compared with mean of controls

Thymectomized Oligoclonality VB chain Oligoclonality VB chain

CD8* CD4+
1 yes Vp21.3 no
2 yes Vp2,3,5.1,6.3,12,14 yes VB7.2
3 yes Vp3,5.1,12,14 no
4 yes VB13.2 no
5 no no
6 yes VB1,12,14,23 yes Vg1
7 yes V5.1 yes VB13.6
8 yes vp1,3,5.1,5.3,8,11,13.6,23 yes Vg8
9 no no
10 yes VB1 yes Vp22
11 n.a. yes VB5.1,17
Controls Oligoclonality VB chain Oligoclonality VB chain
CD8* CD4+
1 no no
2 n.a. no
3 no no
4 no no
5 no no
6 yes 13.2 no
7 no no
8 no no
9 no no
10 no no
11 no no
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Analyses

Memory Treg number

— Lymphocyte subpopulations R
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B- M Next generation sequencing

GOTHENBURG

TCR B chain
« TCRf chgin and immunoglobulin VB pptpiop o CP
heavy chain - ——

— number of distinct sequences
— estimation of diversity e
— Insertions/deletions of non-template e E—

nucleotides
— CDRS3 length l
— amino acid usage
— V, D and J usage CDRI" DR CDR3
__— ________ITT
VB N:iNJB
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Deviations = 3 SD compared with mean of controls CD4+T cell number CD8+T cell number

Naive Memory Naive Memory
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Analyses
TRECs
— Lymphocyte subpopulations

— TRECs |

No. of TRECs/108 cells
g

— Telomere length e
— TCR VB analysis ()
— Next generation sequencing of TCR 8 chain and

Ig heavy chain e
— Clinical data collection ;J;? i# %%




- Clinical data

GOTHENBURG

Thymectomized Controls
(no. 11) (no. 10)

Acute otitis media:

< 10 per individual in total

. 10 per individual in total

Surgery related to recurrent otitis media

Pneumonia
Frequent respiratory infections

Severe infection (Hospital admission)

Autoimmune disease (any)

Allergy (any)




What about clinical consequences?
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Stu dy ove rVieW: Swedish Medical Birth Register

UNIVERSITY OF January 1, 1973 to December 31, 2009
GOTHENBURG N=3,725,515
Cause of Death Register .
January 1, 1973 to December 31, 2010 o
National Patient Register
January 1, 1973 to December 31, 2010 > 9,808 Excluded
(Oy < Age < 6y) 4,746 Deathdate=birthdate
> 5040 Trisomy 21 or 22q11.2 syndrome
22 Heart transplantation
v
N = 3,715,707
\ \4 \
General population controls Thymectomy Heart surgery controls
N = 3,707,237 N = 6,053 N =2417
_ [ Exclusion: _| Exclusion: | Exclusion:
~| 3,650,597 Unmatched "| 320 1= surgery 2 5y “| 137 15t surgery = 5y
69 Deaths at date of surgery 4 Deaths at date of surgery
A v v
Matched general Matched 1:10 Thymectomy Heart surgery controls
population controls  [¢-------- > N = 5,664 N =2,276
N = 56,640
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Outcomes:

Autoimmune

— hypo- and hyperthyroidism, type 1 diabetes, rheumatoid arthritis, juvenile idiopathic arthritis,
systemic lupus erythematosus, Sjogren’s disease, ankylosing spondylitis, psoriatic arthritis,
inflammatory bowel disease (Crohn’s disease, ulcerative colitis), multiple sclerosis, psoriasis,
and celiac disease

Cancer

Infections
— Grouped according to etiology; bacterial, viral, and other (parasitic, fungal, protozoan)

Atopic
— asthma, rhinitis, eczema



W Group Characteristics:

GOTHENBURG

0>90%
) 075-90%
65% B50-75%
—8—Thymectomy —O—Surgery controls --O-N children 0-5y in Sweden 600/ .<50%
N operations . N;::(;I:J:n 0-5y (] 54%
,O’O— \Q‘o ] o
00 ©OC0 ,d’o \‘o\ oo° 46_/0
41%
500 000 40% 34%
200
o]
250000 20% 18%
100
10% 10% 10%
7%
N EE
2 e e 2 8EFEEEEEEEERLERER <1 year of age 21 years of age <5 years of age
(n=130) (n=40) (n=170)

Time trend of cardiac surgery Extent of thymectomy



WM What did we end up with?

GOTHENBURG

* 5,664 cases, 56,640 general population controls and 2,276 surgery controls

« Total follow-up time:

* Follow-up time of each individual:

* Mean age of thymectomized at end of study:
* Median age at thymectomy:

 Total thymectomy:

70,000 yrs

1-38 years (mean 13 years)

14 yrs
229 days
46%
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Hazard ratios — general population

N events (%)

General population

Adjusted Hazard Ratio (HR)
(95%Cl)

Thymectomy

Autoimmune

DM1

Hypothyroidism
Hyperthyroidism

JIA

Rheumatic diseases
Inflammatory Bowel Disease
Psoriasis

Celiac Disease

Cancer®
Hematologic
Solid

Infections®
Pneumonia
According to cause
Viral

Bacterial
Fungal/protozoan

Atopic
Asthma
Rhinitis
Eczema

141 (2.5%)
27 (0.48%)
32 (0.57%)
5 (0.09%)
17 (0.30%)
11 (0.19%)
7 (0.12%)
12 (0.21%)
42 (0.75%)

26 (0.46%)
10 (0.18%)
17 (0.30%)

3573 (63.1%)

291 (5.1%)

3370 (59.5%)
1024 (18.1%)

169 (3.0%)

411 (7.6%)
326 (5.9%)
57 (1.0%)
77 (1.4%)

controls

1045 (1.9%)
281 (0.50%)
78 (0.14%)
31 (0.05%)
106 (0.19%)
72 (0.13%)
166 (0.29%)
101 (0.18%)
250 (0.44%)

199 (0.35%)
64 (0.11%)
143 (0.25%)

13 094 (23.1%)
568 (1.0%)

11 287 (19.9%)
3217 (5.7%)
1009 (1.8%)

3063 (5.5%)
2116 (3.8%)
771 (1.4%)
782 (1.4%)

HR (95%Cl)

1.64 (1.38-1.96)
1.13 (0.76-1.67)
4.94 (3.27-7.46)
2.04 (0.79-5.26)
1.85 (1.11-3.09)
1.89 (1.00-3.57)
0.52 (0.25-1.12)
1.51 (0.83-2.75)
1.96 (1.42-2.72)

1.61 (1.07-2.43)
1.88 (0.96-3.66)
1.48 (0.90-2.45)

3.18 (3.07-3.30)
5.88 (5.10-6.77)

3.45 (3.32-3.59)
3.63 (3.38-3.90)
2.06 (1.75-2.42)

1.62 (1.46-1.79
1.84 (1.64-2.07
0.88 (0.67-1.15
1.15(0.91-1.45

—_— =~ —

8

P-value

<0.001
0.55

<0.001
0.14
0.02
0.05
0.09
0.18

<0.001

0.02
0.06
0.13

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001

<0.001
0.34
0.24
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N events (%) Adjusted Hazard Ratio (HR)
Thymectomy Surgery controls (95%Cl) HR (95%CI) P-value
Autoimmune 141 (2.5%) 42 (1.9%) —H— 1.57 (1.11-2.22) 0.01
DMA1 27 (0.48%) 4 (0.18%) f | | 3.16 (1.08-9.21) 0.04
Hypothyroidism 32 (0.57%) 5 (0.22%) f ] | 3.03 (1.17-7.83) 0.02
Hyperthyroidism 5 (0.09%) 1(0.04%) | ] 3.05 (0.35-26.35) 0.31
JIA 17 (0.30%) 8(0.35%) +m— 0.96 (0.41-2.25) 0.93
Rheumatic diseases 11 (0.19%) 5(0.22%) +—&—— 1.08 (0.37-3.14) 0.89
Inflammatory Bowel Disease 7 (0.12%) 5(0.22%) +m— 0.68 (0.21-2.18) 0.51
Psoriasis 12 (0.21%) 4 (0.18%) t ] ! 1.59 (0.51-4.98) 0.43
Celiac Disease 42 (0.75%) 16 (0.71%) - 1.17 (0.66-2.10) 0.59
Cancer® 26 (0.46%) 11(0.48%) +—H=— 1.07 (0.52-2.19) 0.85
Hematologic 10 (0.18%) 1 (0.04%) f = 3.74 (0.48-29.44) 0.21
Solid 17 (0.30%) 10 (0.44%) +=— 0.84 (0.38-1.86) 0.66
Infections® 3573 (63.1%) 1042 (45.8%) » 1.42 (1.33-1.52) <0.001
Pneumonia 291 (5.1%) 107 (4.7%) HH 1.10 (0.88-1.37) 0.41
According to cause
Viral 3370 (59.5%) 990 (43.5%) - 1.40 (1.30-1.50) <0.001
Bacterial 1024 (18.1%) 337 (14.8%) | 1.26 (1.11-1.43) <0.001
Fungal/protozoan 169 (3.0%) 60 (2.6%) (- 1.25 (0.93-1.69) 0.14
Atopic 411 (7.6%) 218 (10.1%) ™M 0.73 (0.62-0.86) <0.001
Asthma 326 (5.9%) 181 (8.3%) u 0.69 (0.58-0.83) <0.001
Rhinitis 57 (1.0%) 28 (1.2%) HEH 0.79 (0.50-1.26) 0.33
Eczema 77 (1.4%) 33 (1.5%) HEH 0.96 (0.64-1.44) 0.84
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Conclusions

Long lasting immunologic impact

T cell lymphopenia
— Especially naive T cell subset

Severely affected thymic output

Decreased TCR repertoire diversity

» Association with increased risks of
— Certain autoimmune diseases
— Infections
— Cancer

 Avoid total thymectomy if possible
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Future research

» Continued follow-up
— Growing group of individuals
— Aging
— Optimal clinical care

* Documentation of thymectomy
— Degree of thymectomy
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