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Supplemental Methods

Patients from the literature

We searched via PubMed in the National Center for Biotechnology Information
(NCBI) database for relevant articles using the keywords «thymoma » together with
« aplastic anemia » or « pancytopenia ». References of all selected articles were reviewed for
research of additional case reports. We screened a total of 52 patients from 42 articles
published between 1958 and December
20181,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,3132,33,34,35,36,37,38,39,40,41,42. All
cases from literature were reviewed and confirmed by expert hematologists (RPL and FSF)
and pathologist (AG) who established respectively final clinical AA diagnosis and thymic
diagnosis. When available data were sufficient, thymic histology and staging were established
according to the 2015 World Health Organization® classification and the Masaoka-Koga
stage classification*’. Cases were excluded if they had insufficient laboratory or pathology
data to allow significant comparisons. Then, we selected 37 cases patient from 34 articles
(Supplemental Figure 1) between 1958 and December 2018, with a diagnostic of AA and a
previous or further diagnostic of thymoma with histological analysis (thymoma and/or BM or
autopsy). Among the selected cases, 11 were reported between 1958 and 1972 and 26 after
1980s and are reported respectively in Suppl. Table 1 and Table 2. Since the 1980s, survival
in AA have drastically improved, likely due to immunosuppressive therapy (IST) with
cyclosporine A (CsA) use in combination with anti-thymocyte globulin (ATG) increasing
response rates of 60% to 70% and the advances in hematopoietic stem cell transplantation
(HSCT) as well as better supportive care*. Furthermore, diagnosis criteria for AA and
thymoma were less established at that time. Thus, the analysis of cases older than the 1980s
had a high risk of bias since they were conducted more than 30 years ago and may not be

applicable to the standard of care of today (Supplemental Figure 3).



Hematologic response criteria

Hematologic improvements were assessed using the British Committee for Standards in
Hematology response criteria*®. Criteria responses for severe or very severe AA were as
follow. A non-response (NR) was defined by a worse response of no achieving the criteria
bellow. A complete response (CR) was defined by a platelet count >150 x 10%L and
hemoglobin concentration normal for age and sex and neutrophils >1.0 x 10%/L. A partial
response (PR) was defined by transfusion independence and no criteria for severe AA. The
criteria responses for non-severe AA were as follow. A NR was defined by a worse response
of no achieving the criteria bellow. A CR was defined with the same criteria as for severe AA.
A PR was defined by a transfusion independence (if previously dependent), or doubling or
normalization of at least one cell line, or increase in baseline hemoglobin of >30 g/L (if
initially <60 g/L), neutrophils of >0.5 x 10%/L (if initially <0.5 x 10°/L), platelets of >20 x
10%/L (if initially <20 x 10%/L).

Statistical analysis

Data are described as median and range for quantitative variables, and frequency and
percentage for qualitative variables. Variables were compared using Fischer exact test. All
statistical tests were 2-tailed with a significance level of 0.05. Survival curve was obtained
using the Kaplan Meier estimator. Analyses were performed using GraphPad Prism 5
software (GraphPad Software Inc., San Diego, CA, USA).



Supplemental figure 1. Flow chart of method used for analysis cases reported from
literature.

Review of published cases using PubMed until November 2018 performed by crossing the keywords “thymoma” AND [““aplastic anemia™
or “pancytopenia”] and additional references
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Supplemental figure 2. Patients’ treatment lines, management and hematologic responses.

Among the entire cohort, 34 patients (one missing data) received 57 treatment lines. Patient’s treatment and hematological response are reported
in Table 1 and Supplemental table 3.

Among the treated patient, 30 (88.2%) patients received IST. After first line of IST, the response rate was 60% but 12 (40.0%) patients were
refractory. Thus, 18 patients responded to first line of IST: 9 (30.0%) CR and 9 (30.0%) PR. Patients with CR after first-line of IST received CsA
alone (n=3), CsA plus ATG (n=4), CsA plus eltrombopag (n=1) and CsA plus predinisone (n=1). Patients with PR after first-line IST received
CsA alone (n=5), CsA plus ATG (n=2), CsA plus eltrombopag (n=1) and CsA plus oxymetholone (n=1). Only one patient of 40 years-old had a
first line HSCT with haplo-identical family donor and had a sustainable CR during 12 months of follow-up®.

Among patients not responding to first line IST, 9 received a second course of IST. Five patients remained refractory, 2 had a PR and 2 had a CR.
Among the remaining patients refractory after the first line of IST, two underwent HSCT: one with haplo-identical family donor and one matched
unrelated donor and both had engraftment and were alive without neither thymoma nor AA recurrences at last follow-up.

Among the 18 patients who respond to first line of IST, four patients (22.2%) with initial PR (n=3) or CR (n=1) had relapse. Among them, one
underwent HSCT with a haplo-identical family donor and had a sustainable CR.

The overall response rate (ORR) was 72.7% with CsA plus ATG, 76.9% with CsA alone and 100% with HSCT. In this study only two reported

cases had thymoma progression under IST but these patients had an inoperable thymoma™>#'.

Abbreviations: CsA, cyclosporine A; ATG, antithymocyte globulin; HSCT, hematopoietic stem cell transplantation; NR, non-response; PR,

partial response; CR, complete response; CyP, cyclophosphamide; MMF, mycophenolate mofetil; FU, follow-up.



Patients with AA related to thymoma (n=35)

—————
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Supplemental figure 3. Overall survival of patients after thymoma-associated aplastic anemia diagnosis. The survival curves of patients
with thymoma-related aplastic anemia reported before (red line) and after the 1980s (blue line) were obtained using the Kaplan Meier estimator.
Mortality rate of reported cases before 1980s was of 100% with a median survival of 3 months (range 0.5 to 36.0 months) compared to 26.5%and
a median overall survival not reached at a median follow-up of 18 months (range 0.25 to 157.0 months; p<.0001).

Abbreviations: AA, aplastic anemia.
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Supplemental table 1. Case reported in the literature before 1980 (n=11): patients’ characteristics, aplastic anemia and thymoma
presentation, management and outcomes.

diaArﬁ)sis Type of PRCA
bg thymoma and Yes/No, Other .
one s oF . ; . . . Outcome, time
Sex/Age stage*, time Good’s time thymoma- First line Second line - .
. marrow AA from diagnosis to
Patient | at AA . - between AA | syndrome | between | related auto- | treatment and | treatment and
di .| aspiration | Severity ! . . last FU and cause of
iagnosis and/or diagnosis and Yes/no | PRCA and immune response response death)
biopsy thymoma AA disease
cytogenetic resection diagnosis
Josse Biops Chlorampenicol+
F/73 pSy S A, post-mortem No - No Prednisone, NR  hydrocortisone,  Deceased, 3 months
(1958) alone, No NR
BMA and
biopsy . Deceased, 2 months,
Green FI70 (post- VS NA, post-mortem - - No Chloramphenic - multiples
(1958) ol, NR
mortem), hemorrhages
No
BMA and
biopsy Deceased, 1.8 years,
Green F/78 (post- NS NA, post-mortem - Yes, 1.8 No No** - severe respiratory
(1958) years . -
mortem), infection
No
Deceased, 2 years,
Havard F/49 BMA alone, NS AB, post-mortem - Yes, 1 year No No** - severe respiratory
(1960) No . )
infection
BMA and
. biopsy
Schmid M/62 (post- S A, 3 years - Yes, 4 years No No** - Deceased, 3 years,
(1965) NA
mortem),

No




Korn
(1967)

Hirst
(1967)

Hirst
(1967)

Rogers
(1968)

Talerm
an
(1968)

Dawson
(1972)

M/75

M/62

M/52

F/60

M/5

F/20

BMA and
biopsy, No

BMA and
biopsy
(post-

mortem),

No

BMA and
biopsy
(post-

mortem),

No

BMA and
biopsy, No

BMA alone,
No

BMA alone,
No

VS

NA, 4 months

after AA

diagnosis

Stage Il1I

thymoma, 1

month

(inoperable)

AB stage I, post-

mortem

A, 0 month

Astagel, 1

month

Stage 111

thymoma, 11

months

(inoperable)

No

Yes, 9
months

No

No

Hypogammag Testosterone,

lobulinemia

No

No

NR

Prednisone, NR

No**

Hypogammag Prednisone+Te

lobulinemia

No

Hashimoto's
thyroiditis

stosterone, NR

Prednisolone+T
estosterone, NR

Prednisone, NR

Deceased, 6 months,
pulmonary
embolism

Deceased, 3 months,
cerebral hemorrhage

Deceased, 2 months,
multiples
hemorrhages

Deceased, 1 month,
severe respiratory
infection

Deceased, 16 days,
gastrointestinal
bleeding

Deceased, 36 days,
infectious
complications

*Thymic histology and staging according to the World Health Organization classification”® and the Masaoka-Koga stage classification®*.

**Supportive care only.

Abbreviations: F, female; M, male; AA, aplastic anemia; BMA, bone marrow aspiration; NS, non-severe; VS, very severe; S, severe; PRCA,

pure red cell anemia; NR, non-response; PR, partial response; CR, complete response; NA, non-available.




Supplemental table 2. Case reported in the literature after 1980 (n=26): patients’ characteristics, aplastic anemia and thymoma

presentation.

AA diagnosis bone

Type of thymoma and

PRCA Yes/No,

. SR marrow aspiration AA stage*, time between Crges PNH time between O ERyIEIE:
Patient at AA ' . . . syndrome clone related auto-
. . and/or biopsy, Severity AA diagnosis and PRCA and AA . .
diagnosis - - Yes/no Yes/no ; . immune disease
cytogenetic thymoma resection diagnosis
Thymic carcinoma,
Thomas (1987) M/59 BM biopsy alone, No S (inoperable) 5.3 years No - No No
after AA diagnosis
Lyonnais (1988) M/38 BMA and biopsy, No VS NA, 0 month - - No No
No (Ham-
BMA and biopsy, test and Immune
Kobayashi (1993) F/64 Normal BM S NA, 4 years - sugar No .
. . thrombocytopenia
cytogenetic analysis water test
negatives)

Liozon (1998) M/65 BMA and biopsy, No S AB, 0 month No - No No
Spath-schwalbe F/57 BMA alone, No S A, 3 years - - Yes, 12 months Hypog_amm_aglobul
(1998) inemia

A . A stage I, 6 years after
COopla (2000) F/39 BM biopsy alone, No S AA diagnosis - - No No
BM biopsy, Normal
Dincol (2000) M/38 peripheral blood VS AB, 3 months - No No No

cytogenetic analysis




Ritchie (2002)

Park (2003)
Kanat (2005)

Maslovsky (2005)

Arcasoy (2007)
Gaglia (2007)

Trisal (2007)

Bajel (2009)

Escobosa Sanchez
(2009)

Migdady (2011)

de Castro (2011)

de Castro (2011)

M/50

F/60
M/43

M/41

Fl47
M/75

M/44

M/67

M/12

M/37

M/69

F/59

BM biopsy, No mitoses
evaluable for
cytogenetic analysis

BMA and biopsy, No

BM biopsy alone, No

BMA and biopsy, No

BM biopsy alone, No
BMA and biopsy, No

BMA and biopsy, No

BM biopsy alone, No

BMA and biopsy, No

BM biopsy, Normal
BM cytogenetic
analysis

BM biopsy, No mitoses
evaluable for
cytogenetic analysis

BM biopsy, No mitoses
evaluable for
cytogenetic analysis

VS

VS

VS

NA

B2 stage Ill, 1 year
B1, 16 months

AB stage 1Va, 2 years
(inoperable)

NA, 12 months (partial
resection)

A, 0 month

B2 stage 1Va, 7 years
(inoperable)

A, 0 months

A, 6 months

B2 stage Ill, 2 weeks

B stage 111, 0 month

NA, 3 years

NA, 2 years

No

No

No

No

No

No

No
No

Yes, 12 months

No
No

No

No

No

No

No

No

Myasthenia gravis

No
No

Myasthenia gravis

No
No

Immune
thrombocytopenia

No

No

No

No

No




Lu (2013) F/40
Mirtavoos-Mahyari
(2014) M/56
Chintakuntlawar
(2015) F/68
Osada (2016) M/45
Dezmalj Grbelja
(2017) M/45
Simkins (2018) F/61
Toret (2018) M/14

BMA and biopsy,
Normal BM
cytogenetic analysis

BMA and biopsy, No

BM biopsy, Normal
BM cytogenetic
analysis

BM biopsy, Normal
BM cytogenetic
analysis

BMA alone, No
BM biopsy alone, No

BMA and biopsy, No

VS

NS

S

VS

NA stage 1Va, 0
months (inoperable)

B2 stage Ilb, 2 weeks

B2 stage I, 4 weeks
after AA diagnosis

AB, 7 months

B1, 5 months
B1, 12 weeks

A stage 1, 0 month

No

Yes,
0.05% of
granulocyt
es

No

No

No

No
Yes, 1 month

No

No

Coeliac disease

No

Myasthenia gravis

Myasthenia gravis

Amegakaryocytic
thrombocytopenia

No

* Thymic histology and staging according to the World Health Organization classification*® and the Masaoka-Koga stage classification**

Abbreviations: F, female; M, male, AA, plastic anemia; BM, bone marrow; BMA, bone marrow aspiration; NS, non-severe; VS, very severe; S,

severe; PRCA, pure red cell anemia; NA, non-available.




Supplemental table 3. Case reported in the literature after 1980s (n=26): thymoma-associated aplastic anemia treatment, response and

evolution.
Patient Se-xiége -at Se\'?;,\pr\i ty At "nfeggiargzent e tr?agiﬁ?e?]ygf\d tr;rtl:ggnlin;nd diggur}g:ir:fé tI;TteII[Jo;nnd
diagnosis response response cause of death)
Thomas (1987) M/59 S Prednisone, PR ATG, CR ATG, NR Alive, 5.5 years
Lyonnais (1988) M/38 VS Prednisolone+CyP, NR ATG, CR - Alive, 1 year
Kobayashi (1993) F/64 S CsA, PR (+splenectomy ) - - Alive, 12 months
Liozon (1998) M/65 S Prednisolone+CyP, NR CsA, PR ATG, NR Alive, 7 years
Spath-schwalbe (1998) F/57 S CsA, PR - - Alive, 10 months
Copla (2000) F/39 S Oxymetholone+ATG, PR CsA, PR - Alive, 7.7 years
Dingol (2000) M/38 VS CsA+ATG, CR - - Alive, 1.2 years
Ritchie (2002) M/50 VS CsA+ATG, PR CsA+ATG,PR CsA+ATG, PR Alive, 1.6 years
Park (2003) F/60 VS CsA, CR - - Alive, 8 months
Kanat (2005) M/43 S Placlitaxel, PR - - Alive, 6 months
Maslovsky (2005) M/41 VS NA - - NA
Deceased, 7 months,
Arcasoy (2007) Fl47 NA MMF+CsA+ATG, NR Alemtuzumab, NR - infectious
complications
Gaglia (2007) M/75 s CsA, PR - - Deceased, 2 years,

Thymoma progression




Trisal (2007)
Bajel (2009)

Escobosa Sanchez (2009)

Migdady (2011)

de Castro (2011)

de Castro (2011)

Lu (2013)
Mirtavoos-Mahyari (2014)
Chintakuntlawar (2015)

Osada (2016)

Dezmalj Grbelja (2017)

Simkins (2018)

Toret (2018)

M/44

M/67

M/12

M/37

M/69

F/59

F/40
M/56
F/68

M/45

M/45

F/61

M/14

VS

NS

VS

CsA, PR

CsA+ATG, CR

CsA, NR

CsA+ATG, PR

CsA, CR

CsA+prednisone, NR

HSCT (sister), CR
CsA, CR
CsA+Prednisone, CR

CsA, PR
MMF+Azathioprine, NR

CsA+ATG+eltrombopag,
NR

CsA+ATG, CR

HSCT (sibling),
CR

Rituximab, NR

HSCT (matched
unrelated donor),
CR

HSCT (sister), CR

in the mediastinum

Alive, 2.7 years

Alive, 10 weeks
Deceased, 6 days,
pulmonary
hemorrhage

Alive, 2 years
developing PNH
(PNH clone, 80% on
erytrocytes and
granulocytes) with
arterial thrombosis

Alive, 49 months

Deceased, NA,
alveolar hemorrhage

Alive, 1 year
Alive, 2 years
Alive, 8 months

Alive, 5 months

Alive, 1.5 years

Alive, 1.7 years

Alive, 1.5 years




Abbreviations: F, female; M, male; AA, aplastic anemia; NS, non-severe; VS, very severe; S, severe; FU, follow-up; CsA, cyclosporine A; ATG,
antithymocyte globulin; HSCT, hematopoietic stem cell transplantation; NR, non-response; PR, partial response; CR, complete response; CyP,

cyclophosphamide; MMF, mycophenolate mofetil; NA for non-available.
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