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In-depth blood immune profiling
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Introduction: Good syndrome (GS) is a rare adult-onset immunodeficiency first

described in 1954. It is characterized by the coexistence of a thymoma and

hypogammaglobulinemia, associated with an increased susceptibility to

infections and autoimmunity. The classification and management of GS has

been long hampered by the lack of data about the underlying immune

alterations, a controversy existing on whether it is a unique diagnostic entity vs.

a subtype of Common Variable Immune Deficiency (CVID).

Methods: Here, we used high-sensitive flow cytometry to investigate the

distribution of up to 70 different immune cell populations in blood of GS

patients (n=9) compared to age-matched CVID patients (n=55) and healthy

donors (n=61).

Results: All 9 GS patients displayed reduced B-cell counts -down to undetectable

levels (<0.1 cells/mL) in 8/9 cases-, together with decreased numbers of total CD4+

T-cells, NK-cells, neutrophils, and basophils vs. age-matched healthy donors. In

contrast, they showed expanded TCRgd+ T-cells (p ≤ 0.05). Except for a deeper B-

cell defect, the pattern of immune cell alteration in bloodwas similar in GS and (age-

matched) CVID patients. In depth analysis of CD4+ T-cells revealed significantly

decreased blood counts of naïve, central memory (CM) and transitional memory
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https://www.frontiersin.org/articles/10.3389/fimmu.2023.1285088/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1285088/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1285088&domain=pdf&date_stamp=2023-11-15
mailto:orfao@usal.es
mailto:mmmar@usal.es
https://doi.org/10.3389/fimmu.2023.1285088
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1285088
https://www.frontiersin.org/journals/immunology


Torres-Valle et al. 10.3389/fimmu.2023.1285088

Frontiers in Immunology
(TM) TCD4+ cells and their functional compartments of T follicular helper (TFH),

regulatory T cells (Tregs), T helper (Th)2, Th17, Th22, Th1/Th17 and Th1/Th2 cells. In

addition, GS patients also showed decreased NK-cell, neutrophil, basophil, classical

monocyte and of both CD1c+ and CD141+ myeloid dendritic cell counts in blood, in

parallel to an expansion of total and terminal effector TCRgd+ T-cells. Interestingly,

those GS patients who developed hypogammaglobulinemia several years after the

thymoma presented with an immunological and clinical phenotype which more

closely resembled a combined immune humoral and cellular defect, with poorer

response to immunoglobulin replacement therapy, as compared to those in whom

the thymoma and hypogammaglobulinemia were simultaneously detected.

Discussion: Our findings provide a more accurate definition of the immune cell

defects of GS patients and contribute to a better discrimination among GS

patients between those with a pure B-cell defect vs. those suffering from a

combined immunodeficiency with important consequences on the diagnosis

and management of the disease.
KEYWORDS

Good syndrome, CVID, hypogammaglobulinemia, combined immunodeficiency,
thymoma, immune monitoring, age-related values
Introduction

Good syndrome (GS) is a rare disorder with 530 cases reported until

14th August 2023, which emerges around the fifth decade of life,

characterized by coexistence of thymoma and hypogammaglobulinemia

(1–15). Similar to other predominantly antibody deficiencies (PAD), like

agammaglobulinemia and common variable immunodeficiency (CVID),

GS patients suffer from recurrent sinopulmonary infections (2, 3) and less

frequently also, gastrointestinal disease (6), some authors suggesting it

might represent a severe form of CVID associated with thymoma (16).

However, as compared to CVID, GS patients have a higher risk of

opportunistic infections, like symptomatic CMV or mucocutaneous

candidiasis (17), which are typically associated with a defect of cellular

immunity. In addition to infectious complications, autoimmune disorders

have also been frequently reported in GS patients, particularlymyasthenia

gravis, oral lichen planus and pure red cell aplasia. In contrast,

organomegalies including hepatomegaly, splenomegaly and

lymphadenopathies, are less frequently observed in GS vs. CVID (17).

Resection of the thymoma has been shown to cure the co-existing

myasthenia gravis (18), although it does not seem to be effective in

controlling other autoimmune complications of GS, such as oral lichen

planus and autoimmune cytopenia (19). In addition, thymectomy does

not restore the immunological function of GS patients (20), and

immunoglobulin-replacement therapy (IgRT) is required for an

improved control of infection. However, IgRT is not equally effective in

preventing infections in all GS patients, since up to 20% of GS patients die

in the first 5-years after diagnosis (21), mostly due to opportunistic

infections associated with T-cell defects (3, 17, 21).
02
In GS, hypogammaglobulinemia has been associated to very low

(usually undetectable) peripheral blood B-cell counts in virtually

every patient (2, 3). In addition, a myriad of other T-cell and innate

cell defects have been also documented in single case reports (2, 3)

and case series from national registries (17, 21, 22). However, part of

these latter findings have not been confirmed, and controversial

data have been reported about the frequency of TCD4+ and TCD8+

cell, NK-cell, neutrophil or eosinophil defects in GS patients (2, 3,

17, 21, 22). In part, this is due to the variety and heterogeneity of the

methods used (even within the same study) to calculate immune cell

counts in blood, and to the lack of age-matched reference controls.

The limited robust data available about the immunological profile

of GS patients, together with the rarity of the disease, have

hampered a comprehensive classification of the disease, which has

been included in international guidelines as innate errors of

immunity, as a PAD (23, 24) classified within CVID (23) or

agammaglobulinemia (24), as combined immunodeficiency (CID)

(21), or even as a phenocopy of inborn errors of immunity

associated with autoantibodies (25). Of note, only half of all GS

patients present at diagnosis (or the onset of the disease) with

synchronous thymoma and hypogammaglobulinemia (2, 3), while

in 40% of GS patients hypogammaglobulinemia emerges 2-17 years

after the diagnosis of thymoma (2, 17, 21) and less frequently (10%

of reported cases), hypogammaglobulinemia might preceded in a

few years the diagnosis of thymoma (17). Despite such clinical

heterogeneity, no studies have been reported so far in which the

immunological defects (and other features of the disease) have been

compared in these different subgroups of GS patients.
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Here, we used for the first time a high-sensitive and validated flow

cytometry approach (26–28) for in depth analysis of the distribution

of a wide number of relevant immune cell populations in blood of GS

patients, compared to a large cohort of age-matched CVID patients

and healthy donors.
Materials and methods

Patients, controls and samples

A total of 64 adult patients including 9 GS (median age: 66

years; range: 53-79 years; 7 men and 2 women) and 55 CVID

patients (median age: 60 years; range: 52-80 years; 28 men and 27

women), diagnosed according to the International Union of

Immunological Societies (IUIS) (29) and European Society for

Immunodeficiencies (ESID) (30) criteria were studied in parallel

to 61 healthy donors (median age: 63 years; range: 52-80 years; 29

men and 32 women). EDTA-anticoagulated peripheral blood (PB)

samples were collected at six different centers (University Hospital

of Salamanca, Salamanca, Spain; Donostia University Hospital, San

Sebastián, Spain; Centro Hospitalar Universitário Lisboa Norte,

Lisbon, Portugal; Fundación Jiménez Dı ́az, Madrid, Spain;

Hospital Universitario de Badajoz, Badajoz, Spain; Ghent

University Hospital, Ghent, Belgium) and processed within the

first 24 hours after collection. Prior to his/her enrolment in the

study, each participant gave his/her informed consent to participate

in accordance with the guidelines of the local Ethics Committees

and the Declaration of Helsinki. The study was approved by the

local ethics committees of the participating institutions.
Flow cytometry screening of primary
immunodeficiency of the lymphoid and
innate system

Defects in lymphoid and innate cells were investigated using the

previously validated primary immunodeficiency orientation tube

(PIDOT) method for primary immunodeficiency (PID) screening

(26, 31–33) (www.euroflow.org) in blood. Briefly, PB samples were

stained with the 8-color, 12-antibody PIDOT using the EuroFlow

standard operating procedures (SOP) for staining of surface

membrane makers-only available at www.EuroFlow.org, as

previously described in detail (26, 31). A total of ≥106 leukocytes

stained with the PIDOT antibody combination (Supplementary

Table 1A) were measured in BD FACSCanto™ II flow cytometers -

Becton/Dickinson (BD) Biosciences, San Jose, CA - using the

FACSDiva software (BD Biosciences). Automated data analysis

was performed with the Infinicyt software - Cytognos SL,

Salamanca, Spain -, and the EuroFlow PIDOT database (26, 31)

was used for robust and reproducible automated identification of

the main populations of leukocytes, including: neutrophils,

monocytes, basophils, eosinophils and lymphocytes and their - B-

cell, TCRgd+ and TCRab+ T-cell (e.g., TCD4+CD8-, TCD4-CD8+

and TCD4-CD8- cells) and NK-cell - subsets.
Frontiers in Immunology 03
Detailed characterization of both blood
innate myeloid, T-cell, NK-cell and
B-cell populations

Further detailed identification and characterization of up to 8

innate myeloid cell populations, 57 populations of TCD4+, TCD8+,

TCRgd+, and TCD4-CD8- TCRab+ double negative (DN) T-cell and 2
NK-cell populations, and 24 B-cell populations were performed in PB

from 8/9 GS patients, 6/55 age-matched CVID patients and 51/61 age-

matched healthy donors respectively. Briefly, total monocytes and their

classical (cMo), intermediate (iMo) and non-classical (ncMo)

monocyte subsets, as well as total dendritic cells (DC) and their

CD1c+ and CD141+ myeloid DC (myDC) and plasmacytoid DC

(pDC) were identified as previously described based on the Euroflow

immunemonitoring monocyte/dendritic cell (IMM MoDC) tube (28)

(Supplementary Table 1B). In parallel, CD4+ T-cells were split into

their maturation associated subsets of naïve, central memory (CM),

transitional memory (TM), effector memory (EM) and terminal

effector (TE) cells, the later four subsets being further subdivided

into their functional subsets based on their surrogated phenotypic

profiles -follicular helper T (TFH) cells, regulatory T (Tregs) cells and

classical T-helper (Th) cells (Th1, Th2, Th17, Th22, Th1/Th17 and

Th1/Th2)- using the EuroFlow 14-color immune monitoring TCD4+

(IMM TCD4) tube (27) (Supplementary Table 1C). Similarly, CD8+,

DN-TCRab+ and TCRgd+ T-cells were grouped into their maturation-

associated subsets of naïve, CM, TM, EM, early effector (EE) and TE

cells, and total NK cells and their CD56lo and CD56hi NK-cell subsets

identified using the EuroFlow 14-colour immunemonitoring cytotoxic

(IMM cytotoxic) tube (Supplementary Table 1D). When B-cells were

detected at a frequency of >0.1 cell/µL, they were analyzed with more

detail, including their maturation associated (immature/transitional,

naïve and memory B-cells and plasma cells) and IgH isotypic subsets

(IgMD, IgG, and IgA) within memory B-cells and plasma cells using

the EuroFlow 12-color immunoglobulin heavy chain isotype B-cell

(BIgH IMM) tube (34) (Supplementary Table 1E). Stained blood

samples with the four innate, TCD4, cytotoxic and BIgH IMM tubes

was performed based on the EuroFlow SOP for staining of cell surface

membrane markers‐only and cell surface membrane plus cytoplasmic

markers combined with (innate and BIgH IMM tubes) or without

(TCD4 and cytotoxic IMM tubes) the bulk-lysis SOP

(www.euroflow.org), as previously described (27, 28, 34–36). For

each antibody combination, ≥0.5 x 107 cells (BIgH IMM tube), ≥106

cells (innate IMM tube) and ≥0.5 x 106 cells (TCD4 and cytotoxic IMM

tubes) were measured in LSRFortessa X-20 or FACSymphony™ A5

flow cytometers (BD Biosciences), using the FACSDiva software (BD

Biosciences). For data analysis the Infinicyt software was used.
Assessment of soluble plasma
immunoglobulin levels

In 80 plasma samples from 9 GS patients, 39/55 CVID patients -

median age (range): 62 (52–80) years - and 32/61 healthy donors -

median age (range): 74 (52–77) years - soluble immunoglobulin (Ig)

G, IgA and IgM levels were quantified using conventional
frontiersin.org
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nephelometry (Dimension Vista; Siemens Healthcare ,

Erlanger, Germany).
Statistical methods

To assess the statistical significance (set at p-values <0.05) of

differences observed between groups, the Mann-Whitney U and the

Student T tests for unpaired continuous variables with small-size or a

normal distribution were used respectively, while for categorical

variables the Chi-square and Fisher exact tests were employed using

the SPSS software (version 28.0; IBM, Armonk, NY). For box plot

graphical representations, the GraphPad PrismV8 software (GraphPad

Software, San Diego, CA) was used. Age-normalized cell counts/µL per

patient transformed with a rank order scale were represented in heat

maps built with R package ggplot2 (37). For all immune cell counts in

blood, the lower limit of normality (5th percentile) per age-group was

defined based on ≥ 20 healthy donors, as previously described (38).
Results

Clinical and laboratory features of
GS patients

Thymoma was diagnosed simultaneously (time interval <2

months) to hypogammaglobulinemia in 4/9 GS patients, while in

the other 5/9 patients hypogammaglobulinemia developed 2-19

years after the thymoma (median of 4 years) (Table 1). According

to the World Health Organization (WHO) classification (39), half

of thymomas were classified as B1 (n=4) or B3 (n=1), 3 patients had

AB thymomas, and in 1 patient an A thymoma was diagnosed.

Hypogammaglobulinemia was identified based on simultaneously

decreased IgG, IgA and IgM serum levels in 67% of cases (including

case 9 with 665 mg/dL IgG, close to the lower limit of normality),

while in the remaining 3 cases a defect of only two Ig isotypes (IgG/

IgA or IgG/IgM) was present. Antibody response to vaccination was

absent in 3 patients (cases 2, 7 and 8) and normal in case 9, no data

being available for the remaining 5 GS patients.

At diagnosis, all GS patients reported infections. Recurrent

respiratory tract infections (RTI) and gastrointestinal (GI)

infections were reported in 8 and 7 patients respectively, 2 patients

had bronchiectasis, and one had urinary tract infections (UTI).

Opportunistic infections were documented in 78% of patients at

diagnosis, including opportunistic bacterial (Pseudomonas,

Pneumocystis jirovecci, Campylobacter, Escherichia coli, Helicobacter

pylori), viral (Cytomegalovirus -CMV-) and fungal (Aspergillus)

infections. In addition, myasthenia gravis was diagnosed in two

cases, and enteropathy and bronchiolitis were detected in one case

each. No other significant clinical manifestations of disease were

documented at diagnosis in the 9 GS patients (Table 1).

All 9 GS patients underwent thymectomy shortly after the diagnosis

of thymoma. Following the onset of hypogammaglobulinemia, 7/9

patients received IgRT. From the other two patients, one died before

starting on IgRT and the other had IgG levels (665 mg/dL) close to the

lower limit of normality and did not have severe infections. Cases 5 and 7
Frontiers in Immunology 04
received IgRT already at the time of thymectomy, while the remaining

patients started on serum Ig therapy a median of 3 years (range 2-19

years) following thymectomy (Table 1).

One patient did not report significant infections after IgRT had

been established, and IgRT effectively prevented encapsulated

bacterial infections and opportunistic infections in 2/4 patients,

and 3/6 patients, respectively. However, 5/9 GS patients (56%)

required admission to the hospital in >2 occasions due to RTI

complications, including 2 cases with bronchiectasis, and 1 case

with sepsis. The (more severe) infections consisted of opportunistic

infections in all cases, including viral (80% of cases) (respiratory

syncytial virus, CMV, Rhinovirus, SARSCoV2 and Enterovirus),

bacterial (Pseudomonas aeruginosa, Pneumocystis) and fungal

(Aspergillus) infections. In 2 cases, severe respiratory infections

associated with CMV disease were documented 5 and 10 years after

the diagnosis of GS. Only 2 cases continued to have encapsulated

bacterial infections (Streptococcus pneumoniae, Haemophylus

influenza). Lymphadenopathies associated with CMV infection

were also documented in one case. Myasthenia gravis was

effectively treated with thymectomy, although one of the cases

subsequently developed several autoimmune complications such

as oral lichen planus, complicated with a squamous cell carcinoma,

Bowen disease, acute diverticulitis (and enteropathy), and

hypothyroidism. In addition, one case developed prostatic cancer,

one patient had enteropathy and splenomegaly, and in another one

gastritis was documented during follow up.

At the moment of closing this study, overall survival at 5 years

from the diagnosis of thymoma and/or hypogammaglobulinemia

was of 88% (95% confidence interval - CI -: 68%-100%)

(Supplementary Figure 1).
Analysis of classical immune parameters in
peripheral blood from GS patients
compared to age-matched healthy donors
and CVID patients

All GS patients consistently presented hypogammaglobulinemia

with statistically significantly (p<0.001) decreased IgG, IgA and IgM

levels compared to age-matched healthy donors (Figure 1). In 8/9 and

in 1/9 GS patients, hypogammaglobulinemia was associated with

complete lack (<0.1 cells/µL) or strongly decreased (89 cells/mL)
circulating B-cells in blood, respectively (p<0.001 vs. age-matched

healthy donors) (Figure 1). Additionally, important numerical

alterations involving other immune cells populations were also found

as compared to age-matched healthy donors. Those included

significantly (p ≤ 0.01) decreased counts of neutrophils, basophils,

total CD4+ T-cells and NK-cells, together with significantly expanded

TCRgd+ T-cells (p = 0.04) (Figure 1). Total lymphocyte and eosinophil

counts in blood also tended to be decreased, although differences did

not reach statistical significance (p=0.06).

A similar pattern of immune cell alterations was found in a

subgroup of age-matched CVID patients (vs. healthy donors),

including statistically significantly decreased serum IgG, IgA and

IgM levels, and reduced counts of B-cells, total lymphocytes, total

CD4+ T-cells, NK-cells and eosinophils, in association with a tendency
frontiersin.org
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TABLE 1 Clinical and laboratory characteristics at diagnostic of Good syndrome patients.
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stis G. lamblia;
E. coli;

SARSCoV2

Campylobacter H. pylori

Myasthenia gravis No No

No No No

A B3 B1

Simultaneous Simultaneous Simultaneous

≤2m ≤2m ≤2m

529 553 665

<5 58 45

50 29 19

Absent
(both)

Absent
(both)
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Yes Yes Yes

No No No
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Patient ID

Case 1 Case 2 Case 3 Case 4 Case 5 Case

Gender M M F M M M

Age at diagnosis (y) 58 68 43 55 49 48

Age at inclusion (y) 63 79 62 69 53 54

Clinical features

Infections RTI RTI RTI;
GI;
BC;
sepsis

GI RTI;
GI

RTI
GI

Severe
Infections

CMV S. pneumoniae Pseudomonas;
Pneumocystis;
Aspergillus

H. influenza CMV;
P. jirovecci

Pneumoc

Autoimmunity No No Myasthenia
gravis

No No No

Other
Complications

No No No Entheropathy Bronchiolitis No

Thymoma
(WHO subtype)

AB AB B1 B1 AB B1

First Thy/H diagnosis Thy Thy Thy Thy Simultaneous Thy

Time from Thy/H diagnosis 4y 2y 19y 5y ≤2m 3y

IgG (mg/dL) 38 151 211 212 278 496

IgA (mg/dL) 10 52 <5 <5 8 77

IgM (mg/dL) <21 <7 63 <5 8 13

Ab response to vaccines# NA Absent
(both)

NA NA NA NA

Treatment

Thymectomy Yes Yes Yes Yes Yes Yes

Chemotherapy No No Yes No No No

Radiotherapy Yes No No No No No

Ig replacement
(initiation)

No Yes
(2y after T)

Yes
(19y after T)

Yes
(4y after T)

Yes
(simultaneous T)

Yes
(3y after
y
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TABLE 1 Continued

Patient ID

Case 5 Case 6 Case 7 Case 8 Case 9

RTI RTI No RTI;
BC

No

Sistemic CMV;
SARSCoV2;
Rhinovirus;
Enterovirus;
A. fumigatus

- - - -

> 2 < 2 < 2 Out-patient < 2

No No No No No

Lymph-
adenopathies (1y)

Entheropathy (8y);
Splenomegaly (5y)

Gastritis (1y) No Prostatic
cancer (3y)

Yes
(SARSCoV2; Rhinovirus;

Enterovirus;
A. fumigatus)

No No No No

10 7 1 18 10

t infection; CMV, Cytomegalovirus; Thy, thymoma; H, hypogammaglobulinemia; m, months; Ig, Immunoglobulin; Ab, antibody; NA, not
b response to vaccines: Response to both polysaccharide and peptide antigens was tested using pneumococcal polysaccharide and toxoid
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Case 1 Case 2 Case 3 Case 4

Outcome after therapy

Infections RTI;
Sepsis

RTI RTI;
BC

RTI;
GI

Severe
infections

CMV;
P. aeruginosa

S. pneumoniae;
RSV

Pseudomonas;
Pneumocystis;
Aspergillus

H. influenza
SARSCoV2

Hospital admissions* > 2 > 2 > 2 > 2

Autoimmunity
(time after therapy)

No No Oral lichen
planus(16y);

Bowen disease(16y);
acute diverticulitis(19y);
Hypothyroidism(18y)

No

Other
complications
(time after therapy)

No No Entheropathy (19y);
Squamous cell
carcinoma (16y)

No

Deaths Yes
(CMV;

P.aeruginosa)

No No No

Survival
(y from diagnosis)

5 11 20 15

M, male; F, female; y, years; RTI, respiratory tract infections; GI, gastrointestinal infections; BC, bronchiectasis; UTI, urinary trac
available; T, thymectomy; RVS, respiratory syncytial virus; Out-patient, antibiotic/antiviral/antifungal prescription treatment. #A
vaccines respectively; *Hospital admissions related to severe infections.
;
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towards higher TCRgd+ T-cell counts (p=0.07) and monocytopenia

(p=0.051) (Figure 1). Differences between GS and age-matched CVID

patients were restricted to significantly lower B-cell (p<0.001) and

higher TCRgd+ T-cell counts (p=0.003) in the former group.
In depth detailed dissection of T-cell, NK-
cell, monocyte, DC and B-cell populations
in blood of GS patients vs. age-matched
CVID patients and healthy donors

Detailed dissection of CD4+ T-cells (16, 23) by maturation stage

revealed that the total CD4+ T-cell defect observed in GS patients
Frontiers in Immunology 07
(vs. age-matched healthy donors) was due to a significant decrease

in naïve (p=0.03) CD4+ T-cells, in addition to specifically reduced

counts of Tregs, Th2, Th17, Th22, Th1/Th17 and Th1/Th2 cells

within the CM (p<0.03), TM (p<0.04) and EM (p<0.01)

compartments of CD4+ T-cells (Figure 2). In addition, reduced

CM (p=0.06) and particularly, TM (p<0.001) TFH cell counts were

also observed, in association with virtually undetectable but normal,

EM TFH cell counts. In turn, Th1 CM cells tended (p=0.06) to be

lower among GS patients vs. healthy donors, whereas no differences

were observed between GS patients and age-matched controls as

regards the Th1 TM, Th1 EM, and Th1 TE compartments

(Figure 2). These differences translated into significantly

decreased numbers in blood of GS patients of total CM, TM and
B

C

A

FIGURE 1

Distribution of different populations of blood leukocytes and lymphocytes, and plasma Ig levels in GS patients compared to both age-matched CVID
patients and healthy donors. Absolute counts of monocytes, neutrophils, basophils, eosinophils panel (A), B-cells, T-cells (TCRab+ [including TCD4+,
TCD8+ and DNT cells] and TCRgd+) and NK-cells panel (B) in blood of GS patients (n=9) compared to age-matched CVID patients (n=55) and
healthy donors (n=61), are shown in panels (A, B) In panel (C), the levels of soluble IgG, IgA and IgM in plasma of GS patients (n=9) compared to
age-matched CVID patients (n=39) and healthy donors (n=32), are displayed. Notched boxes extend from the 25th to the 75th percentile values, the
lines in the middle and vertical lines correspond to median values and the 5th and 95th percentiles, respectively; individual cases are represented as
green dots (healthy donors), orange dots (CVID) and red dots (GS). CVID, common variable immunodeficiency; GS, Good syndrome; TCR, T-cell
receptor; DNT, double negative T-cells (CD4-CD8- TCRgd-); NK, natural killer; n, number of cases; Ig, immunoglobulin. *p-value ≤ 0.05 vs. healthy
donors. #p-value ≤ 0.05 vs. CVID.
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EM CD4+ T-cells (p<0.05), total TFH, Tregs, Th2, Th17, Th22,

Th1/Th17 and Th1/Th2 CD4+ T-lymphocytes (p<0.02) (Figure 2).

Although CVID patients also showed decreased counts of several

TCD4+ subsets (Figure 2), total TFH and TM TFH were

significantly reduced in GS vs. age-matched CVID patients (p

≤ 0.05).

Naïve TCD8+, TCRgd+ and DN-TCRab+ T-cells were within

the normal range in GS patients (Figures 3A–C). In contrast,

significantly reduced CM CD8+ T-cell counts (p=0.007) and

significantly increased EM and TE CD8+ T-cell counts (p ≤ 0.01)

were observed in GS patients compared to age-matched healthy

donors (Figure 3A). Within TCRgd+ T-cells, a tendency towards

lower CM (p=0.06) cell counts was observed together with

significantly expanded TE TCRgd+ T-cells (p<0.001) (Figure 3B).

In contrast, almost all maturation subsets of DN-TCRab+ T-cells

(EM, TM, EM and EE) evaluated were reduced (p ≤ 0.02 vs. healthy

donors), whereas TE DN-TCRab+ T-cells were within the normal

range (Figure 3C). This was associated with reduced counts of total

NK-cells in GS patients due to significantly decreased CD56lo and

CD56hi NK-cells (p ≤ 0.02 vs. healthy donors) (Figure 3D). As

compared to age-matched CVID patients, significantly higher

counts of both naïve CD8+ and TCRgd+ T-cells, in addition to

both TCD8+ and TCRgd+ T-cells TE/EE (p<0.05) were observed in

GS patients (Figure 3).

Although no differences were observed between GS patients and

age-matched healthy donors in total monocyte counts in blood,

detailed dissection of this cell populations showed increased counts

of cMo in GS patients when compared to age-matched healthy

donors (p=0.01) and CVID patients (p=0.04) (Figure 4A). In

contrast, GS patients showed decreased numbers of both CD141+

myDC and pDC in blood (Figure 4B) compared to age-matched

healthy donors (p ≤ 0.002) while CD1c+ myDC were preserved and

higher than in age-matched CVID patients (p=0.04).

In only 1/9 GS patients (Case 9) B-cells were detected at a

frequency at ≥0.1 cell/µL. In this patient, the circulating plasma cell

count was close to the lower values observed in age-matched

healthy controls (0.3 vs. 0.3-11 cells/µL), including low counts of

IgM+ (0.03 vs. 0.02-1.0 cells/µL), IgG+ (0.08 vs. 0.06-2.8 cells/µL)

and IgA+ (0.2 vs. 0.2-6.6 cells/µL) plasma cells, whereas the number

of immature/transitional, naïve B-cells and IgMD+, IgG+ and IgA+

memory B-cells from this single case were within the p10-p90 range

observe in age-matched healthy donors(data not shown).
Clinical features and immune profile of GS
patients stratified by the time lapse
between the diagnosis of thymoma and
the onset of hypogammaglobulinemia

From a clinical point of view, GS patients were divided in two

groups according to the time lapse observed between the diagnosis

of thymoma and the onset of hypogammaglobulinemia (Table 1),

depending on whether the diagnosis of both conditions occurred

simultaneously (<2 months) or asynchronously (2-19 years). Of

note, clearly distinct patterns of alteration of specific T-cell and

innate cell populations were observed between these two groups
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(Figure 5). Thus, compared to patients with a simultaneous

diagnosis of thymoma and hypogammaglobulinemia, GS cases

with an asynchronous diagnosis of both disease conditions,

showed statistically significantly lower counts of total T-cells,

TCRab+ T-cells, total CM TCD4+ cells and CM TFH, Th1, Th2,

Th22 and Th1/Th17 CD4+ T-cells, total TFH CD4+ T-cells, Th2

CD4+ T-cells, CM CD8+ T-cells, total DCs and both CD1c+ myDC

and CD141+ myDC (p=0.03). In addition, patients with an

asynchronous diagnosis also tended (p=0.06) to have lower serum

IgG levels and lower counts of NK cells, CM Treg, CM Th17, TM

Th22, TM and EM Th1/Th17, Treg CD4+ T-cells, Th22 CD4+ T-

cells and Th1/Th117 CD4+ T-cells in blood (Figure 5).

Once IgRT had been established, asynchronous GS patients

showed a higher frequency of opportunistic infections compared to

GS patients with a simultaneous diagnosis of thymoma and

hypogammaglobulinemia (100% vs. 25%, respectively; p=0.05)

(Supplementary Table 2). The increased frequency of

opportunistic infections was associated with a lower 5-year overall

survival rate of 80% vs. 100%, in asynchronous vs. simultaneous GS

patients, although it did not reach statistical significance

(Supplementary Figure 1).
Discussion

Our understanding of the pathophysiologic mechanisms that

lead to the unique association between thymoma and

immunodeficiency has not advanced significantly for decades,

since the first description of GS in the 50’s (1). This is due to the

fact that in contrast to other PAD (40–45), only a few

immunological studies have been reported which are focused on

GS patients, most available data being restricted to serum Ig levels

and total TCD4+, TCD8+ cell and B-cell counts (2, 3, 17, 21, 22).

Additionally, the interpretation of the above immunological

findings has further been hampered by the lack of robust age-

matched reference ranges. Although GS has been suggested to be a

subtype of CVID with an associated thymoma, no previous studies

have compared in detail the underlying defects in both groups of

patients. Thus, current knowledge about the underlying immune

defects in GS patients is mostly based on summary reports of cases

from national/international PID registries (17, 21, 22) and reviews

of the pre-existing literature (2, 3).

Here, we investigated in depth for the first time, the distribution

of different immune cell compartments in blood of GS patients

based on standardized and previously validated high-sensitive flow

cytometry methods (26, 33), and compared it to a series of age-

matched healthy donors and CVID patients. Overall, our results

confirm that in addition to (virtually) undetectable B-cells and

decreased serum Ig levels (1), GS patients also have decreased

counts of circulating CD4+ T-cells (2, 3, 46, 47), NK-cells (2, 22,

46, 48, 49), basophils (50) and neutrophils (2, 3, 46), associated with

a significant expansion in blood of TCRgd+ T-cells (51). Although

controversial data about these subsets have been previously

reported in the literature (2, 17, 52), this might be due to the lack

of age-matched controls and the broad range of (heterogeneous)

methods used in the multiple centers reporting on GS patients. In
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A

F

FIGURE 2

Distribution of maturation-associated subsets and functional populations of CD4+ T-cells in blood of GS patients (n=8) compared to age-
matched CVID patients (n=6) and healthy donors (n=51). Absolute counts of maturation-associated subsets of CD4+ T-cells (naïve, central
memory -CM-, transitional memory -TM-, effector memory -EM-, and terminal effector -TE- cells) panel (A) and functional subsets (TFH, Treg,
Th1, Th2, Th17, Th22, Th1/Th17 and Th1/Th2) panel (B) of central memory CD4+ T-cells panel (C), transitional memory CD4+ T-cells panel (D),
effector memory CD4+ T-cells panel (E) and terminal effector CD4+ T-cells panel (F) in blood of GS patients vs. age-matched healthy donors,
are shown. Notched boxes extend from the 25th to the 75th percentile values, while the line in the middle and vertical lines correspond to
median values and the 5th and 95th percentiles, respectively; individual cases are represented as green dots (healthy donors), orange dots (CVID)
and red dots (GS). CVID, common variable immunodeficiency; GS, Good syndrome; n, number of cases; TFH, follicular helper T-cells; Treg,
regulatory T-cells; Th, T helper cells. *p-value ≤ 0.05 vs. healthy donors. #p-value ≤ 0.05 vs. CVID.
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this regard also, despite increased CD8+ T-cell counts in blood have

been found in some studies (2, 3), in our cohort differences which

did not reach statistical significance with around half of our GS

patients displaying CD8+ T-cell counts within normal range.
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Moreover, although GS patients with undetectable eosinophils in

blood have been reported in some studies (2, 50), in our cohort only

a trend (without statistical significance) towards decreased

eosinophil counts was observed in blood of GS patients when
B

C

D

A

FIGURE 3

Distribution of different maturation-associated populations of cytotoxic T-cells and NK-cells in blood of GS patients (n=8) compared to age-
matched matched CVID patients (n=6) and healthy donors (n=51). Absolute counts of different subsets of blood CD8+ T-cells, DN-TCRab+ T-cells,
and TCRgd+ T-cells defined according to their maturation stage (naïve, central memory -CM-, transitional memory -TM-, effector memory -EM-,
early effector -EE-, and terminal effector -TE-) are shown in panels (A–C) respectively. In panel (D) NK-cell subsets defined by the levels of CD56
expression in peripheral blood from patients with GS and age-matched healthy donors. Notched boxes extend from the 25th to the 75th percentile
values, whereas the line in the middle and vertical lines correspond to median values and the 5th and 95th percentiles, respectively; individual cases
are represented as green dots (healthy donors), orange dots (CVID) and red dots (GS). CVID, common variable immunodeficiency; GS, Good
syndrome; n, number of cases; DNT, double negative T-cells (CD4-CD8- TCRgd-); TCR, T-cell receptor; NK, natural killer. *p-value ≤ 0.05 vs. healthy
donors. #p-value ≤ 0.05 vs. CVID.
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FIGURE 4

Distribution of different populations of monocytes and dendritic cells in blood of GS patients (n=8) compared to age-matched matched CVID
patients (n=6) and healthy donors (n=51). Absolute counts of the major subsets of monocytes (cMo, iMo and ncMo) panel (A) and both total DC and
their subsets of total myDC, CD1c+ myDC, CD141+ myDC and pDC panel (B) in blood of GS patients vs. age-matched healthy donors, are shown.
Notched boxes extend from the 25th to the 75th percentile values, while the line in the middle and vertical lines correspond to median values and
the 5th and 95th percentiles, respectively; individual cases are represented as green dots (healthy donors), orange dots (CVID) and red dots (GS).
CVID, common variable immunodeficiency; GS, Good syndrome; n, number of cases; Mo, monocytes; DC, dendritic cells; cMo, classical monocytes;
iMo, intermediate monocytes; ncMo, non-classical monocytes; myDC, myeloid dendritic cells; pDC, plasmacytoid dendritic cells. *p-value ≤ 0.05 vs.
healthy donors. #p-value ≤ 0.05 vs. CVID.

Torres-Valle et al. 10.3389/fimmu.2023.1285088
compared to healthy donors, with undetectable or strongly reduced

(0.3 cells/µL) eosinophil counts being found in only 2/9 and 1/9 GS

patients, respectively.

Despite several authors have previously suggested that GS

might be a form of CVID with thymoma (22), in only one study

the blood immune cell profile of these two diseases has been

compared so far, based on younger CVID (vs. GS) patients and

focused on CD4+ T-cells which were found to be more prominently

decreased in GS vs. CVID (17). In contrast with these data, here we

did not observe statistically significant differences between GS and

age-matched CVID patients for most immune cell populations

evaluated, except for significantly lower B-cell counts

(undetectable using conventional cytometry methods at levels of

<0.1 cell/µL in 8/9 GS patients), together with greater TCRgd+ T-cell
counts, found among GS vs. age-matched CVID patients. However,

lack of detectable B-cells in adults is not exclusive of GS, and

immunophenotypic studies of large cohorts of CVID patients have

revealed that up to 15% of adult CVID patients also display a severe

B-cell defect (17, 38, 53). Interestingly, the clinical phenotype of

these B-negative CVID patients was closer to that of GS cases, both
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being associated with a higher rate of opportunistic infections in

comparison with other PAD cases (17, 38, 53), although CVID B-

negative patients display a greater frequency of splenomegaly than

that observed in GS cases in the absence of thymoma.

Detailed immunophenotypic analysis of the TCD4+ and TCD8+

cell populations have shown a wide range of abnormalities in CVID,

particularly among those patients that present with more severe

clinical complications of the disease (40–45, 54–58). Thus, in

addition to the B-cell defect, CVID patients might also display a)

an exhausted thymic output (41) associated with significantly

reduced naïve TCD4+ and naïve TCD8+ cell counts (17, 41, 42)

and, b) Th1-mediated inflammatory processes (40, 59) associated

with an increased frequency of circulating Th1/TFH CD4+ T-cells

(44, 45, 60) and both EM and TE TCD8+ and TCRgd+ T-cells (42,

55, 58, 61), in parallel to reduced Treg, Th2, Th17 and CM CD4+ T-

cells (42, 61). Although evidence of T-cell defects, either as

cutaneous anergy, impaired response to T-cell mitogens, or

decreased in vitro IL-2 production, has been observed in several

single-case reports (2, 62) in-depth investigations of blood T-cell

populations in GS patients have not been carried out in a systematic
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way. In this regard, our results suggest that, despite the pattern of

alterations in the distribution of the major lymphoid and innate cell

populations (and the serum Ig levels) found in GS patients is

partially shared with CVID, the former patients also showed

unique immune cell profiles in blood, which are significantly

different from those of CVID, and that might contribute to
Frontiers in Immunology 12
explain the existence of distinct pathogenic mechanisms in GS

and CVID. Thus, while GS patients displayed decreased counts of

CD4+ T-cells in blood, the thymic output defect did not affect

significantly the naïve TCD8+ and TCRgd+ T-cell counts in blood,

the number of these cells being significantly higher in GS patients

compared to age-matched CVID patients. In turn, a wider defect in
B

A

FIGURE 5

Heat map graphical representation of the blood immune cell profile and Ig serum levels of GS patients (n=8) stratified according to the time lapse
between the diagnosis of thymoma and the onset of hypogammaglobulinemia. The heat map representation is based on the absolute counts of the
different populations of immune cells identified in blood (75 parameters) and Ig serum levels (IgG, IgA and IgM) normalized by the LLN found among
healthy donors for the corresponding age group (rows) versus individual GS patients (columns) grouped according to the time lapse between the
diagnosis of thymoma and the onset of hypogammaglobulinemia (i.e., simultaneous vs. asynchronous diagnosis of thymoma and
hypogammaglobulinemia). In the upper part parameters with a p-value ≤ 0.05 for the comparison between GS patients with simultaneous vs.
asynchronous diagnosis of thymoma and hypogammaglobulinemia is shown panel (A), while those parameters that did not show statistically
significant differences between both patient groups are represented in the lower part of the graph panel (B). The data were transformed with a rank
order (colored) scale, where red represents increased levels and blue corresponds to decreased levels. EE DNT cells and all functional subsets of TE
compartment (except TE Th1) are not represented because they were undetectable in almost all GS patients. GS, Good syndrome; n, number of
cases; Th, T helper; H, hypogammaglobulinemia; Ig, immunoglobulin; LLN, lower limit of normality; TCR, T-cell receptor; DNT, double negative
(CD4-CD8- TCRab+) T-cells; TFH, follicular helper T-cells; Treg, regulatory T-cells; CM, central memory; TM, transitional memory; EM, effector
memory; EE, early effector; TE, terminal effector; NK, natural killer; Mo, monocytes; cMo, classical monocytes; iMo, intermediate monocytes; ncMo,
non-classical monocytes; DC, dendritic cells; myDC, myeloid dendritic cells; pDC, plasmacytoid dendritic cells.
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the memory CD4+ T-cell maturation compartment was observed in

GS, as compared to CVID patients (41, 42), which involved not only

the (reduced) Th2, Th17 and Treg cells, but also the CM/TM, Th22,

Th1/Th2, Th1/Th17 and TFH cells, whose counts were found to be

also significantly reduced in blood of GS (vs. age-matched healthy

donors) but not of CVID patients (42, 44, 45, 60, 61). This translates

into a higher relative frequency of Th1 cells within the TCD4+

compartment of GS patients. Interestingly, association between

reduced TFH cell counts observed in GS patients, could not be

confirmed in a limited cohort of age-matched CVID patients,

suggesting that this defect might be specifically associated with

the thymoma. In addition to the classical TCD4+ helper cells, also

DN-TCRab+ T-cells, a cell population that comprises both T helper

and Treg cells (63), was defective in GS patients. In contrast, an

expansion in both absolute counts and relative numbers of both EM

and TE TCD8+ cells was observed in GS patients as compared to

age-matched healthy donors and CVID patients, in line with

previous findings in two GS single-case reports (20, 64), which

might be due to prolonged antigen stimulation associated with e.g.,

chronic infections. In fact, as for CVID (53), the largest expansions

of EM/TE TCD8+ cells observed in blood of our cohort were found

among GS patients who had systemic (symptomatic) CMV

infection. Interestingly, the above reported naïve/memory TCD4+

defect observed in GS patients was not isolated. In contrast, it was

associated with significantly lower counts in blood of both CD141+

myDC and pDC. Although decreased counts of myDC and pDC

have been also reported in CVID patients (65, 66) and in a GS

single-case report (20), their potential association with specific T-

cell defects has not been previously established. Interestingly, in our

cohort, there was a significant correlation between the CD141+

myDC counts and both the naïve TCD4+ and CM/TM TCD4+ cell

numbers in blood (Supplementary Figure 2), suggesting that a

reduction in the number of circulating DC in blood might exert a

negative impact in the priming and maintenance of naïve and long-

lived memory CD4+ T-cells, respectively (67, 68). Interestingly, DC

and T-cell defects could be associated with the previously reported

presence of anti-cytokine autoantibodies, including IL-17A, IL-22.

IL-17F, IL-12p70 or type I IFN, reported in thymoma patients (69).

However, we also observed a wide spectrum of lymphoid and innate

immune cell defects among our GS patients, suggesting that (70),

there might be different PID-related pathogenic mechanisms

leading to thymoma with hypogammaglobulinemia.

In only half of our GS patients, hypogammaglobulinemia was

present at the moment the diagnosis of thymoma had been

established. In the other half of the patients, the antibody defect

emerged subsequently, between 2 and 18 years after thymectomy.

Despite such different immune profiles have been systematically

observed in previously reported GS cohorts, no studies have

questioned so far, whether these two groups of patients are

associated with different immune cell profiles in blood and

potentially also, with distinct pathogenic mechanisms. Overall,

our data showed that, while a predominantly humoral defect was

already observed at diagnosis in patients with simultaneous onset of
Frontiers in Immunology 13
thymoma and hypogammaglobulinemia, traces of a combined

immunodeficiency were already observed also among those

patients that only developed hypogammaglobulinemia several

years after thymectomy. Thus, while in the former GS patient

group immune alterations were restricted to reduced serum Ig

levels and lack of detectable B-cells, those patients who presented

with a delayed onset of hypogammaglobulinemia specifically

displayed reduced counts of CM TCD4+ cells (including TFH,

Th1, Th2, Th22 and Th1/Th17 cells), total TFH, total Th2, CM

TCD8+ cells and both total DC, and their CD1c+ myDC and

CD141+ myDCs subsets. These data support previous hypothesis

raised already more than 40 years ago (71) suggesting that GS might

emerge from two different forms of immunodeficiency, either a

PAD-like disease or a combined immunodeficiency (CID)-like

disorder. For several decades, the pathophysiological classification

of GS has remained elusive. Thus, the International Union of

Immunological Societies (IUIS) has successively suggested that GS

could be classified either as a “PID associated/secondary to other

diseases”, as CVID or as CID (1999) (23), as a form of

agammaglobulinemia (2005) (24) or more recently, as a

phenocopy of PID induced by autoantibodies (2017) (25),

without providing any pathophysiological evidences for such

classifications. Despite previous evidence exists which support a

T-cell functional defect in GS, (71, 72) no biomarkers that might

help to discriminate PAD-like from CID-like forms of GS such as

those described here for the first time, had been previously

identified. In this regard, our results also suggest that IgRT would

only be more effective in controlling opportunistic infections in GS

patients with a PAD-like immunophenotypic profile, whereas GS

patients that display T-cell CM and myDC defects in blood would

suffer from more severe infections, even under IgRT.

In summary, our results show that except for a deeper B-cell defect,

the pattern of immune cell alterations found in blood of GS patients is

indistinguishable from CVID, whenever conventional serum antibody

levels and lymphoid cell analyses based on the recommendation of the

current international guidelines for PID screening and classification are

followed (30, 31, 73). In contrast, more extended and detailed analyses

of the blood lymphoid and innate cell compartments as those

performed here, revealed additional cellular defects that involve

memory TCD4+ and TCD8+ cell and myDC populations, typically

found among patients with a CID-like GS disorder, associated with a

delayed emergence of hypogammaglobulinemia after the onset of the

thymoma and a higher rate of opportunistic infections after IgRT had

been established. In contrast, patients with concurrent diagnosis of

thymoma and hypogammaglobulinemia displayed an altered immune

cell profile in blood which is closer to that of B-negative CVID patients,

in association with a better response to IgRT. Altogether, these results

support the use of more in depth standardized immunophenotypic

studies that include the analysis of CM/TM TCD4+ and TCD8+ cells

and CD141+ myDC in blood, in patients that present with thymoma

and clinical suspicion of immunodeficiency, even when serum Ig levels

are normal. However, due to the limited number of GS patients studied

here and the yet unpredictable evolution of immunodeficiency after
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thymectomy in these patients, further confirmatory studies in larger

series of GS patients with a longer follow-up are needed to confirm

our data.
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Writing – review & editing. JD: Writing – review & editing. MP-A:

Conceptualization, Data curation, Formal analysis, Funding

acquisition, Investigation, Methodology, Project administration,

Resources, Software, Supervision, Validation, Writing – original

draft, Writing – review & editing. AO: Conceptualization, Funding
Frontiers in Immunology 14
acquisition, Investigation, Project administration, Supervision,

Writing – review & editing, Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. AT-V is

supported by a grant from the Junta de Castilla y León (Fondo

Social Europeo, Orden EDU/601/2020, Valladolid, Spain). This

study has been founded by the Instituto de Salud Carlos III

(ISCIII) through the project “PI20/01712” and co-founded by the

European Union.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1285088/

full#supplementary-material
References
1. Good RA. A gammaglobulinemia-A provocative experiment of nature. Bull Univ
Minn Hosp Minn Med Fdn (1954) 26:1–19.

2. Kelesidis T, Yang O. Good’s syndrome remains a mystery after 55 years: A
systematic review of the scientific evidence. Clin Immunol (2010) 135:347–63.
doi: 10.1016/j.clim.2010.01.006

3. Shi Y, Wang C. When the good syndrome goes bad: A systematic literature
review. Front Immunol (2021) 12:679556. doi: 10.3389/fimmu.2021.679556

4. Baquero-Ospina P, Cantu-Rosales C, Concha-del-Rio LE. Good Syndrome:
Cytomegalovirus retinitis case challenge. Retin cases Brief Rep (2022) 11:10–1097.
doi: 10.1097/ICB.0000000000001316

5. Malfitano AM, D’Esposito V, De Placido P, Tortora M, Ottaviano M,
Pietroluongo E, et al. Immunological signature of patients with thymic epithelial
tumors and Good syndrome. Front Immunol (2022) 13:908453. doi: 10.3389/
fimmu.2022.908453
6. Wang C, Shi Y. Non-infectious gastrointestinal manifestations of Good
syndrome. Eur J Intern Med (2023) 109:123–4. doi: 10.1016/j.ejim.2022.11.021

7. Wee LE, Tan JY, Oon LLE, Pena AMT, Quek JKS, Venkatachalam I, et al.
Relapsing COVID-19 infection as a manifestation of Good syndrome: a case report and
literature review. Int J Infect Dis (2023) 129:236–9. doi: 10.1016/j.ijid.2022.12.040

8. D’Netto M, Joshi A. Thinking beyond hypogammaglobinemia is a good strategy in
good syndrome. J Allergy Clin Immunol (2023) 151:AB80. doi: 10.1016/j.jaci.2022.12.252

9. Queirós Gomes J, Silva S, Marques T, Lopes da Silva S. Goods’s syndrome:
immunodeficiency beyond thymectomy. Port J Card Thorac Vasc Surg (2023) 30:19–21.
doi: 10.48729/PJCTVS.313

10. Furuya T, Ishihara S, Ogi H, Masuda K, Shibata S, Nakazono C, et al.
Characteristic differences in the abundance of tumor-infiltrating lymphocytes and
intratumoral developing T cells in thymoma, with special reference to PD-1 expression.
Cancer Immunol Immunother (2023) 72:2585–96. doi: 10.1007/s00262-023-03431-5
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1285088/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1285088/full#supplementary-material
https://doi.org/10.1016/j.clim.2010.01.006
https://doi.org/10.3389/fimmu.2021.679556
https://doi.org/10.1097/ICB.0000000000001316
https://doi.org/10.3389/fimmu.2022.908453
https://doi.org/10.3389/fimmu.2022.908453
https://doi.org/10.1016/j.ejim.2022.11.021
https://doi.org/10.1016/j.ijid.2022.12.040
https://doi.org/10.1016/j.jaci.2022.12.252
https://doi.org/10.48729/PJCTVS.313
https://doi.org/10.1007/s00262-023-03431-5
https://doi.org/10.3389/fimmu.2023.1285088
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Torres-Valle et al. 10.3389/fimmu.2023.1285088
11. Paganelli R, Di Lizia M, D’Urbano M, Gatta A, Paganelli A, Amerio P, et al.
Insights from a case of good’s syndrome (Immunodeficiency with thymoma).
Biomedicines (2023) 11:1605. doi: 10.3390/biomedicines11061605

12. Dasanayake D, Bustamante J, Boisson–Dupuis S, Karunatilleke C, Thambyrajah
J, Puel A, et al. Inborn errors of immunity—the Sri Lankan experience 2010–2022.
J Clin Immunol (2023) 1:1–15. doi: 10.1007/s10875-023-01542-3

13. Koo CW, Lo Y-C. Good ’s syndrome: thymoma with acquired
immunodeficiency. Am J Respir Crit Care Med (2023) 208:322–4. doi: 10.1164/
rccm.202211-2159IM

14. Charbit-Henrion F, Haas M, Chaussade S, Cellier C, Cerf-Bensussan N,
Malamut G, et al. Genetic diagnosis guides treatment of autoimmune enteropathy.
Clin Gastroenterol Hepatol (2023) 21:1368–1371.e2. doi: 10.1016/j.cgh.2022.07.030

15. Berzenji L, Yogeswaran SK, Snoeckx A, Van Schil PE, Wener R, Hendriks JMH.
Good’s syndrome and COVID-19: case report and literature review. Mediastinum
(2023) 7:5–5. doi: 10.21037/med-22-12

16. Kabir A, Alizadehfar R, Tsoukas CM. Good’s syndrome: time to move on from
reviewing the past. Front Immunol (2022) 12:815710. doi: 10.3389/fimmu.2021.815710

17. Malphettes M, Gérard L, Galicier L, Boutboul D, Asli B, Szalat R, et al. Good
syndrome: an adult-onset immunodeficiency remarkable for its high incidence of
invasive infections and autoimmune complications. Clin Infect Dis (2015) 61:e13–9.
doi: 10.1093/cid/civ269

18. Kaufman AJ, Palatt J, Sivak M, Raimondi P, Lee D-S, Wolf A, et al. Thymectomy
for myasthenia gravis: complete stable remission and associated prognostic factors in
over 1000 cases. Semin Thorac Cardiovasc Surg (2016) 28:561–8. doi: 10.1053/
j.semtcvs.2016.04.002

19. Bernard C, Frih H, Pasquet F, Kerever S, Jamilloux Y, Tronc F, et al. Thymoma
associated with autoimmune diseases: 85 cases and literature review. Autoimmun Rev
(2016) 15:82–92. doi: 10.1016/j.autrev.2015.09.005

20. Ternavasio-de la Vega H-G, Velasco-Tirado V, Pozo-Rosado L, Soler-Fernández
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