
PD-1/PD-L1 expression is frequent and correlated with 
lymphocyte density in Erdheim-Chester disease 
In patients with Erdheim-Chester disease (ECD), a rare 
histiocytosis of the L group of the 2016 revised classifica-
tion, the accumulation of foamy histiocytes leads to 
multisystemic disease with the involvement of various or-
gans.1 The detection of BRAFV600E mutation in up to 70% of 
ECD tissue samples tested has led to the reclassification 
of ECD as a myeloid neoplasm, which has already con-
siderably improved the treatment of adults with histio-
cytoses, whether wild-type or carrying BRAFV600E 
mutations.2,3,4 In November 2017, the BRAF inhibitor ve-
murafenib was approved by the US Food and Drug Ad-
ministration (FDA) for the treatment of BRAFV600E-mutant 
ECD. The MEK inhibitor cobimetinib will probably follow 
this year in the US. Vemurafenib has an orphan drug des-
ignation for BRAFV600E-mutant ECD in Europe, but the 
therapeutic options for multisystem and refractory ECD, 
and for other histiocytic neoplasms, may be limited in Eu-
rope and elsewhere due to the current lack of access to 
targeted therapies for such indications. Moreover, further 
improvements to ECD treatment are required, as targeted 
therapies can cause morbidity and late treatment effects, 
and patients almost always experience relapses when 
these therapies are stopped.5 
Over the last 10 years, immune checkpoint inhibitors, such 
as programmed death-1 (PD-1) and programmed death li-
gand-1 (PD-L1) inhibitors, have proven remarkably effec-
tive for the treatment of several hematological and 
solid-organ cancers.6–8 This high efficacy has led to their 
approval for use in diverse indications being fast-tracked 
by the US FDA.  
In 2015, Gatalica et al. reported a high expression of PD-
L1 (≥2+/≥5%) in three of four ECD cases tested, all of 
which presented BRAFV600E mutations.9 Shortly after the 
publication of this article, we decided to analyze a larger 
case series of patients, to see if PD-L1 expression could 
provide a rationale for the addition of immune checkpoint 
inhibitors to treatment regimens for multisystemic and/or 
refractory histiocytoses. Goyal et al. recently reported 
conflicting results for an additional three cases of ECD, 
which displayed low levels of PD-L1 expression on IHC (14-
15%).10 This led us to extend our series analysis further.  
We included 54 ECD patients in our study and biopsy 
samples were reviewed for all patients (Table 1). Lympho-
cyte and plasma cell densities were evaluated and clas-
sified as low (+), intermediate (++), or high (+++) on 
hematoxylin and eosin (H&E) staining (Figure 1). Immunos-
taining was performed to detect PD-L1 (QR1Clone) in his-
tiocytes and PD-1 (NAT105 clone) in lymphocytes. PD-L1 
levels were assessed as the percentage of histiocytes 

positive for this molecule. The combined positivity score 
(CPS), which is the number of PD-L1 staining cells (tumor 
cells, lymphocytes, macrophages) divided by the total 
number of viable tumor cells, multiplied by 100, is a pre-
dictive marker for response to the therapy with inhibitors 
of immune checkpoints in various types of cancer. In our 
study, the percentage of PD-L1+ histiocytes was used 
rather than the CPS because no distinction is possible be-
tween tumoral and inflammatory histiocytes in ECD. Pa-
tients were PD-L1-positive if ≥ 5% of the histiocytes 
expressed this molecule. PD-1 immunostaining was evalu-
ated and classified as weak (+), moderate (++), or strong 
(+++). Patients were PD1-positive if PD-1 immunostaining 
was moderate or strong. PD-1/PD-L1 expression and the 
density of lymphocyte and plasma cell infiltration assess-
ment was performed subjectively and classified in three 
categories by comparing slides with reference patterns as 
presented in Figure 1. 
C-reactive protein levels were assessed at diagnosis, at 
the time of the biopsy.  

Variables ECD patients (N=54)
Age, yr (IQR) 62 (55-70) 
Male, N (%) 42 (78)
Mutation status, N (%)

WT 15 (28)
BRAFV600E 27 (50)
MAP2K1 5 (9)
NRAS 2 (4)
Not determined 5 (9)

Langerhans cell histiocytosis, N (%) 4 (7)
PD-1+, N (%) 31 (57)

- + 21 (39)
- ++ 10 (18)

PD-L1+, N (%) 22 (40)
- 5 - 50 % 13 (23)
- >/= 50 % 9 (17)

PD-L1+ / PD-1-, N (%) 4 (7)
PD-L1- / PD-1+, N (%) 13 (24)
PD-L1+ / PD-1+, N (%) 18 (33)
PD-L1- / PD-1-, N (%) 19 (35)
Lymphocyte/plasma cell density, N (%)

Low (+) 34 (63)
Intermediate (++) 12 (22)
High (+++) 8 (15)

High C-reactive protein (> 5 mg/L) at 
diagnosis *, N (%)

23 (74)

Table 1. Clinical and biological characteristics of ECD patients.

*% calculated for a denominator of 31 patients. ECD: Erdheim-Chester 
disease; yr: years; IQR: interquartile range; WT: wild-type; PD-1: pro-
grammed death-1; PD-L1: programmed death ligand 1. 
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Continuous variables are expressed as the mean and 
standard deviation, and categorical variables are ex-
pressed as numbers and percentages.  
The significance of differences between groups of patients 
was evaluated in Student’s t-tests for continuous data 
and Pearson's chi-squared tests with Yates' continuity 
correction for categorical data. We used RStudio (Version 
1.1.456) for analyses.  
The patients had a mean age of 62 years, and 42 (78%) 
patients were male. BRAFV600E mutation was detected in 
27 patients (50%), MAP2K1 mutation in five (9%) and NRAS 
mutation in two (4%). Four of the 54 ECD patients also 
had Langerhans-cell histiocytosis (LCH) (Table 1; Figure 2).  
Overall, 22 patients were positive for PD-L1 (40%), 31 were 
positive for PD-1 (57%) and 18 were positive for both 
(33%). Lymphocyte/plasma cell infiltration density was 
low in 34 (63%) patients, moderate in 12 patients (22%) 
and of high in eight patients (15%) (Figure 2).  
We found a strong association between PD-1 status and 
lymphocyte/plasma cell density: density was intermedi-
ate-to-high in 18 (58%) PD-1-positive patients versus in 
only two PD-1-negative patients (9%) (P<0.001).  
A similar association was found concerning PD-L1 status: 

lymphocyte/plasma cell density was intermediate-to-high 
in 15 (68%) PD-L1-positive patients whereas it was inter-
mediate-to-high in only five (16%) PD-L1-negative patients 
(P<0.0003).  
PD-L1 positivity was negatively associated with BRAFV600E 
mutation status: five (25%) PD-L1-positive patients were 
BRAFV600E-mutated, whereas 22 (76%) PD-L1-negative pa-
tients had the mutation (P=0.001).  
We found no association between PD-1 positivity and 
BRAFV600E mutation (P=0.39).  
PD-1 status and PD-L1 status were significantly associated 
with one another: 37 (69%) patients were either PD-1-/PD-
L1- or PD-1+/PD-L1+, 19 (35%) were PD-1-/PD-L1-, and 18 
(33%) PD-1+/PD-L1+ (P=0.006). 
Nine (75%) PD-L1-/PD-1+ patients had BRAFV600E mutations. 
By contrast, none of the three PD-L1+/PD-1- patients had 
BRAFV600E mutations. 
Patients with BRAFV600E mutations had significantly lower 
levels of lymphocyte/plasma cell infiltration, with inter-
mediate-to-high cell density detected in only seven (26%) 
patients with mutations, versus 13 (59%) wild-type (WT) 
patients (P=0.04). 
We report the largest study to date exploring PD-1 status 

Figure 1. Histopathological images displaying all types of staining over three cases (three BRAFV600E mutated patients). (A) In this 
case, there is only weak lymphocyte infiltration (+) (hematoxylin and eosin [H&E] x200 magnification). (B) the histiocytes are 
CD68 positive. (C and D) PD-1 and PD-L1 are negative (immunoperoxidase, x200). (E) In this case, the lymphocyte density is mod-
erate (++) (H&E x200); F) the histiocytes are CD68 positive. (G) PD-1 expressed by lymphocytes was evaluated as mild (+), and H) 
PD-L1 is expressed by 30% of histiocytes (immunoperoxidase, x200). (I) In this case, the lymphocyte density is marked (+++) 
(H&E x200); J) the histiocytes are CD68-postive (immunoperoxidase, x200). (K) PD-1 expressed by lymphocytes was evaluated as 
moderate (++), and L) PD-L1 is expressed in 50% of histiocytes (immunoperoxidase, x200).
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and PD-L1 status in ECD. We found that PD-1 and/or PD-
L1 were frequently expressed in ECD. Positivity for PD-L1 
was significantly associated with an absence of BRAFV600E 
mutation, and intermediate-to-high lymphocyte/plasma 
cell density. Our data suggest that they may be two phe-
notypes, one combining WT BRAF status with intermedi-
ate-to-high lymphocyte density and positivity for PD-L1 
(+/- PD-1), and the other combining a BRAFV600E mutated 
phenotype with a low lymphocyte/plasma cell density and 
negativity for PD-L1 (+/- PD-1).  
Sengal et al.11 previously performed a phenotypic analysis 
of LCH lesions and reported an association between 
BRAFV600E expression and PD-L1 expression that we do not 
find in our series of ECD samples. We evaluated lympho-
cyte and plasma cell density, but did neither analyze T cells 
nor dendritic cells (DC). Furthermore, there are subtle but 
profound differences between LCH and ECD. LCH cells be-
long to the DC lineage, whereas ECD cells have phenotype 
of macrophages. Regarding the mechanistic effects of the 
expression PD-1 and PD-L1 on histiocyte proliferation and 

lymphocyte activity, it is still unknown whether ECD cells 
do proliferate or if a proliferation occurs in mutated mono-
cytes seeding the tissues. Single cell transcriptomic data 
will probably help address these questions. 
The recent success of immune checkpoint blockade therapy 
for many different types of hematological and solid-organ 
cancers, and the demonstration of immune checkpoint 
antigen expression in the tissues of patients with ECD sug-
gest that such therapies could be tested for the treatment 
of patients with multisystemic and refractory ECD, particu-
larly those with a contraindication for MEK inhibitors.  
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Figure 2. Mutation and PD-1/PD-L1 status. (A) Distribution of BRAFV600E, NRAS and MAP2K1 mutations. (B) Distribution of PD-1/PD-
L1 C). (D to F) Associations of BRAFV600E and lymphocyte infiltration with PD-1/PD-L1 status. PD-1: programmed death-1; PD-L1: 
programmed death ligand 1.

A B

C D

E F

 Haematologica | 107 August 2022 

1979

LETTER TO THE EDITOR



References

   1. Emile JF, Abla O, Fraitag S, et al. Revised classification of 
histiocytoses and neoplasms of the macrophage-dendritic cell 
lineages. Blood. 2016;127(22):2672-2681. 

  2. Haroche J, Cohen-Aubart F, Emile JF, et al. Dramatic efficacy of 
vemurafenib in both multisystemic and refractory Erdheim-
Chester disease and Langerhans cell histiocytosis harboring the 
BRAF V600E mutation. Blood. 2013;121(9):1495-1500.  

  3. Haroche J, Cohen-Aubart F, Emile JF, et al. Reproducible and 
sustained efficacy of targeted therapy with vemurafenib in 
patients with BRAF(V600E)-mutated Erdheim-Chester disease. 
J Clin Oncol. 2015;33(5):411-418.  

  4. Diamond EL, Durham BH, Ulaner GA, et al. Efficacy of MEK 
inhibition in patients with histiocytic neoplasms. Nature. 
2019;567(7749):521-524.  

   5. Cohen-Aubart F, Emile JF, Carrat F, et al. Targeted therapies in 54 
patients with Erdheim-Chester disease, including follow-up after 
interruption (the LOVE study). Blood. 2017;130(11):1377-1380.  

  6. Sun L, Zhang L, Yu J, et al. Clinical efficacy and safety of anti-

PD-1/PD-L1 inhibitors for the treatment of advanced or 
metastatic cancer: a systematic review and meta-analysis. Sci 
Rep. 2020;10(1):2083.  

   7. Allen PB, Savas H, Evens AM, et al. Pembrolizumab followed by 
AVD in untreated early unfavorable and advanced-stage 
classical Hodgkin lymphoma. Blood. 2021;137(10):1318-1326.  

  8. Pardoll DM. The blockade of immune checkpoints in cancer 
immunotherapy. Nat Rev Cancer. 2012;12(4):252-264.  

  9. Gatalica Z, Bilalovic N, Palazzo JP, et al. Disseminated 
histiocytoses biomarkers beyond BRAFV600E: frequent 
expression of PD-L1. Oncotarget. 2015;6(23):19819-19825.  

 10. Goyal G, Lau D, Nagle AM, et al. Tumor mutational burden and 
other predictive immunotherapy markers in histiocytic 
neoplasms. Blood. 2019;133(14):1607-1610.  

  11. Sengal A, Velazquez J, Hahne M, et al. Overcoming T-cell 
exhaustion in LCH: PD-1 blockade and targeted MAPK inhibition 
are synergistic in a mouse model of LCH. Blood. 
2021;137(13):1777-1791.   

Département d’Anatomo-Pathologie, Hôpital Pitié-Salpêtrière, Paris; 
2Sorbonne Université, Assistance Publique-Hôpitaux de Paris, 
Service de Médecine Interne 2, Centre National de Référence des 
Histiocytoses, Hôpital Pitié-Salpêtrière, Paris; 3Service de Pathologie, 
Hôpital Ambroise Paré, Boulogne and 4EA4340-BECCOH, Université 
de Versailles SQY, Université Paris-Saclay, Boulogne, France 
 
*FC-A and L-DA contributed equally to this work. 
 
Correspondence:  
J. HAROCHE - julien.haroche@aphp.fr 
 
https://doi.org/10.3324/haematol.2021.280312 
 
Received: November 4, 2021. 
Accepted: April 14, 2022. 
Prepublished: April 28, 2022. 
 

©2022 Ferrata Storti Foundation 
Haematologica material is published under a CC-BY-NC license  
 

Disclosures 
No conflicts of interest to disclose. 

Contributions 
FC, FC-A, J-FE and JH designed the study; FC, L-DA and JH 
collected the data; L-DA and JH conducted the statistical analysis; 
L-DA, FC-A, L-DA, ZA, J-FE, and JH analyzed and interpreted the 
data; FC, FC-A, L-DA and JH wrote the manuscript. All the authors 
critically reviewed and approved the final version of the manuscript. 

Data-sharing statement 
The datasets used and/or analyzed during the current study are 
available from the corresponding authors (JH) on reasonable 
request.

 Haematologica | 107 August 2022 

1980

LETTER TO THE EDITOR




