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ABSTRACT

Pyoderma gangrenosum (PG) is an uncommon,
serious, ulcerating skin disease of uncertain
etiology. It manifests as a noninfectious, pro-
gressive necrosis of the skin characterized by
sterile neutrophilic infiltrates. It seems to be a
disorder of the immune system. PG is associated
with certain underlying conditions in at least
50% of cases. Therefore, it is important to look
carefully for comorbidities in every patient with
PG and treat them adequately to improve the
prognosis. Here, we demonstrate a 35-year-old
man diagnosed with multifocal PG and
hemophagocytic lymphohistiocytosis (HLH)
with fatal outcome, despite combined, long-
term, intensive dermatological and hematolog-
ical treatment with high doses of steroids,

cyclosporin, intravenous immunoglobulins
(IVIG), HLH-2004 protocol with intravenously
administered etoposide, and anakinra. This case
is presented owing to the extremely rare coex-
istence of PG and HLH and the related diag-
nostic and therapeutic difficulties. It is also
worth underlying that the diagnosis of HLH
should perhaps be considered in the presence of
a high percentage of double-negative T lym-
phocytes (DNTs) in flow cytometry, after
excluding the diagnosis of lymphoma and leu-
kemia. In this article we have also performed
and present the critical literature review of local
and systemic options in the management of PG
lesions based on a detailed search of the
PubMed database.
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Key Summary Points

Pyoderma gangrenosum (PG) is an
uncommon, serious, noninfectious,
progressive necrosis of the skin of
uncertain etiology.

Hemophagocytic lymphohistiocytosis
(HLH) is an aggressive, life-threatening
disease characterized by an abnormal
immune activation, which leads to
excessive inflammation and tissue
destruction.

Both PG and HLH may have a potential
etiology, including infection, neoplasm
(especially hematological malignancy),
autoimmune disease, inflammatory bowel
disease, chronic hepatitis, etc.

Once the diagnosis of HLH or PG is
established, it is necessary to identify the
potential etiology in order to adopt the
appropriate treatment strategy.

There are no standard therapy options for
patients suffering from both PG and HLH.

INTRODUCTION

Pyoderma gangrenosum (PG) is an uncommon,
serious, ulcerating skin disease of uncertain
etiology. It is a noninfectious, progressive
necrosis of the skin, characterized by sterile
neutrophilic infiltrates, and appears to be a
disorder of the innate immune system. PG is
associated with certain underlying conditions
in at least 50% of cases [1, 2]. The most com-
mon comorbidities are inflammatory bowel
diseases, arthritis, and hematological disorders
(e.g., myelodysplastic syndrome, monoclonal
gammopathy, leukemia, and others). Thus, it is
important to look carefully for comorbidities in
every patient with PG and treat them ade-
quately. Otherwise, the prognosis for PG may be
unfavorable [3, 4]. To date, there are no stan-
dardized treatment guidelines for PG. The

therapy of PG usually combines local wound
care and systemic immunosuppression based on
personal experience, availability of therapy, and
comorbidities [5–7].

Hemophagocytic lymphohistiocytosis (HLH)
is an aggressive, life-threatening disease char-
acterized by an abnormal immune activation,
which leads to excessive inflammation and tis-
sue destruction. Activated macrophages are not
properly downregulated and eliminated by
cytotoxic lymphocytes and/or NK cells, which
are missing or insufficient [8, 9]. They secrete
excessive amounts of cytokines (cytokine
storm): interferon gamma, tumor necrosis fac-
tor alpha, interleukins (IL), and CD25—the
soluble IL-2 receptor, leading to tissue damage,
multiorgan failure, and eventually death [10].
The unique feature of HLH is hemophagocytosis
of host blood cells by activated macrophages. It
is diagnosed during microscopic evaluation of
bone marrow, immune tissue (lymph node,
spleen, liver), or cerebrospinal fluid, when ery-
throcytes, leukocytes, platelets, or fragments of
these cells are present in the cytoplasm of
macrophages. The presence of hemophagocytes
in the bone marrow may indicate an infectious
background [especially viral: Epstein–Barr virus
(EBV) or human immunodeficiency virus (HIV),
but also bacteria and parasites may play role], as
well as a malignancy (lymphoma, leukemia, or
solid tumor) or autoimmune disease. There is
also primary HLH, which is usually observed in
children and is triggered, among others, by the
genetic defect in genes encoding effector pro-
teins of cytotoxic lymphocytes and NK cells
[11–13]. When HLH is triggered by other dis-
ease, treatment of the underlying triggering
disease leads to the elimination of stimulus for
immune activation. Thus, therapy of patients
with secondary HLH should include the treat-
ment of the trigger with simultaneous
chemotherapy specific for HLH [14–17]. Here,
we have described a patient who concomitantly
developed both PG and HLH, underlining how
challenging and difficult the proper treatment
choice can be. We have also performed and
present the critical literature review of local and
systemic options in the management of PG
lesions based on a detailed search of the
PubMed database.
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Fig. 1 Multifocal ulcerations in the course of pyoderma
gangrenosum on the lower limbs (a, b) and upper limbs (c,
d) on the day of admission. e–h The same lesions 2 weeks
after intravenous administration of methylprednisolone

followed by prednisone 30 mg and cyclosporin 150 mg
twice a day. i–l The same lesions after the second
administration of etoposide
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CASE REPORT

A 35-year-old man was admitted to the depart-
ment of dermatology presenting plenty of
ulcers with purple and undermined edges,
located on the upper and lower limbs (Fig. 1a–d;
Informed consent for publication, including
publication of the images within the article was
obtained from the patient). Five months earlier,
the patient was hospitalized in another hospital
because of significant neutropenia, lymphope-
nia, thrombocytopenia, hepatosplenomegaly,
and skin lesions. At that time, PG was diagnosed
clinically. Further diagnostic procedures were
performed then and they included bone mar-
row trephine biopsy, myelogram, colonoscopy,
computed tomography (CT) of head, thorax,

abdomen, and pelvis, as well as many laboratory
and autoimmune tests, but they remain incon-
clusive. The general condition of the patient
was also good and no other symptoms were
present. Oral glucocorticosteroid (prednisone
0.8–0.5 mg/kg/day) was administered as the
first-line therapy, however, without significant
clinical improvement.

At the time of admission to our department,
the clinical manifestation of skin lesions was
also typical for PG. Additionally, the skin biopsy
was performed to exclude other conditions, e.g.,
cutaneous lymphoma (Fig. 2a–d). Furthermore,
the patient still presented peripheral pancy-
topenia and hepatosplenomegaly. In addition,
there were new symptoms such as daily high-
spiking fevers of 39–40 �C, transaminitis, sig-
nificantly elevated level of lactate dehydroge-
nase (LDH = 969 U/L) and b-2-microglobulin
(17.5 mg/L). No lymphadenopathy nor loss of
body weight was observed. The detailed
screening for malignancies, autoimmune dis-
eases, bowel inflammatory diseases, and infec-
tions was performed. CT of the head, thorax,
abdomen, and pelvis was taken again, as well as
ultrasonography of peripheral lymph nodes,
panoramic teeth radiograph, protein elec-
trophoresis, serum immunoglobulin levels,
antinuclear antibodies, complement compo-
nent (C3c and C4) serum levels, liver autoanti-
bodies, serology for viral hepatitis, EBV (anti-
VCA/EA IgG, anti-VCA IgM) and HIV, pharyn-
geal swab, blood culture, urine culture, and
gastroenterological consultation. The back-
ground of PG and other symptoms remained
unidentified.

As a result of serious lymphopenia (247 cells/
lL), T cell receptor (TCR) gene rearrangement
test was performed, but did not reveal any
pathology. However, the immunophenotyping
of peripheral blood lymphocytes showed
important abnormalities: the presence of a sig-
nificantly increased percentage of ‘‘double-neg-
ative’’ CD3?/CD4-/CD8- T lymphocytes
(‘‘double-negative’’ T cells; DNTs), constituting
approximately 50% of the total population of
T lymphocytes, and an increased percentage of
the CD16?/CD3- NK cell population, consti-
tuting approximately 45% of all lymphocytes
(Figs. 3 and 4). The presence of residual

Fig. 2 Histopathology of the ulcer edge: subcorneal
abscess formation (a); fibrinoid necrosis of the dermal
vessel wall (b); pseudoepitheliomatous hyperplasia (c);
infiltrate of chronic inflammatory cells and extravasation
of red blood cells (d) [hematoxylin and eosin stain, original
magnification: a 940, b–d 920]
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populations of DNTs and NK cells constituting,
respectively, 0.6% and 0.8% of all nucleated
cells, was confirmed about 2 months later in the
bone marrow. Additionally, it has been
observed that cells of granulocytic lineage in
the bone marrow showed about 95% expression
of CD64 and HLA-DR, which could indicate
their increased activation status.

In a meantime, the treatment with intra-
venous methylprednisolone pulses every
4 weeks was started, followed by prednisone
0.5 mg/kg daily and cyclosporin dosed depend-
ing on serum drug level. With each pulse, clin-
ical improvement was achieved and lasted no

longer than 2 weeks from administration of
methylprednisolone (Fig. 1e–h), and then PG
progressed slowly again. Topical treatment of
PG lesions included hydrofiber silver-impreg-
nated antimicrobial dressing (Aquacel� Ag),
hydrogel wound dressing (Purilon� Gel), lipid
fat-impregnated sterile dressing (Grassolind�

Neutral), and 0.05% betamethasone with 0.1%
gentamicin ointment applied on the ulcer
edges. Because of the lack of full response, in
December 2019 IVIG (2 g/kg) were added to the
therapy, again, without therapeutic effect. In
addition, the hematological disorder continued
to progress. Thus, bone marrow was evaluated

Fig. 3 ‘‘Double-negative’’ CD4-/CD8- T lymphocytes*
(red), CD4? helper T lymphocytes (green), CD8? cyto-
toxic T lymphocytes (yellow), CD3-/CD16? NK cells
(purple). *Full immunophenotypic profile of ‘‘double-

negative’’ T lymphocytes: CD3? strong/CD4-/CD8-/
CD2?/CD5? dim/CD7?/CD56±/CD57-/CD45RA-/
CD45RO-/TCRab-/TCRcd?
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both cytomorphologically in aspirate and
histopathologically in biopsy. The aspirate
showed of coarse toxic granules in granulocytes
and numerous hemophagocytes (Fig. 5), present
also in the histopathological sample. HLH was
suggested and diagnosed quickly in January
2020, according to HLH-2004 diagnostic
guidelines [17]. Five out of eight HLH-2004
criteria were confirmed (Fig. 6). HLH-2004 pro-
tocol therapy was initiated with etoposide
150 mg/m2 i.v. twice weekly, dexamethasone
10 mg/m2 p.o. daily, cyclosporin depending on
its blood levels, and supportive therapy indi-
cated in the aforementioned protocol [12]. The
treatment resulted in grade 4 neutropenia (ac-
cording to CTCAE v.3.0) and serious bacteremia

quickly after the second administration of eto-
poside, and subsequently the patient withdrew
his consent to continue etoposide, despite some
improvement of skin lesions (Fig. 1i–l).

Two weeks after discontinuation of etopo-
side therapy, the progression of both HLH and
PG was noted. In March 2020, the rescue treat-
ment with anakinra (100 mg subcutaneously
once a day) was started, in addition to previous
treatment with steroids and cyclosporin, as its
effectiveness was reported in both PG and HLH
[18–25]. However, no clinical improvement was
observed and the patient’s condition gradually
deteriorated. Recurrent thrombocytopenia,
neutropenia, and lymphopenia progressed to
grade 4 (according to CTCAE v.3.0), resulting in

Fig. 4 CD3-/CD16? NK cells* (purple), ‘‘double-nega-
tive’’ CD4-/CD8- T lymphocytes (red), CD8? cytotoxic
T lymphocytes (yellow), CD4? helper T lymphocytes

(green), B lymphocytes (orange). *Full immunophenotypic
profile of NK cells: CD3-/CD16?/CD56?/CD57-/
CD45RA?/CD45RO-/CD2?/CD5-/CD7?
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the patient’s death from sepsis with multiorgan
failure. The timeline of therapeutic manage-
ment and outcomes is presented in Table 1.

DISCUSSION AND LITERATURE
REVIEW

The management of PG remains a challenge as
therapeutic decisions need to be personalized,
focused on the presence of concomitant dis-
eases, and the specific quantity, location,
diameter, and depth of lesions. The topical
therapy of PG often does not allow proper
control of disease activity. Therefore, the addi-
tional use of systemic therapeutic agents is
necessary in more severe PG cases.

For the purposes of this article, a detailed
search of the PubMed database was carried out,
using the following search terms: ‘‘pyoderma
gangrenosum’’, ‘‘hemophagocytic lymphohisti-
ocytosis’’, ‘‘HLH’’, ‘‘double negative T lympho-
cytes’’, ‘‘treatment of pyoderma gangrenosum’’,
‘‘topical treatment of pyoderma gangrenosum’’,
and ‘‘systemic treatment of pyoderma gan-
grenosum’’. Articles published till January 2021
were selected on the basis of their relevance.
The list of suitable articles was amended by
manual search of references of identified papers.
All studies published in languages other than
English were excluded. The most relevant
papers on PG treatment involving more than 15
patients are listed in Table 2.

Fig. 5 Hemophagocytes in the patient’s bone marrow. Fragments of phagocytosed cells of the erythroid lineage are present
within the macrophage cytoplasm
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Topical Therapy

The most common topical treatments for PG
include calcineurin inhibitors and potent or
ultra-potent corticosteroids. According to Mar-
zano et al., monotherapy with tacrolimus could
be the first-line treatment of idiopathic, early,
localized PG [29]. In a case series of five patients
treated with 0.1% tacrolimus ointment, com-
plete clinical remission was achieved within a
mean time of 6 weeks [37]. Moreover, in
another clinical trial conducted by Lyon et al.,
11 patients with peristomal PG were treated
with topical tacrolimus 0.3%, whereas 17
patients received topical clobetasol propionate
0.05% [30]. This study suggested that 0.3%
tacrolimus might be more effective than clobe-
tasol in managing PG lesions larger than 2 cm

in diameter. Importantly, in most case reports,
topical tacrolimus was used together with other
systemic therapies.

Systemic Therapy

Systemic corticosteroids and cyclosporin, either
in monotherapy or combined, are considered
first-line agents for PG. The results from a ran-
domized controlled trial comparing oral
cyclosporin (4 mg/kg per day) with pred-
nisolone (0.75 mg/kg per day) showed no sig-
nificant difference between these two regimens
[26]. Despite similar adverse reactions, infec-
tions were more common in the prednisolone
group, while renal impairment and hyperten-
sion were frequent in the cohort receiving
cyclosporin. Hence, the specific side effect

Fig. 6 HLH-2004 diagnostic criteria for hemophagocytic lymphohistiocytosis fulfilled by the patient [17]
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profiles of both drugs should be crucial in
making treatment decisions.

In cases of refractory PG, intravenous
immunoglobulin therapy (IVIG) can be used
simultaneously with systemic steroids
[36, 38–40]. In a systematic review of 49
patients, 43 (87.8%) achieved a complete or

partial response, whereas complete response
was observed in 26 (53.1%) of cases. Most
patients received a dose of 2 g/kg and the aver-
age time to initial response was 3–5 weeks.
These findings suggest that clinicians may
consider IVIG as adjuvant therapy or a good
alternative to cyclosporin and corticosteroids.

Table 1 Review of treatments for pyoderma gangrenosum based on the current literature (only studies involving more than
15 patients were included)

Prednisone 0.8 mg/kg/d

Prednisone 0.5 mg/kg/d

Intravenous methylprednisolone        
3x500 mg Q4W

Prednisone 0.5 mg/kg/d

Ciclosporin 4.2 mg/kg/d

Intravenous immunoglobulin 2 mg/kg 
added to the previous therapy

5 months earlier

Day 0

2nd month of 
treatment

The day of admission

Diagnosis of PG
Neutropenia, lymphopenia, 

thrombocytopenia, 
hepatosplenomegaly

Improvement of PG lesions and 
normaliza�on of neutropenia

Exacerba�on of PG and 
hematological parameters

Hepatosplenomegaly
Chronic fever around  40 °C

Short term improvement of PG 
lesions las�ng up to 2 weeks a�er 

i.v. steroid pulse, followed by 
worsening of PG lesions. 

High levels of double-nega�ve 
lymphocytes detected.

Ineffec�ve

Trepanobiopsy repeated

HLH diagnosis
HLH – 2004 Protocol:

-Etoposide 150 mg/m2 i.v. twice weekly 
(tapering doses)                                                

-Cyclosporin aiming at levels around     
200 μg/l                                                              

-Dexamethasone daily of 10 mg/m2

(tapering doses)                                                

An�biotherapy

Slight improvement of PG lesions

Neutropenia 4th grade (CTCAE)

Bacteriemia

Bacteremia resolved
Slight improvement of neutropenia

Con�nua�on of HLH – 2004 Protocol 
Treatment without etoposide

Anakinra 100 mg/d
Prednisone 1 mg/kg/d
Ciclosporin 3 mg/kg/d

Progression of PG and HLH: 
Neutropenia 4th grade (CTCAE)

Thrombocytopenia 4th grade (CTCAE)
Sepsis -> death

3rd month of 
treatment

4th month of 
treatment

5th month of 
treatment
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The use of other immunosuppressive agents,
such as azathioprine, methotrexate, cyclophos-
phamide, mycophenolate mofetil, or thalido-
mide have been described in the literature;
however, more data are required to evaluate
their effectiveness in the management of PG, as
currently only individual case series are avail-
able [41–44].

In recent years, many new treatment
approaches have been introduced for a subset of
patients who only partially respond to conven-
tional immunosuppressive therapy [45].
Although the role of cytokines in pathogenesis
of PG is not fully understood, overexpression of
tumor necrosis factor alpha (TNFa) is associated
with the neutrophil infiltration characteristic of
PG; therefore, this group of drugs may be useful.
A multicenter study evaluated the efficacy and
safety of adalimumab in active ulcers of PG [46].
In this clinical trial, 22 enrolled patients
received adalimumab 160 mg at week 0, fol-
lowed by 80 mg at week 2, and then 40 mg
every week starting at week 4. Of this group,
seven patients (32%) who achieved Physician
Global Assessment (PGA) 0 (all ulcers com-
pletely healed) completed the study at week 26,
while nine patients (41%) who reached
improvement of ulcers with a PGA score of 1–3
at week 26 entered the extension period to
receive adalimumab 40 mg every week until
week 52. Eighteen patients experienced adverse
events, most commonly infections (n = 11),
whereas serious adverse events, such as anemia,
cataract, bacterial arthritis, and pain due to PG,
were reported by four patients. Nevertheless,
the results of this study suggest that adali-
mumab is an effective and generally well-toler-
ated treatment for patients with PG.

The efficacy of infliximab for the treatment
of PG was evaluated in a randomized, double-
blind, placebo-controlled trial conducted by
Brooklyn et al. [27]. In this study, 30 patients
were randomized to receive an infusion of
infliximab at 5 mg/kg or placebo at week 0.
Thereafter, 13 patients received infliximab, and
17 patients received a placebo. At week 2, the
infliximab group achieved better improvement
(46%; 6/13) compared to placebo group (6%;
1/17). Subsequently, patients were reassessed,
and those who did not respond were offered

open-label infliximab at the same dose. At the
end of the study, of the 29 patients who
received infliximab, 69% (20/29) demonstrated
a favorable clinical response.

Although data for the effectiveness of etan-
ercept are limited to case reports and small case
series, it appears to be useful in the treatment of
recalcitrant and widespread PG [47–53]. The
majority of studies showed clinical improve-
ment or complete resolution with no serious
adverse reactions. However, compared to
infliximab, etanercept was less effective in the
treatment of PG coexisting with active Crohn’s
disease. Another novel TNFa inhibitor goli-
mumab could be an interesting treatment
option, especially for patients who did not
respond to infliximab and adalimumab thera-
pies [54]. In one case report, 24 weeks after the
start of the treatment with golimumab, the
patient showed complete remission of PG. It is
worth noting, that TNFa inhibitors, especially
adalimumab and etanercept, may elicit poten-
tial paradoxical effects and induce PG lesions.
In such cases, the IL-12/23 inhibitor ustek-
inumab has proved to be beneficial [55], as
several reports have demonstrated the complete
resolution of resistant PG lesions with this drug.
However, further research is required to confirm
these results.

In some genetic syndromes such as PAPA
(pyogenic arthritis, PG, and acne) mutation in
the PSTPIP1 gene is common. In these cases,
increased IL-1 production was noted. Therefore,
IL-1 inhibitors could be the treatment of choice
for this group of patients. Several studies have
described the rapid and lasting response to
anakinra in patients with PAPA syndrome [20].
Nevertheless, data suggesting its superiority
over other biological drugs are still limited.
Another monoclonal antibody targeting IL-1b
canakinumab was found to be effective in the
case of steroid-refractory PG [56]. In this
prospective open-label study, five patients
received canakinumab subcutaneously in a sin-
gle dose of 150 mg at weeks 0 and 2, and a dose
of 150–300 mg at week 4. Four out of five
patients achieved reduction in wound size, as
well as improvement of PGA score and the
Dermatology Life Quality Index (DLQI). In
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addition, three out of five patients showed
complete remission at week 16.

Peculiarities of Current Case

Among possible therapeutic options for PG,
some molecules, such as corticosteroids,
cyclosporin, and IVIG, may also be used in
treatment of HLH. Simultaneously, the patho-
genesis of these diseases is still not fully
understood, which makes choosing the optimal
treatment modality difficult. Moreover, both
PG and HLH can coexist with various systemic
disorders, and the requirement for successful
therapy is to treat these comorbidities effec-
tively, as well. Here, we demonstrate a case of
the concomitance of these two rare diseases,
where, despite intensive cooperative treatment,
no successful outcome was obtained. A long
thorough analysis of the interview and medical
documentation also did not lead us to deter-
mine which of these conditions developed pri-
marily and which was secondary.

The detection and further research of
abnormalities within cell populations will pos-
sibly help us to understand mechanisms
responsible for occurrence of these two condi-
tions and their symptoms. In our patient we
observed an increased NK cell population, con-
stituting approximately 45% of all lympho-
cytes, while normally in adults they only
represent about 10–15% of the total peripheral
blood lymphocytes. In HLH, cytotoxic T lym-
phocytes and NK cells are dysfunctional, which
leads to pathological immune stimulation
resulting in a significant increase in proinflam-
matory cytokine concentrations and in reduced
or absent NK cell activity. The functioning of
T lymphocytes and NK cells may be affected
also by genetic disorders, which results in
abnormal synthesis of their intracellular cyto-
toxic granules [57, 58].

Additionally, an increased CD4-/CD8-

(TCRc/d) DNT population was also revealed,
constituting approximately 50% of all periph-
eral blood T lymphocytes, instead of the nor-
mally observed less than 5% [59]. The exact role
and function of DNTs within the immune sys-
tem remains still unclear. A high percentage of

these cells is described in infections (both bac-
terial and viral), inflammatory diseases, post-
splenectomy, cellular immunity deficiencies,
autoimmune disorders, or lymphoproliferative
malignancy [60–62]. Reports on immunophe-
notypic changes accompanying HLH focus
mainly on the population of cytotoxic T lym-
phocytes, while reports on the presence of DNTs
in the course of HLH are rare [9]. An increased,
similarly to our observation, number of DNTs
was reported by Dalal et al. [63], who studied
various immunophenotypic abnormalities in
adults with HLH. Splenic infiltration of atypical
CD4-/CD8- a/b T cells in a 14-year-old boy
diagnosed with HLH was reported by Hossny
et al. [64].

PG and HLH appear to be disorders of the
immune system and share common mecha-
nisms consisting of increased production of
cytokines, among others the IL-1 family. It is
already well recognized that blocking of IL-1-
mediated inflammation by anakinra (human IL-
1 receptor antagonist) reduces consequences of
tissue damage and organ failure. Anakinra is
registered for treatment of rheumatoid arthritis,
Still disease, and cryopyrin-associated periodic
syndromes; however, it is also frequently used
off-label. There are reports about successful
anakinra therapy of PG in the context of PAPA
syndrome [20], PG in association with
hidradenitis suppurativa and acne (PASH syn-
drome) [21], and PG in association with
rheumatoid and psoriatic arthritis [22, 23].
Anakinra was also reported as a useful thera-
peutic for patients suffering from severe HLH
[24, 25]. Therefore, in the absence of standard
therapy options, we decided to use anakinra in
our patient. However, the ineffectiveness of this
treatment may suggest the need to look for
another common immunological checkpoint in
patients with co-morbid HLH and PG. So far,
there are no descriptions of such clinical cases;
thus the aim of this case report is to draw
attention to the need to search for new thera-
peutic options for these patients. Recently,
monoclonal antibodies (such as emapalumab, a
human IgG1 monoclonal antibody against
interferon-gamma) and JAK pathway inhibitors
(such as ruxolitinib) have been approved and
reported to be effective in the treatment of HLH
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[65–69]. Further clinical trials are ongoing to
confirm the effectiveness and safety of these
and other biological and small molecule thera-
pies in different groups of patients suffering
from HLH. Currently, it seems that the use of
biological drugs may be considered in the
treatment of HLH patients, especially in
patients refractory or intolerant to conventional
HLH therapy. However, further controlled trials
are warranted.
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Ostańska have nothing to disclose. Adam Reich
is a member of the journal’s Editorial Board.

Data Availability. All data are reported in
the manuscript. No additional data were gen-
erated while preparing this manuscript.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Brooklyn T, Dunnill G, Probert C. Diagnosis and
treatment of pyoderma gangrenosum. Br Med J.
2006;333:181–4.

2. Braswell SF, Kostopoulos TC, Ortega-Loayza AG.
Pathophysiology of pyoderma gangrenosum (PG):
an updated review. J Am Acad Dermatol. 2015;73:
691–8.

1234 Dermatol Ther (Heidelb) (2021) 11:1217–1237

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


3. DeFilippis EM, Feldman SR, Huang WW. The
genetics of pyoderma gangrenosum and implica-
tions for treatment: a systematic review. Br J Der-
matol. 2015;172:1487–97.

4. Montagnon CM, Fracica EA, Patel AA, et al. Pyo-
derma gangrenosum in hematologic malignancies:
a systematic review. J Am Acad Dermatol. 2020;82:
1346–59.

5. Goldust M, Hagstrom EL, Rathod D, et al. Diagnosis
and novel clinical treatment strategies for pyo-
derma gangrenosum. Expert Rev Clin Pharmacol.
2020;13:157–61.

6. Reichrath J, Bens G, Bonowitz A, Tilgen W. Treat-
ment recommendations for pyoderma gangreno-
sum: an evidence-based review of the literature
based on more than 350 patients. J Am Acad Der-
matol. 2005;53:273–83.

7. Teagle A, Hargest R. Management of pyoderma
gangrenosum. J R Soc Med. 2014;107:228–36.

8. Jordan MB, Allen CE, Weitzman S, et al. How I treat
hemophagocytic lymphohistiocytosis. Blood.
2011;118:4041.

9. Dalal BI, Vakil AP, Khare NS, et al. Abnormalities of
the lymphocyte subsets and their immunopheno-
type, and their prognostic significance in adult
patients with hemophagocytic lymphohistiocyto-
sis. Ann Hematol. 2015;94:1111–7.

10. Filipovich A, McClain K, Grom A. Histiocytic dis-
orders: recent insights into pathophysiology and
practical guidelines. Biol Blood Marrow Transplant.
2010;16:S82.

11. Saxena R, Pati HP, Mahapatra M. Atlas of hema-
tology. New Delhi: Jaypee Brothers Medical Pub-
lishers; 2012. 110 p. ISBN 978-93-5025-508-7.

12. Naeim F, Rao NP, Song SX, Grody WW. Atlas of
hematopathology: morphology, immunopheno-
type, cytogenetics, and molecular approaches, 1st
ed. London: Academic; 2013. ISBN 13:
9780123851833, ISBN 10: 0123851831.

13. Filipovich AH. Hemophagocytic lymphohistiocy-
tosis (HLH) and related disorders. Hematology Am
Soc Hematol Educ Program. 2009;2009:127–31.

14. Lehmberg K, Nichols KE, Henter JI, et al. Consensus
recommendations for the diagnosis and manage-
ment of hemophagocytic lymphohistiocytosis
associated with malignancies. Haematologica.
2015;100:997–1004.

15. Arca M, Fardet L, Galicier L, et al. Prognostic factors
of early death in a cohort of 162 adult
haemophagocytic syndrome: impact of triggering

disease and early treatment with etoposide. Br J
Haematol. 2015;168:63–8.

16. Kleynberg RL, Schiller GJ. Secondary hemophago-
cytic lymphohistiocytosis in adults: an update on
diagnosis and therapy. Clin Adv Hematol Oncol.
2012;10:726–32.

17. Henter JI, Horne A, Aricó M, et al. HLH-2004:
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