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Background: Hematologic malignancies (HMs) are well-known underlying 
comorbidities of pyoderma gangrenosum (PG). However, studies quantifying 
the likelihood of PG after HMs are yet to be performed.

Objective: To investigate the bidirectional association between PG and several 
HMs, namely acute leukemia, chronic leukemia, Hodgkin lymphoma, non-
Hodgkin lymphoma, and multiple myeloma.

Methods: A population-based retrospective cohort study was conducted to 
study the risk of HMs in patients with PG (n =  302) as compared to age-, sex-and 
ethnicity-matched control subjects (n =  1,799). A case–control design was used 
to estimate the likelihood of PG in individuals with a preexisting history of HMs. 
Adjusted hazard ratios (HRs) and adjusted odds ratios (ORs) were estimated by 
Cox regression and logistic regression, respectively.

Results: The prevalence of preexisting HM was higher in patients with PG than in 
controls (6.7% vs. 0.9%, respectively). The likelihood of having PG was significantly 
greater among patients with a history of HM (adjusted OR, 7.88; 95% CI, 3.85–
16.15; p <  0.001), particularly during the first year following the diagnosis. This 
association was significant for acute leukemia, chronic leukemia, non-Hodgkin 
lymphoma, and multiple myeloma but not for Hodgkin lymphoma. The incidence 
rate of HM was 3.3 (95% CI, 1.2–7.4) and 1.6 (95% CI, 0.9–2.6)/1,000 person-
years among patients with PG and controls, respectively. Relative to controls, 
patients with PG were not more likely to develop subsequent HM (adjusted 
HR, 2.22; 95%CI, 0.77–6.45; p =  0.142). Compared to other patients with PG, 
those with HM-associated PG experienced an increased all-cause mortality rate 
(adjusted HR, 2.19; 95%CI, 1.09–4.40; p =  0.028).

Conclusion: HM, particularly acute leukemia and multiple myeloma, are 
associated with an elevated likelihood of provoking PG.
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Introduction

Pyoderma gangrenosum (PG) is a rare neutrophilic dermatosis 
that presents with rapidly developing, painful skin ulcers hallmarked 
by undermined borders and peripheral erythema (1). Seventy-eight 
percent of PG ulcers occur on the lower leg, with the most common 
location being the pretibial area (2). PG associates with multiple 
comorbidities and has been found to be associated with increased 
mortality (2, 3). Such comorbidities include inflammatory bowel 
disease (IBD), hematological disorders, autoimmune and 
autoinflammatory diseases (4–6).

Hematological malignancy (HM) comprises a collection of 
heterogeneous conditions, all originating from cells of the bone 
marrow and the lymphatic system. There are three major groups: 
leukemia, lymphoma, and plasma cell neoplasms. In Western 
countries, the overall incidence of hematological malignancies appears 
to be rising (7). In recent years, medical society witnessed a substantial 
advancement in therapeutic arsenal for these conditions (8).

In a recent meta-analysis, HMs were ranked as the third most 
common underlying conditions preceding the onset of PG (6). A 
systemic review of 279 publications revealed that myelodysplastic 
syndrome was the most commonly reported HM in association with 
PG, followed by monoclonal gammopathy of undetermined 
significance and acute myeloid leukemia (9). Despite this piece of 
knowledge, controlled observational studies are still missing in order 
to quantify the likelihood of PG after HM. In the present study, 
we aimed to investigate the bidirectional associations of PG with HM 
and evaluate whether patients with PG and comorbid HM have 
distinct prognostic outcomes.

Methods

Study design and database

The objective of this study was to explore the two-way relationship 
between PG and HM. To assess the risk of developing HM following 
a diagnosis of PG, we employed a retrospective cohort study design, 
in which patients with PG were followed over time to estimate the 
incidence of HM. Additionally, to investigate the likelihood of 
developing PG in individuals with a prior history of HM, we utilized 
a case-control study design to examine the prevalence of preexisting 
HM (as the exposure) among patients who later developed PG (as the 
outcome) (10). The rare disease assumption’ theorizes that estimates 
derived from case–control studies focused on rare diseases (defined 
as those with a prevalence rate of less than 10%) tend to approximate 
those produced by cohort studies (10). Therefore, the case-control 
study design used in this research enables us to evaluate the risk of 
developing PG in individuals with a prior history of HM.

This study made use of the computerized database provided by 
Clalit Health Services (CHS). As of October 2018, CHS served a 
substantial population of 4,927,000 enrollees, establishing itself as the 
largest health maintenance organization in Israel. Further information 
about the dataset’s specific characteristics can be found in our previous 
publications (11). The current study received approval from the 
Institutional Review Board (IRB) of Ben-Gurion University, adhering 
to the principles set forth in the Declaration of Helsinki (approval 
code: 0212-17-COM in 2017).

Study population and main variables

A thorough review of the CHS dataset was conducted to identify 
all individuals, including pediatric and adult patients, who were 
diagnosed with PG between 2000 and 2018. Each case underwent a 
detailed evaluation, and only those that met at least one of the 
following eligibility criteria were ultimately included: (i) a documented 
PG diagnosis recorded at least twice by a board-certified dermatologist 
and/or (ii) the presence of a PG diagnosis in the discharge letters of 
patients who had received hospital care in a dermatological ward.

The HM variable was defined as the occurrence of one of the 
following 5 diseases: acute leukemia, chronic leukemia, Hodgkin 
lymphoma, non-Hodgkin lymphoma, and multiple myeloma. The 
diagnosis of each one of the HMs was based on its documentation in 
the chronic disease registry of CHS. To provide further clarification, 
the diagnosis of HM relied on documentation by board-certified 
hematologists, the prescription of drugs related to HM, and supportive 
laboratory findings. This diagnosis was subsequently verified by the 
primary healthcare provider overseeing the patient’s care. In instances 
where individuals had more than one type of HM, the date of the 
initial disease diagnosis was utilized to calculate the index date. Our 
analyses were run on the pooled HM variable and on each one of its 
5 components separately.

The control group encompassed up to 5 controls per every patient, 
matched randomly by age, sex, and ethnicity. The date of diagnosis 
was considered the index date for both the cases and the corresponding 
matched control patients. Prior to their inclusion in the study, controls 
were verified to be alive and to have contributed longitudinal data to 
the CHS dataset.

Outcome measures were controlled for the Charlson comorbidity 
index, a well-established epidemiological tool utilized to evaluate the 
severity and significance of concurrent medical conditions. This index 
is frequently used in epidemiological studies and has displayed strong 
reliability in forecasting mortality (12). To eliminate bias, we used a 
modified version of the score following the exclusion of the 
malignancy component of the scoring system. A sensitivity analysis 
was performed to ensure that the observed association was not 
overinflated by potential ascertainment bias. This analysis entailed 
revisiting the calculations while omitting data from the two-year 
period preceding the index date (the date of PG diagnosis and 
recruitment of controls). As a result, all individuals who were 
diagnosed with HM during this excluded period were not included in 
the calculations.

Statistical analysis

Baseline characteristics were described by means and standard 
deviations (SD)s for continuous variables, while categorical values 
were signified by percentages. To compare sociodemographic and 
clinical factors between cases and controls, we  employed the 
Chi-square test for categorical variables and the t-test for 
continuous variables.

In the cohort study design, we computed the incidence rates of 
HM for both PG patients and controls, and these rates were expressed 
as the number of events per 1,000 person-years. To evaluate the risk 
of developing new cases of HM, we employed the Cox regression 
model to calculate hazard ratios (HRs). In the case-control study 
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design, we utilized logistic regression to determine odds ratios (ORs) 
and their corresponding 95% confidence intervals (CIs). This 
association was computed based on individuals who developed PG 
after the diagnosis of each specific HM, taking into account the 
temporal relationship between exposure and outcome in case–control 
studies. Statistical significance was defined as two-tailed p-values 
below 0.05. All statistical analyses were performed using SPSS 
software, version 25 (SPSS, Armonk, NY: IBM Corp).

Results

Characteristics of the study population

The present study involved 302 individuals with PG and 1,497 
matched control subjects. The mean (SD) age at the diagnosis of 
patients and enrollment of control subjects was 54.0 (20.8) years. 
Among patients with PG, 175 (57.9%) were females, and 255 (84.4%) 
had a Jewish ethnic background. The two groups were statistically 
similar in terms of gender and ethnic composition, as well as in terms 
of average body mass index (BMI) and the prevalence of smoking. The 
characteristics of the study population are detailed in Table 1.

The odds of PG following HM

A case-control study was conducted to clarify whether a history 
of HM places patients at an increased likelihood of developing PG 
(Table 2). The prevalence of preexisting HM was greater in patients 
with PG than in control (6.7% vs. 0.9%, respectively; p < 0.001). Thus, 

the likelihood of developing PG after being diagnosed with HM was 
increased more than sevenfold (OR, 7.58; 95% CI, 3.78–15.19). In an 
age-, sex-, and ethnicity-stratified analysis, the odds of PG after HM 
were prominently heightened among older individuals, males, and 
Jews (Table 2). In a time-stratified analysis, the highest odds of PG 
occurred during the first year following the diagnosis of HM and 
decreased gradually thereafter (Table 2).

To assess whether there is an independent association between a 
preexisting history of HM and the development of subsequent PG, 
we  performed a multivariate logistic regression analysis, which 
controlled for demographic factors and comorbidities. Consistent 
with the findings from the univariate analysis, a previous diagnosis of 
HM was found to be  independently associated with significantly 
increased odds of PG (adjusted OR, 7.88; 95% CI, 3.85–16.15; 
p < 0.001).

We then carried out a sensitivity analysis after excluding patients 
diagnosed with HM up to 2 years before PG. The elevated likelihood 
of PG after HM maintained its statistical significance both in the 
univariate (OR, 5.72; 95% CI, 2.66–12.29; p < 0.001) and multivariate 
(adjusted OR, 5.84; 95% CI, 2.65–12.86; p < 0.001) analyses.

The risk of HM among patients with PG

A retrospective cohort study followed patients with PG and 
controls longitudinally and estimated the incidence of new-onset HM 
(Table 3). Overall, 5 incident cases of HM occurred among patients 
with PG and 13 cases among controls. Taken together, the incidence 
rate of HM was 3.31 (95% CI, 1.21–7.35) and 1.55 (95% CI, 0.86–
2.58)/1,000 PY among patients with PG and controls, respectively.

The unadjusted risk of developing HM was comparable between 
cases and controls (HR, 2.13; 95% CI, 0.76–5.96; p  = 0.152). The 
aforementioned risk was of statistical significance only among males 
(HR, 5.77; 95% CI, 1.16–28.62; p = 0.032), but lost its significance in 
the multivariate analysis that adjusted for putative confounders (fully-
adjusted HR, 2.22; 95% CI, 0.77–6.45; p = 0.142; Table 3).

Granular analysis of the association 
between pyoderma gangrenosum and 
different HMs

Table 4 demonstrates the association between PG and 5 different 
types of HMs. An independently significant association was found 
between PG and acute leukemia (adjusted OR, 11.07; 95% CI, 3.28–
37.30; p < 0.001), chronic leukemia (adjusted OR, 5.23; 95% CI, 1.93–
14.67; p = 0.001), non-Hodgkin lymphoma (adjusted OR, 4.50; 95% 
CI, 1.98–10.24; p < 0.001), and multiple myeloma (adjusted OR, 6.30; 
95% CI, 1.63–24.32; p = 0.008). Interestingly, PG was not associated 
with Hodgkin lymphoma (adjusted OR, 1.48; 95% CI, 0.26–8.40; 
p = 0.661).

Prognosis of patients with HM-related PG 
relative to other patients with PG

We then addressed the all-cause mortality rate of patients with 
HM-associated PG (n = 25) as compared to the remaining patients 

TABLE 1 Descriptive characteristics of the study population.

Characteristic Patients with 
pyoderma 

gangrenosum 
(N =  302)

Controls 
(N =  1,497)

p 
value

Age, years

Mean ± SD 54.0 ± 20.8 54.0 ± 20.8 1.000

Median (range) 55.8 (0.2–95.1) 55.9 (0.2–95.6)

Pediatric patients 

(<18 years; N [%])

13 (4.3) 65 (4.3)
1.000

Male sex, N (%) 127 (42.1) 629 (42.0) 0.974

Ethnicity, N (%)

Jews 255 (84.4) 1,264 (84.4) 1.000

Arabs 47 (15.6) 233 (15.6)

BMI, mg/kg2

Mean ± SD 28.0 ± 6.3 27.8 ± 6.2 0.614

Smoking, N (%) 115 (38.1) 521 (34.8) 0.274

Charlson comorbidity score

Mean score ± SD 2.3 ± 2.7 1.3 ± 1.8 <0.001

None (0) 111 (36.8) 777 (51.9) <0.001

Moderate (1–2) 78 (25.8) 432 (28.9) 0.276

Severe (≥3) 113 (37.4) 288 (19.2) <0.001

PG, pyoderma gangrenosum; N, number; SD, standard deviation; BMI, body mass index.
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with PG (n = 277). Patients with a dual diagnosis of PG and HM 
experienced an elevated risk of all-cause mortality, both in univariate 
(HR, 3.93; 95% CI, 2.11–7.29; p < 0.001) and multivariate (adjusted 
HR, 2.19; 95% CI, 1.09–4.40; p = 0.028) analysis (Figure 1).

Discussion

The current report marks the inaugural population-based 
investigation into the two-way relationship between PG and HM. Our 
results indicate that a prior history of HM significantly increases the 
likelihood of developing PG by nearly eight times. The highest odds 
of PG occurred during the first year following the diagnosis of HM 
and decreased gradually thereafter. In a granular analysis, this 

association appeared strongest for acute leukemia, multiple myeloma, 
chronic leukemia, and non-Hodgkin lymphoma, though not for 
Hodgkin lymphoma. On the other hand, the risk of subsequent HM 
was not statistically elevated following the diagnosis of PG. Patients 
with HM-associated PG experienced a 2.2-fold elevated risk of 
all-cause mortality relative to the remaining patients with PG.

The rare nature of PG interferes with investigating the 
comorbidities of the condition. As a result, the relationship between 
PG and HM remains sparsely elucidated. Over the years, the 
accumulation of case reports and case series regarding the coexistence 
of the two conditions implies a plausible link between them (13, 14). 
However, this association was not quantified by a well-designed 
population-based study. Utilizing data from case reports, case series, 
and retrospective studies, a recent systemic review detected 340 PG 
cases associated with HMs (9). Myelodysplastic syndrome (MDS) was 
the most commonly reported hematologic malignancy associated with 
PG, followed by monoclonal gammopathy of undetermined 
significance (MGUS) and acute myeloid leukemia (AML) (9). A 
systematic review and meta-analysis, pooling data from 21 relevant 
studies involving 2,611 PG patients, revealed that HMs represented 
the third most common underlying comorbidity in PG, occurring in 
8.9% of eligible patients (6).

Patients with HM experience a large spectrum of skin 
manifestations, including neutrophilic dermatosis, such as 
PG. Neutrophilic dermatoses are typified by neutrophil-rich infiltrate 
on histopathology (5, 15). Recent investigations show myeloid 
malignancies are the HMs most frequently associated with 
neutrophilic dermatosis. The connection between these two 
conditions might be interpreted by the growing evidence suggesting 
that neutrophils infiltrating the skin may share a clonal relationship 
with the myeloid neoplastic cells and could have originated from them 
(15, 16).

TABLE 2 The odds of pyoderma gangrenosum among patients with a 
preexisting history of hematologic malignancy, stratified by age, sex, and 
ethnicity (case-control study design).

Subgroup HM in 
patients 

with 
PG; n 
(%)*

HM in 
controls; 
n (%)*

OR 
(95%CI)

Univariate 
p value

All 20 (6.7%) 14 (0.9%) 7.58 (3.78–

15.19)

<0.001

Age, years

<54 6 (4.3%) 1 (0.1%) 31.21 

(3.73–

261.33)

<0.001

≥54 14 (8.9%) 13 (1.7%) 5.82 (2.68–

12.65)

<0.001

Sex

Male 11 (8.9%) 7 (1.1%) 8.61 (3.27–

22.68)

<0.001

Female 9 (5.2%) 7 (0.8%) 6.67 (2.45–

18.17)

<0.001

Ethnicity

Jews 18 (7.2%) 12 (1.0%) 8.02 (3.81–

16.88)

<0.001

Arabs 2 (4.3%) 2 (0.9%) 5.09 (0.70–

37.07)

0.075

Time since diagnosis

1st year 5 (1.7%) 1 (0.1%) 25.39 

(2.96–

218.15)

<0.001

1–5 years 4 (1.3%) 1 (0.1%) 20.25 

(2.26–

181.79)

<0.001

5–10 years 6 (2.0%) 6 (0.4%) 5.08 (1.63–

15.86)

0.002

>10 years 5 (1.7%) 6 (0.4%) 4.22 (1.28–

13.91)

0.010

PG, pyoderma gangrenosum; HM, hematologic malignancies; OR, odds ratio; n, number; 
CI, confidence interval. *The prevalence of HM in cases when HM preceded PG (in cases) or 
preceded enrollment (in controls). Bold: significant value.

TABLE 3 The risk of hematologic malignancies among patients with 
pyoderma gangrenosum (retrospective cohort study design).

PG Controls

Follow-up time, PY 1,508.9 8,386.9

Median follow-up time, 

years (range)

4.9 (0.0–17.8) 5.4 (0.1–17.8)

Number of HM 5 13

Incidence rate / 1,000 PY 

(95% CI)

3.31 (1.21–7.35) 1.55 (0.86–2.58)

Crude HR (95% CI) [p 

value]

2.13 (0.76–5.96) 

[0.152]

Reference

Male-specific crude HR 

(95% CI) [p value]

5.77 (1.16–28.62) 

[0.032]

Reference

Female-specific crude 

HR (95% CI) [p value]

1.09 (0.24–4.97) 

[0.913]

Reference

Age-and sex-adjusted 

HR (95% CI) [p value]

2.29 (0.82–6.44) 

[0.116]

Reference

Fully adjusted HR (95% 

CI)a [p value]

2.22 (0.77–6.45) 

[0.142]

Reference

aMultivariate Cox regression model adjusting for age, sex, ethnicity, and comorbidities.
PG, pyoderma gangrenosum; N, number; PY, person-years; HR, hazard ratio; CI, confidence 
interval. Bold: significant value.
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The pathophysiology of PG mostly involves innate immunity, 
though recent evidence suggests adaptive immunity exert a pathogenic 
role in this disease (15, 17). The initial T cell-dominant infiltrate of PG 
is mostly associated with T-helper (Th)-1 and Th-17 cytokines, 
whereas a prominent downregulation of the Th2-promoting 
transcription factor GATA3 was observed (18, 19). Another putative 
mechanistic interpretation linking PG with HMs lies in the fact that 

both innate and adaptive immunity play a pathogenic role in the 
development of PG. We suggest that increased Th-17 activity, found 
both in PG and lymphoid malignancies and acute leukemia, might 
contribute to the observed association (15). The increased risk of 
all-cause mortality among patients with HM-associated PG relative to 
other patients with PG is conceivable in light of the high mortality 
burden imposed by HM by itself (20). HMs entail a higher mortality 

TABLE 4 The association between pyoderma gangrenosum and different hematologic malignancies.

N in PG 
(%)*

N in 
controls 

(%)**

OR (95%CI) Univariate p 
value

Adjusted OR 
(95%CI)a

Multivariate p 
value

Goodness of 
fit test 

(Hosmer-
Lemeshow 

Test)

Acute leukemia 9 (3.0%) 4 (0.3%) 11.47 (3.51–

37.48)

<0.001 11.07 (3.28–37.30) <0.001 0.027

Chronic 

leukemia

8 (2.6%) 8 (0.5%) 5.07 (1.89–13.60) <0.001 5.32 (1.93–14.67) 0.001 0.792

Hodgkin 

lymphoma

2 (0.7%) 5 (0.3%) 1.99 (0.38–10.30) 0.403 1.48 (0.26–8.40) 0.661 0.343

Non-Hodgkin 

lymphoma

12 (4.0%) 13 (0.9%) 4.72 (2.13–10.46) <0.001 4.50 (1.98–10.24) <0.001 0.358

Multiple 

myeloma

5 (1.7%) 4 (0.3%) 6.28 (1.68–23.54) 0.002 6.30 (1.63–24.32) 0.008 0.591

n, number; HM, hematologic malignancies; OR, odds ratio; CI, confidence interval; NA, not applicable. aMultivariate logistic regression model adjusting for age, sex, ethnicity, and 
comorbidities. *11 PG patients developed more than a single HM. **7 controls developed more than a single HM.

FIGURE 1

Kaplan-Meier curve demonstrating differences in survival rates between patients with pyoderma gangrenosum and hematologic malignancies as 
compared to those with pyoderma gangrenosum without hematologic malignancies.
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burden as compared to other underlying comorbidities of PG, like 
inflammatory bowel disease and rheumatoid arthritis (21).

The case–control design enables the identification of the temporal 
relationship between diagnoses and allows the estimation of a causal 
relationship between the two conditions of interest (22). The 
population-based design and the recruitment of cases managed both 
in inpatient and outpatient settings minimize the likelihood of 
selection bias that may arise in other observational studies. One of the 
main drawbacks interfering with the current study is the lack of data 
regarding the clinical characteristics and severity indices of the two 
diseases. Although the formal disease criteria were not directly 
required to recruit patients, the inclusion criteria were strict and valid; 
based on documentation by a certified dermatologist or dermatological 
wards for PG and on the chronic disease registry of CHS for HM. The 
latter was proven highly reliable in previous studies (23). Furthermore, 
while the associations between pyoderma gangrenosum and most of 
the different hematologic malignancies were found to be significant, 
the small number of patients included in this analysis limited our 
power to draw definite conclusions. Thus, more investigations are 
required to understand these relationships fully.

In conclusion, the current population-based study demonstrates 
that a history of HM confers an eightfold elevated odds of PG. Patients 
with HM-related PG are at an elevated risk of mortality relative to 
other patients with PG. Prospective studies are necessary to 
reproduce our findings in other study populations. Physicians 
managing patients with HM should be aware of these increased odds 
of PG, particularly during the first year after the onset of HM. Patients 
with HM should be advised to avoid additional triggering factors of 
PG, namely pathergy phenomenon derived from piercing trauma, or 
unnecessary surgical procedures.
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