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Abstract
Background  Acute appendicitis is a common surgical emergency, but its diagnosis can be challenging in patients 
with hematologic malignancies or chemotherapy-induced leukopenia due to an impaired inflammatory response. 
The clinical presentation of acute appendicitis in these patients is often atypical, leading to delayed or misdiagnosis. 
This study aims to evaluate the outcomes of appendectomy in patients with hematologic malignancies or 
chemotherapy-induced leukopenia and assess the applicability of clinical scoring systems for the diagnosis of an 
acute appendicitis.

Methods  We conducted a retrospective analysis of patients with hematologic malignancies or chemotherapy-
related leukopenia who underwent appendectomy for suspected acute appendicitis between 2007 and 2023. Clinical 
presentation, laboratory findings, and imaging results were reviewed. The accuracy and relevance of clinical scoring 
systems for diagnosing acute appendicitis in these patients were also evaluated.

Results  Our study included 12 patients with hematologic malignancies or chemotherapy-induced leukopenia who 
underwent appendectomy. Atypical clinical presentations were common, with a lower frequency of fever, elevated 
leukocytes, and other typical inflammatory markers. Only one patient developed postoperative complications (acute 
kidney failure), and none of the patients died due to appendicitis. Clinical scoring systems demonstrated limited 
applicability in this patient population, often underestimating the likelihood of appendicitis.

Conclusion  Diagnosing acute appendicitis in patients with hematologic malignancies or chemotherapy-induced 
leukopenia poses significant challenges, as standard scoring systems prove unreliable. The presence of abdominal 
pain coupled with elevated C-reactive protein (CRP) levels should prompt a multidisciplinary evaluation and timely 
imaging. Surgical therapies, particularly laparoscopic approaches, appear safe and feasible in these patients. Ongoing 
research is essential to refine surgical strategies for the growing population of immunocompromised individuals.
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Background
Acute appendicitis is one of the most common emer-
gencies in adult visceral surgery, most frequently affect-
ing individuals in the second to fourth life decade [1]. 
The annual incidence is almost 100 cases per 100 000 
adults [2, 3]. Typically, patients present with a progres-
sive right lower quadrant pain, which is usually accom-
panied by a deterioration in general condition, anorexia, 
fever, nausea and vomiting [1, 4]. Every second patient 
reports about a migration of pain from the upper to the 
lower abdomen [4, 5]. Clinical examination may reveal 
rebound tenderness and muscular defence, primarily in 
the lower right quadrant [6]. Ultrasound examination 
can confirm the suspected diagnosis with a positive pre-
dictive value of more than 90% [7, 8]. In unclear cases, 
a computed tomography (CT) scan is usually performed, 
as CT has a high sensitivity and specificity for the diag-
nosis of acute appendicitis [4, 9–11]. Laboratory tests 
show elevated inflammatory parameters such as leuko-
cytosis and increased C-reactive protein (CRP), often 
accompanied by a left shift in the white blood cell count 
[4]. However, the diagnosis of acute appendicitis can be 
challenging in certain populations, including the elderly 
and patients with underlying comorbidities [12, 13]. Mis-
diagnosis or delayed diagnosis may lead to complications 
such as perforation or sepsis, while overdiagnosis may 
result in unnecessary surgery [14–16]. The diagnosis of 
acute appendicitis is therefore facilitated by various scor-
ing systems such as the Alvarado-Score or the Appen-
dicitis Inflammatory Response (AIR). These systems 
rely heavily on the presence of inflammatory signs and 
laboratory markers, which may be absent or blunted in 
immunocompromised patients [17, 18]. Previous studies, 
including a small pediatric case series, have highlighted 
the difficulty of diagnosing appendicitis in immunocom-
promised patients [19]. However, data on adult patients 
remain scarce. The aim of this study was to evaluate 
the clinical presentation, diagnostic workup, and out-
comes of adult patients with hematologic malignancies 
or chemotherapy-induced leukopenia who underwent 
appendectomy for suspected acute appendicitis. We spe-
cifically sought to assess the applicability of clinical scor-
ing systems and laboratory parameters in this patient 
population.

Methods
We performed a monocentric retrospective cohort study 
at the Department of General, Visceral and Transplant 
Surgery of the University Medical Centre Mainz. Data 
were obtained from the electronic database of all patients 
who underwent surgery between 2007 and 2023. The pri-
mary aim of the study was the outcome of patients with 
disorders of the immune systems including hematologic 
malignancies who underwent appendectomy for acute 

appendicitis. We initially hypothesized that the out-
come of these patients would be worse compared to an 
otherwise healthy control group. As a secondary aim of 
the study, we aimed to evaluate the applicability of clini-
cal scoring systems for acute appendicitis in patients 
with hematologic malignancies or leukopenia. Eligible 
for inclusion were patients diagnosed with the Interna-
tional Statistical Classification of Diseases and Related 
Health Problems (ICD, 10th Revision) code for different 
immune-comprising hematologic malignancies or for 
leukopenia (see Table 1) [20] who underwent appendec-
tomy. Only patients with a diagnosis of acute appendici-
tis leading to appendectomy were eligible for inclusion. 
Patients who underwent another resection with simulta-
neous appendectomy were excluded. Patients who were 
diagnosed with other abdominal diseases with a con-
comitant appendicitis were also excluded. The probability 
of an appendicitis diagnosis was estimated using differ-
ent scoring systems (see Table 2.). If documentation for 
a score-related parameter was missing, no points were 
counted for this item, as it was assumed that the corre-
sponding symptom was not present. Complications were 
rated according to the Clavien-Dindo classification [21, 
22].

Study size depended on feasibility and was not calcu-
lated as acute appendicitis in patients suffering from 
hematologic malignancies or leukopenia is a rare dis-
ease. Due to the retrospective study character, no ethi-
cal approval was required. Before the start of the study, 
we planned to create a control group to compare the 
outcome of patients with hematologic malignancies or 
leukopenia with otherwise healthy patients, but after a 
first evaluation of results, we waived comparison due to 
the mostly complication-free course of the patients. To 
estimate the incidence of acute appendicitis in patients 
with immunocompetent hematologic malignancies, we 
estimated the total number of patients treated in our 
clinic during the period with one of the diseases listed in 
Table  1 using data from the cancer registry. Numerical 
data are presented as mean values and standard deviation 
unless otherwise stated.

Results
Overall, 12 patients were eligible for study inclusion. An 
overview of the selection process is shown in Fig. 1.

Demographic patient data are shown in Table 3. Half 
of the patients were female (n = 6, 50%). Patients were 
on average 44 ± 17.5 years old (range 18–68). All of the 
patients had a malignant primary disease, mostly hema-
tologic malignancies. Only three patients (25%) had a 
solid tumour and developed leukopenia during chemo-
therapy. Most of the patients (n = 10, 83%) had a German 
origin. Hospital stay lasted on average 40.4 ± 43.4 days for 
further treatment of the underlying disease. More than 
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half of the patients (n = 8, 67%) were not treated on a sur-
gical ward postoperatively.

The time to surgery (first symptoms to surgery) was 
on average 18.1 ± 33.5 h. Diagnostic data are shown in 
Table 3. In 9 patients (75%) diagnosis was made by com-
puted tomography. Almost all of the patients (n = 11, 
92%) had abdominal pain. Only half of the patients (n = 
7, 58%) stated pain in the lower right quadrant. None of 
the scorings were able to predict acute appendicitis as all 
of the summed values were lower than the cut-off val-
ues making acute appendicitis unlikely. Only one patient 
(8%) showed an evaluable leukocytosis, further eight 
patients (67%) had leukopenia (mostly grade 4) and one 
patient (8%) suffered from massive leukocytosis due to 
his primary hematologic disease. CRP was elevated in all 
patients. There was a lack of documentation, especially 
for the occurrence of Rovsing’s sign (100% missing), loss 
of appetite (92% missing), for leukocyte left shift (92% 
missing) and fever (58% missing).

Table 4 shows an overview of surgery-related data. Six 
patients (50%) had laparoscopic surgery. Complicated 
appendicitis (defined as intraoperative finding of perfora-
tion or abscess) was found in three patients (25%). None 
of the patients developed clinically evident abscess or 
wound infection postoperatively. Only one patient (8%) 
had a postoperative complication, an acute kidney failure. 
None of the patients died due to acute appendicitis. The 
pathologist confirmed the diagnosis of appendicitis in all 
patients, with three patients showing primarily chronic 
changes. All of the patients with chronic as opposed to 

acute changes had leukopenia. In one patient with acute 
myeloid leukaemia, infiltration of the appendix by blasts 
was described in addition to acute appendicitis.

In our study, nine patients (75%) suffered from hema-
tologic malignancies. A total of 7108 patients with hema-
tologic malignancies were treated at our clinic during the 
study period. The incidence of acute appendicitis in the 
whole cohort of patients with hematologic malignancies 
was 0.13%.

Table 1  Diagnoses by the code of the international statistical 
classification of diseases and related health problems (ICD, 10th 
Revision) [20], which were used for Raw data obtaining
ICD Disease
D46 Myelodysplastic syndromes
D47 Other neoplasms of uncertain or unknown behaviour of 

lymphoid, hematopoietic and related tissue
D70 Agranulocytosis
D72 Other disorders of white blood cells
C81 Hodgkin lymphoma
C82 Follicular lymphoma
C83 Non-follicular lymphoma
C84 Mature T/NK-cell lymphomas
C85 Other and unspecified types of non-Hodgkin lymphoma
C86 Other specified types of T/NK-cell lymphoma
C88 Malignant immunoproliferative diseases
C90 Multiple myeloma and malignant plasma cell neoplasms
C91 Lymphoid leukaemia
C92 Myeloid leukaemia
C93 Monocytic leukaemia
C94 Other leukaemia of specified cell type
C95 Leukaemia of unspecified cell type
C96 Other and unspecified malignant neoplasms of lym-

phoid, hematopoietic and related tissue

Table 2  Clinical scoring systems for diagnosis of acute 
appendicitis
Alvarado score for acute appendicitis [17]:
The minimum score of Alvarado score is 0 points, the maximum score 
is 10 points
Acute appendicitis is likely at AIR score of at least 6 points.
- right lower quadrant tenderness (no vs. yes (= 2 points))
- elevated temperature (>37.3°C) (no vs. yes (= 1 point))
- rebound tenderness (no vs. yes (= 1 point))
- migration of pain to the right lower quadrant (no vs. yes (= 1 point))
- loss of appetite (no vs. yes (= 1 point))
- nausea or vomiting (no vs. yes (= 1 point))
- leukocytosis (>10,000) (no vs. yes (= 2 points))
- leukocyte left shift (>75% neutrophils) (no vs. yes (= 1 point))
Appendicitis Inflammatory Response (AIR) score [18]:
The minimum score of AIR is 0 points, the maximum score is 12 points.
Acute appendicitis is likely at AIR score of at least 8 points.
- vomiting (no vs. yes (= 1 point))
- right iliac fossa pain (no vs. yes (= 1 point))
- round tenderness (light = 1 point, medium = 2 points, strong = 3 
points)
- elevated temperature (38.5°C) (no vs. yes (= 1 point))
- polymorphonuclear leukocytes (70-84% = 1 point, ≥85% = 2 points)
- leukocytosis (>10,000 = 1 point, ≥15 000 = 2 points)
- CRP level (mg/dl) (10-49 = 1 points, ≥ 50 = 2 points)
RIPASA score fur acute appendicitis [23]:
The minimum score of RIPASA is 1.5 points, the maximum score is 17 
points.
Acute appendicitis is likely at AIR score of at least 7.5 points.
- sex (female = 0.5 points, male = 1 point)
- age (≤40 years of age = 1 point, >40 years of age = 0.5 points)
- foreign nationality (no vs. yes (= 1 point))
- right iliac fossa pain (no vs. yes (= 0.5 points))
- migration of pain to the right lower quadrant (no vs. yes (= 0.5 points))
- anorexia (no vs. yes (= 1 point))
- nausea or vomiting (no vs. yes (= 1 point))
- duration of symptoms (≤ 48 hours = 1 point, >48 hours = 0.5 points)
- right iliac fossa rebound tenderness (no vs. yes (= 1 point))
- guarding (no vs. yes (= 2 point))
- rebound tenderness (no vs. yes (= 1 point))
- Rovsing’s sign (no vs. yes (= 2 point))
- temperature between 37 and 39°C (no vs. yes (= 2 points))
- elevated white blood cell count (no vs. yes (= 1 point))
- negative urine analysis (no vs. yes (= 1 point))
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Discussion
This is one of the first cohort studies to investigate the 
clinical presentation and the outcome of acute appen-
dicitis in patients with immunocompromising hema-
tologic malignancies or with a chemotherapy-induced 
leukopenia. The results suggest that appendectomy might 
be a safe approach in acute appendicitis in this vulner-
able cohort as almost all of the patients had a complica-
tion free postoperative course. The only postoperative 
complication in our cohort was septic renal failure. This 
may have resulted from a four-day delay before surgery. 
The results underscore the difficulty of diagnosis, as the 
commonly recognized clinical signs of appendicitis were 

absent in most of our patients. Likewise, the scoring sys-
tems used for appendicitis could not confirm the diagno-
sis. The results are limited due to the small sample-size 
and the retrospective nature of the study, which always 
carries the risk of documentation errors. As some of the 
diagnostic features required by the appendicitis scoring 
systems were not documented, we had to assume that 
these signs were not present in the patients. This assump-
tion could, of course, be wrong, since the lack of docu-
mentation could also mean that these points were not 
questioned or that the documentation was forgotten. The 
rating systems for appendicitis are not new, as Alvarado, 
for example, introduced his system in the mid-1980s 

Table 3  Overview of patients’ demographic data
Sex Age Diagnosis Year of 

treatment
Origin First presentation Duration of 

hospital stay
(days)

Stay on sur-
gical ward 
(days)

Time to 
surgery*(hours)

1 m 58 AML 2007 Germany internal medicine 154 0 120
2 f 58 AML 2008 Germany internal medicine 35 0 21
3 f 48 mamma carcinoma 2008 Germany surgical ER 8 8 2
4 f 68 endometrial cancer 2008 Germany internal medicine 10 6 0
5 m 53 AML 2013 Germany internal medicine 41 0 4
6 m 40 germ cell tumour 2011 Columbia internal medicine 23 0 13
7 f 48 ALL 2013 Germany internal medicine 61 0 30
8 f 18 AML 2014 Romania internal medicine 31 0 18
9 m 19 B-cell lymphoma 2018 Germany internal medicine 5 5 1
10 m 62 AML 2021 Germany internal medicine 21 0 4
11 m 33 B-cell lymphoma 2010 Germany surgical ER 8 8 0
12 f 21 AML 2023 Germany Internal medicine 88 0 4
ER emergency room, m male, f female, AML acute myeloid leukaemia, ALL acute lymphatic leukaemia, n.s not specified

*time between first symptoms and surgery

Fig. 1  Overview of selection process
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[17]. However, the World Society of Emergency Sur-
gery (WSES) recommends the use of scoring systems, 
but only for ruling out acute appendicitis and identi-
fying intermediate-risk patients. The WSES guideline 
emphasizes that the Alvarado score may lack specificity 
and be unreliable in distinguishing between complicated 
and uncomplicated appendicitis, especially in sensitive 
cohorts such as the elderly and patients with HIV [26]. 
Due to impaired inflammatory responses in patients with 
hematologic malignancies or chemotherapy-induced leu-
kopenia, traditional appendicitis scoring systems may 
fail, as also highlighted by WSES guidelines [27–30]. The 
mechanism of inflammatory response is a complex and 
sensitive equilibrium, which can be easily destabilized 
by several diseases or disease-related drugs [31]. Most 
of the other signs of acute appendicitis such as fever and 
deterioration of general condition are also caused by the 
inflammatory response of the body. It is therefore ques-
tionable whether typical signs of acute appendicitis are to 

be expected in patients with hematologic malignancies or 
with chemotherapy-induced leukopenia. A study by Hob-
son et al. evaluated seven cases of acute appendicitis in 
children with hematologic malignancies emphasizing the 
challenge of diagnosis as five of seven children were clini-
cally misdiagnosed due to an atypical presentation [19]. 
In 1993, Kim et al. reported four cases of acute appendi-
citis in leukaemia patients [32]. Unlike our patients, all of 
the patients in this case series reported pain in the right 
lower quadrant. Another case report by Forghieri et al. 
discusses a patient with multiple myeloma and a patient 
with acute myeloid leukaemia [33]. The first patient pre-
sented with an atypical clinical picture of diffuse abdomi-
nal pain, nausea and vomiting without fever, which later 
led to a computed tomography scan with the diagnosis 
of an acute appendicitis. The second patient reported 
lower abdominal pain and subfebrile temperatures. In 
both patients, the appendectomy was without compli-
cations. In a case report by Kojima et al., two patients 

Table 4  Overview of diagnostic measurements
Diagnosis 
by

Pain in the 
lower right 
abdomen

Alvarado
Score

AIR 
Score

RIPASA 
Score

CRP 
(mg/l)

Leukocytes 
(thousand 
cells/µl)

Leukopenia Grade of 
leukopenia+

Reason for 
leukopenia

1 CT scan yes 2 3 2 190 0.7 yes 4 chemotherapy
2 CT scan no 0 2 1 159 0.6 yes 4 chemotherapy
3 clinical yes 3 6 1.5 110 2.3 yes 2 chemotherapy
4 ultrasound yes 2 3 1.5 82 0.9 yes 4 chemotherapy
5 CT scan no 1 4 1.5 171 47.3 no no no
6 CT scan yes 2 3 3 134 0.26 yes 4 chemotherapy
7 CT scan no 2 0 2 9.7 11.1 no no no
8 CT scan yes 3 3 3.5 248 0.24 yes 4 chemotherapy
9 CT scan yes 4 5 3.5 81 1.33 yes 3 chemotherapy
10 CT scan no 1 3 2 301 0.52 yes 4 MDS
11 clinical n. s. 0 2 2 214 n. s. n. s. n. s. n. s.
12 CT scan yes 2 3 5 137 0.2 yes 4 chemotherapy
Alvarado score [17], AIR score [18], RIPASA Score [23], +Grade of leukopenia according to Palmblad et al. and the National Cancer Institute [24, 25]; CT computed 
tomography

Table 5  Overview of patients’ surgical-related data 
Surgery Approach Abscess Perforation Deceased Deceased due 

to appendicitis
Complication Grade of 

complication
Type of 
complication

1 appendectomy open no no yes* no no
2 appendectomy open no no no no no
3 appendectomy open no no no no no
4 appendectomy open no yes yes* no no
5 appendectomy open no no yes* no yes IV septic kidney 

failure
6 appendectomy laparoscopic no no no no no
7 appendectomy laparoscopic yes no no no no
8 appendectomy laparoscopic no no no no no
9 appendectomy laparoscopic no no no no no
10 appendectomy laparoscopic no no no no no
11 appendectomy open yes yes no no no
12 appendectomy laparoscopic no no yes* no no
*Later death due to pulmonary sepsis (patient 5) and primary disease progression (patient 1, 6 and 13) 
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with acute appendicitis were evaluated [34]: one with 
an immediate appendectomy with an uneventful course 
and one with antibiotic treatment. In the second patient, 
treating physicians assumed that the bone marrow func-
tion of the patients would recover rapidly after discon-
tinuing chemotherapy, which would then allow a planned 
and safe appendectomy. Unfortunately, the patient did 
not recover in time and developed a liver abscess 23 
days after diagnosis of appendicitis, which led to a lap-
aroscopic exploration and appendectomy. Due to the 
advanced appendicitis, a partial resection of the cecum 
was necessary. The postoperative course was uneventful. 
Chirletti et al. reported on patients with acute abdominal 
pain suffering from hematologic disease [35]. Five of the 
patients with acute myeloid leukaemia (AML) had acute 
appendicitis and underwent appendectomy. Abdomi-
nal tenderness was present in all patients, but localized 
in three patients, while diffuse pain was present in two 
other patients. Three of the patients experienced compli-
cations, which were not further defined. In 2023, Lee et 
al. reported on 89 patients with various hematologic dis-
orders with the diagnosis of acute appendicitis [36]. Out 
of these, 75 received appendectomy. The authors found 
no association between either hematologic disease or 
preoperative laboratory findings and surgical complica-
tions. Lee et al. also examined 14 patients who did not 
undergo surgery despite appendicitis and who died more 
often than the operated patients (14 vs. 3%). Typical clini-
cal and laboratory signs, including right lower abdominal 
pain, appear to be unreliable for diagnosing appendi-
citis in these patients. Although most patients reported 
abdominal pain, classic symptoms were often absent, 
leading to poor scoring system performance. Abdomi-
nal discomfort and pain due to side effects are common 
symptoms in patients undergoing chemotherapy, which 
makes the diagnosis of acute appendicitis even more dif-
ficult. The WSES indicates that CRP could be of funda-
mental importance in immunocompromised patients to 
diagnose abdominal infections [30]. In comparison with 
other inflammatory markers, CRP showed a greater reli-
ability as it was elevated in all of our patients. In general, 
CRP is a non-specific acute-phase protein, which is often 
elevated in patients with cancer, sometimes even to lev-
els similar to those in the patients in our study [37, 38]. 
However, various types of activated cells, e.g. endothe-
lial cells, can produce cytokines such as interleukin-1 
or interleukin-6, which ensure that there is an increased 
production of acute-phase proteins in inflammation [39]. 
CRP is thus not only influenced by the cellular immune 
system, but also by other cells in the body, which could 
make it a helpful tool for diagnosing acute appendicitis in 
immunocompromised patients. Of course, CRP is not an 
explicit indication of acute appendicitis, but the combi-
nation of increased CRP and abdominal pain in patients 

with hematologic malignancies or leukopenia should 
make one think of the possibility of an acute abdomi-
nal infection or even appendicitis. In these patients, the 
combination of abdominal pain and elevated CRP should 
raise suspicion and prompt an examination using ultra-
sound or CT scan. In most of the above-mentioned stud-
ies, the diagnosis was made using ultrasound or CT scan, 
which is consistent with our results [33–35].

The estimated incidence of acute appendicitis in our 
study showed that acute appendicitis could occur with 
a similar rate in patients with hematologic malignan-
cies or chemotherapy-related leukopenia as in the gen-
eral population. However, it should be borne in mind 
that there may be patients who were not diagnosed with 
acute appendicitis due to non-specific clinical symp-
toms. It is unclear whether there were patients who were 
not referred to us and who were treated with antibiot-
ics by the colleagues in internal medicine for an unclear 
abdominal infection. In recent years, there has been 
much debate about whether appendicitis can be treated 
conservatively with antibiotics instead of surgery. A large 
randomized trial compared both approaches in the gen-
eral patient population and found conservative treatment 
non-inferior to surgery as measured by the European 
Quality of Life–5 Dimensions (EQ-5D) questionnaire at 
30 days [40]. However, conservatively treated patients 
had more complications and 29% underwent appendec-
tomy within 90 days. Within three years after random-
ization, 49% of the conservatively treated patients had 
undergone appendectomy [41]. International guidelines 
on acute abdomen in immunocompromised patients 
recommend appendectomy over conservative treatment 
in transplanted patients [30]. Chirletti et al. emphasized 
that an optimal outcome in patients with hematologic 
diseases requires rapid initiation of therapy and, if nec-
essary, replacement of blood components. A patient’s 
critical condition should not be a reason to forgo surgical 
therapy [35]. In our cohort, it lasted approximately one 
day until surgery. There is debate about how much time 
should pass between the diagnosis of appendicitis and 
appendectomy [42, 43]. However, it is difficult to transfer 
the scientific basis of the debate to our patients because 
it is unclear how a time delay applies to immunocom-
promised patients. Moreover, in our study, the patients 
did not wait for their operation, but for the diagnosis. It 
is therefore unclear whether they have already received 
antibiotic treatment, for example. Given the significant 
uncertainty in the diagnosis of appendicitis in patients 
with hematologic malignancies or leukopenia, a high 
degree of alertness should be maintained in immunocom-
promised patients with abdominal symptoms. As a clini-
cal consequence, a multidisciplinary discussion of the 
patient is recommended to utilize the expertise of inter-
nal medicine, surgery and radiology to reach diagnosis. 
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As the results of surgery in our study were favourable 
with a low complication rate and results of other studies 
indicate similar trends, surgery should be preferred over 
conservative treatment in patients with appendicitis suf-
fering from hematologic disease or chemotherapy-related 
neutropenia. This is expected to ensure rapid infection 
control and avoid complications such as rupture of the 
appendix, which could be catastrophic for immunocom-
promised patients.

Conclusion
The diagnosis of acute appendicitis in patients with 
immunocompromising hematologic malignancy or 
chemotherapy-induced leukopenia remains challeng-
ing. Commonly used scoring systems for acute appen-
dicitis are unreliable in diagnosing appendicitis in these 
patients. The combination of abdominal pain and ele-
vated CRP should lead to a multidisciplinary discussion 
and, if in doubt, to immediate imaging. In case of acute 
appendicitis, surgery seems feasible and safe, even when 
performed laparoscopically. Future work should continue 
to address surgical therapies in immunocompromised 
patients, since a relevant proportion of the general popu-
lation belongs to this group due to diseases or side effects 
of therapies.

Abbreviations
AIR	� Appendicitis Inflammatory Response
ALL	� Acute lymphatic leukaemia
AML	� Acute myeloid leukaemia
CRP	� C-reactive protein
CT	� Computed tomography
ER	� Emergency room
EQ-5D	� European Quality of Life–5 Dimensions
f	� Female
HIV	� Human immunodeficiency virus
ICD	� International Statistical Classification of Diseases and Related Health 

Problems
m	� Male
n.s.	� not specified
WSES	� World Society of Emergency Surgery

Acknowledgements
AKL is supported by the Clinician Scientist Fellowship “Else Kröner Research 
College: 2022_EFK.05”.

Authors’ contributions
AKL designed the study. ACK, AKL and HR obtained raw data. ACK and AKL 
analysed raw data. OK and FB supervised the process. ACK and AKL wrote the 
manuscript. OK, HR, FB and HL revised the manuscript. All authors read and 
approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The authors 
received no financial support regarding the reported study.

Data availability
Data is provided within the manuscript.

Declarations

Ethics approval and consent to participate
All patients had consented to the use of their medical data for scientific 
purposes; according to the ethics committee of Rhineland-Palatine (Mainz, 
Germany) an additional ethical approval was not required due to the 
retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of General, Visceral and Transplant Surgery, University 
Medical Centre of the Johannes Gutenberg University, Langenbeckstraße 
1, 55131 Mainz, Germany
2Department of Medicine III, University Medical Centre of the Johannes 
Gutenberg University, 55131 Mainz, Germany
3Department of General and Visceral Surgery, Hospital “Barmherzige 
Brüder” Trier, 54292 Trier, Germany

Received: 22 January 2025 / Accepted: 11 June 2025

References
1.	 Bhangu A, Søreide K, Di Saverio S, Assarsson JH, Drake FT. Acute appendici-

tis: modern understanding of pathogenesis, diagnosis, and management. 
Lancet. 2015;386:1278–87. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​4​0​-​6​7​3​6​(​1​5​)​0​0​2​7​5​-​5.

2.	 Ferris M, Quan S, Kaplan BS, Molodecky N, Ball CG, Chernoff GW. The global 
incidence of appendicitis. Ann Surg. 2017;266:237–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​
7​​/​S​​L​A​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​2​1​8​8.

3.	 Coward S, Kareemi H, Clement F, Zimmer S, Dixon E, Ball CG, et al. Incidence 
of appendicitis over time: A comparative analysis of an administrative 
healthcare database and a Pathology-Proven appendicitis registry. PLoS ONE. 
2016;11:e0165161. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​3​7​1​​/​j​​o​u​r​​n​a​l​​.​p​o​n​​e​.​​0​1​6​5​1​6​1.

4.	 Moris D, Paulson EK, Pappas TN. Diagnosis and management of acute appen-
dicitis in adults: A review. JAMA. 2021;326:2299–311. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​
a​m​a​.​2​0​2​1​.​2​0​5​0​2.

5.	 Benabbas R, Hanna M, Shah J, Sinert R. Diagnostic accuracy of history, physi-
cal examination, laboratory tests, and Point-of-care ultrasound for pediatric 
acute appendicitis in the emergency department: A systematic review and 
Meta-analysis. Acad Emerg Med. 2017;24:523–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​a​​c​e​
m​.​1​3​1​8​1.

6.	 Alshehri MY, Ibrahim A, Abuaisha N, Malatani T, Abu-Eshy S, Khairulla S, 
et al. Value of rebound tenderness in acute appendicitis. East Afr Med J. 
1995;72:504–6. ​h​t​t​p​​:​/​/​​w​w​w​.​​n​c​​b​i​.​​n​l​m​​.​n​i​h​​.​g​​o​v​/​p​u​b​m​e​d​/​7​5​8​8​1​4​4.

7.	 Hussain S, Rahman A, Abbasi T, Aziz T. Diagnostic accuracy of ultrasonogra-
phy in acute appendicitis. J Ayub Med Coll Abbottabad. 2014;26:12–7. ​h​t​t​p​​:​/​/​​
w​w​w​.​​n​c​​b​i​.​​n​l​m​​.​n​i​h​​.​g​​o​v​/​​p​u​b​​m​e​d​/​​2​5​​3​5​8​2​0​7.

8.	 Kouamé N, N’Goan-Domoua AM, N’dri KJ, Konan AN, Yao-Bathaix MF, 
N’gbesso RD, et al. The diagnostic value of indirect ultrasound signs during 
acute adult appendicitis. Diagn Interv Imaging. 2012;93: e24–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​j​​.​d​i​i​i​.​2​0​1​1​.​1​2​.​0​0​8.

9.	 Löfvenberg F, Salö M. Ultrasound for appendicitis: performance and integra-
tion with clinical parameters. Biomed Res Int. 2016;2016:1–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​1​5​5​​/​2​​0​1​6​/​5​6​9​7​6​9​2.

10.	 Fortea-Sanchis C, Escrig-Sos J, Forcadell-Comes E. Rentabilidad de La eco-
grafía abdominal Para El Diagnóstico de apendicitis aguda. Análisis global y 
Por subgrupos. Rev Gastroenterol Mex. 2020;85:12–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​
/​j​​.​r​g​m​x​.​2​0​1​8​.​1​1​.​0​1​0.

11.	 Hwang ME. Sonography and computed tomography in diagnosing acute 
appendicitis. Radiol Technol. 2018;89:224–37. ​h​t​t​p​​:​/​/​​w​w​w​.​​n​c​​b​i​.​​n​l​m​​.​n​i​h​​.​g​​o​v​/​​p​
u​b​​m​e​d​/​​2​9​​2​9​8​9​4​1.

12.	 Guibentif L, Ris F, Scheffler M, Reny J, Prendki V. Acute appendicitis in elderly 
adults: a difficult diagnosis. J Am Geriatr Soc. 2016;64:1377–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​1​1​1​​/​j​​g​s​.​1​4​1​5​8.

13.	 Körner H, Söndenaa K, Söreide JA, Andersen E, Nysted A, Lende TH, et al. 
Incidence of acute nonperforated and perforated appendicitis: Age-specific 

https://doi.org/10.1016/S0140-6736(15)00275-5
https://doi.org/10.1097/SLA.0000000000002188
https://doi.org/10.1097/SLA.0000000000002188
https://doi.org/10.1371/journal.pone.0165161
https://doi.org/10.1001/jama.2021.20502
https://doi.org/10.1001/jama.2021.20502
https://doi.org/10.1111/acem.13181
https://doi.org/10.1111/acem.13181
http://www.ncbi.nlm.nih.gov/pubmed/7588144
http://www.ncbi.nlm.nih.gov/pubmed/25358207
http://www.ncbi.nlm.nih.gov/pubmed/25358207
https://doi.org/10.1016/j.diii.2011.12.008
https://doi.org/10.1016/j.diii.2011.12.008
https://doi.org/10.1155/2016/5697692
https://doi.org/10.1155/2016/5697692
https://doi.org/10.1016/j.rgmx.2018.11.010
https://doi.org/10.1016/j.rgmx.2018.11.010
http://www.ncbi.nlm.nih.gov/pubmed/29298941
http://www.ncbi.nlm.nih.gov/pubmed/29298941
https://doi.org/10.1111/jgs.14158
https://doi.org/10.1111/jgs.14158


Page 8 of 8Klein et al. BMC Cancer         (2025) 25:1130 

and Sex‐specific analysis. World J Surg. 1997;21:313–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​
7​​/​s​​0​0​2​6​8​9​9​0​0​2​3​5.

14.	 Man Y, Li S, Yu Z. Septic shock caused by acute appendicitis complicated with 
abscess formation within mesoappendix: a case report. Int J Surg Case Rep. 
2020;76:186–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​​s​c​r​​.​2​0​2​​0​.​​0​9​.​1​5​9.

15.	 Memon ZA, Irfan S, Fatima K, Iqbal MS, Sami W. Acute appendicitis: diagnostic 
accuracy of Alvarado scoring system. Asian J Surg. 2013;36:144–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​s​​j​s​u​​r​.​2​0​​1​3​​.​0​4​.​0​0​4.

16.	 Kabir SA, Kabir SI, Sun R, Jafferbhoy S, Karim A. How to diagnose an acutely 
inflamed appendix; a systematic review of the latest evidence. Int J Surg. 
2017;40:155–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​s​u​.​2​0​1​7​.​0​3​.​0​1​3.

17.	 Alvarado A. A practical score for the early diagnosis of acute appendicitis. 
Ann Emerg Med. 1986;15(5):557–64. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​9​6​-​0​6​4​4​(​8​6​)​
8​0​9​9​3​-​3.

18.	 Andersson M, Kolodziej B, Andersson RE. Validation of the appendicitis 
inflammatory response (AIR) score. World J Surg. 2021;45:2081–91. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​6​8​-​0​2​1​-​0​6​0​4​2​-​2.

19.	 Hobson MJ, Carney DE, Molik KA, Vik T, Scherer LRT 3rd, Rouse TM, et al. 
Appendicitis in childhood hematologic malignancies: analysis and compari-
son with typhilitis. J Pediatr Surg. 2005;40:214–20.

20.	 World Health Organization. International Statistical Classification of Diseases 
and Related Health Problems 10th Revision. 2019. ​h​t​t​p​​s​:​/​​/​i​c​d​​.​w​​h​o​.​​i​n​t​​/​b​r​o​​w​s​​e​
1​0​/​2​0​1​9​/​e​n

21.	 Dindo D, Demartines N, Clavien P-A. Classification of surgical complications. 
Ann Surg. 2004;240:205–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​0​​1​.​s​​l​a​.​​0​0​0​0​​1​3​​3​0​8​3​.​5​4​9​3​4​
.​a​e.

22.	 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al. 
The Clavien-Dindo classification of surgical complications: five-year experi-
ence. Ann Surg. 2009;250:187–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​b​0​​1​3​e​3​​1​8​​1​b​
1​3​c​a​2.

23.	 Chong CF, Adi MIW, Thien A, Suyoi A, Mackie AJ, Tin AS, et al. Development 
of the RIPASA score: a new appendicitis scoring system for the diagnosis of 
acute appendicitis. Singap Med J. 2010;51:220–5. ​h​t​t​p​​:​/​/​​w​w​w​.​​n​c​​b​i​.​​n​l​m​​.​n​i​h​​.​g​​o​
v​/​​p​u​b​​m​e​d​/​​2​0​​4​2​8​7​4​4.

24.	 Palmblad J, Dufour C, Papadaki HA. How we diagnose neutropenia in the 
adult and elderly patient. Haematologica. 2014;99:1130–3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
3​3​2​4​​/​h​​a​e​m​​a​t​o​​l​.​2​0​​1​4​​.​1​1​0​2​8​8.

25.	 National Institutes of Health National Cancer Institute. Common Terminology 
Criteria for Adverse Events (CTCAE). 2017. ​h​t​t​p​​s​:​/​​/​c​t​e​​p​.​​c​a​n​​c​e​r​​.​g​o​v​​/​p​​r​o​t​​o​c​o​​l​d​e​
v​​e​l​​o​p​m​​e​n​t​​/​e​l​e​​c​t​​r​o​n​​i​c​_​​a​p​p​l​​i​c​​a​t​i​​o​n​s​​/​d​o​c​​s​/​​C​T​C​​A​E​_​​v​5​_​Q​​u​i​​c​k​_​R​e​f​e​r​e​n​c​e​_​8​.​5​x​1​
1​.​p​d​f

26.	 Di Saverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori A, et al. 
Diagnosis and treatment of acute appendicitis: 2020 update of the WSES 
Jerusalem guidelines. World J Emerg Surg. 2020;15:27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​
6​​/​s​​1​3​0​1​7​-​0​2​0​-​0​0​3​0​6​-​3.

27.	 Zywicka-Lopaciuk H, Konopka L, Traczyk Z, Pawelski S, Sylwestrowicz T, 
Maślanka K, et al. Immune condition in patients with hodgkin’s disease. Arch 
Immunol Ther Exp (Warsz). 1980;28:153–60. ​h​t​t​p​​:​/​/​​w​w​w​.​​n​c​​b​i​.​​n​l​m​​.​n​i​h​​.​g​​o​v​/​p​u​
b​m​e​d​/​6​9​6​8​1​8​9.

28.	 Matchett KM, Huang AT, Kremer WB. Impaired lymphocyte transformation in 
Hodgkin’s disease. Evidence for depletion of circulating T-lymphocytes. J Clin 
Invest. 1973;52:1908–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​2​​/​J​​C​I​1​0​7​3​7​4.

29.	 Crawford J, Dale DC, Lyman GH. Chemotherapy-induced neutropenia. Can-
cer. 2004;100:228–37. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​c​​n​c​r​.​1​1​8​8​2.

30.	 Coccolini F, Improta M, Sartelli M, Rasa K, Sawyer R, Coimbra R, et al. Acute 
abdomen in the immunocompromised patient: WSES, SIS-E, WSIS, AAST, and 
GAIS guidelines. World J Emerg Surg. 2021;16:40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​
0​1​7​-​0​2​1​-​0​0​3​8​0​-​1.

31.	 Varela ML, Mogildea M, Moreno I, Lopes A. Acute inflammation and metabo-
lism. Inflammation. 2018;41:1115–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​7​5​3​-​0​1​8​-​0​7​
3​9​-​1.

32.	 Kim KU, Kim JK, Won JH, Hong DS, Park HS, Park KK. Acute appendicitis in 
patients with acute leukemia. Korean J Intern Med. 1993;8:40–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​3​9​0​4​​/​k​​j​i​m​.​1​9​9​3​.​8​.​1​.​4​0.

33.	 Forghieri F, Luppi M, Narni F, Morselli M, Potenza L, Bresciani P, et al. Acute 
appendicitis in adult neutropenic patients with hematologic malignancies. 
Bone Marrow Transplant. 2008;42:701–3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​b​​m​t​.​2​0​0​8​.​2​
3​5.

34.	 Kojima K, Nakamura T, Habiro T, Waraya M, Hayashi K, Ishii K-I. Laparoscopic 
appendectomy for acute appendicitis complicated by pancytopenia in two 
patients with hematologic diseases. J Anus Rectum Colon. 2021;5:188–91. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​9​2​​2​/​​j​a​r​c​.​2​0​2​0​-​0​7​7.

35.	 Chirletti P, Barillari P, Sammartino P, Cardi M, Caronna R, Arcese W, et al. The 
surgical choice in neutropenic patients with hematological disorders and 
acute abdominal complications. Leuk Lymphoma. 1993;9:237–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​3​1​0​9​​/​1​​0​4​2​8​1​9​9​3​0​9​1​4​7​3​7​6.

36.	 Lee SH, Park S-S, Seo HS. Risks associated with surgical treatment for appendi-
citis in hematologic patients. Cancers (Basel). 2023;15: 5049. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​3​3​9​0​​/​c​​a​n​c​e​r​s​1​5​2​0​5​0​4​9.

37.	 Hart PC, Rajab IM, Alebraheem M, Potempa LA. C-Reactive protein and 
Cancer-Diagnostic and therapeutic insights. Front Immunol. 2020;11:595835. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​i​m​m​u​.​2​0​2​0​.​5​9​5​8​3​5.

38.	 Heini AD, Hugo R, Berger MD, Novak U, Bacher U, Pabst T. Simple acute phase 
protein score to predict long-term survival in patients with acute myeloid 
leukemia. Hematol Oncol. 2020;38:74–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​h​​o​n​.​2​6​9​6.

39.	 Gabay C, Kushner I. Acute-Phase proteins and other systemic responses to 
inflammation. N Engl J Med. 1999;340:448–54. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​​
1​9​9​​9​0​2​1​​1​3​​4​0​0​6​0​7.

40.	 Collaborative CODA, Flum DR, Davidson GH, Monsell SE, Shapiro NI, Odom 
SR, et al. A randomized trial comparing antibiotics with appendectomy for 
appendicitis. N Engl J Med. 2020;383:1907–19. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​
o​a​2​0​1​4​3​2​0.

41.	 Antibiotics versus Appendectomy for Acute Appendicitis — Longer-Term 
Outcomes. N Engl J Med. 2021;385:2395–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​c​2​1​
1​6​0​1​8.

42.	 Gorter RR, Eker HH, Gorter-Stam MAW, Abis GSA, Acharya A, Ankersmit M 
et al. Diagnosis and management of acute appendicitis. EAES consensus 
development conference 2015. Surg Endosc. 2016;30:4668–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​6​4​-​0​1​6​-​5​2​4​5​-​7

43.	 Kabir T, Syn NL, Shaw V, Tan YHA, Chua HW, Ong LWL, et al. Defining the 
optimal time to appendectomy: A step toward precision surgery. Surgery. 
2022;172:798–806. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​1​​​6​/​j​.​s​​u​r​g​.​​2​0​2​​2​.​0​4​.​0​2​1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/s002689900235
https://doi.org/10.1007/s002689900235
https://doi.org/10.1016/j.ijscr.2020.09.159
https://doi.org/10.1016/j.asjsur.2013.04.004
https://doi.org/10.1016/j.asjsur.2013.04.004
https://doi.org/10.1016/j.ijsu.2017.03.013
https://doi.org/10.1016/S0196-0644(86)80993-3
https://doi.org/10.1016/S0196-0644(86)80993-3
https://doi.org/10.1007/s00268-021-06042-2
https://doi.org/10.1007/s00268-021-06042-2
https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
http://www.ncbi.nlm.nih.gov/pubmed/20428744
http://www.ncbi.nlm.nih.gov/pubmed/20428744
https://doi.org/10.3324/haematol.2014.110288
https://doi.org/10.3324/haematol.2014.110288
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://doi.org/10.1186/s13017-020-00306-3
https://doi.org/10.1186/s13017-020-00306-3
http://www.ncbi.nlm.nih.gov/pubmed/6968189
http://www.ncbi.nlm.nih.gov/pubmed/6968189
https://doi.org/10.1172/JCI107374
https://doi.org/10.1002/cncr.11882
https://doi.org/10.1186/s13017-021-00380-1
https://doi.org/10.1186/s13017-021-00380-1
https://doi.org/10.1007/s10753-018-0739-1
https://doi.org/10.1007/s10753-018-0739-1
https://doi.org/10.3904/kjim.1993.8.1.40
https://doi.org/10.3904/kjim.1993.8.1.40
https://doi.org/10.1038/bmt.2008.235
https://doi.org/10.1038/bmt.2008.235
https://doi.org/10.23922/jarc.2020-077
https://doi.org/10.23922/jarc.2020-077
https://doi.org/10.3109/10428199309147376
https://doi.org/10.3109/10428199309147376
https://doi.org/10.3390/cancers15205049
https://doi.org/10.3390/cancers15205049
https://doi.org/10.3389/fimmu.2020.595835
https://doi.org/10.3389/fimmu.2020.595835
https://doi.org/10.1002/hon.2696
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1056/NEJMoa2014320
https://doi.org/10.1056/NEJMoa2014320
https://doi.org/10.1056/NEJMc2116018
https://doi.org/10.1056/NEJMc2116018
https://doi.org/10.1007/s00464-016-5245-7
https://doi.org/10.1007/s00464-016-5245-7
https://doi.org/10.1016/j.surg.2022.04.021

	﻿Acute appendicitis in patients suffering from Immunocompromising hematologic malignancies or chemotherapy-related leukopenia: a cohort study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


