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Abstract

Background: Escalated BEACOPP (eBEACOPP) is an effective but fairly toxic regimen

for the treatment of Hodgkin lymphoma (HL). Avascular necrosis (AVN) of femoral

head was previously reported to increase in patients treated with eBEACOPP, but so

far, no systematic analysis of its frequency has been published.

Aims: To analyse the frequency and identify possible risk factors for AVN development

in patients treated with eBEACOPP.

Methods: We identified 26 patients treated with eBEACOPP for newly diagnosed

high-risk advanced-stage HL, 25 of whom were alive at the time of study. All patients

were invited to participate in a cross-sectional study; 17 patients responded and were

evaluated by magnetic resonance imaging and orthopaedic examination.

Results: Six patients (35.3%) were diagnosed with AVN after receiving eBEACOPP

treatment. AVN was not correlated with age, gender, number of received eBEACOPP

cycles, irradiation therapy or cumulative dose of steroids administered. There were sig-

nificantly more cases of AVN in patients receiving methylprednisolone than predni-

sone (P = 0.01).

Conclusion: The use of methylprednisolone was shown to be a risk factor for the

development of AVN in patients treated with eBEACOPP and should not be the cortico-

steroid of choice in the treatment of patients with HL.

Introduction

Hodgkin lymphoma (HL) is a B-cell-derived lymphoid
neoplasm, typically diagnosed in young people, predom-
inantly men; median age at diagnosis is 38 years. With
modern treatment regimens, more than 75% of patients

are cured, resulting in an increased focus on new issues:

the long-term effects and toxicities of chemotherapy.1

Today, the main question regarding HL is how much

therapy is enough to cure the disease and mitigate toxic

effects to avoid long-term disability. Over the past two

decades, studies from the German Hodgkin Study Group

(GHSG) and other groups (Gruppo Italiano per lo Studio

dei Linfomi (GISL), as well as the European Organisation

for Research and Treatment of Cancer (EORTC), have

shown escalated BEACOPP (eBEACOPP) to be the most
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effective regimen for the treatment of advanced-stage
HL, resulting in significantly improved failure-free sur-
vival (FFS) and overall survival (OS) in comparison with
baseline BEACOPP (bBEACOPP) or ABVD (adriamycin,
bleomycin, vinblastine, dacarbazine).2–5 Administration
of BEACOPP has changed somewhat over time. Before
2011, the GHSG standard was eight cycles of eBEACOPP,
while most centres not belonging to the GHSG adminis-
tered four eBEACOPP cycles, followed by four bBEA-
COPP cycles. A GHSG study has confirmed the latter
schedule to be as effective and less toxic than eight
eBEACOPP cycles.6 It was subsequently demonstrated
that six cycles of eBEACOPP are superior to eight
cycles,7 which led to the six-cycle regimen becoming the
current standard approach. Administration of eBEA-
COPP is coupled with severe haematological toxicity,
and admittance for neutropenic fever or serious infec-
tions is quite frequent. Secondary malignancies are an
issue in long-term survivors of HL; studies point to an
18.5-fold increased risk of HL survivors developing sec-
ondary malignancies in HL compared with the general
population, with a cumulative incidence of 11% at
20 years and 26% at 30 years.8 In a study comparing
COPP/ABVD with bBEACOPP with eBEACOPP, Engert
and colleagues showed that there was no difference in
the total number of secondary neoplasms between the
two groups.3 Fertility is also an issue, with more than
half of women older than 30 developing premature
ovarian failure when treated with BEACOPP.9

Avascular necrosis (AVN) of the femoral head is charac-
terised by a series of derangements resulting in decreased
blood flow to the femoral head, further leading to osteone-
crosis, fracture and consequent collapse of the articular sur-
face.10 In the pathophysiological cascade of AVN,
interrupted blood flow plays a central role. According to
aetiology, AVN may be idiopathic or secondary, where sev-
eral aetiological factors and mechanisms have been recog-
nised to trigger interrupted blood flow and cause
osteonecrosis. The most common factors causing AVN can
be roughly divided into: traumatic factors (hip fracture, dis-
location, slipped capital femoral epiphysis, etc.); use of glu-
cocorticoids; alcohol abuse; presence of fat emboli; sickle
cell haemoglobinopathy; Gaucher and Caisson disease;
coagulopathies (presence of antiphospholipid antibodies,
inherited thrombophilia, hypofibrinolysis, etc.) and the
influence of certain drugs (e.g. chemotherapeutics), toxins
or irradiation.10 Among these factors, glucocorticoid treat-
ment is the second most important factor (after trauma),11

with numerous original reports and review articles advo-
cating the correlation between systemic glucocorticoid
administration and consequent AVN onset.10,12,13 How-
ever, to the best of our knowledge, after extensive litera-
ture search, we have not been able to find a reference that

distinguished different corticosteroids and their effect on
AVN incidence. Development of AVN is not uncommon in
long-term survivors of Hodgkin disease; it was described
quite frequently, with an incidence of 11.3% in a cohort of
patients treated mainly with MOPP (mustargen, oncovin,
procarbazine, prednisone) in the early 1990s,14 and has
normally been attributed to the use of corticosteroids in
the treatment of HL. As the eBEACOPP treatment regimen
also includes corticosteroid application, it is logical to
assume that a certain percentage of patients will develop
AVN. An increase in symptomatic AVN in patients with HL
treated with eBEACOPP was first reported by the Czech
group of authors,15 followed by reports by the Israeli and
Norwegian groups and, most recently, a report from
GHSG, with results in their largest cohort showing a very
different incidence of AVN, ranging from less than 1 to
21%.16–18

After initial observation of symptomatic AVN occur-
rence in two of our patients treated with eBEACOPP,
both young athletic males, we decided to perform a
larger study in order to investigate this problem in
greater detail. The aim of this study was to determine
the cause and potential risk factors for the increased inci-
dence of osteonecrosis in our patient population receiv-
ing eBEACOPP for HL.

Methods

Patients

During the period 2003–2012, in the Division of Haema-
tology at the University Hospital Center Zagreb, Croatia,
26 patients younger than 60 years with newly diagnosed
high-risk classical HL (stage III–IV) were treated with
eBEACOPP. Of 26 consecutively treated patients, 25 were
alive and in disease remission at the time of study initia-
tion; 1 patient had died during treatment due to infection.
All 25 surviving patients were contacted by phone,
informed of the experimental nature of this study and
invited to come in for an orthopaedic examination and
magnetic resonance imaging (MRI) of both hips;
17 responded and were evaluated. Their baseline charac-
teristics are given in Table 1. Median time from end of
treatment to study inclusion was 14 months (range 2–98).

This study was approved by the Ethics Committee of
the University Hospital Centre Zagreb, and all patients
signed an informed consent form prior to starting any
study procedure.

Treatment

All patients were at high risk, defined as Hasenclever
index ≥3.19 Patients who started treatment before mid-
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2011 were scheduled to receive four eBEACOPP cycles
followed by four bBEACOPP cycles (n = 10), four of
whom received four cycles of ABVD instead of bBEACOPP
due to toxicity, while those starting later received six
eBEACOPP cycles (n = 7). Two patients started treatment
with ABVD but were PET positive after two cycles and,
therefore, continued treatment with six cycles of eBEA-
COPP.20 eBEACOPP, bBEACOPP and ABVD were admin-
istered in standard fashion, the eBEACOPP with regular
granulocyte colony-stimulating factor support, blood
counts performed at least twice weekly and dose reduc-
tions of drugs based on toxicity. Areas in partial remission
(PR) at the end of treatment or with initial very-bulky dis-
ease (>10 cm in maximal diameter) were irradiated after
chemotherapy with a total dose of 30–36 Gy. Steroid
administration differed between the patients as follows: in
five patients, methylprednisolone was administered
instead of prednisone at the treating physicians’ discretion,
while in all other patients (n = 12), prednisone was
administered. The dose of methylprednisolone was calcu-
lated as the glucocorticoid equivalent of prednisone
according to the anti-inflammatory potency (http://www.
globalrph.com/corticocalc.htm), and all patients received
corticosteroids orally.
All patients were staged according to Ann Arbor classi-

fication21 prior to therapy, after four cycles, at the end of
chemotherapy and, if applicable, after radiotherapy by
CT or PET-CT.

AVN assessment

MRI studies were performed on a 1.5 T MR unit
(TOSHIBA, Vantage) using pelvic coil. MRI examinations

were performed according to the standard local protocol,
consisting of coronal and axial T1- and T2-weighted
images and short-tau inversion recovery (STIR) images.
Results of the hip MRI were classified according to

Ficat.22 Results of orthopaedic examination were vali-
dated using the Harris hip score.

Statistical analysis

All data were computed using the Statview ver. 5.0 pro-
gram. Groups with and without aseptic necrosis were
compared with a Mann–Whitney U-test for continuous
variables and with the Chi-squared test for categorical
variables. A P-value <0.05 was considered to indicate
statistical significance.

Results

Treatment tolerability

The median number of eBEACOPP cycles administered
was four (range 3–6). Five patients received additional
radiotherapy, and one with a residual PET+ uptake in
the spleen underwent a splenectomy. On histological
examination of the spleen, no signs of HL were found.
Haematological toxicity was frequent; neutropenia

grade III–IV occurred in 16 (94%) patients, anaemia in
8 (47%) and thrombocytopenia in 10 (59%). Dose
reductions due to toxicity were necessary in seven
(41%) patients. Three patients (18%) had a reduction of
lung function. One patient experienced pulmonary
embolism. Two patients developed steroid myopathy. No
cases of secondary cancer have occurred so far.

Avascular hip necrosis

Median time from start of therapy to study examination
was 14 months (range 2–98). Of the 17 patients exam-
ined, 5 had clinical signs of AVN, including pain, limping
and limited range of motion. MRI showed signs of osteo-
necrosis in six patients; one patient with clinical suspi-
cion of AVN had a normal hip MRI, while two patients
with normal clinical findings were diagnosed with AVN
corresponding to Ficat stage I osteonecrosis on MRI
examination; one of these later became symptomatic.
According to Ficat classification, two patients had stage I,
three patients had stage IIA and one had stage IIB AVN.
Apart from AVN of both hips, one patient also suffered
diffuse osteonecrosis of the pelvic bones and of the visi-
ble parts of both femurs (Fig. 1).
The total incidence of AVN was 35.3% (6 out of 17).

Three patients had bilateral AVN. Five patients (29.4%)

Table 1 Study population – baseline characteristics

Characteristic n (%)

Patient age, median (range) 31 (19–42)
Patient gender
Male 6 (35.3)
Female 11 (64.7)

Body surface area (Dubois), median (range) 1.89 (1.4–2.2)
Cycles of eBEACOPP, median (range) 4.7 (3–6)
Radiotherapy
No 11 (64.7)
Yes 6 (35.4)

Corticosteroids
Prednisone 12 (70.6)
Methylprednisolone 5 (29.4)

Dosage of corticosteroids (mg/m2), median
(range)

3841 (1754–4800)

MRI scan
Negative 11 (64.7)
Positive 6 (35.4)

eBEACOPP, escalated BEACOPP; MRI, magnetic resonance imaging.
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had indications for hip replacement according to clinical
examination and MRI findings at the time of study.

Univariate analysis was performed to determine risk
factors for developing AVN. Age, gender, number of
BEACOPP cycles received, body surface area, total
cumulative dose of steroids (calculated as glucocorticoid
equivalent of prednisone) per metre square, steroid type
and radiation therapy were variables included in the
analysis (Table 2). Cumulative steroid doses included
drugs administered as part of treatment regimens, as
well as steroids used for prevention of nausea,
bleomycin-related or post-irradiation pneumonitis, and

so forth. The results of the univariate analysis showed
that the only risk factor that was statistically significant
was the use of methylprednisolone. Out of the 5 patients
treated with methylprednisolone, 4 (80%) had AVN,
and of the 12 patients treated with prednisone, 2 (17%)
had AVN (P = 0.01).

Discussion

Our experience using eBEACOPP in the treatment of
high-risk HL concurs with other publications reporting
much larger series of patients; it is a highly effective

Figure 1 Magnetic resonance image of avascular necrosis (AVN). T1- and T2-weighted images showing diffuse osteonecrosis of pelvic bones and of

visible parts of both femurs (arrows).

Table 2 Univariate analysis of risk factors for avascular necrosis, comparing patients with and without positive MRI scan

Characteristic Patients with negative MRI scan Patients with positive MRI scan P-value
n = 11 (64.7%) n = 6 (35.3%)

Patient age, median (range) 33 (20–42) 31 (19–42) 0.65
Patient gender, n (%)
Male 6 (55) 5 (83) 0.24
Female 5 (45) 1 (17)

Body surface area (Dubois), median (range) 1.87 (1.40–2.20) 1.92 (1.77–2.20) 0.45
Cycles of BEACOPP median (range) 4 (3–6) 5 (4–6) 0.45
Radiotherapy, n (%)
No 9 (82) 2 (33)
Yes 2 (18) 4 (67) 0.05

Corticosteroids, n (%)
Prednisone 10 (91) 2 (33) 0.01
Methylprednisolone 1 (9) 4 (67)

Corticosteroid dose (mg/m2) median (range) 3841 (1754–4800) 3260 (2096–4746) 0.54

MRI, magnetic resonance imaging.
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protocol, coupled with significant, albeit manageable,
acute toxicity, particularly haematological toxicity.2,3,6

However, we also found a relatively high incidence of
AVN in our patients (35.3% of examined patients) and
were able to link it to the use of methylprednisolone
instead of prednisone.
The development of AVN is not uncommon in long-

term survivors of Hodgkin disease; as mentioned, its fre-
quency was described to be 11.3% in a cohort of patients
treated mainly with MOPP.14 An increase in symptom-
atic AVN in patients with HL treated with BEACOPP dif-
fers significantly in the available reports. It was first
reported by the Czech group of authors.15 Their patients
were treated within GHSG trials, and most of them
received eight BEACOPP cycles with prednisone. Of
124 patients treated with BEACOPP, 12.9% developed
symptomatic AVN, while no attempts were made to
diagnose asymptomatic cases. The same problem was
subsequently addressed in the Israeli and Norwegian
series,16,17 although they reported a very different fre-
quency. Israeli patients received 6–7 BEACOPP cycles,
also with prednisone, and only 3 of 124 developed
symptomatic AVN (2.4%), 2 after the standard 14-day
prednisone therapy per cycle and 1 after a 7-day steroid
therapy per cycle.16 This publication reported on patients
treated between the years 1999 and 2005, with patients
treated from 2002 receiving only a 7-day prednisone
cycle, but authors did not state the ratio of patients
receiving decreased cumulative doses of corticosteroids
in the total number treated, which most likely influ-
enced their reported incidence of AVN. In the Norwegian
study, patients received eight BEACOPP cycles with
prednisolone; symptomatic AVN occurred in 10 of
47 cases (21%).17 Interestingly, two of five patients who
had erroneously received a 50% higher dose of steroids
in at least one cycle developed symptomatic AVN. Addi-
tionally, 2 of 10 AVN patients were asymptomatic and
were diagnosed after MRI was performed for insurance
purposes, increasing their incidence on account of
asymptomatic patients diagnosed by MRI, which was an
identical finding in our group. Most recently, the GHSG
group has demonstrated their experience with AVN after
eBEACOPP in what is so far the largest series. In total,
12 083 patients were evaluated; the cumulative inci-
dence of osteonecrosis was 0.16% in early-stage HL
(n = 10) and 0.93% in advanced-stage HL (n = 54). In a
multivariate logistic regression including all patients,
male gender and advanced stage were identified as risk
factors for osteonecrosis. After focusing only on
advanced HL patients (they had higher incidence),
young age and a higher cumulative dose of prednisone
during therapy were identified as additional risk
factors.18

The possible explanation for the higher frequency of
AVN in our study in comparison with others, particularly
GHSG, might be that none of the other studies has sys-
tematically addressed AVN incidence; all cases were
reported after becoming symptomatic or after MRI was
performed for other purposes (e.g. insurance), as in two
Norwegian patients. Our study was the only one that
reported incidence after conducting a systematic clinical
assessment and MRI investigation in all participating
patients.
Although there is a potential selection bias, with pre-

sumably more symptomatic patients agreeing to partici-
pate in this voluntary study, it is important to state that
12 of the 17 patients examined had no clinical symptoms
and no significant findings on orthopaedic examination.
Indeed, we were able to identify two asymptomatic
patients (33% of all patients with AVN) who would oth-
erwise go undetected, or at least undetected until they
developed more advanced necrosis. Also, our group of
patients is small and was exclusively followed in our
centre by treating physicians knowledgeable in diagnos-
ing side-effects specific for disease/treatment, which cer-
tainly contributes to early work-up as symptoms of AVN
can, in fact, be readily overlooked by less-experienced
staff.
The total administered dose of steroids was not cor-

related with AVN occurrence in our group, as opposed
to findings in the GHSG group.18 The only statistically
significant factor increasing the risk for AVN in our
group of patients was the use of methylprednisolone
instead of prednisone. Even though a glucocorticoid-
equivalent dose was used when methylprednisolone
was administered instead of prednisone, our results
point to the fact that the use of methylprednisolone
increased the risk of AVN in our group of patients. Of
note, in the group of live patients who declined
involvement in this study, two patients received meth-
ylprednisolone and six received prednisone, which is
approximately the same ratio as patients included in
the study.
High, intravenously administered pulse-doses of

methylprednisolone are known to increase the risk of
AVN in various conditions, including organ transplant,
aplastic anaemia and spinal trauma,23,24 but this has
been generally attributed to the dose and schedule of
administration and not to the type of steroid. However,
there are two reports in animal models (rabbit and
chicken) indicating that methylprednisolone, adminis-
tered in a glucocorticoid-equivalent dose, caused signifi-
cantly more AVN than other corticosteroids.25,26 Even
though Miyanishi et al.25 did not compare methylpred-
nisolone with prednisone, they found that methylpred-
nisolone in comparison with an equivalent dose of
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prednisolone or triamcinolone increased AVN incidence
in the proximal femur (65% vs 12% vs 15%, P < 0.01).
The authors proposed that the type of steroid used
might be important to AVN development in humans
too, suggesting that 6-methylation, a feature unique to
methylprednisolone, might carry the difference, as well
as methylprednisolone’s lower albumin- and/or
corticosteroid-binding globulin (CBG)-binding capacity
in comparison with prednisolone, consequently increas-
ing the methylprednisolone-free fraction that may raise
the incidence of AVN.25

This is the first report on AVN complications in
patients treated with eBEACOPP in a Croatian series.
After obtaining the results of this study, we modified our
practice and began administering eBEACOPP strictly
with prednisone. Notably, no additional cases of symp-
tomatic AVN occurred in the following 25 patients trea-
ted with eBEACOPP, with a median follow up of
39.2 months.

Conclusion

Treatment with eBEACOPP proved to be an excellent
choice of therapy for patients with high-risk disease.
However, the treatment is coupled with serious toxicity,
one of which is AVN. In this study, the single risk factor
for development of AVN proved to be the use of methyl-
prednisolone. Based on these data, our opinion is that
methylprednisolone should not be the corticosteroid of
choice in the treatment of patients with Hodgkin disease
due to the significantly increased risk of AVN.
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Abstract

Background: Diabetic ketoacidosis (DKA) is an acute life-threatening metabolic com-

plication of diabetes that imposes substantial burden on our healthcare system. There is

a paucity of published data in Australia assessing factors influencing time to resolution

of DKA and length of stay (LOS).

Aims: To identify factors that predict a slower time to resolution of DKA in adults with

diabetes.

Methods: Retrospective audit of patients admitted to St Vincent’s Hospital Melbourne

between 2010 to 2014 coded with a diagnosis of ‘Diabetic Ketoacidosis’. The primary out-

come was time to resolution of DKA based on normalisation of biochemical markers.

Episodes of DKA within the wider Victorian hospital network were also explored.

Results: Seventy-one patients met biochemical criteria for DKA; median age 31 years

(26–45 years), 59% were male and 23% had newly diagnosed diabetes. Insulin omis-

sion was the most common precipitant (42%). Median time to resolution of DKA was

11 h (6.5–16.5 h). Individual factors associated with slower resolution of DKA were

lower admission pH (P < 0.001) and higher admission serum potassium level (P = 0.03).

Median LOS was 3 days (2–5 days), compared to a Victorian state-wide LOS of 2 days.

Higher comorbidity scores were associated with longer LOS (P < 0.001).

Conclusions: Lower admission pH levels and higher admission serum potassium levels

are independent predictors of slower time to resolution of DKA. This may assist to strat-

ify patients with DKA using markers of severity to determine who may benefit from

closer monitoring and to predict LOS.
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