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Anamnesis 

§  Male, 56 y  
§  Non-Hodgkin lymphoma 
§  2015:  х 6 DA-EPOCH-R + 

radiation therapy, 36 Gr 
§  2017 – relapse  
§  April – June 2017 – х 3 ICE-R 
§  July – August 2017 – х 2 DHAP 



September 2017, d +1-14 

§  BEAM + auto SCT (2,8x106 /kg CD34+) 
§  D +2-14: voriconazole  
§  D + 4-13: severe neutropenia (<0,5x109/l)   
§  persisted lymphocytopenia (<0,5x109/l) 
§  D +4-13: neutropenic fever, meropenem + 
§  D +5: chest CT scan = N  

§  D +6-7: intestinal bleeding, ICU, tygecycline +  
§  D +14: neutrophils > 1,0x109/l, t = 37,0 C0  



October 2017, d +22 

§  satisfactory condition, ↑t > 380  
§  neu – 14,4х109/l, lymph 0,2х109/l, Hb 73 g/l, tr 19х109/l 



October 2017, d +22 

§  satisfactory condition, ↑t > 380  
§  neu – 14,4х109/l, lymph 0,2х109/l, Hb 73 g/l, tr 19х109/l 



PIMDA  
A European Prospective Invasive Mould Disease Audit  Figure 3: Country-specific rates of IMD 
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Incidence of IFD in adult patients with AML/ALL 
2003-14 yy, n=240  

IA etiology 
Aspergilllus 
fumigatus 

60% 

Aspergillus niger 20% 

Aspergillus 
flavus 

20% 

IC etiology 
Candida parapsilosis 37% 

Candida guilliermondii 25% 

Candida dubliniensis 13% 

Candida norvegensis 13% 

Candida krusei 12% 

Mucormycosis etiology 

Rhizopus 50% 

Lichtheimia 
corymbifera 

50% 

Zuzgin et al., 2015 



Volkova A. et al. 2015 

Incidence of IFD in pediatric patients after SCT 
2000-2014, n=807 



Invasive aspergillosis in Saint Petersburg, Russia  
registry, 1998 – 2017, n=700 

Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



Mucormycosis in Saint Petersburg, Russia  
registry, 2004-2016, n=84 

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  



Mucormycosis vs Aspergillosis 
hematology / underlying diseases  

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  
Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



Mucormycosis vs Aspergillosis 
hematology / risk factors 

§  median of severe neutropenia – 30 vs 15 days 
§  median of lymphocytopenia – 30 vs 15 days 

§  mucormycosis was diagnosed in 1–225 days 
after IA - 52% patients  

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  
Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



Mucormycosis vs Aspergillosis 
hematology / etiology 

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  
Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



Mucormycosis vs Aspergillosis 
in vitro susceptibility of pathogenic fungi 

Arendrup et al. ECIL-3 classical diagnostic procedures for the diagnosis of invasive fungal diseases in patients with leukemia. Bone 
Marrow Transplantation, 2012 



Mucormycosis vs Aspergillosis 
hematology / sites of infection  

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  
Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



Mucormycosis vs Aspergillosis 
hematology / symptoms 

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  
Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



 Mucormycosis in Saint Petersburg, Russia 

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  



 Mucormycosis in Saint Petersburg, Russia 

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  



Mucormycosis vs Aspergillosis 
hematology / CT scan 

with mucormycosis, in <1% of patients with invasive aspergil-

losis, and in no patient with fusariosis. The majority of patients

with a reversed halo sign had undergone haematopoietic stem

cell transplantation for acute myelogenous or chronic

lymphatic leukaemia [103]. As a wide range of infectious and

non-infectious diseases may present with a reversed halo sign

on CT, the diagnostic value of this finding depends on the

pre-test probability [104].

Patients with more than ten nodular infiltrates were more

likely to have mucormycosis than aspergillosis in one historical

control study [102], whereas in a separate patient series this

was not the case [104].

If mucormycosis is the suspected diagnosis, histological

proof is urgently needed. Computed tomography-guided

needle biopsy was successfully applied in 61 patients with

possible invasive fungal diseases. Mucormycosis was diagnosed

in 13 (21%) [30]. In a separate series of 56 patients with

pulmonary nodular infiltrates on CT, biopsy identified proven

mucormycosis in six (11%) [47]. In both series a prerequisite

was a minimum platelet count of 50 000/lL, which can be

achieved by platelet transfusion [30].

Pleural effusion independently predicted mucormycosis in a

historical control study (n = 16) [102], and was found in all

patients of a second, independent series (n = 18) [104].

In a population of patients with haematological malignan-

cies (n = 59) about 20% of patients had disseminated

disease, so that cranial, thoracic and abdominal imaging

studies appear warranted [105]. In a historical control study,

31% of mucormycosis patients had sinus involvement [102].

In the 1980s, in two series (n = 10, each) of patients with

poorly controlled diabetes and mucormycosis cranial CT

revealed typical signs of sinusitis and orbital involvement

[106,107].

Sinusitis was more commonly associated with mucormyco-

sis than with invasive aspergillosis in patients with haemato-

logical disease [102]. Mucosal thickening without air/fluid levels

was the usual finding in two series comprising ten patients each

[106,107].

In case of bone destruction diagnosed on CT, magnetic

resonance imaging should be used to reveal the full extent

of disease [108,109]. In an institutional series of patients

with mucormycosis (n = 27) approximately half of the

patients with sinus involvement showed intracranial spread

of disease [110].

Recommendations—In patients with haematological malignancy

it is recommended that the possibility of mucormycosis be

considered, particularly in the case of a lung infiltrate with a

reversed halo sign on CT. If mucormycosis is a potential

differential diagnosis, biopsy should be pursued. Once muco-

rmycosis has been proven in a patient with underlying

FIG. 1. Computed tomography in mucormycosis revealing a reversed

halo sign, also known as inversed halo or atoll sign.

TABLE 6. Recommendations on diagnosis of mucormycosis: imaging to differentiate between pulmonary mucormycosis and

invasive pulmonary aspergillosis

Population Intention Method/Finding SoR QoE References

Patients with haematological
malignancy

To differentiate mucormycosis from invasive
pulmonary aspergillosis

CT/reversed halo B IIu 103,104

Patients with haematological
malignancy

To differentiate mucormycosis from invasive
pulmonary aspergillosis

CT/pleural effusion C IIh 102,104

Patients with haematological
malignancy

To differentiate mucormycosis from invasive
pulmonary aspergillosis

CT/>10 nodular infiltrates C IIh 102,104

Patients with haematological
malignancy

To determine extent of disease CT cranial, sinus, thoracic,
abdominal

B III 105

Diabetic with facial pain,
sinusitis, proptosis, amaurosis

To diagnose invasive mould disease and to
determine extent of disease

Cranial CT/destruction
of bonea

A IIu 106–108

As above, but with bone
destruction on CT

To determine extent of disease (orbit,
cerebral, cavernous sinus thrombosis)

Cranial MRI A IIu 109,110

Asia, specifically China and India:
No underlying disease, flank
pain, fever, haematuria, renal
infarct on Doppler ultrasound

To diagnose renal mucormycosis CT or MRI A IIu 9–11

Any To diagnose mucormycosis CT-guided biopsy A IIu 30,47

CT, computed tomography; MRI, magnetic resonance imaging; QoE, quality of evidence; SoR, strength of recommendation.
aSame approach for invasive aspergillosis.

ª2014 The Authors

Clinical Microbiology and Infection ª2014 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 3), 5–26

12 Clinical Microbiology and Infection, Volume 20 Supplement 3, April 2014 CMI

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  
Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



October 2017, d +22 

§  satisfactory condition, ↑t > 380  
§  neu – 14,4х109/l, lymph 0,2х109/l, Hb 73 g/l, tr 19х109/l 



High-risk hematology patients 

GM-OD index > 0.5  
2x weekly monitoring  

> 2 days of unexplained 
fever during neutropenia 

refractory to antibiotics or 
relapsing 

New infiltrate on chest 
X-ray or signs/symptoms 

of invasive mycosis 

Positive culture from  
sputum, nose, TS 

Thoracic CT scan  (within 24 h) 

Characteristic of invasive 
mycosis Atypical lesion Normal 

Bronchoscopy with BAL 
(in the suspected lung segment within 24h)  

+Culture or/and 
+Microscopy or/and  

+ GM/PCR 

-Culture  
-Microscopy 
- GM/PCR 

Look for another site and aetiology No improvement within 6 - 8 days   
Consider invasive diagnostic procedure 

Interdisciplinary image interpretation 

Invasive aspergillosis 
diagnostic algorythm 

ESCMID Aspergillosis Guideline, ECCMID 2014  



Invasive aspergillosis in Saint Petersburg, Russia  
BAL: GM test, microscopy and culture 

GM test 
  
microscopy + 
culture 
  
all tests  
 
  
  
  
  

Volkova et al. TIMM-6, 2013 



October 2017, d +23 

§  GM test serum – negative (0,11) 

§  Bronchoscopy (tr=17x109/l) 
§  GM test BAL – negative (0,16) 
§  Culture BAL – negative   

  



October 2017, d +23 

§  GM test serum – negative (0,11) 

§  Bronchoscopy (tr=17x109/l) 
§  GM test BAL – negative (0,16) 
§  Culture BAL – negative 

§  Microscopy BAL – positive   
  



ECIL-6 recommendations for first-line treatment of invasive 
aspergillosis 

Med2Med_AI_01_01.2017 

Tissot et al. ECIL-6 guidelines for the treatment of invasive candidiasis , aspergillosis and mucormycosis in leukemia and 
hematopoietic stem cell transplant patients. Haematologica, 2017 



ECIL-6 recommendations for first line therapy of mucormycosis 

Med2Med_AI_01_01.2017 

Tissot et al. ECIL-6 guidelines for the treatment of invasive candidiasis, aspergillosis and mucormycosis in leukemia and 
hematopoietic stem cell transplant patients. Haematologica, 2017 



October 2017, d +23 

§  t = 38,50 С  
 
§  neu 9,5х109/l, lymph 0,3х109/l, Hb 72 g/l, tr 17х109/l 

§  lipid AmB 3 mg/kg/d + caspofungin 70è50 mg/d 



October 2017, d +27 



ECIL-6 recommendations for salvage and maintenance 
therapy of mucormycosis 

Med2Med_AI_01_01.2017 

Tissot et al. ECIL-6 guidelines for the treatment of invasive candidiasis, aspergillosis and mucormycosis in leukemia and 
hematopoietic stem cell transplant patients. Haematologica, 2017 



October 2017, d +28 

§  Tr=22х109/l 
§  lower lobectomy with marginal resection 

of the upper lobe of the left lung 



October 2017, d +28 



October 2017, d +28 



October 2017, d +28 



October 2017, d +28 

§  Lichtheimia corymbifera 



October 2017 – February 2018 

§  D +28-33: lipid AmB 3 mg/kg/d + caspofungin 70 50 mg/d + 
posaconazole 800 mg/d 

§  D +34: neu 2,1х109/l, lymph 1,3х109/л, Hb 73 g/l, tr 41х109/l 
§  D +34: CT scan 

§  D +34: posaconazole 800 mg/d – 3 months  
§  February 2018 – good condition, remission of NHL  



Question 

Is mucormycosis or aspergillosis a 
contraindication for allo-SCT? 

§  yes 

§  no 



Question 

Is mucormycosis or aspergillosis a 
contraindication for allo-SCT? 

§  yes 

§  no 



Popova et al. Allogeneic hematopoietic stem cell transplantation in children and adults with prior IFD: yes, no or later? TIMM 2017 

Allo-SCT in patients with prior IFD  
overall survival rate (2013-16, n=504) 



Popova et al. Allogeneic hematopoietic stem cell transplantation in children and adults with prior IFD: yes, no or later? TIMM 2017 

Allo-SCT in patients with prior IFD  
overall survival rate (2013-16, n=504) 

active prior IFD + CR 

active prior IFD + no CR 

no prior IFD 



Aspergillosis Target 1: 
 
Survival in invasive aspergillosis increased to 90% 
(up from under 50%)   

David Danning. Welcome to the  8th Advances Against Aspergillosis international conference. 1 February 2018 



Invasive aspergillosis in Saint Petersburg, Russia  
overall survival rate (1998-2016, n=645)  

§  favorable prognosis factors: early bronchoscopy, voriconazole use and 
secondary antifungal prophylaxis  

Кумулятивная доля выживших (Каплан-Мейер)
Заверш.   Цензурир.
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Klimko et al., 2016  



Mucormycosis vs Aspergillosis 
overall survival rate (2007-17, n=512) 

Shadrivova et al. Combination of invasive aspergillosis and mucormycosis in hematological patients. P 65, AAA8, 2018 



Mucormycosis in Saint Petersburg, Russia  
overall survival rate (2004-10 vs 2011-16, n=59)  

Гемобластозы: диагностика, лечение, сопроводительная терапия22
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p = 0,03), продолжительном применении ГКС (33 % 
vs 67 %, p = 0,044), распространенном (диссеминиро-
ванном) мукормикозе (29 % vs 71 %, p = 0,002), разви-
тие кровохарканья (35 % vs 79 %, p = 0,01), а также 
двустороннее поражение легких с развитием гидрото-
ракса (30 % vs 62 %, р = 0,054). Прогноз при развитии 
мукормикоза достоверно улучшается при ремиссии 
основного заболевания, а также при применении ком-
бинированной антимикотической терапии (40 % vs 
59 %, р = 0,01).

Обсуждение
Мукормикоз – тяжелый оппортунистический 

микоз, поражающий преимущественно у онкогемато-
логических больных. Его распространенность среди 
данной категории больных в последние годы увеличи-
лась, что подтверждается международными исследо-
ваниями [9–11]. По результатам нашего исследования 
также наблюдается рост случаев мукормикоза, причем 
в основном у онкогематологических пациентов. Если 
в начале 2000-х мы регистрировали 1 случай мукорми-
коза в 1–2 года, то с начала 2010-х это число уже пре-
высило 10 в год.

В ряде зарубежных исследований продемонстри-
ровано, что мукормикоз развивается преимуществен-
но у больных острыми лейкозами [12–16]. Мы также 
показали, что острые лейкозы были фоновыми забо-
леваниями у 64 % больных.

У детей мукормикоз развивается в основном 
на фоне онкогематологической патологии [17]. В ев-
ропейских исследованиях основным фоновым забо-
леванием у детей чаще всего отмечается острый мие-
лоидный лейкоз (45 % всех больных), в аналогичном 
исследовании, проведенном в США, около 70 % – это 
больные острым лейкозом [18, 19]. В группе наблюда-
емых нами детей острые лейкозы также составили 
64 % среди фоновых заболеваний.

Клинические и экспериментальные наблюдения, 
посвященные мукормикозу, демонстрируют, что ос-
новным фактором риска, играющим решающую роль 
в патогенезе заболевания, являются повреждения 
гранулоцитов (качественные и количественные) и на-
рушение фагоцитарного звена иммунного ответа [20]. 
Наше исследование подтвердило, что мукормикоз 

Рис. 4. Гистологическое исследование ткани легкого у больного апла-
стической анемией. PAS-реакция; ×600. Визуализируются широкие 
нити несептированного мицелия
Fig. 4. Histological examination of lung tissue in aplastic anemia patient. PAS 
reaction; ×600. The wide strands of the unsepted mycelium are visualized 

Рис. 5. Общая выживаемость в течение 3 мес онкогематологических 
больных с мукормикозом, получавших антимикотическую терапию,  
N = 46: группа 0 – дети, n = 16; группа 1 – взрослые, n = 30. Условие 
исключения: v173 = 0 (исключены те пациенты, у которых не обнару-
жен данный признак, т.е. тех, кто умер и не получал антимикотиче-
скую терапию)
Fig. 6. 3-months overall survival in patients with mucormycosis received 
antifungal therapy, n = 46: group 0 – children, n = 16; group 1 – adults,  
n = 30 Exclude condition: v173=0 (excluded those patients who have not 
detected the symptom, i.e. those who died and did not receive antimycotic 
therapy)

  Завершенное / Complete Цензурированное / Censored
Условие исключения: v173 = 0 / Еxclude condition v173 = 0

 Группа 0 /
Group 0
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Рис. 6. Выживаемость онкогематологических больных мукормикозом 
в течение 3 мес: группа 1 – с 2004 по 2010 г., группа 2 – с 2011 по 2016 г.
Условие исключения: v172 = 0 (исключены те пациенты, у которых 
не обнаружен данный признак, т. е. тех, кто умер и не получал анти-
микотическую терапию)
Fig. 8. 3-months survival of oncohematological patients with mucormycosis 
(group 1 – from 2004 to 2010; group 2 – from 2011 to 2016). Exclude 
condition: v172=0 (excluded those patients who have not detected the 
symptom, i. e. those who died and did not receive antimycotic therapy)
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§  Unfavorable prognosis factors: ≥ 2 organs involvement, unresolved 
neutropenia and hemoptysis, favorable – remission of underlying disease 

and combined antifungal therapy (lipid AmB + echinocandin) 

Klimko et al. Mucormycosis in oncohematology patients: results of the prospective study. Oncohematology, 2017  

2004-10  

2011-16  



Contrasts between mucormycosis and 
aspergillosis in leukemia  

§  severe immunosuppressed patients, often after invasive 
aspergillosis 

§  paranasal sinuses involvement, frequently disseminated   

§  typical clinical feature – hemoptysis, lung CT scan – pleural 
effusion, lesions with destruction, and a "reverse halo" sign  

§  difficult diagnosis  

§  liposomal AmB (in combination with echinocandin) 

§  surgery 

§  IFD is not a contraindication for allo-SCT 
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• Европейская школа онкологии (ESO)

• Евразийская федерация онкологии (EAFO)

• Евразийское общество специалистов 
по опухолям головы и шеи (EASHNO)

• Санкт-Петербургское научно-практическое 
общество анестезиологов- реаниматологов

• Национальное общество детских гематологов и 
онкологов

• Российское общество онкомаммологов (РООМ) 

• Союз реабилитологов России

• Фонд профилактики рака

• АННМО «Вопросы онкологии»

• Рекомендовано Европейским обществом 
по радиотерапии и онкологии (ESTRO)

• Технический организатор 
«Конференс Медиа Груп»

Организаторы

22–24 июня, 2016 / Санкт-Петербург, Конгресс-отель 
«Прибалтийская» (ул. Кораблестроителей, д. 14)

II Петербургский 
онкологический форум

Национальное общество детских 
гематологов и онкологов

Общие усилия во благо детей!
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