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Clinicohematological correlation and chromosomal 
breakage analysis in suspected Fanconi anemia 
patients of India

INTRODUCTION

Bone marrow failure syndromes are disorders of  
hematopoietic stem cells that can lead to peripheral 
pancytopenia with marrow hypoplasia or aplastic anemia 
(AA). AA can be inherited or acquired.[1] Inherited disease 
includes Fanconi anemia (FA), dyskeratosis congenita, 
Shwachman-Diamond syndrome, Diamond-Blackfan 
anemia and amegakaryocytic thrombocytopenia.[2] 
FA is an autosomal recessive disease characterized by 
a variety of  clinical symptoms and cellular features. 
Clinical manifestations are extremely pleomorphic and 
include bone marrow failure, congenital malformations, 
predisposition to various cancers, as well as chromosomal 

hypersensitivity to the clastogenic (chromosome-breaking) 
effect of  cross-linking agents such as diepoxybutane 
(DEB) and mitomycin-C (MMC).[3] It is recommended 
that all patients exhibiting any congenital malformation 
known to be associated with FA or AA at any age, or any 
patient with myelodysplasia syndrome (MDS) with complex 
cytogenetic abnormalities, have a peripheral blood sample 
tested for cross-linker hypersensitivity. Due to the lack of  
concordance of  FA phenotype among affected siblings, 
all full siblings of  an FA patient should also be screened.[3]

Most of  the Indian literature on this subject aims to detect 
a causative agents/presence of  a genetic lesion, if  any and 
development of  molecular drug/s for the disease. The 
sample sizes in most of  the studies, however been quite 
less.[4-6] Here, we describe a cohort of  528 patients of  
AA, who were subjected to FA tests on peripheral blood 
lymphocyte (PBL), with the aim of  revealing FA cases 
and rule out this diagnosis in others. Clinical presentation 
and biological confirmation of  FA patients identified are 
detailed and strategies for a comprehensive and precise 
diagnosis of  FA in patients presenting with bone marrow 
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A B S T R A C T

Introduction: The management of patients with aplastic anemia, to an extent, depends on 
the etiology i.e., inherited or acquired. The classical Chromosomal breakage study involves 
detection of chromosomal breakage or aberrations (breaks, gaps, rearrangements, radials, 
exchanges, endoreduplications) in peripheral blood cells after culture with a T-cell mitogen 
and a DNA clastogenic (cross-linking) agent, such as diepoxybutane (DEB) or mitomycin 
C (MMC). The testing needs to be performed in laboratory with appropriate expertise in 
Fanconi Anemia testing. The present study was undertaken to find out the frequency of 
inherited aplastic anemia in North India. Materials and Methods: This study was carried out 
at the Department of Molecular Biology and Transplant Immunology, Indraprastha Apollo 
hospital, New Delhi. The study includes retrospective analysis of 528 aplastic anemia 
patients whose samples were tested at our department for Chromosomal breakage study 
during the period 2007 to 2011.  Respective age and sex matched healthy controls were 
also processed for chromosomal breakage study. Patient’s habitat, clinical symptoms, 
differential blood count and history of drug exposure were documented for all patients 
referred to us, whereever available. Relative risk was estimated by odds ratio (OR) with 
95% confidence interval (CI) in matched cases and controls. Conclusion: A significant 
increase in chromosomal breakages was seen in 13.1% patients. The survival data 
documented for 100 patients suggested 60% mortality.
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failure (BMF) is discussed. We have also tried to throw some 
light on the demographic distribution of  AA across India.

MATERIALS AND METHODS

Subjects
During the period from 2007 to 2011, 528 patients of  AA 
were evaluated. A medical appointment with complete 
history and physical examination was performed by FA-
experienced physicians and data was recorded. An informed 
consent was taken for each and every patient before he/she 
was subjected to a common questionnaire to draw the sketch 
of  the clinical symptoms, etiological factor/s involved in 
and the pedigree of  the patient. Patients included in the 
cohort were children or adults with bone marrow failure 
(at least one isolated or combined peripheral cytopenias 
and hypoplastic/aplastic bone marrow aspirates/biopsies). 
This included BMF patients (i) without any evidence of  
an associated underlying etiology, (ii) with only an isolated 
non-specific positive sign in history or physical examination 
(i.e., isolated short stature, or café-au-lait spots, or history 
of  consanguinity) and (iii) patients with suspected genetic 
syndromes (based on clinical signs and/or family history), 
probably other than FA, who were tested to rule out the 
diagnosis of  FA (iv) siblings of  patients with a confirmed 
diagnosis of  FA. (v) Known cases of  FA. For all cases, 
cytopenia was defined as peripheral blood Hb <10.0 g/dL, 
neutrophils <1 × 109/L and/or platelets <100 × 109/L.[7] 
Marrow hypoplasia/aplasia was defined based on standard 
histopathological diagnostic criteria. Patients further 
identified as having hypoplastic MDS were also analyzed.[8] 
The latest report of  complete blood count and the details 
of  whole blood and platelet transfusions of  patients were 
taken to classify the severity of  the disease. However, out 
of  528 patients, the latest blood counts of  256 patients 
were not available.

Chromosome breakage analysis by MMC method
A volume of  3-4 ml of  peripheral blood sample collected in 
heparinized vacutainer (BD, vacutainers) were obtained from 
each patient. The cytogenetic diagnosis was conventionally 
made in PBL stimulated with phytohemagglutinin in 72 h 
cultures,[9] 0.5 ml of  heparinized blood added to 5 ml of  
medium. Cultures were paired for MMC studies, with a 
replicate set of  cultures to serve as untreated controls. 
MMC, at a final concentration in the medium of  100 ng/ml, 
was added to the treated cultures; untreated cultures were 
set and processed under the same conditions for routine 
karyotype analysis.

Control subjects were phenotypically normal individuals 
of  both sexes ranging in age from 11 to 20 years, free 
of  drugs, alcohol, or smoking habits who signed the 

informed consent to voluntarily participate in the study.[10] 
Slides were prepared and codified for the blind analysis 
of  chromosome aberrations. Analysis was performed on 
50 Giemsa-stained metaphases; each cell was scored for 
chromosome number and for the numbers and types of  
structural abnormalities [Figure 1].

Achromatic areas, less than a chromatid in width, were 
excluded in the calculation of  chromosome breakage 
frequencies, while exchange configurations, translocations, 
dicentric and ring chromosomes were scored as one 
chromosomal aberration. Radial configurations were scored 
separately. The figures are considered to be tri-radial when 
there are two breakages and tetraradial when there are three 
breakages.[11] The proportion of  breaks and radial figures 
was expressed in percent, i.e., number of  breaks or radial 
figures/number of  mitotic figures ×100.[4] The definite 
diagnosis of  FA was established when the PBL show a 
response to MMC, 3 times greater than a normal control.

RESULTS

Of  528 patients, the demographic data was available for 
only 310 (58.7%) patients. The patients belonged to 16 
different states of  northern India. Maximum patients of  
AA belonged to the states of  Bihar, Delhi/NCR and Uttar 
Pradesh, accounting for 24%, 19.2% and 30.6% of  the 
patient load respectively. The disease was most commonly 
seen in the patients that fall in the age group of  11-20 years.

The age range of  the patient was from the age of  
1-45 year. However, 80.72% patients were <16 years of  
age. An imbalanced sex ratio of  male to female 3.4:1 was 
observed in the present study. Out of  528 patients studied, 
the complete blood count details from the latest reports 

Figure 1: Mitomycin-C-induced chromosomal aberrations in patients 
with Fanconi anemia (FA). (a-g) partial metaphases of FA patients: 
Chromosome break, acentric fragment, chromatid break, tri-radial, 
quadriradial
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were available for 274 (51.8%) patients. Of  them, 37.2%, 
59.0% and 3.64% patients were classified as moderate or 
non-severe, severe and very severe AA patients respectively 
based on Camitta’s classification.[5] The clinical symptoms 
of  the patient were recorded for 283 patients, including 
60 (21.2%) patients with a positive chromosomal breakage 
analysis. The most common clinical presentation in these 
patients was bleeding tendencies (220, 77.7%) followed by 
skin hyperpigmentation (210, 74.2%) and poor appetite/
tiredness (130, 45.9%) [Table 1]. No apparent symptoms 
were present in 97 (34.20%) patients including four patients 
(1.41%) who were MMC sensitive.

The most common site of  bleeding was through the 
nose (212, 96.3%). History of  jaundice/viral hepatitis 
was a clinical presentation in 9 (3.2%) patients [Table 1]. 
Spontaneous breakage was observed in 3 (1.06%) patients 
and all were positive for chromosomal breakage analysis. 
AA was more common in patients from family with lower 
socio-economic status. The survival data documented for 
100 patients suggest 60% mortality.

Of  528 patients, the chromosomal breakage study was 
possible only for 488 patients since 40 patients had 
culture failure due to one reason or the other, and a repeat 
sample could not be obtained. Out of  these patients, 64 
(13.1%) patients showed a significant increase in number 
of  breaks in comparison to their control. The routine 
cytogenetic analysis was also performed on the peripheral 
blood samples of  all 488 patients and revealed a normal 
karyotype in 470 (96.3%) patients and abnormal karyotype/
polymorphic variants in 18 (3.7%) patients [Table 2]. Out 
of  these 18 patients with abnormal karyotypes, 3 (16.7%) 
were found to be sensitive to MMC.

DISCUSSION

FA, also known as Fanconi pancytopenia syndrome, is a 
rare and heterogeneous genetic disease affecting all ethnic 
groups and found in approximately 1 in 360,000 births.[11] 
Many genes can be responsible for this disease, which can 
be due to an autosomal recessive disease or an inherited 
X-linked disorder. However, all these genes have one thing 
in common that they do not allow the deoxyribonucleic 
acid (DNA) repair mechanisms work properly. These 
patients are at increased risk for both hematological and 
solid tumors (including leukemia, carcinomas and liver 
tumors).[11] Although, it is a gene disease instead of  being 
a chromosomal disease, the diagnosis of  FA is usually 
confirmed by a specific test known as chromosomal 
breakage study. It is a differential technique in which 
clastogenic substances such as DEB or MMC is used to 
promote DNA damage, breakage and rearrangement of  

chromosomes and cell death. Results are compared with 
those of  a normal control group, especially matched for 
sex and age. The degree of  sensitivity to DEB or MMC 
is correlated with neither the phenotype nor the severity 
of  the disease. Furthermore, it is important to be aware 
that individuals that are heterozygous for the FA cannot 
be detected using this DEB/MMC test.[11]

The exact incidence of  AA and its inherited form has not 
been published in India. Moreover, the sample size of  these 
studies from India[6] has been very less and therefore, nothing 
could be predicted with confidence. The present study was 
conducted on 528 patients referred to our institution.

Of  528 patients, the cytogenetic classification for 
chromosomal breakage study was possible only for 488 

Table 1: Common clinical features in 283 
suspected FA patients
Clinical features Numbers Percentage
Bleeding tendencies 220 77.77

Skin hyperpigmentation 210 74.20

Poor appetite/tiredness 130 45.90

Café-au-lait spots 20 7.06

Short stature 110 38.80

History of jaundice/viral hepatitis 9 3.20

Thumb abnormality 3 1.07

Others (abnormal eye/kidney/ears/
heart/gonads)

7 2.47

No apparent symptoms 97 34.20
FA – Fanconi anemia

Table 2: Karyotype on routine cytogenetic 
analysis performed on PBL
Karyotype Chromosomal breakage analysis
46,XY,inv(9)(p11q13),22ps+ Positive

46,XY,14ps+ Negative

46,X,inv(Y) Negative

46,XY,inv(9)(p11q13) Positive

46,XY,9qh+ Positive

46,XY,22ps+ Negative

46,XY,9qh+ Negative

46,XY,9qh+ Negative

46,XY,15ps+ Negative

46,XY,22ps+ Negative

46,XY,der(15)?dup(15)(q14q21) Negative

46,XY,14ps+ Negative

46,XY,9qh+ Negative

46,XY,22ps+ Negative

46,XY,9qh+ Negative

46,XY,22ps+ Negative

46,X,inv(Y) Negative

46,XY,9qh+ Negative
PBL – Peripheral blood lymphocyte
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patients, of  them 64 (13.1%) patients showed a significant 
increase in the number of  breaks in comparison to their 
control. This was in corroboration with other studies 
conducted in India.[5,6] In our study, we found that this 
disease is more common in northern states of  India Viz. 
Bihar, Uttar Pradesh and Delhi. This could have been a 
biased observation as these places are in close proximity to 
Delhi where the study was being conducted. Therefore, a 
better approachability could have been the reason for the 
patients from this region coming for the test. The disease 
was common in the age group of  11-20-years-old patients 
whereas the study conducted by Varma et al.[6] showed a 
median age of  8 years for 54 cases of  pediatric AA. This 
was also different from western literature where most of  the 
patients are diagnosed between 3 and 7 years of  age based on 
the presence of  pancytopenia and only in 10%, the diagnosis 
is made after the age of  16.[10] According to the western 
literature, the male:female sex ratio is 1:1.[5] However, in the 
present study, the disease was found to be 3.4 times higher 
in male than female. The probable reason could be the male 
dominant social culture of  the country. The complete blood 
count reports of  59% patients suggest severe condition of  
the disease. Most of  these patients had bleeding tendencies 
and more specific features pertaining to FA were inexplicably 
low like thumb/radius abnormality or kidney abnormality, 
which are world-wide in the range of  35% in FA. Since these 
patients were also referred from other institutions; a regular 
follow-up and complete details in all the patients about their 
clinical features and their latest blood reports could not be 
obtained. However, patients appear to show a uniform trend 
in their clinic-hematological picture.

Limitations of  the study include variable denominators 
for the study of  these patients’ namely hematological 
parameters, clinical history for all patients and other 
epidemiological data availability for all patients.

Our results emphasize the importance of  routinely 
conducting a diagnostic test in patients with AA. The role 
of  FA laboratory in this regard is manifolds:
1.	 An early clinical diagnosis of  FA is both important 

mainly due to the complicated nature of  the disease as 
well as its clinical manifestation being a part of  other 
disorders. Many syndromes have been associated with 
this disease, and most of  the clinical features overlap in 
one syndrome or the others. This extreme phenotypic 
diversity associated with FA makes the availability of  a 
diagnostic laboratory test, especially valuable. Besides, 
early diagnosis of  FA permits the exclusion of  other 
diseases and precludes inappropriate management 
of  hematologic disease (AA, MDS, acute myeloid 
leukemia) and permits appropriate consideration of  
stem cell transplant, androgens, hematopoietic growth 
factors or supportive care. In the present study, induced 

chromosomal breakage studies could diagnose FA in 64 
patients. Although these patients were diagnosed after 
the onset of  AA, MMC-stress test can be used to detect 
such patients even in the pre-anemic phase. This would 
help in avoiding drugs that are usually administered in 
acquired or ‘idiopathic’ AA. Further, screening parents 
of  FA patients can help detect “silent” cases.

2.	 Surgical intervention for orthopedic, renal or other 
anomalies is also optimized if  the diagnosis of  FA is 
known. For example, surgeries might be accelerated 
in order to be completed before the development of  
significant cytopenias or bleeding tendencies.

3.	 Physicians can offer targeted cancer surveillance, 
counsel the patient well in advance, anticipate the 
problems that may happen as the disease progress and 
offer early, aggressive surgery for solid tumors.

4.	 Genetic counseling is also imperative, because of  the 
25% risk of  FA in each subsequent pregnancy.

5.	 Information regarding MMC sensitivity is also extremely 
important in patients to be treated with bone marrow 
transplantation or chemotherapy. Since FA patients are 
hypersensitive to all DNA cross-linking agents, they require 
a modified pre-transplantation conditioning regimen, with 
a lower than the usual dose of  cyclophosphamide or lower 
doses of  chemotherapeutic agents.

Although the incidence of  AA has increased in India 
over years, this disease has been overtly under diagnosed 
particularly its inherited form. The reasons for this include:
1.	 Poor infrastructure and lack of  expertise in FA testing 

in India.
2.	 The socio-economic status and lack of  affordability 

make it even more difficult to diagnose such patients.
3.	 Male dominant society of  the country.
4.	 Lack of  awareness and exposure about this rare 

disorder makes it even more difficult to estimate the 
real prevalence of  this disease.

In the present study, we have tried to shed light on the 
health status of  suspected FA patients, the pattern of  
disease, its occurrence, present status, distribution, etc., 
across the states in India with an emphasis on routinely 
conducting chromosomal breakage study in all patients 
with suspected FA.
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