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ABSTRACT 

 

Background: Chemotherapeutic drug like adriamycin, duanorubicin, 

idarubicin, epirubicin, and mitoxantrone are associated with acute, reversible 

cardiotoxic effects and a dose-related cardiac dysfunction/Cardiomyopathy. 

This entity is largely irreversible and cumulative and prevention is the most 

preferred strategy. Development of the same   can be largely averted by 

monitoring the left ventricular function by easily reproducible methods 

available with us as like 2D-Echocardiography. The incidence of 

Anthracycline induced cardiomyopathy (AIC) is in the range of 3-5% for 

clinical and 24-27% in Indian population.(Khattry et al., 2009) As not 

everyone who receives anthracyclines develop cardiotoxicity, the 

identification of a predictive test is required. A number of biomarkers like 

Troponin I, Creatine kinase -MB have been investigated to assess their utility 

as a potential biomarker for predicting the risk of developing Anthracycline 

induced Cardiomyopathy (AIC), but none have proved effective. The 

identification of a test that would predict patients likely to develop AIC would 

be particularly valuable in India given the high prevalence of subclinical 

cardiac dysfunction due to other causes such as diabetes mellitus.In this 

context a genetic study of Cardiomyopathy in  Indian population  found a 

specific 25- base pair deletion in the gene MYBPC3, which encodes Cardiac 

myosin binding protein C, a keyconstituent of cardiac sarcomere, This was 
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prevalent more commonly in the South Indian population.(Dhandapany et al., 

2009). DNA extraction was performed from peripheral blood sample of 18 

patients with documented AIC which was followed by PCR, Gel 

electrophoresis and Restriction digestion to look for the same specific 25-bp 

deletion in MYBPC3 gene  

RESULTS. 

 Analysis of outcomes of diffuse large B cell lymphoma and high 

grade follicular lymphoma treated with CHOP-based chemotherapy between 

2010- 2013: 

 The evaluable patients (n=227) with DLBCL and Grade 3 FL with 

chemotherapy regimen CHOP with or without Rituximab were included in the 

analysis. All patients were followed up until December 2014.A median follow 

up was 2.6 years..Majority of the patients 77%were below 60 years at 

presentation. 65% patients were males and  35% were females. B symptoms 

were present in (32%) of the patients at presentation.70 percent of patients 

presented in PS-1. Cervical lymphadenopathy was the most common 

presentation. Extranodal involvement was seen 23% of the patients and 

Gastrointestinal systemI was the  most common extranodal site. 55 % of 

patients presented with stageIII and IV disease and 37% patients had High 

risk IPI score.52 % patients received RCHOP and 48 percent  received 

CHOP. After treatment, 64% of patients CR and 20 percent were in partial 
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remission after all treatment.,Fifty five patients had Primary progressive 

disease. 

 In Univariate analysis, Patients with ECOG PS 0,1 had a better 3 

year  EFS and OS as compared to patients presenting with Poor ECOG 

PS(p<0.004). Patient presenting with Stage 1, 2 had a better outcome than  

patients presenting with stage 3 and 4)(p<0.001) .Patient with Low risk IPI 

score had better 3 year EFS and OS as compared to  a higher IPI . Number of 

extranodal sites and  Serum LDH did not have any significant impact on the 

outcome(p value 0.998 &0.114 respectively). 

 In multivariate analysis: model 1, where PS, Stage, LDH and 

chemotherapy were evaluated. Only chemotherapy (HR:1.991;CI:1.227-

3.233,p value<0.005) and PS(HR:2.04 ;CI 1.256-3.315,p value< 0.004 were 

significant. In model 2, where LDH was excluded, stage, 

PS(HR:2.4,CI:1.256- 3.315, p<0.004)and type of chemotherapy were 

significant (HR 1.991,CI:1.227-3.233 p< 0.005) 

 A separate analysis of 18 cases with Anthracycline induced 

Cardiomyopathy showed that Of the 18, MYBPC3 was detected using PCR in 

8 samples. The remaining samples were not analysable poor quality of DNA. 

A 928 base pair band was observed in all 8 samples which suggested the 

absence of 25 base pair deletion in any of these samples. This was further 

confirmed by a restriction digestion analysis using Bgl1 enzyme, which gave 
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a distinct restriction banding pattern as expected if MYBPC3 was wild type. 

In this group of 8 patients who had a satisfactory PCR there was no 

polymorphism (del 25bp) in the MYBPC3 gene.  

Conclusion of the study:  

 By Univariate analysis, Performance Status, IPI score, and type of 

chemotherapy  predicted survival. Most of these indirectly reflect the stage at 

presentation. Stage is probably the single most important predictor of survival 

in DLBCL. Older age at presentation(>60 years),Presence of more than one 

extranodal site and a Higher LDH at presentation were not found significant 

in Multivariate analysis. Twenty Five base pair deletion in the gene-MYBPC3 

which is indigenous to the cases with Cardiomyopathy in South Indians does 

not seem to responsible for development or worsening of Anthracycline 

induced cardiotoxicity. 

Keywords : DLBCL:Diffuse large B cell lymphoma, MYBPC3:Myosin 

binding protein C3, AIC: Anthracycline induced Cardiomyopathy, 

DCM:Dilated cardiomyopathy. 
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SUMMARY 

 

Chemotherapeutic drug like adriamycin, duanorubicin, idarubicin, 

epirubicin, and mitoxantrone are associated with acute, reversible cardiotoxic 

effects and a dose-related cardiac dysfunction/Cardiomyopathy. This entity is 

largely irreversible and cumulative and prevention is the most preferred 

strategy. Development of the same   can be largely averted by monitoring the  

left ventricular function by easily reproducible methods available with us as 

like 2D-Echocardiography. Measures to limit the development of 

Anthracycline -associated cardiac dysfunction includes taking measures like, 

avoiding administration of concomitant  cardiotoxicdrugs, To maintain blood 

pressure under control , avoid sedentary lifestyle, and medications like 

angiotensin-converting enzyme (ACE) inhibitors, digoxin, and loop diuretics. 

The incidence of Anthracycline induced cardiomyopathy (AIC) is in the range 

of 3-5% for clinical and 24-27% in Indian population.(Khattry et al., 2009) As 

not everyone who receives anthracyclines develop cardiotoxicity, the 

identification of a predictive test is required. A number of biomarkers like 

Troponin I, Creatine kinase -MB have been investigated to assess their utility 

as a potential biomarker for predicting the risk of developing Anthracycline 

induced Cardiomyopathy (AIC), but none have proved effective. The 

identification of a test that would predict patients likely to develop AIC would 
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be particularly valuable in India given the high prevalence of subclinical 

cardiac dysfunction due to other causes such as diabetes mellitus. 

In this context a genetic study of Cardiomyopathy in  Indian 

population  found a specific 25- base pair deletion in the gene MYBPC3, 

which encodes Cardiac myosin binding protein C, a key constituent of cardiac 

sarcomere, This was prevalent more commonly in the South Indian 

population.(Dhandapany et al., 2009) 
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CHAPTER 1 

INTRODUCTION 

 

1.1 REVIEW OF LITERATURE 

 The two main types of Lymphomas which we encounter in our clinical 

practice can be broadly classified as Hodgkin’s (HL) and Non hodgkins 

lymphoma (NHL).(Mani and Jaffe, 2009, Cabanillas, 2011) 

NLPHL is a unique histologic entity & lacks the characteristic 

hallmark of Classic HL- The Reed-Sternberg cells. There is a high chance for 

NLPHL to transform to DLBCL (Campo et al., 2011).The  Classical HL 

usually  presents with lymphadenopathy, which is usually painless & more 

commonly  located in Neck. The Nodular sclerosis subtype usually presents 

with mediastinal mass in eighty percent of cases The Mixed cellularity variant 

presents with infradiaphragmatic disease. Routine staging picks up Bone 

marrow involvement in only five to eight percent of cases (Mauch et al., 

1993); PET-CT is a superior investigational modality in picking up the same –

eighteen percent of the cases (El-Galaly et al., 2012). One –fourth of the cases 

present with B symptoms. NSHL displays strong genetic component and been 

known to run in families.(Levis et al., 2004) 
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Optimal Management of Hodgkins Lymphoma in Early stages 

(Favourable subset) 

The German HD 10 trial has focussed on reducing the doses of 

Chemotherapeutic agents and RT & also assessed treatment which could 

avoid RT in the favourable subset of HL(Early stage)This trial incorporated 

one thousand one hundred and ninety patients to 4 treatment arms.1
st
 arm was 

2 ABVD+ 30 Gray RT, 2
nd

 arm used 2 ABVD +20 Gray RT, 3
rd

 arm used 4 

ABVD +30 Gray and 4
th

 arm used 4 ABVD +20 Gray. After a median follow 

up of seven and a half years, it was observed that there was no difference in 

FFTP and Overall survival between the 4 groups (Meyer et al., 2005). From 

separate sequential analysis of this trial (Meyer et al., 2005, Meyer et al., 

2012), it was clear that omitting radiotherapy would lead to early relapse.  

In the RAPID study by Radford et al, another one cycle of 

chemotherapy plus Radiotherapy was given to those who had a Deauville 

score of 3 or more. This achieved a three year PFS of eighty five percent  and 

Overall Survival of ninety four percent (Radford, 2012). 

With the current available data, there may be a case for avoiding RT in 

patients with Early stage HL with Non- bulky disease upfront (Hay et al., 

2013). There is a small caveat to this situation , as the risk of early relapse can 

increase by three to seven percent by omission of RT  (Van Den Neste et al., 

2013). Optimal cycles of chemotherapy to be used has not been defined, when 

Radiotherapy is used (Swerdlow et al., 2011). 
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At present large RCT’s are incorporating PET/CT imaging (Deauville 

score) & using response adapted therapy based on the results of it.  This is 

usually done after 2 cycles of chemotherapy (Gallamini et al., 2007) 

Management of HL in Early stage (Unfavourable subset) 

German trial HD 11, which included  One thousand three hundred and 

ninety five. The choice of chemotherapy ABVD or BEACOPP did not matter. 

However, there was a trend for longer FFTP, when a lesser dose of 

radiotherapy was used in the BEACOPP arm (Eich et al., 2010). The HD 14 

trial also showed superior results in arm with dose intensified treatment (von 

Tresckow et al., 2012).  

 Early Stage Hodgkin’s Lymphoma (Infradiphragmatic involvement) : 

Infradiphragmatic disease is seen in four to thirteen percent of early 

stage HL  (Vassilakopoulos et al., 2006).The following clinical parameters 

like  Older age, involvement of  three or more areas & advanced IPI are more 

common in this subset of patients. Although this group of patients are under-

represented in clinical trials, there is currently no evidence to suggest that 

they should be treated differently from their supradiaphragmatic counterparts 

(Darabi et al., 2005). 
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Stage III and IV disease: 

Advanced HL is treated with Chemotherapy +/- RT to upfront bulky 

sites(Townsend and Linch, 2012). ABVD is significantly lesser toxic than 

other protocols & also has lesser incidence of infertility among the survivors 

(Duggan et al., 2003). FFTP with ABVD is seventy three to seventy eight 

percent and  OS is around eighty two to ninety percent  (Viviani et al., 2011). 

ABVD is given once in fourteen days. G-CSF is usually given for febrile 

neutropenia alone (Evens et al., 2007).  Radiotherapy after chemotherapy has 

been studied in various trials. Those with bulky disease who get a Complete 

remission documented with CT scan after Hybrid chemotherapy  can do 

without radiotherapy (Aleman et al., 2003).In LY09 trial, Patients who 

received radiotherapy after chemotherapy had a Progression free and Overall 

survival, compared to those in whom radiotherapy was omitted (Radford, 

2012).  

 Comparison  of Hybrid chemotherapy & escalated BEACOPP  shows 

that the latter has a better Overall survival(Engert et al., 2009).Data from Two 

thousand one hundred and eighty two patients randomised from four hundred 

and eight  centres in the German HD15 trial have shown a five-yr FFTP & OS 

of eighty nine  & ninety five percent respectively, for the  patients who 

receive six cycles of escalated BEACOPP (Engert et al., 2010). In Children, 

Escalated BEACOPP- based strategies have also delivered impressive results 
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in (five year overall survival was around ninety seven percent) (Kelly et al., 

2011), but at the cost of higher toxicities in patients older than 60 years 

(Engert et al., 2009). There are not many comparing ABVD with other 

protocols. Trial from Italy randomised patients to receive either ABVD arm 

and the other arm received escalated BEACOPP, this was followed by 

Radiotherapy (to upfront bulky sites).Patients who did not achieve a CR, were 

subjected to salvage chemotherapy which was followed by autologous stem 

cell rescue. 1
st
 line Intensification was given to 25% of patients  which raised 

criticism for the trial (Tam et al., 2011).ABVD is superior to other regimen in 

terms of toxic side effect profile & long term complications(Engert et al., 

2009). The HD15 data shows that the toxicities of Esc. BEACOPP is lesser 

with limiting the number of cycles to 6 (Engert et al., 2009).   

FOLLOW-UP, LATE EFFECTS AND SURVIVORSHIP ISSUES 

Quite a lot of variation the way survivors are followed up. Generally, 

Patients are kept on regular follow-up clinics for five to ten years. There is a 

risk of radiation exposure with use of CT scans on routine follow up visits 

(Patel et al., 2013). Survivors tend to have a lot more morbidity and mortality 

than general population (Baxi and Matasar, 2010).Secondary malignancies , 

Cardiotoxicity along with BLM related lung toxicity is a major issue on long 

term follow up for those who receive  RT to the cervical nodes, can develop 

hypothyroidism and issues related to  infertility and psychosocial problems 
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which adversely affects QOL. HL patients tend to have  anergic alteration  in 

immunity and also deficiency in function of T cells.(Levy and Kaplan, 1974). 

The Long term implications of this is not very clear.  

Large cohort analysis and metaanalyses, show higher chances of 

developing another malignancy in those who survive after Hodgkins 

Lymphoma treatment (Favier et al., 2009).There is a program to screen such 

cases for development of carcinoma of the breast in the UK   (Howell et al., 

2009) 

Pulmonary Toxicity 

Thirty percent of patients develop BLM (Bleomycin) lung .One to two 

percent of BLM lung develop fatal pulmonary fibrosis (O'Sullivan et al., 

2003).  Elderly patients , Those with higher cumulative  doses, underlying 

COPD, CC less than 40 ml per minute and the simultaneous use of G-CSF are 

associated with higher risk of developing BLM lung (O'Sullivan et al., 2003). 

Cumulative dose and older age seem to be reliably associated and the risk 

should be largely considered idiosyncratic. Bleomycin toxicity ranges from a 

measured decrease in DLCO (Sleijfer, 2001). 
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Anthracycline induced Cardiotoxicity 

It is the 2
nd

 most common cause for mortality in HL patients (Baxi and 

Matasar, 2010) . CBCS followed Seven thousand and thirty three patients for 

33 years & found 166 patients to have died due to MI (Swerdlow et al., 2011).  

High grade Lymphomas 

Majority of patients present with painless lymph node enlargement 

which  roughly about two-thirds of the patients. The Gastrointestinal tract is 

the commonest extranodal site of involvement and is seen in approximately 

thirty to forty percent of patients(Cabanillas, 2011). Diffuse large B-cell 

lymphoma (DLBCL) is the most commonly occurring subtype of non-

Hodgkin's lymphoma (NHL) contributing almost 1/3rd of all adult 

lymphomas. It has a median survival of less than 12 months in those who do 

not receive treatment. The use of monoclonal antibody like anti CD-20  

results in   improved Overall survival in  Diffuse large B Cell Lymphoma 

patients (Cabanillas, 2011). 

 "Early stage" NHL usually are limited to one side of the diaphragm, 

including, at most, stage 1 contiguous extra nodal site. Those with  early stage 

"bulky" nodes have the same prognosis as patients with Stage III/IV  disease 

& need more intensive treatment(Cabanillas, 2011) 
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RCTs have shown that a combining various modalities which includes 

the use of chemotherapeutic agents and IFRT is reasonable for patients with 

Stage 1 and 2 DLBCL. A SWOG study randomized  four hundred and one 

individuals with early stage DLBCL to three cycles of chemotherapy and then 

IFRT (Forty to Fifty Gray) / eight chemotherapy cycles (Cabanillas, 2011). At 

five years, Progression free survival and Overall survival curves were better 

when combination was used vs chemotherapy-alone (seventy seven percent 

versus. Sixty four percent and eighty two percent versus seventy two percent, 

respectively. Grade 4 toxicity in the combination arm was lesser (P = 0.06: 

significant).  

 "Miller Modification" of  International Prognostic Index (IPI) showed  

poor outcome of patients with high IPI vis a-vis patients with low IPI 

(Cabanillas, 2011).  

 GOELAMS trial had one hundred and ninety seven patients who were 

randomised to eight cycles of CHOP versus a complicated sequence of 

standard chemotherapy followed by high dose chemotherapy & autologous 

stem cell rescue .Seventy eight per cent of individuals could complete the 

trial. The autologous stem cell rescue arm had higher EFS than compared to 

the CHOP arm (Fifty five percent versus thirty percent respectively) 

(O'Sullivan et al., 2003). 
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Cardiotoxicity of CHOP based regimen: 

The CHOP is still the  first line treatment in most parts of the world 

The data regarding use of CHOP chemotherapy & cardiotoxicity is scanty. 

CCF is seen in one to three percent of cases (Limat et al., 2003). Lipschutz et 

al followed up the survivors of NHL for development of subsequent heart 

failure & found around fifty seven percent of patients develop some form of 

ECG changes or Cardiac dysfunction (Lipshultz et al., 2012a). Early 

cardiotoxicity (defined as less than 12 months of onset ) and late onset (Later 

than 12 months  after treatment(Lipshultz et al., 2012b). 

In a retrospective case series from France, which included one hundred 

and thirty five patients  got CHOP chemotherapy, (20%) patients developed a 

cardiac event within 12 months of initiation of therapy. Fourteen patients had 

clinical signs of CHF. Three patients died suddenly from presumed cardiac 

causes. In this study , more than two hundred milligram per metre square & 

elderly patients aged over fifty years were found to be most affected (Limat et 

al., 2003). 

 

Anthracyclines (or anthracycline antibiotics) are  not cell cycle 

specific agents. They are used in cancer chemotherapy and are derived from 

Streptomyces bacterium Streptomyces peucetius var. caesius (Shan et al., 
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1996).These compounds are used to treat many cancers, including leukaemia, 

lymphomas, breast, and sarcomas(Shan et al., 1996). 

The cardiotoxicity is dose dependent and increases linearly as dose 

exceeds 400 mg/m
2
.This is a particular problem as it is difficult to predict and 

has to be monitored by evaluating cardiac function.(Shan et al., 1996) 

Risk Factors  

Total cumulative dose of Anthracycline is the most significant risk 

factor (Shan et al., 1996). Other factors associated with an increased risk of 

anthracycline-induced cardiotoxicity in adults include older age (above 70), 

exposure to RT to the chest wall(Breast cancer), prior exposure to 

anthracyclines, and preexisting cardiac disease or traditional cardiovascular 

risk factors including history of CHF, myocardial infarction, hypertension, 

and diabetes mellitus (Shi et al., 2011). Concomitant use of other agents with 

cardiotoxicity such as cyclophosphamide and paclitaxel also confer increased 

risk of anthracycline cardiotoxicity (Perez et al., 2008). Use of trastuzumab 

(Herceptin) with anthracycline-based adjuvant chemotherapy in patients with 

HER 2+ breast cancer significantly increases risk for cardiac toxicity (Suter et 

al., 2007). The independent contributions of each of these factors (with the 

exception of trastuzumab) are not well defined, but having multiple risk 

factors appears to be associated with additive risk (Suter et al., 2007). 
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Heterogeneity in individual patient susceptibility to anthracycline 

cardiotoxicity suggests that genetic variation may also contribute to risk 

(Richard et al., 2000). Genetic variants in genes encoding proteins related to 

free radical metabolism, anthracycline transport, and drug biotransformation 

have been shown to be associated with increased risk in anthracycline-

induced cardiotoxicity in both pediatric and adult populations of cancer 

survivors (Richard et al., 2000) 

Anthracyclines represent some of the most commonly used anticancer 

drugs (Shan et al., 1996) .Major side effects associated with anthracycline 

use are bone marrow suppression and cardiac toxicity (Takemura and 

Fujiwara, 2007). The main toxicity cardiomyopathy is usually seen at doses 

exceeding 450-550 mg/m2, but subclinical cardiac. dysfunction can occur at 

lower doses (Hequet et al., 2004).  Anthracyclines are associated with both 

acute and chronic cardiotoxicity.  

Acute cardiotoxicity 

Acute cardiotoxicity can manifest as acute systolic dysfunction, 

arrhythmia, or pericarditis-myocarditis during and/or soon after the 

administration of doxorubicin. Acute forms of cardiotoxicity are rare and 

usually transient or reversible. Elevation of troponin is associated with an 

increased risk for the development of chronic heart failure. The most 

important risk factor for cardiac toxicity is the total cumulative dose of 

anthracycline (Zuppinger et al., 2007). 
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Chronic Cardiotoxicity  

 

Chronic cardiotoxicity (CCF)is dependent on the dose & occurs after  

1year or so. Indian data comes from a study in lymphoma patients, where the 

prevalence of Doxorubicin induced cardiac dysfunction was found to be 3 % 

(Cardiac failure) and 27% (subclinical cardiac dysfunction) 

respectively(Khattry et al., 2009). 

The cardiotoxicity due to Anthracyclines at the molecular level may 

be caused by many factors, which may include inhibition of topoisomerase-

IIB in cardiomyocytes, interference with the ryanodine receptors of the 

sarcoplasmic reticulum, free radical formation in the heart, or from build up 

of metabolic products of the Anthracycline in the heart. The cardiotoxicity 

often presents as ECG changes (flattening of T wave, QT interval 

prolongation, and loss of voltage of the R wave) or as  cardiomyopathy 

leading to heart failure (often presenting many years after 

treatment).Adriamycin 400-450 mg/m
2
, Daunorubucin 900 

mg/m
2
,Epirubucin :800-935 mg/m

2
, Idarubucin 223 mg/m

2
 (Smith et al., 

2010). Above this dose, the incidence of CHF increases, and the incidence of 

CHF is expected to be 50% when the cumulative dose of doxorubicin 

reaches 700 mg/m2. Cumulative cardiotoxic doses associated with the use of 

other anthracyclines vary, but the shape of the curve that plots cumulative 

dose against the incidence of CHF is comparable for all anthracyclines that 
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have been studied. Careful surveillance for cardiotoxicity should be 

maintained from the start of therapy because isolated instances of CHF have 

been observed at lower cumulative doses (Hequet et al., 2004). 

Endomyocardial biopsy specimens have demonstrated that the dose-

related cardiotoxicity associated with anthracyclines is biventricular. 

Retrospective studies indicate that the incidence of clinically recognizable 

heart failure with Adriamycin  is 7% to 15% for doses greater than four 

hundred and fifty milligram per metre square to five hundred milligram per 

metre square, without use of a cardioprotective agent (Jensen et al., 2002) 

The incidence of cardiac events increases from two percent at two 

years to five percent after fifteen years. Administering Adriamycin over 

prolonged period of time has shown to reduce the incidence of 

Cardiomyopathy(Takemura and Fujiwara, 2007) 

At present, there are no biomarkers available at present, which could 

detect Anthracycline induced cardiotoxicity. Usual cardiac enzymes like CK –

Mb and Troponin-I were also tested to be in effective as surrogate markers for 

Anthracycline induced cardiotoxicity. (Kilickap et al., 2005). 

Heterogeneity in individual patient susceptibility to anthracycline 

cardiotoxicity suggests that genetic variation may also contribute to risk. 

Genetic variants in genes encoding proteins related to free radical 

metabolism, anthracycline transport, and drug biotransformation have 
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implications  in AIC in both children  and elder populations of cancer 

survivors.(Abbott et al., 1988) These preliminary findings need to be further 

replicated and confirmed in larger prospective studies. 

Mechanisms 

Antitumor effects of anthracyclines are  by inhibition of DNA 

synthesis through direct interactions with DNA (intercalation) and inhibition 

of topoisomerase II (Top II) (Zhang et al., 2012).Top II has two isoenzymes 

in mammalian cells, Top II alpha  and Top II beta. Doxorubicin or 

daunorubicin binds both Deoxyribonucleic acid & Top II alpha to form the 

topoisomerase II alpha-adriamycin-DNA ternary cleavage complex, which 

triggers apoptosis. These tumoricidal mechanisms are not likely to  contribute 

to cardiac toxicity because Top II alpha is overexpressed in tumor cells and is 

not detectable in quiescent cells (Tewey et al., 1984) . A recent study changes 

in Top IIb affords protection to myocardial cells  from Adriamycin induced 

Deoxyribonucliec acid ds breaks and transcriptome changes which cause 

damage to the  mitochondria & reactive oxygen species generation(Yi et al., 

2006). Mice model show that elimination of Top II beta protects the animal 

from Adriamycin induced CHF(Tewey et al., 1984). 

The primary mechanism for anthracycline cardiomyocyte injury was 

thought to be free radical damage to vital cell structures and subsequent cell 

death via apoptosis. Reduction of the quinone groups on the B ring of the 
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anthracene structure results in a semiquinone radical before further reduction 

to the alcohol (e.g., doxorubicinol). Interaction of the semiquinone with 

oxygen yields superoxide anion (O2−). Dismutation of superoxide anion 

yields H2O2, which may react further with cardiac iron sources or the 

semiquinone to produce a reactive intermediate with the chemical 

characteristics of the hydroxyl radical.(Wojnowski et al., 2005). These 

reactions can proceed in either an iron-dependent or iron-independent fashion 

Doxorubicin also directly increases the labile intracellular iron pool by 

inhibiting iron regulatory protein–1 with consequent changes in transcription 

of transferrin receptors and ferritin. Formation of a Fe3+–doxorubicin 

complex can also enhance free radical generation via the Fenton reaction. 

Free radicals can cause damage at a variety of intracellular sites, including the 

nuclear envelope, cell membrane, mitochondria, DNA, and sarcoplasmic 

reticulum. Increased susceptibility of myocardial cells to free radical injury 

may be attributable to very low myocardial levels of catalase, one of major 

cellular enzymatic defenses against free radical injury, in cardiomyocytes 

when compared with other cells types. Doxorubicin also decreases levels of 

other antioxidant enzymes, including selenium-dependent glutathione-

peroxidase-1 and cytosolic CuZn superoxide dismutase (Wojnowski et al., 

2005) . Anthracyclines may also mediate cardiotoxicity through other iron-

independent mechanisms related to changes in myofibrillar structure and 

function , changes in calcium and energy metabolism, and secondary changes 
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in nitric oxide signalling in response to altered redox state in the 

myocardium.(Zhang et al., 2012) 

Although the specific mechanisms of action are not completely 

understood, these agents exert their toxic effects by causing apoptosis, 

decreased expression of cardiomyocyte-specific genes, and/or altered 

molecular signalling in cardiomyocytes (Zhang et al., 2012). There are 

multiple theories which are being studied in the animal models for AIC 

(Zhang et al., 2012). 

Anthracycline-induced cardiomyopathy (AIC)  is the result of a series 

of repeated chemical injuries to the myocyte that result in progressive cell 

dysfunction and, eventually, cell death. Early myocyte injury may be partly 

reversible via activation of intrinsic myocyte repairing signaling pathways, 

replacement of lost cells from resident myocyte progenitor cell populations in 

the heart (or possibly from bone marrow–derived stem cells), and the 

termination of the use of anthracycline. However, with repeated dosing and/or 

concomitant impairment of the intrinsic myocyte repair pathways (with use of 

trastuzumab or related drugs), cumulative myocyte loss will eventually 

activate pathological hypertrophy and fibrosis signalling in the remaining 

myocardium with eventual development of CHF (Visscher et al., 2012). Once 

the limited reparative reserve of the myocardium has been exhausted, the 

process is irreversible with progression to CHF and death. This pathological 

process is consistent with the gradual onset, variability of course, risk factors 
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for increased susceptibility, and laboratory and pathological findings of the 

cardiomyopathy that results from use of these drugs.(Visscher et al., 2012) 

Few proteins involved in transcriptional activity of genes specific for 

cardiac myocytes are vulnerable to damage by adriamycin (Yi et al., 2006) 

.Defective synthesis of proteins pertaining to myocardial filaments can have 

negative impact on proteins related to sarcomeres leading to a state termed as 

‘Cadiomyocyte Sarcopenia’ (Shan et al., 1996) 

Oxidative stress is implicated in most of the models which describe 

AIC .The underlying mechanisms are unclear. Lipid peroxidation by ROS by 

the quinine chains of Adriamycin leads to activation of Nitric Oxide which 

nitrates the creatine kinase enzyme in cardiac myocytes. Also intercalation of 

nucleic acids causes suppression of Deoxyribonucleic acid, Ribonucleic acid 

and aminoacid synthesis (Shan et al., 1996).  

The prevalence of heart failure is about 1 to 1.5% of the adult 

population in India. (Nair et al., 1998) 

DCM accounts for up to 25% of all cases of CHF. It is unclear 

whether this is as a result of improved recognition or other factors, as the 

incidence and prevalence of heart failure due to cardiomyopathy appears to 

be on the rising trend. The incidence of DCM is reported to be 5 to 8 cases 

per 1,00,000 population per year (Jessup and Brozena, 2003). It occurs 3 

times more frequently in males as compared to females. The most widely 
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used functional classification of cardiomyopathy recognizes disturbances of 

function- dilatation, hypertrophy and restriction. Dilated cardiomyopathy is 

the most common variety of cardiomyopathy (Jessup and Brozena, 2003) 

The natural history of DCM is not well established. Many patient 

have minimal or no symptoms and the progression of the disease is 

unpredictable. The long term prognosis is not good. Symptomatic patients 

tend to have a downhill course without treatment & upto fifty percent 

subsequently develop CHF (Jessup and Brozena, 2003). 

Exact epidemiological data on dilated cardiomyopathy in India are 

lacking. Given the high prevalence of chronic heart failure in the country 

and the increasing use of echocardiography, the incidence of dilated 

cardiomyopathy is increasing(Nair et al., 1998) . With the rapid 

advancement in molecular genetics and uncovering of underlying etiologies, 

DCM is being recognized as a specific diagnosis and not one of exclusion. In 

the US, the vast majority of the cases of HF are caused by cardiomyopathy. 

Dilated cardiomyopathy is the most common indication for cardiac 

transplantation in the West (Jessup and Brozena, 2003) 

Early Detection of Cardiac Toxicity 

A substantial amount of myocardial damage may have already 

occurred by the time a decrease in LVEF is evident by echocardiogram or 

MUGA imaging(Marchandise et al., 1989). Earlier detection of cardiac 
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toxicity can significantly reduce the risk for future development of clinical 

manifestations of heart failure and could allow individualization of treatment 

regimens (including use of cardioprotective agents) and frequency of cardiac 

imaging testing(Marchandise et al., 1989). 

Cardiac Imaging 

Advanced echocardiographic techniques may be useful for earlier 

detection of cardiac toxicity. Diastolic dysfunction  can be assessed by using 

spectral Doppler echocardiography of mitral valve inflow patterns might help 

pick up early cases of AIC(Marchandise et al., 1989).Stress echocardiography 

using exercise or dobutamine has also been used to detect subclinical 

cardiotoxicity.(Marchandise et al., 1989) Strain and strain rate assessment by 

speckle tracking echocardiography and tissue velocity imaging 

echocardiography are promising areas for  early detection of cardiac toxicity 

(Marchandise et al., 1989). 

Cardiac Magnetic Resonance (CMR) can be used to characterize 

myocardial tissue and evaluate the LV systolic and diastolic performance. 

CMR is known to differentiate transient and permanent myocardial injury in 

various systemic and inflammatory diseases and thus may be able to visualize 

myocardial tissue changes after chemotherapy before any measurable change 

in LVEF (Marchandise et al., 1989). The presence of late gadolinium 

enhancement (indicative of scar formation in the myocardium) was reported 
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in patients with breast cancer with trastuzumab-related cardiomyopathy after 

doxorubicin-based adjuvant chemotherapy (Marchandise et al., 1989). The 

lack of late gadolinium enhancement detected by CMR might predict 

reversibility of impaired LV function in patients with chemotherapy-induced 

cardiomyopathy, but more confirmatory studies are needed. 

Cardiac Biomarkers: 

Troponin I and troponin T are highly specific and sensitive biomarkers 

of cardiomyocyte injury from any cause. Measurement of serum troponin can 

detect chemotherapy-induced cardiac toxicity in its early stage, before the 

onset of impaired LV function.(Kilickap et al., 2005) Elevated troponin at 3 

days and 1 month after receiving anthracycline-based chemotherapy is a 

significant prognostic factor for development of a future cardiac event defined 

as a >10 percentage point reduction of LVEF and CHF (Kilickap et al., 2005). 

Elevated troponin has been observed in patients treated with standard doses of 

anthracycline and even after the administration of the first dose of 

doxorubicin (Kilickap et al., 2005). This observation is consistent with the 

concept that cardiomyocyte injury and/or cell death begins early in the course 

of anthracycline therapy (Specchia et al., 2005). In patients with elevated 

troponin levels after chemotherapy with either a high cumulative dose of 

anthracycline or standard-dose anthracycline and trastuzumab, treatment with 

enalapril has been reported to reduce risk of cardiac events (Silber et al., 

2004). 
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ECG  changes are neither sensitive nor specific in predicting AIC. 

Endomyocardial biopsy, though gold standard for detecting Anthracycline-

induced cardiotoxicity, cannot be employed routinely. Echocardiography and 

radionuclide imaging remain good non-invasive techniques to study effects on 

cardiac function. Though radionuclide studies have been reported to be more 

sensitive in detecting systolic and diastolic dysfunction, they expose patients 

to ionizing radiation and are not widely available. Echocardiography is more 

easily available, is not dependent on the availability of radioisotopes and is 

less costly (Weesner et al., 1991). 

 There are very few studies reporting cardiac dysfunction in patients 

while still on chemotherapy. Though the risk of cardiac dysfunction increases 

steeply after a cumulative dose of 450-550 mg/m
2
 of doxorubicin is reached, 

it is not known whether lower cumulative doses also lead to significant 

cardiac dysfunction warranting very close monitoring(Von Hoff et al., 1977). 

Diagnosis 

Early detection of cardiotoxicity is an important strategy for the 

prevention of subsequent development of cardiomyopathy/CHF. Consensus 

does not exist about whether an elevated troponin level after anthracycline use 

requires cessation of chemotherapy. However, an early rise in the troponin 

level may be useful for identification of patients who are more likely to derive 

benefit from the concurrent use of a cardioprotective agent (e.g., 
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dexrazoxane) and early use of angiotensin-converting enzyme (ACE) 

inhibitors and Beta-blockers. A significant reduction of LVEF (10 percentage 

points and LVEF less than 55%) should prompt consideration of cessation of 

anthracycline therapy (Shi et al., 2011). However, when the chemotherapy is 

being given for curative intent, the oncologist and cardiologist must carefully 

balance the individual risk/benefit ratio to ensure that reduction of 

cardiotoxicity is not achieved at the expense of the curative potential of 

chemotherapy. 

Despite its limitations, serial measurement of LVEF remains the most 

commonly used method for detection of anthracycline cardiotoxicity (Sawaya 

et al., 2011). CHF may occur with preserved or decreased EF. In patients with 

preserved EF, heart failure is thought to be primarily attributable to changes 

in diastolic properties of the heart (increased diastolic LV wall stiffness 

and/or increased end-diastolic LV volume as a consequence of cardiac injury 

or overload). The classic clinical signs of congestion associated with heart 

failure (rales and edema) have both low specificity and low sensitivity 

(Takemura and Fujiwara, 2007). More than half of patients with documented 

extreme elevation of cardiac filling pressures do not present with rales or 

radiographic signs of pulmonary congestion. Accordingly, the clinical 

oncologist must maintain a high level of suspicion in patients receiving 

chemotherapy associated with potential cardiotoxicity. New onset of 

otherwise unexplained exertional dyspnea and/or fatigue may be the sole 
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manifestation of heart failure regardless of change in LVEF. Unexplained 

sinus tachycardia at rest and after exercise in an otherwise oncologically 

stable patient is another potential early sign of cardiotoxicity(Weesner et al., 

1991).  

Early referral to cardiology is recommended in the setting of suspected 

cardiotoxicity, even in asymptomatic patients, because accumulating evidence 

suggests that medical therapy may forestall disease progression. 

Risk Reduction 

The effective strategies to reduce risk of anthracycline cardiotoxicity 

are to limit the total cumulative dose, limit the concomitant use of other 

agents with cardiotoxicity, and/or concomitantly use cardioprotective agents. 

With the introduction of new antitumor agents, the use of anthracyclines for 

some indications has been declining, and cumulative dose has been 

decreasing. Nonetheless, they are still important agents for the treatment of 

many cancers. 

Current approaches to reduce risk of AIC include variation in dosing 

and scheduling, use of newer analogs &new delivery systems. 

Dose Schedule Changes 

Alterations in the dose schedule of anthracyclines are based on concept 

that chronic cardiac toxicity is related primarily to peak drug concentration, 
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whereas the antitumor effect is more related to total dose of drug .Several 

studies have shown that there is decrease in cardiac toxicity with use of  

prolonged continuous infusions (e.g., 24 to 96 hours) compared with standard 

rapid infusion schedules. A metaanalysis showed that giving Anthracycline as  

bolus was associated with an odds ratio of 3 for the development of cardiac 

toxicity versus administration by continuous infusion(Saidi and Alharethi, 

2011). 

New Delivery System 

Liposomal anthracyclines were designed with the intent of reducing 

the risk of cardiac toxicity while preserving antitumor efficacy. Pegylated 

liposomal doxorubicin consists of STEALTH technology-based liposomes 

containing doxorubicin in an aqueous core (O'Brien et al., 2004). Its stable 

pegylated cover protects the drug from enzymatic degradation with a dramatic 

increase in the half-life compared with conventional doxorubicin formulation. 

The small size of the liposome (100 nm) enables preferential drug penetration 

through compromised tumor vasculature and accumulation in tumors, thereby 

producing less systemic and cardiac toxicity. In a phase 3 study of five 

hundred and nine women with MBC, LIPODOX demonstrated comparable 

response rates and survival when compared with conventional doxorubicin 

with reduced toxicity. Cardiotoxicity (defined as greater than 10 percentage 

point reduction in LVEF to below the normal range) occurred in 18.8% of 
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patients in the conventional doxorubicin arm versus 3.9% of patients in the 

pegylated liposomal doxorubicin arm (hazard ratio 3.16, P< .001) (Smith et 

al., 2010) 

Analogs 

Epirubicin is one of most commonly used anthracycline analogs. The 

results from studies designed to compare the cardiotoxicity between 

equimolar doses of epirubicin and doxorubicin have yielded inconsistent 

findings. A metaanalysis of five trials showed no evidence for a significant 

difference in the occurrence of clinical heart failure between the treatment 

groups with no difference in tumor response or overall survival.(Shi et al., 

2011)The magnitude of the risk reduction is high, and the lack of statistical 

significance could be attributable to lack of power as a result of a small 

number of CHF cases (Three among five hundred and twenty one patients 

randomized to epirubicin and Twelve among Five hundred and fifteen  

patients randomized to doxorubicin). No randomized trials have been 

conducted regarding the occurrence of combined clinical and subclinical heart 

failure (change in LVEF) in patients treated with epirubicin versus 

doxorubicin. 

Dexrazoxane 

Dexrazoxane ,a cyclic derivative of edetic acid, is the only drug 

approved by the U.S. Food and Drug Administration (FDA) for the 
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prevention of anthracycline-induced cardiotoxicity(Lyu et al., 2007). The 

compound is a bisdioxopiperazine that is hydrolyzed intracellularly to form a 

bidentate chelator that is similar in structure to edetic acid; it effectively binds 

intracellular free iron and iron bound in anthracycline complexes, thereby 

preventing free radical generation  which is considered to be the primary 

mechanism of the cardioprotective effect of dexrazoxane. However, as 

previously discussed, Top II beta is expressed in cardiomyocytes and appears 

to be a critical component of the causal pathway for doxorubicin-induced 

cardiotoxicity. An in vitro study demonstrated that dexrazoxane degraded Top 

II beta in cardiomyocytes, antagonized the formation of Top II beta DNA 

cleavage complex, and reduced doxorubicin-induced DNA damage(Lyu et al., 

2007).These findings suggest that dexrazoxane may provide cardioprotection 

via multiple mechanisms of action. In the United States, the current indication 

for dexrazoxane is for prevention of cardiotoxicity in patients with breast 

cancer who receive a cumulative dose of doxorubicin greater than 300 mg/m
2
 

or a cumulative dose of epirubicin greater than 550 mg/m
2
. The recommended 

dexrazoxane : doxorubicin (or epirubicin) dosage ratio is 10 : 1 (e.g., if 40 

milligram per square metre of doxorubicin is used, 400 milligram per square 

metre of dexrazoxane should be administered). A reconstituted dexrazoxane 

solution should be administered intravenously by slow push starting 15 to 30 

minutes before intravenous administration of anthracycline. Leukocyte and 

platelet counts should be regularly monitored because dexrazoxane may 
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potentiate hematologic toxicity induced by chemotherapy or radiation. The 

drug is generally well tolerated except for a higher incidence of severe 

leukopenia when compared with placebo. 

Dexrazoxane has demonstrated significant cardioprotection in patients 

receiving anthracycline-based chemotherapy with a reduction of the 

occurrence of CHF and an asymptomatic decrease in LVEF. Randomized 

trials in patients with breast cancer (Speyer et al., 1988),lung cancer, 

sarcoma(Lopez et al., 1998) and leukemia (Lipshultz et al., 2012a) have 

consistently shown a significant reduction of doxorubicin-induced cardiac 

toxicity as measured by clinical examination, MUGA scan, echocardiography, 

and endomyocardial biopsy. Clinical trials in pediatric patients with sarcoma, 

lymphoma, and acute leukemia showed a similar cardiac protective effect. 

The cardioprotection of dexrazoxane has also been shown in patients with 

carcinoma breastin whom epirubicin was administered (Swain et al., 1997) 

and patients with sarcoma who were treated with high-dose epirubicin. 

Analysis of randomized trials in persons with breast cancer demonstrates that 

even when dexrazoxane is added after the sixth course of chemotherapy (300 

mg/m
2
), significant cardioprotection is provided without compromise of the 

antitumor activity of the regimen. 

Despite consistent evidence of its cardioprotective effects in clinical 

trials, dexrazoxane has not gained widespread acceptance in clinical practice, 
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possibly because of concerns of its potential impact on chemotherapy efficacy 

and the risk of secondary malignant neoplasms. A single randomized placebo-

controlled trial in patients receiving anthracycline chemotherapy reported 

lower chemotherapy response rates in patients who received dexrazoxane 

when compared with patients who received placebo. Interestingly, the same 

trial showed an unusually high response rate in the placebo group when 

compared with other trials. Based on data from this trial, the indication for 

dexrazoxane in the United States was limited to patients with metastatic 

breast cancer who have already received a high cumulative dose of 

doxorubicin. In an updated metaanalysis, no statistically significant difference 

in antitumor response rate between persons receiving dexrazoxane and 

persons in control groups was detected.(Cardinale et al., 2010) Increased risk 

for development of a secondary malignant neoplasm was reported in a single 

study in pediatric patients with Hodgkin disease. This study reported 

secondary malignant neoplasms including acute myeloid leukemia and 

myelodysplastic syndrome in 8 of the 239 patients who received 

chemotherapy with dexrazoxane versus 2 of the 239 patients who received 

chemotherapy without dexrazoxane (Cardinale et al., 2010). The authors of 

this trial speculated that the combination of three topoisomerase inhibitors 

including doxorubicin, etoposide, and dexrazoxane might increase the risk of 

secondary malignant neoplasms. On the basis of these findings, the EMA has 
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advised caution in use of dexrazoxane and contraindicating  its use in 

pediatric patients.  

Other Cardioprotective Agent 

No randomized clinical trials have demonstrated a cardiac protective 

effect of other agents used to treat CHF, including ACE inhibitors, 

angiotensin receptor blockers, and β-adrenergic receptor blockers. 

Accordingly, insufficient data are available to develop a consensus 

recommendation for treatment of anthracycline-induced cardiomyopathy. 

Once evidence or signs of cardiotoxicity are detected, anthracyclines should 

be stopped. A prospective cohort study reported the longitudinal effects of 

therapy with enalapril and carvedilol in patients with anthracycline-induced 

cardiotoxicity; 201 patients with decreased EF (≦45%) as a result of 

anthracycline exposure were enrolled and followed up for 3 years(Silber et 

al., 2004). Complete EF recovery (defined as EF ≧50%) occurred in 42% of 

patients, 13% had a partial EF response (i.e., an increase in EF by 10 points 

but <50%), and 45% experienced no recovery (less than a 10-point increase in 

EF and EF <50%). Earlier initiation of treatment with enalapril and carvedilol 

(1 to 4 months after administration of anthracycline) was associated with 

improved response. None of the patients with treatment initiated more than 6 

months after administration of anthracycline experienced complete recovery 

of LVEF. The absence of control subjects limits the interpretation of these 
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findings with regard to strategies for clinical practice. Given the large body of 

data supporting the use of ACE inhibitors and Beta-adrenergic receptor 

blockers in patients with heart failure of diverse etiologies, it is reasonable to 

initiate treatment with these classes of agents in patients with suspected 

anthracycline cardiotoxicity and evidence of reduced LVEF(Cardinale et al., 

2006). 

Radiation-Induced Heart Disease  

Incidental radiation exposure to the heart that occurs during treatment 

of adjacent thoracic, chest wall, or breast neoplasms may induce damage to 

the pericardium, myocardium, cardiac valve leaflets, and coronary arteries. 

The risk of radiation-induced heart disease is dose dependent. Cardiac 

damage can be expected with whole-heart radiation exposure above 30 Gy, 

but doses <5 Gy have also been associated with increased risk of ischemic 

disease, pericardial disease, and valvular disease (Stewart et al., 1995) 

Because myocytes are terminally differentiated cells with a very low turnover 

rate, radiation-induced heart injury is thought to be primarily mediated 

through injury to microvascular endothelial cells, with subsequent local 

ischemic injury and interstitial fibrosis(McEniery et al., 1987) Clinical 

manifestations of radiation injury to the heart may occur decades after the 

initial exposure. Biventricular dysfunction is a common although usually 

asymptomatic finding, occurring 5 to 20 years after radiation therapy. 
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Biventricular dysfunction is especially likely in patients who have been 

treated through a single anteroposterior port(Simon et al., 1984) Diastolic 

dysfunction is common in long-term survivors and is associated with 

worsened event-free survival(Heidenreich and Kapoor, 2009).In some cases, 

the radiation injury may induce restrictive cardiomyopathy with clinical heart 

failure. Pathology studies demonstrate fibrotic lesions that may in some cases 

be indistinguishable from the effects of atherosclerosis, degenerative valve 

diseases, and other forms of myocardial and pericardial injury.(Veinot and 

Edwards, 1996).In many cases, the diagnosis of radiation-induced heart 

disease is determined by the clinical setting. For example, degenerative aortic 

valve disease in a forty five-year-old  gentle man who was exposed  to  

mantle radiation for Hodgkin lymphoma at age 21 years would be presumed 

to be related to the past radiation exposure in lieu of any other explanation for 

valve degeneration in this age group. 

Standardized incidence ratios for coronary artery disease in Hodgkin 

lymphoma survivors an average 19 years after chest radiation therapy are 

three- to fivefold greater than those in an age-matched population(Aleman et 

al., 2007).Coronary artery disease as a result of radiation does not present 

with clinical symptoms until at least ten  years after treatment (Heidenreich et 

al., 2007). In 1132 survivors of Hodgkin lymphoma who were treated with 

mediastinal radiation before the age of 18 years and were followed up for a 

median of 32 years, the most common cardiac disease was valvular heart 
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disease(Schellong et al., 2010). The late incidence of all cardiac disease was 

increased in a dose-dependent manner in the subjects who received whole-

heart irradiation >25 Gy. In another series of 1279 survivors of Hodgkin 

lymphoma who were treated with mediastinal radiation (median follow-up 

14.7 years), the cumulative incidence of cardiac disease was 16% at 20 

years.(Galper et al., 2011).Coronary artery disease was the most common 

cardiac disease, but the greatest incremental risk (based on standardized 

incident ratios) was related to valvular heart disease and pericardial disease. 

Radiation dose (greater vs. less than 36 Gy) was not a significant predictor of 

cardiac disease in this population.(Aleman et al., 2003) 

Pericardial disease is a well-known adverse effect of thoracic radiation 

therapy. Effusions have been reported in 6% to 30% of patients treated with 

radiation therapy to the chest with use of older radiation techniques(Galper et 

al., 2011).The incidence of pericarditis has been significantly decreased with 

modern radiotherapy techniques. Pericarditis may present with pleuritic chest 

pain, fever, and tachycardia but is asymptomatic in many patients.(Stewart et 

al., 1995).Echocardiography may show pericardial effusion and/or pericardial 

thickening and, less commonly, cardiac tamponade physiology. Therapy 

should be tailored to the patient presentation and may include nonsteroidal 

antiinflammatory agents, corticosteroids, and/or pericardiocentesis. Some 

patients will experience late manifestations of chronic pericarditis with 

variable severity ranging from asymptomatic to constrictive pericarditis with 
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refractory heart failure. Signs of constriction may include a pericardial knock, 

Kussmaul sign, peripheral edema, and evidence of hepatic congestion and 

ascites. The diagnosis of constrictive physiology can be confirmed by 

Doppler echocardiography, CMR, and/or cardiac catheterization. In 

symptomatic patients, pericardiectomy may be warranted; however, the 

surgery is often difficult and carries substantial morbidity and mortality risk. 

Echocardiography is most commonly used for detection of systolic and 

diastolic dysfunction and assessment of valvular and pericardial disease in 

patients with suspected radiation-induced heart injury. CMR has the potential 

to be used to accurately assess cardiac function/volume and detect myocardial 

damage with late gadolinium imaging. Stress testing with or without nuclear 

perfusion imaging or echocardiography imaging can be used to evaluate for 

the presence of obstructive coronary artery disease. Biomarkers such as 

troponin and BNP have no proved diagnostic role for early detection in this 

population. 

No known specific medical treatments exist for radiation-induced heart 

injury. Revascularization by percutaneous or surgical techniques can be used 

to treat symptomatic myocardial ischemia. Surgical valve replacement can be 

used to treat symptomatic valve dysfunction. Advances in the radiotherapy 

techniques including dose and field size reduction and cardiac shielding have 

significantly decreased risk of cardiac injury from thoracic irradiation. Other 
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techniques such as tomotherapy, intensity-modulated radiation therapy, mixed 

electron/photon beams, respiratory gating(Chen et al., 1997) may further 

decrease risk of radiation-induced heart injury. 

Increased caution must be exercised when radiation therapy is 

combined with anthracycline therapy or other cardiotoxic drugs because of 

the potential for a synergistic toxic effect on the myocardium, which may 

occur even if the two therapies are temporally separated by long periods . 

Prior radiation is a well-recognized risk factor for doxorubicin 

cardiotoxicity.(Kinsella et al., 1979).Conversely, radiation can cause a sudden 

decrease in ventricular function in a patient who either is receiving or has 

received doxorubicin.(Kinsella et al., 1979) 

Indian scenario 

In India, the burden of Coronary heart disease and diabetes related 

cardiac dysfunction is also quite high, which may add to the burden of 

causing clinical/subclinical cardiac dysfunction in patients exposed to 

Anthracyclines(Nair et al., 1998). Diabetic cardiomyopathy is a complex 

multifactorial disease initiated by hyperglycemia and changes in myocardial 

energy metabolism. Both processes increase oxidative stress and stimulate the 

protein kinase C and stress pathways leading to myocardial apoptosis, 

fibrosis, and inflammation. Abnormal calcium handling and shifts in 

myocardial expression impair excitation-contraction coupling. Autonomic 
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neuropathy and decreased beta-adrenergic responsiveness lead to impaired 

regulation of excitation-contraction coupling. These changes are associated 

with extensive structural abnormalities. Clinically, the process manifests as an 

asymptomatic diastolic dysfunction, which progresses to symptomatic 

combined diastolic and systolic dysfunction(S and H, 2015).  

The prevalence of diabetic cardiomyopathy varies between 20 to 40% 

according to different studies in India(Rothangpui et al., 2011) .If a patient 

has a normal cardiac function , then toxicity due to Adriamycin may be 

related to some predisposing genetic factor. However if the person has 

diabetes , then he/she may have subclinical cardiac disease (Silent 

MI/Diabetic cardiomyopathy) which can get exacerbated if they have an 

additional genetic risk, which would increase their likelihood of 

cardiomyopathy from Anthracyclines as well. 

CHF is rapidly emerging as an epidemic & by 2030 alone, India will 

have ten times the patients in CHF than in the US(Rothangpui et al., 2011). 

However, the molecular etiologies of such diseases in developing countries 

such as India remain poorly understood.  

Molecular aspects of Cardiomyopathy 

We now focus on molecular aspects ofcardiomyopathy, a frequent 

cause of heart failure for which more than 200 rare disease associated 

mutations affecting more than 20 different genes have already been 
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identified(Mahadevan et al., 2014). MYH7, MYBPC3, TNNT2, TNNI3, 

TNNC1, TPM1, ACTC, MYL2, MYL3, TTN, MYH6, TCAP, MYO6, 

PRKAG2,and MYLK2 are some of the common genes which get mutated in  

Dilated cardiomyopathy(Garcia-Castro et al., 2003) 

The incidence of dilated cardiomyopathy is  One hundred and forty 

eight cases per One lakh population per year in general population and the 

estimated prevalence of dilated cardiomyopathy is 920 cases per 100,000 in 

India. The South Indian region, which is home to one-fifth of  the total 

population of India, accounts for  approximately 25% of total  CVD-related 

deaths in the country. 

In a case control study which included 800 cases with cardiomyopathy 

and 699 controls from a population distributed across India, a very specific 

genetic  abnormality which involves a ‘25 – base pair deletion’ in Intron-32 

region of a gene known as Myosin binding protein C (MYBPC) was  

discovered(Dhandapany et al., 2009)This gene is expressed in the Cardiac 

myocyte, the function of which is to regulate Cardiac response to adrenergic 

stimulation & is very important in maintaining structural integrity of 

Sarcomere (the basic structural unit of a cardiac muscle).It has over 21,000 

base pairs and has 35 exons.(Dhandapany et al., 2009) 

The 25 bp deletion variant of MYBPC3 gene is known to influence 

predisposition to heart failures and in posing a lifelong threat to carriers. The 

study by Dhandapany et al, detected the presence of this deletion at a 
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frequency of 13.8% (13% heterozygotes and 0.8% homozygotes) in pooled 

Indian patients with hypertrophic cardiomyopathy and only in 2.9% 

(heterozygous condition) of healthy control individuals. Another report 

covering multiple states  within the Indian subcontinent showed significant 

variability (2-8%) between populations within this region(Simonson et al., 

2010). The deletion was present in most of  Indian  population samples but 

were absent in the populations  sampled outside  India (Simonson et al., 2010)

  Interestingly, the frequency of this 25bp deletion in MYBPC gene was 

higher in the Southern states in this study (4% vs. 0% in Central and North 

India ) (Dhandapany et al., 2009). 

Approximately 5% of the cases with familial HCM present complex 

genetic states with more than one causal mutation: homozygotes (both alleles 

of the mutated gene), double heterozygotes (more than one mutation in 

different genes), or compound heterozygotes (more than one mutation in the 

same gene). 

The study by Dhandapany et al comprised of two groups 

ofindividuals.Group1, comprised of 354 individuals with cardiomyopathies 

and 238 healthy controls were matched for ancestry, age, sex and geography. 

Of the 354 cases, 49 (13.8%) carried the 25-bp deletion, 46 as heterozygotes 

and three as homozygotes.   In contrast, only 7 (2.9%) of the 238 controls 

carried the deletion, all as heterozygotes. 
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 The allele carrying the 25-bp deletion in cardiomyopathy cases was 

statistically significant, with a  significant P value of (0.000002).To replicate 

these results, the authors screened for the 25-bp deletion in Group 2, 

comprising 446 cases and 466 controls from six independent cohorts. The 25-

bp deletion was significantly more common in cases than controls in both 

groups with a combined study. 

These results suggest a strong causal association with this genetic 

variation in MYBPC3 and cardiomyopathy.  

The MYBPC3 25-bp deletion is similar in effect to other MYBPC3 

mutations, which manifest later in life, lead to mild hypertrophy, and exhibit 

incomplete penetrance (Kubo et al., 2005). The individuals with this deletion 

usually present with cardiomyopathy above 30 years of age. However, 

individuals with homozygous mutation with severe phenotypes present  a 

decade earlier (Dhandapany et al., 2009). The risk of developing 

cardiomyopathy is probably also increased by other genetic and 

environmental factors (Dhandapany et al., 2009). 

It is interesting that the MYBPC325-bp deletion is relatively common 

in India and its frequency varies across this limited region. 
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MYBPC3: 

The MYBPC3 gene belongs to a family of genes called fibronectin type III 

domain, which encodes cardiac myosin binding protein C (cMyBP-, a key 

constituent of the thick filaments localized to doublets in the C-zone of the A-

band of the sarcomere. which is the basic unit of muscle contraction. 

Sarcomeres are made up of thick and thin filaments. The overlapping thick 

and thin filaments attach to each other and release calcium, which allows the 

filaments to move relative to one another so that muscles can 

contract(Niimura et al., 1998). Regular contractions of cardiac muscle pump 

blood to the rest of the body By  binding to myosin
,
 titinand actin

,
 cMyBP-C 

contributes to the structural integrity of the sarcomere and regulates cardiac 

contractility in response to adrenergic stimulation Because individuals who 

have heritable cardiomyopathies with cMyBP-C defects have a disorganized 

sarcomeric structure and late-onset symptoms, MYBPC3   has emerged as a 

candidate gene for increased risk of heart failure through either hypertrophic 

or dilated cardiomyopathies (HCM or DCM) (Niimura et al., 1998) 

Cardiac MyBP-C also regulates the rate of muscle contraction, 

although the mechanism is not fully understood(Niimura et al., 

1998).Approximately half of the kindreds with inherited CM have been 

shown to have mutations in genes encoding the sarcomeric proteins involved 

in the formation of the myofibrillar contractile unit in cardiomyocytes 

(Niimura et al., 1998) 
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The genetic abnormalities in sarcomeric genes include insertions, 

deletions, and base changes in both introns and exons and, in the latter, both 

synonymous and non-synonymous variations. Phenotypic penetration is 

variable, clinical disease development is insidious, and detection of a pre-

symptomatic physiologic deficit is difficult using standard medical tests.  

Despite best efforts to screen, exclude and monitor patients for left 

ventricular contractile problems, approximately 0.1% to 0.5% of all patients 

receiving cardio-toxic chemotherapy develop precipitous, clinically severe 

and sometimes fatal CM (Limat et al., 2003).The above scenario is very 

similar to that of the relatively rare familial cardiomyopathies.  

Rationale for this study 

Indian studies have shown that Individuals with Dilated 

Cardiomyopathy tend to have a specific 25-bp deletion in MYBPC3 gene, 

which is particulary prevalent in Southern part of the country. We have 

reasoned if the same gene plays any role in precipitating or worsening of 

Anthracycline induced Cardiomyopathy, given the relatively higher frequency 

of this gene in this part of the country. 

It is important to bear in mind that the likelihood of CHF increases 

disproportionately with increased exposure, that early toxicity may be 

difficult to quantify with imaging alone, and that an additional two or three 

cycles of chemotherapy may expose patients to life-threatening cardiac 
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complications. Decreases in the absolute value of LVEF by more than 10 

percentage points or to less than the lower limit of normal for the laboratory 

may warrant discontinuation of therapy, because a decrease in LVEF usually 

precedes the development of clinical heart failure. This algorithmic approach 

has been validated as a clinical practice guideline, but it is not fail-safe. When 

clinical circumstances surrounding treatment of the primary cancer indicate 

that exceeding recommended cumulative dosages is possible, cardioprotective 

strategies should be considered. 
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1.2 AIMS AND OBJECTIVES 

1. To evaluate incidence of short and long term cardiac toxicity in 

patients receiving Adriamycin containing regimens for 

lymphoma patients between the year 2005-2010. 

2. To assess the incidence of mutation (the short deletion of 25bp) 

in patients with proven cardiac toxicity due to Adriamycin in 18 

patients. 
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 METHOD OF SELECTION OF LYMPHOMA PATIENTS 

WITH CARDIOMYOPATHY 

1.  All patients treated for lymphoma with Anthracycline 

containing regimens alone during initial therapy between 

2005-2013 were included. 

2.  All patients who developed overt or subclinical cardiac 

dysfunction either during treatment or after completion were 

selected. 

3.  Cardiac toxicity was  defined as a drop in ejection fraction of 

10% from that prior to treatment. 

4. All patients who developed symptomatic cardiac dysfunction 

either during treatment or after completion of Anthracycline 

based chemotherapy, without any underlying Cardiac 

abnormalities were selected. 

5.  Ability to give an informed consent 

The following patients were excluded 

i. Patients  treated with Non- Anthracycline based chemotherapy 

ii. Active cardiac disease such as dilated cardiomyopathy, CHF 

or Arrhythmias, prior to starting chemotherapy. 
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Assessment and procedures 

1. 2D-ECHOCARDIOGRAM, ECG, CHEST X RAY. 

2. Blood test for MYBPC3 in patients developing cardiac 

dysfunction fitting the above criteria. 

Diagnostic criteria of the index patients 

Dilated cardiomyopathy: Individuals will be diagnosed with DCM 

when echocardiographic demonstration of decreased systolic function of the 

left ventricle (LV) (LV ejection fraction(LVEF) <0.45 and/or fractional 

shortening <0.25) and a dilated LV (LV end diastolic dimension >117% of 

the predicted value corrected for age .It will also include patients who 

developed overt congestive cardiac failure. 

2.2 ANALYSIS OF DLBCL PATIENTS BETWEEN THE YEARS 

2010-2013 

A total of 774 patients of lymphoma presented to the institute between 

January 2010 and December 2013. Of these, 560 were NHL, 172 were 

Hodgkin’s lymphoma, 3 cases did not have Cancer, 2 had Castleman’s 

disease, 1 had Langerhan’s cell histiocytosis, and 36 had Lymphoblastic 

lymphoma. 

Of the 560 patients diagnosed to have NHL, there were 307 patients 

with DLBCL, 12 were of grade 3 FL and 8 were  high grade B cell 

lymphoma( unspecified). Among the patients with DLBCL- 11 were Primary 
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CNS lymphomas and 2 were primary mediastinal lymphomas who were 

excluded from analysis as alternative chemotherapy regimens were used in 

these patients. The remaining were other types of NHL. 

Among the 314 (294+12+8) cases who were potentially eligible for 

CHOP/RCHOP only 227 received CHOP/  RCHOP and were included in the 

subsequent analysis.  

Of a total of 227 patients, 110 patients were treated with CHOP 

chemotherapy regimen and 117 recieved R-CHOP (Table 1).3 patients 

defaulted after 1st follow up and were not included in the analysis (EFS). 

Table 1Patients 

Chemotherapy 

regimen 

Number of  

patients 

CHOP 110 

RCHOP 117 

 

Patients above 15 years of age treated between January 2010 to 

December 2013 who had DLBCL and atleast two cycles of chemotherapy 

were included. 
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Table 2 Standard of Care 

Stage I  and II 

4 cycles R-CHOP + IFRT 

to bulky  sites RT doses: 

Bulky : 30-40 GY 4-6 cycles of R-CHOP 

(+/-) IFRT to bulky sites 

Stage III  and  IV 

6-8 cycles of R-CHOP 

alone 

( +/- IFRT to bulky sites ) 

 

Assessment of response after 4 cycles and after end of therapy 

 

Parameters (Appendix I) 

All the baseline clinical details which were available from the case 

records were collected including the presenting history and clinical findings, 

important laboratory parameters and radiological findings. The treatment 

protocol including the number of cycles and radiotherapy details were 

obtained. The delays, if any during treatment and the reasons for the same 

were noted. The final outcome was noted in terms of response and status 

during follow up, including long term complications. 

Statistical methods 

The survival with respect to different study variables / factors such as 

age, gender, laboratory parameters, etc. were examined by Kaplan Meier 

survival analysis[91]. Multivariate Cox regression analysis was done to 

identify independent predictors of outcome. [92] 
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1. OS: Time from the start of treatment to the occurrence of 

death due to any cause 

2. Event Free Survival (EFS) :time from start of treatment 

to the occurrence of one of the following events:  Death as a result of 

any cause, progressive disease, no CR at the end treatment, or relapse. 

 

Detection of 25 bp polymorphism in MYBPC3 gene 

Extraction of DNA 

Genomic DNA was extracted from blood samples taken from patients 

who have developed overt or subclinical cardiac dysfunction according to the 

protocol described by GF-1 mini kit (Vivantis). The procedure is summarised as 

follows: 

Blood lysis 

200μl of Buffer BB was added to 200μl blood sample in a micro 

centrifuge tube and mixed thoroughly by pulsed-vortexing. 20μl of Proteinase 

K was added,mixed immediately and incubated at 65°C for 10 min. 

Addition of ethanol 

After incubation, 200μl of absolute ethanol was added,  mixed 

immediately and thoroughly to obtain ahomogeneous solution. 

Loading to column 
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The sample was then transferred to a column assembled in a clean 

collection tube and centrifuged at 5,000 x g for 1 min. After centrifugation, 

the flow through was discarded. 

Column washing - I 

The column was washed with 500μl Wash Buffer 1, centrifuged at 

5,000 x g for 1 min.and flow through was discarded. 

Column washing - II 

Column was washed twice with 500μl Wash Buffer 2and centrifuged 

at 5,000 x g for 1 min and 3 min respectively. 

DNA elution 

After washing, the column was placed into a clean micro centrifuge 

tube and 100μl of preheated Elution buffer (65° C) was added directly onto 

column membrane and allowed to stand for 2 min.It was then centrifuged at 

5,000 x g for 1 min to elute DNA. The eluted DNA was stored at 4°C.The 

purity and concentration of DNA was measured using the Nanodrop at optical 

density(OD) 260/280.. 
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PCR for identification of MYBPC3 deletion 

A total of 100ng genomic DNA was PCR amplified in a 25ul volume 

reaction as follows: 0.5ul of Taq polymerase enzyme (5000U/ml, NEB), 

0.25ul of 10mM dNTPs (SIGMA), 2.5ul of 1X standard Taq buffer and 1ul of 

10uM primers (SIGMA) in a total volume of 25ul. For each sample a no 

template control was used to detect any non-specific amplification of genomic 

DNA. The primers were designed specifically to amplify the regions 

containing 25bp deletion( Fig.29). 

Forward Primer:5 ‘TAG CCC CAA GGT AGG GAA CTT T 3’ 

Reverse Primer: 5’ CCA ACA GTA GGG AGG GGT TT 3’ 

The amplifications were carried out after initial denaturation and Taq 

polymerase activation at 94ºC for 5min followed by 35 cycles with 94ºC for 

45s, 60ºC for 45s and 72ºC for 45s, with an additional step of final extension 

at 72ºC for 10min.The primers flank the 25-bp deletion and the size of the 

amplified product is 928 bp. If there is a deletion , it is 903 bp. 

Gel electrophoresis 

The quality of amplicon and size was checked on agarose gel with 

ethidium bromide staining. The PCR products was separated by 2% agarose 

gel electrophoresis using appropriate size markers in TAE buffer run for 1 

hour at 100volts. The test samples were considered positive for the deletion in 
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MYBPC3 when an amplicon of size of 903 bp was obtained, If MYBPC3 was 

wild type the expected size of the amplicon is 928 bp. The deletion was 

further confirmed using restriction enzymes Bgl1 and Fok1which gave 

distinct banding patterns for the wild type and deletion respectively (Fig.26). 

Restriction Digestion analysis 

PCR amplicons were restricted using Bgl1 and Fok1 enzymes to 

confirm the presence of 25bp deletion in addition to the size comparison on 

gel electrophoresis.The restriction enzyme sites are in the deletion. Therefore, 

analysis of wild type MyBP-C3 gene, the restriction digestion with Bgl1 and 

Fok1 enzyme would give three bands of 416bp, 278bp, 234bp and four bands 

of 440bp,282bp,146bp, 60bp respectively. In case of 25bp deletion, a 

digestion using Bgl1 enzyme would give 2 bands of 487bp and 416bp while 

Fok1 would give three bands of 697bp, 146bp and 60bp.(Fig.28) 
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Fig. 1  Schematic representation of MyBP-C3 gene showing primers used for 

PCR amplificationMyosin binding protein C3 gene (Exon 32 to Exon 35 with 

intronic sequences) 
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CHAPTER 3  

RESULTS 

 

3.1 DATA FROM JANUARY 2010 AND DECEMBER 2013 

 Analysis of outcomes of diffuse large B cell lymphoma and high 

grade follicular lymphoma treated with CHOP-based chemotherapy between 

2010- 2013: 

The evaluable patients (n=227) with DLBCL and Grade 3 FL with 

chemotherapy regimen CHOP with or without Rituximab were included in the 

analysis. All patients were followed up until December 2014.A median follow 

up was 2.6 years.  

Table 3  Baseline characteristics 

Parameter n (%) 

Male : Female 147:80 

Age 

<60 years 174 

>60 years  53  

B symptoms 62(27.3) 

Bulky disease 

Stage I 35(16  ) 

Stage II 66( 29) 

Stage III 60( 26) 

Stage IV 66( 29) 
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 In this study, there were 56 patients from 2010 , 60 from 2011, 51 

from 2012 and 60 from 2013  (Fig2). 

Patient Characteristics 

Age & Sex DistributionMajority of the patients(n=174;77%). were below 60 

years at presentation  and  53 (23%) were above 60 years (Fig 3) .One 

hundred and forty seven ( 65% ) patients were males and 80 (35%) were 

females (Fig 4). 

Fever and weight loss: Fever and weight loss was present in only 74 patients 

(32%) of the patients (Fig 5). 

Performance Status 

 157 (70 %) patients presented in a good general condition & were in 

ECOG- PS 1. 44 patients (19 %) presented in PS- 2. 21(9 % ) presented in PS-

3 and 5(2 %) presented in PS-4 (Fig 6). 

Lymphadenopathy 

  The most common presenting symptom was lymphadenopathy. 

Majority of the patients had Cervical(n=131;58%) and  Axillary adenopathy 

.Mediastinal adenopathy was present in  43 (19%), Retroperitoneal 

adenopathy in   106 (47%),Inguinal adenopathy in 102  (45%).Lymph node 

size more than 10 cm occurred in 62  patients( 27%). 

Extranodal  involvement 

 Extranodal involvement was observed in  53 patients (23 %) and the 

remaining  177 had (77%) nodal enlargement (Fig 7) .Liver was involved in 7 

patients (3 %). Bone was involved in 3.5% of patients. Testicular involvement 

was observed in seen in 4% cases. Thyroid involvement was observed in 
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4%.Stomach was the predominant site in patients with Gastrointestinal 

involvement (13 ) (Fig 8).  

 Majority of the  patients(n=40;77%) had only one site of extranodal 

disease involvement whereas,  23%(12) had 2 or more sites of  disease  (Fig 

9) . 

Stage distribution 

 The extent of disease in all patients is shown in the figure .One 

hundred and twenty six patients presented with advanced disease -Stage 3 &4 

(55%),while the remaining were early stage (45%) 

 Stage 1: 16%, stage 2:29%; stage 3:26%, stage 4:29 % (Fig 10). 

Serum LDH  

 Serum LDH was elevated in the majority of the patients 166/194; 

that is 85% of the patients 

IPI Score 

 At presentation, Patients were assigned risk according to the IPI 

score. Patients with a  Low risk IPI score constituted: 61(31%), Intermediate 

risk were 61 patients (31%) and 72 (37%) were High Risk . 

Imaging 

 Assesment for the extent of disease was by CT scan in 53% and PET 

CT scan in 16% of patients. 

Treatment given 

 After all investigations, Patients were treated with combination 

chemotherapy, that is CHOP (Cyclophosphamide, Adriamycin, Vincristine 
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and Prednisolone) in 110 patients (48%). Rituximab was given to 117 (52%) 

patients in addition to CHOP.Median number of cycles was six( Range 4-8 

cycles). 

Outcome 

 The median follow up is 2.6 years. 146 patients (64%) in CR and 20 

were in partial remission after all treatment.  Fifty five patients had Primary 

progressive disease. 

Table 4: Response to treatment 

 Frequency Percent 

Complete remission 146 64.3 

Partial Response 20 8.8 

Primary Progressive 

Disease 
55 24.2 

Not evaluable 6 2.6 

 

Late complications 

 Cardiac complications in the form of reduction in left ventricular 

ejection fraction(n=3) , dilated cardiomyopathy occurred in 1.3 % of  total 

patients. Cardiac toxicity due to adriamycin was observed during or after 

treatment in 3 patients .This was assessed prior to and after 4 cycles with 

Echocardiography.  All 3 patients required reduction in dosage of 

Adriamycin. 

Prognostic   factors 

 All patients  (227 patients) were analysed for all clinical parameters  

with respect to PFS and OS by the Cox  proportional Hazards model. The 
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factors were age, sex, Performance status, extent of disease , Serum LDH, IPI 

scores and treatment.   

 After 4 years of follow up  60% of patients were alive. The Overall 

survival (Figure 11) and  the event free survival curve for the entire cohort is 

plotted using Kaplan Meier method (Fig.12)  

 Table 5 shows the subgroups of patients based on their presenting 

characteristics analyzed with respect to the survival estimates at 3 years .4 

patients were excluded as they had 1 cycle of treatment .The analysis was 

performed for 223 patients.The 3 year EFS was marginally higher in the 

patients older than 60 years, but the 3 year OS was better in patients below 60 

years. However the difference was not statistically significant.  

 Performance Status (PS), Stage of the disease at presentation , IPI 

score  and R-CHOP  chemotherapy regimen had significant impact on the 

outcome. Number of extranodal sites and  Serum LDH did not have any 

significant impact on the outcome (Fig.13 &14), Patients with ECOG PS 0,1 

had a better 3 year  EFS and OS as compared to patients presenting with Poor 

ECOG PS(p<0.004). Patient presenting with Stage 1, 2 had a better outcome 

than  patients presenting with stage 3 and 4 (Fig.15 & 16)(p<0.001) .Patient 

with Low risk IPI score had better 3 year EFS and OSas compared to  a higher 

IPI (Fig. 17 & 18). 

 Patients who received Rituximab together with CHOP than those 

receiving CHOP alone. (Figure 19 &20).The maximum benefit was noticed in 

patients with Stage 3 and Stage 4 disease (Fig.21 &22) patients with high risk 

IPI (Fig.23& 24) as is evident from figure This study shows that patients with 

poor prognostic factors like high risk features, advanced stage at 

presentation(Stage 3 &4) and those with high IPI score benefit the most from 

RCHOP chemotherapy(p = 0.001 and 0.006 ) respectively. 
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 Table 5: Univariate analysis of factors affecting prognosis 

Characteristic Number Prognostic impact of presenting variables 

  

3 YEAR        

EFS 

(%) 

P value 

(Log rank 

test) 

3 YEAR OS 

(%) 

P value 

(Log rank 

test) 

Age (yrs.) 

<60 173 63.2 
0.659 

70 
0.796 

>60 50 67.2 57.8 

 223     

PS 

0,1 154 72.7 
<0.0001 

73.5 
0.004 

2,3,4 69 43.2 54.9 

 223     

Extranodal sites 

1 or less 170 64.9 
0.513 

67 
0.998 

2 or more 53 61.1 71.2 

 223     

Stage 

1,2 99 72.1 
0.01 

73 
0.024 

3,4 124 57.5 63 

 223     

LDH 

Normal 27 88.9 
0.065 

89.3 
0.124 

More than Normal 164 61.6 68.7 

 191     

IPI 

Low risk (0,1) 60 72 

0.012 

82  

0.056 

 

Low intermediate (2) 59 74 67.9 

High (3,4,5) 72 52 65.2 

 191     

PROTOCOL      

CHOP 107 53 
0.001 

64.5 
0.029 

RCHOP 116 73 79.3 

 223     

RCHOP VS CHOP in 

Stage 1&2 vs Stage3&4 
     

Stage 1&2 CHOP 51 72 

0.001 

67.5 

0.012 
Stage 1&2 RCHOP 48 71.5 85 

Stage 3&4 CHOP 56 36 49.7 

Stage 3&4RCHOP 68 74 74 

RCHOP VS CHOP  (IPI)      

Low Risk      

CHOP 34 72 

0.006 

75 

0.016 

RCHOP 26 71 91 

    

Low Intermediate    

CHOP 26 69 59 

RCHOP 33 78 81 

    

High Risk    

CHOP 31 28.5 48 

RCHOP 41 71 79 
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Table 6 Multivariate analysis for overall survival: model  1 

Variables Number 
Hazard 

ratio 

Confidence 

Interval 
P Value 

PS 

0,1 130 
2.058 1.194- 3.548 0.009 

2,3,4 61 

Stage 

1,2 89 
1.621 0.912-2.881 0.100 

3,4 102 

LDH 

Normal 27 
1.732 0.606-4.951 0.305 

> Normal 164 

Treatment 

CHOP 91 
1.557 0.895 0.115 

RCHOP 100 

 

Multivariate analysis 

Step-wise multivariate cox-regression analysis was performed for the factors 

which were significant by univariate analysis(Table 6). Performance status 

(HR:2.04 ;CI 1.256-3.315,p value< 0.004) ,Stage of presentation 

(HR:1.727;CI:1.000-2.983,p value<0.050) and Chemotherapy 

protocol(RCHOP) (HR:1.991;CI:1.227-3.233,p value<0.005) were found to 

be statistically significant. In model 1, where PS, Stage, LDH and 

chemotherapy were evaluated. Only chemotherapy and PS were significant. 

In model 2, where LDH was excluded, stage, PS and type of chemotherapy 

were significant  
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Table 7:Multivariate analysis for overall survival : Model2 

Variables Number Hazard ratio 
Confidence 

Interval 
P Value 

PS NUMBER HR CI P value 

0,1 154 
2.04 1.256-3.315 0.004 

2,3,4 69 

Stage 

1,2 99 
1.727 1.000-2.983 0.050 

3,4 124 

Treatment 

CHOP 107 
1.991 1.227-3.233 0.005 

RCHOP 116 

 

In Model 2 of Multivariate analysis , LDH was excluded as it was not found 

significant in Model 1 of multivariate analysis 

 

3.2     Analysis of 18  lymphoma patients with Cardiomyopathy 

 NHL were 67% percent and HL patients constituted 33% of the 

patient Cohort.10(47.6%) patients were DLBCL, 4 were high grade Follicular 

lymphoma,7(19%) of patients were cases of  Hodgkins lymphoma(33.3%).  

Age distribution: 52.4% of patients were above 50 years of age and 47.6% of 

patients were below 50 years of age. 

Gender distribution: 57.1% of patients were males and 42.9% of patients 

were females. 
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Comorbids: Majority (80%) of the patients did not have associated illness. 2 

patients had Type 2 diabetes mellitus.1 patient had HIV and was on HAART 

and 1 patient had hypothyroidism.None of the patients have hypertension or 

underlying Ischemic heart disease. 

Anemia at presentation: 11 patients (52.6%) had Hemoglobin above 10g/dl 

and 10 patients had haemoglobin less than 10 g/dl. 

Chemotherapy Regimen 

 15 patients (71%) of patients received CHOP chemotherapy, 4 

patients (20%) received ABVD chemotherapy and 3 patients received hybrid 

chemotherapy (9%). 

Mediastinal Radiotherapy:Only two patients( 10%) received Mediastinal 

Radiotherapy. 

Acute/chronic 

 Fifteen out of 21 patients developed acute Cardiomyopathy (71%) 

during tretment.6 patients (29%) developed chronic Cardiomyopathy that 

became overt after treatment was completed 

Ejection fraction 

 4 (19%) patients reduction in Ejection fraction of 10%, 11 (52%)  

between 10-20% and 6 (28%) in excess of 28%. 

Anthracycline dose at which Cardiomyopathy occurred 

 Two (9.5%) patients developed Cardiomyopathy at Anthracycline 

dose less than 200 mg/m2, 9(43%) developed AIC at doses between 200-300 

mg/m2 and 10 patients developed Cardiomyopathy at doses above 300 mg/m2 
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Therapeutic intervention and response 

 Thirteen (61%) patients received pharmacologic intervention for 

treatment of cardiac dysfunction .Of these 8 did not improve with respect to 

cardiac function(EF) following treatment .3 patients died  due to progression 

of underlying lymphoma 

Results 

A total of 18 patients were included in this study. Out of 18, MYBPC3 was 

detected using PCR in 8 samples(Fig.30). The remaining samples were not 

analysable poor quality of DNA. A 928 base pair band was observed in all 8 

samples which suggested the absence of 25 base pair deletion in any of these 

samples. This was further confirmed by a restriction digestion analysis using 

Bgl1 enzyme, which gave a distinct restriction banding pattern as expected if 

MYBPC3 was wild type. In this group of 8 patients who had a satisfactory 

PCR there was no polymorphism (del 25bp) in the MYBPC3 gene.  

 

Table 8: Concentration of DNA extracted from blood samples of patients 

and their purity analysis (O.D at 260/280) using nanodrop UV 

spectrophotometer. 

Sample No. UHID Optical Density 

260/280 

Concentration 

(ng) 

1 190/05 1.7 1496 

2 7099/09 1.8 25.8 

3 54839/13 1.9 119 

4 8934/10 1.7 1356 

5 1189 1.7 51.2 

6 12701 1.7 1014 

7 8896/11 1.4 36.2 

8 46617/12 1.8 15 
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 Follow up 

 Sixteen (76%) patients are in Complete remission of their disease 

and are on regular follow up.4 (20%) have died. None of the patients died 

from Development of Cardiomyopathy. All deaths were attributed to the 

underlying lymphoma. 

Schematic representation of restriction digestion reaction: 

 

Figure 27 :Schematic representation of restriction digestion reaction 
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CHAPTER 4  

DISCUSSION 

 

 Indian studies have looked at the descriptive data and outcomes of 

Non- Hodgkin’s disease in the past, but there are few recent studies. In the 

present study, we describe the presenting features and outcomes of DLBCL 

over an 4-year-period from a major oncology center in Southern India which 

caters to patients from the states of Tamil nadu, Andhra Pradesh and Kerala. 

How is DLBCL in India different from the West? The existing data 

regarding NHL in India have suggested certain unique features of NHL in 

Indians compared to the Western population. The presence of B symptoms 

was marginally higher than western population in our study, which is 

consistent with other Indian studies. Nearly 55% presented in advanced stages 

(stage III or IV), which is similar to western literature. The male: female ratio 

was also higher in Indians (1.8-2.3:1). One recent study from the Tata 

memorial Hospital in Mumbai which was a prospective randomized study 

showed a similar distribution of cases [93]. Table 7 summarizes the important 

aspects of DLBCL comparing the present study with three different studies: 

one from a different institute at a different time period, one from a 
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Multicentre study  within India, and a third one from a Western population[ 

Flowers et al94] 

Table 9 Comparison of data on Non Hodgkins’s Lymphoma from 

different centers 

 
Present study

 

2010-2014 

Multicentre 

Indian data 

2005- 

2009(Nimmagad

da et al , 2013) 

TMH, Mumbai 

2004-2010[93]
 

Flowers et al 

1981-2010 

n 227 791 223 701 

Age All age groups 16-92 All age groups 
All age 

groups 

Age 

<60 

>60 

159 

68 

598 

293 

177 

46 

<60 yrs: 

61.1% 

>60 yrs: 

38.4% 

Sex M:F=1.85:1 M: F =2.03:1 M:F: 2.32:1 M: F 1.3:1 

B symptoms 32% 37.8% 33% 24% 

Bulky 27% 18.3% 27%  

IPI-High 37% 25%  69% 

Bone 

marrow 
21% 15% 20% --- 

Stage III/IV 

presentation 
55 %  53 % 50% 57.9% 

Chemothera-

py 

CHOP     45% CHOP     34.3%  CHOP  0% CHOP   34% 

RCHOP   55% RCHOP   48%  RCHOP 100% RCHOP 48% 
 

Age and sex distribution of the cases:In the current study, the age 

distribution of the cases is similar to the above studies. Since we  have 

exclusively looked at adult patients (age >15 years), it is not possible to 

comment on the overall age distribution in this hospital based cohort. A 
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definite male predominance was present (male: female 1.85:1). The reasons 

for these variations are unexplained.  

 Majority of the patients presented with cervical lymphadenopathy 

and predominantly supradiaphragmatic disease which was similar to other 

studies.One fourth had bulky disease at presentation. 

Stage at presentation: More than half of our patients presented with stage III 

and IV disease and a mere 32 % had B symptoms at presentation. This is 

consistent with other reports. One reason for such advanced presentation of 

disease could be delay between the onset of symptoms and the final diagnosis 

and treatment. Lack of access to medical care, Lack of awareness among the 

primary health care providers, high incidence of tuberculosis (misdiagnosing 

and treating cases of Lymphadenopathy as TB), coupled with poor or non- 

 Treatment outcomes and prognostic factors: Most of the patients in 

this cohort were treated with RCHOP chemotherapy. This reflects a change 

from previous practice at our center when CHOP was the favored regime. 

This conforms to the current International standard practice using RCHOP as 

first line therapy in DLBCL. RT was used predominantly in patients with 

Bulky disease at presentation. 

 The 3 year EFS & OS  was statistically significant(P value<0.006 

and <0.001 respectively) with  addition of  Rituximab to the CHOP regimen, 
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especially in the patients with stage III/IV and High IPI score, which are 

traditionally considered as adverse prognostic factors. 

 The 3 year EFS was 64.3% and 3 year OS was 75% in all the 

patients. 

Response to treatment 

 Initial response to combination chemotherapy was 64.3 %  Compete 

Response, and 8.8% Partial Response and 24.2% progressive disease (Table 

4). 

 A total of 74% patients were alive and 26% of patients were dead at 

last follow up. 

 By Univariate analysis, Performance Status,  IPI, and addition of 

Rituximab(CHOP vs RCHOP)  predicted a poor survival. Most of these 

indirectly reflect the stage at presentation, and stage is probably the single 

most important predictor of survival in DLBCL.  

 Older age at presentation(>60 years) ,Presence of more than one 

extranodal site and a Higher LDH at presentation was not found significant in 

Multivariate analysis. 

Limitations of this study: This is a retrospective analysis which has the 

problem of  selection bias as well as to missing data. No standardized staging 
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work up was used for the patient cohort. Overall survival data was incomplete 

as well as and the relatively short follow up period used. 

ANALYSIS OF EIGHTEEN LYMPHOMA PATIENTS WITH 

CARDIOMYOPATHY  

 DNA was extracted from peripheral blood sample of 18 patients 

with proven Anthracycline induced Cardiomyopathy and analysed for a 25 -

base pair deletion in MYBPC3 gene. 

 All the patients(n=8) showed a wild type of MYBPC3.The 25 base 

pair deletion was not seen in any of the cases. 

To our knowledge, No studies have been conducted in INDIA looking for a 

specific 25-bp deletion in MYBPC3 gene in context of Anthracycline induced 

cardiotoxicity. This is the first such study to make an attempt to look into the 

same. 

Limitations of study:The sample size is small & needs to be performed in 

large number of patients to show whether MYBPC3 could be used as a 

potential biomarker in predicting patients at risk for developing 

Cardiomyopathy due to anthracyclines. 
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CONCLUSION 

1. By Univariate analysis, Performance Status,  IPI score, and type of 

chemotherapy  predicted survival. Most of these indirectly reflect the 

stage at presentation, stage is probably the single most important 

predictor of survival in DLBCL.  

2.  Older age at presentation(>60 years),Presence of more than one 

extranodal site and a Higher LDH at presentation were not found 

significant in Multivariate analysis. 

3.  Twenty Five base pair deletion in the gene-MYBPC3 which is 

indigineous to the cases with Cardiomyopathy in South Indians does 

not seem to responsible for development or worsening of 

Anthracycline induced cardiotoxicity. 
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Myosin binding protein C3 gene (Exon 32 to Exon 35 with intronic sequences) 

 

   

  GG GGC CTA GCT TTG TGT GGC CCT CTC GGT ACC AAG TCC TGT CAC CAA CAG GCA TCA CCT ATG AGC CAC CCA ACT ATA AGG CCC TGG ACT T  < 90 

     G   L   A   L   C   G   P   L   G   T   K   S   C   H   Q   Q   A   S   P   M   S   H   P   T   I   R   P   W   T   S 

  CC CCG GAT CGA AAC ACA CCG GGA GAG CCA TGG TTC AGG ACA GTG GTT GTC CGT AGT GGA TAC TCG GTG GGT TGA TAT TCC GGG ACC TGA A 

              10           20            30           40           50            60           70           80  

  EXON 32 

 

   

  CT CCG AGG CCC CAA GCT TCA CCC AGC CCC TGG TGA ACC GCT CGG TCA TCG CGG GCT ACA CTG CTA TGC TCT GCT GTG CTG TCC GGG GTA G  < 180 

     P   R   P   Q   A   S   P   S   P   W   *   T   A   R   S   S   R   A   T   L   L   C   S   A   V   L   S   G   V   A 

  GA GGC TCC GGG GTT CGA AGT GGG TCG GGG ACC ACT TGG CGA GCC AGT AGC GCC CGA TGT GAC GAT ACG AGA CGA CAC GAC AGG CCC CAT C 

              100          110           120          130          140           150          160          170  

 

  MYBPC3 forward primer 

   

  CC CCA AGG TAg gga act tta ggc gct ggt cca ggc cga cca gga ggc agg gct cac agg ccc cga cgt tga gca gtc ctc tcc cca gcc t  < 270 

     P   R                                                                                                                               

  GG GGT TCC ATc cct tga aat ccg cga cca ggt ccg gct ggt cct ccg tcc cga gtg tcc ggg gct gca act cgt cag gag agg ggt cgg a 

              190          200           210          220          230           240          250          260  

                

 

   

  gt ctc ccc tgc ttt ctc tcc acc ttg ggg tgt atg gac cgg gtt cct ccc cct ggg cag ggc cat ggt act cac tct tgg ttc cat gtt t  < 360 

  

  ca gag ggg acg aaa gag agg tgg aac ccc aca tac ctg gcc caa gga ggg gga ccc gtc ccg gta cca tga gtg aga acc aag gta caa a 

              280          290           300          310          320           330          340          350  

 

 

   

  gt ttc cag cct tgg gca tag tca ggg act ctc gtg gga ccc ccc gag tag aaa cac aga tgt gtc tcc ctg ggt ccc tgc cag gtc ccc t  < 450 

  

  ca aag gtc gga acc cgt atc agt ccc tga gag cac cct ggg ggg ctc atc ttt gtg tct aca cag agg gac cca ggg acg gtc cag ggg a 

              370          380           390          400          410           420          430          440  

 

 

                      25bp deletion 

  ct cag cct gga tgg ctt ccc tcc ctc tct tta cct tat tta tag CCC AAG ATT TCC TGG TTC AAG AAT GGC CTG GAC CTG GGA GAA GAC G  < 540 

                                                             P   K   I   S   W   F   K   N   G   L   D   L   G   E   D   A 

  ga gtc gga cct acc gaa ggg agg gag aga aat gga ata aat atc GGG TTC TAA AGG ACC AAG TTC TTA CCG GAC CTG GAC CCT CTT CTG C 

              460          470           480          490          500           510          520          530  

                                                             EXON 33 

 

   

  CC CGC TTC CGC ATG TTC AGC AAG CAG GGA GTG TTG ACT CTG GAG ATT AGA AAG CCC TGC CCC TTT GAC GGG GGC ATC TAT GTC TGC AGG G  < 630 

     R   F   R   M   F   S   K   Q   G   V   L   T   L   E   I   R   K   P   C   P   F   D   G   G   I   Y   V   C   R   A 

  GG GCG AAG GCG TAC AAG TCG TTC GTC CCT CAC AAC TGA GAC CTC TAA TCT TTC GGG ACG GGG AAA CTG CCC CCG TAG ATA CAG ACG TCC C 

              550          560           570          580          590           600          610          620  

 



 
 

 

   

  CC ACC AAC TTA CAG GGC GAG GCA CGG TGT GAG TGC CGC CTG GAG GTG CGA GGt gag gag ccc tcg ggg cca ggg cct ggg aga tgg gaa g  < 720 

     T   N   L   Q   G   E   A   R   C   E   C   R   L   E   V   R                                                                

  GG TGG TTG AAT GTC CCG CTC CGT GCC ACA CTC ACG GCG GAC CTC CAC GCT CCa ctc ctc ggg agc ccc ggt ccc gga ccc tct acc ctt c 

              640          650           660          670          680           690          700          710  

 

 

   

  ag cgg gcg gca gtg ggg acc ctg ggc ttt gct ccg ttg tcc tcg gcc aag cac ctg ccc tgg ctg caa ggg cac gga ccc tgc cac gcc c  < 810 

  

  tc gcc cgc cgt cac ccc tgg gac ccg aaa cga ggc aac agg agc cgg ttc gtg gac ggg acc gac gtt ccc gtg cct ggg acg gtg cgg g 

              730          740           750          760          770           780          790          800  

 

 

   

  ag atg ggc aat agc ttc cag aag gct ggg agg aca cag tga cat ggc ctc ctc ttc tgc agT GCC TCA GTG ACC AGG CTG GCT CCT GGG G  < 900 

                                                                                     A   S   V   T   R   L   A   P   G   D 

  tc tac ccg tta tcg aag gtc ttc cga ccc tcc tgt gtc act gta ccg gag gag aag acg tcA CGG AGT CAC TGG TCC GAC CGA GGA CCC C 

              820          830           840          850          860           870          880          890  

 

                                                                                   EXON 34 

   

  AT GGC CAG gga tgt acc acc cga cac cca ggg cac aag tca gtg gct gag ccc tgg ccc ttg gtc ctg ggg cag cca tca gta aat ggg a  < 990 

     G   Q                                                                                                                               

  TA CCG GTC cct aca tgg tgg gct gtg ggt ccc gtg ttc agt cac cga ctc ggg acc ggg aac cag gac ccc gtc ggt agt cat tta ccc t 

              910          920           930          940          950           960          970          980  

 

 

   

  gg ctg tag ggg ccc tcc att cac tcg taa gat aac ctg tgt tgc agG TAC AAC CGG ATG CCA GCC CCG TGC CAG GAG CCT GGA GGG AAG T  < 1080 

                                                                  Y   N   R   M   P   A   P   C   Q   E   P   G   G   K  L 

  cc gac atc ccc ggg agg taa gtg agc att cta ttg gac aca acg tcC ATG TTG GCC TAC GGT CGG GGC ACG GTC CTC GGA CCT CCC TTC A 

              1000         1010          1020         1030         1040          1050         1060         1070  

 

                                                                  EXON 35 

   

  TG GGG AAA CCC CTC CCT ACT GTT GGA TGT ATG TGT GAC AAG TGT GTC TCC TGT GCT GCG ATG GGG GAT CAG CAG GGC  < 1157 

     G   K   P   L   P   T   V   G   C   M   C   D   K   C   V   S   C   A   A   M   G   D   Q   Q   G    

  AC CCC TTT GGG GAG GGA TGA CAA CCT ACA TAC ACA CTG TTC ACA CAG AGG ACA CGA CGC TAC CCC CTA GTC GTC CCG 

              1090         1100          1110         1120         1130          1140         1150      

 

 

          MYBPC3 reverse primer           

 

Figure 25: Myosin binding protein C3 gene (Exon 32 to Exon 35 with intronic sequences) 



928 bp
1000 bp

500 bp

M

Fig. 30: Expression of MyBPC-3 gene in DNA of patient with lymphoma who has
cardiac toxicity.
M represents 100bp ladder and NC represents no DNA control
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Fig. 29: Extraction of genomic D NA from blood samples of patients with lymphoma
who has cardio toxicity
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Fig. 28: Restriction digestion of PCR product ,wild type7
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27 Unrestricted PCR prduct ,928bp7
37 Restriction digestion with Bgl1 enzyme ,416bp, 278bp, 234bp7
47 Restriction digestion with Fok1 enzyme ,440bp, 282bp7
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APPENDIX 1 

LYMPHOMA PROFORMA 

 

NAME    : 

Category    : GW/C/B/A 

Initial 1/relapse 2   : 

(If relapse,Date of diagnosis ) : 

If relapse , out  side Rx center : 

Out side Rx Optimum1/ 

Suboptimum 2   : 

HL 1/NHL 2    : 

Income    : 

Age (yrs)  / Sex (F 1/M 2)  : 

UHID     : 

Index no./Year   : 

Date 1
st
 OP visit   : 

DUR OF SYMPT (Month)  : 

Chief symptoms  1   : 



 
 

Chief symptoms  2   :        

History of ATT   : 

Past H of TB diagnosis 1 Y/0N : 

Family H cancer (Y/N)  : 

Smoker  (Y/N )   : 

Performance status   : 0  1  2  3  4 

B sympt  (Y/N)   : 

Complications   : SVCO/TLS/Others.... 

Co-morbiditities   : HT/DM/IHD/Liver/CKD/ 

Autoimmune/HIV/Psych/other 

(mention) 

Primary nodal 1/extra-nodal 2 : 

If primary extranodalmension site : 

(PCNSL/GI/Skin/Testis/Bone/HN/Other.....) 

If HN/GI, mention specific site 

Weight loss (Y/N)  Fever (Y/N) 

Axillary     (Y/N) RPLN (Y/N) 

Epitroch  (Y/N) Cervical (Y/N) 

Mediastinal (Y/N) Inguinal (Y/N) 

Tonsils (Y/N) Bulky (Y/N) 

 

  



 
 

Largest LN/Mass size cm : Spleen (Y/N)  : 

Extra- nodal inv (Y/N) : No of Extra Node sites : 

Site Extra nodal inv :            

Liver (Y/N) Orbit (Y/N) 

Bone marrow (Y/N) Bone (Y/N) 

Skin (Y/N) GI (Y/N) GI sites : 

HN (Non orbit) (Y/N) HN sites  Testis (Y/N) 

Thyroid (Y/N) Others : 

 

Stage     : 1  2  3  4  5(unknown) 

Staging by CT1/USG alone2/PET CT 3 

LDH value U/L   : 

Pathology no  / Yr   : 

IHC done (Y/N)   : 

IHC : B1/T2/unknown 3  :  

Low 1/High 2/very high 3/un grade 4   : 

DLBCL 1 FL 2 MCL 3 CLL/SLL4 PTCL 5 

Burkitt6 ALCL 7 Others T8 B high 9 B low grade  

10 

High grade-type NK 11 Low grade –type not known 12 

Composite 13:mention types Others 14:mention : 

Others : Subtype not known 15 : Reason for same : 

 



 
 

IHC/Flow details (Y/N)  : 

(indicate positive and neg against each ) 

Ki67 % ,CD20,CD45, CD15, CD30, CD5,CD10, CD23,Bcl2, CD79a, BC16, 

ALK, CD4,CD8,LMP, Other : 

HB                                   : 

TC   : 

Plat   : 

N %,L % ,M %,E%, ABN cells % : 

Albumin    : 

ESR     : 

Ht (m)/Wt(Kg)   : 

HIV (Y/N) :    HBV (Y/N):     HCV (Y/N)  :   

 LFT   normal 1/abn 2  : 

RFT normal 1/abn 2  : 

Outside trt  (Y/N)   : 

Treat.given at cancer institute (Y/N) : 

First line trt plan   : Chemo 1 / RT 2 /Combi 3   

Intent     : cure 1/pall2/to start slow and  

      escalcate based onTolerance and  

      response 3.  Oral 1/iv2/RT alone3  . 

Ritux use (Y/N) :  Ritux brand  : 

Any change of  I st line trt plan midway (Y/N)  : 

If yes, reason to change plan :  



 
 

Toxicity1/ Death2/Progression3/no reason 4/lost fup 4.     

Date of start             : 

Date of last cycle        : 

Protocol given    : 

CHOP1/RCHOP2/COP3/RCOP4/ABVD5/COPP7/Hybrid8/LMB9/BFM10/R

T alone11/Benda12/BR13/Other 14(mention). 

No cycles given           : 

Grade ¾ tox   : 

Delay cycles (Y/N)     : 

If yes, reason     :    Compliance/Toxicity /Other 

Status Interim  :    1CR or Cru  , 2PR 3 ,  3PD , 4 unknown  

Status end        :    1CR or Cru  , 2PR 3  , 3PD  ,4 unknown 

 

Date of end trt  Scan   : 

RT given (Y/N)               : 

Dose GY  : 

Details of RT         

 As chemo RT plan1 

 for residual dis2 

 as palliation3 

  for relapse 4 

 as only Rx 5. 

 



 
 

Event defn  

 1 Regular fup 

 2 lost fup in CR 

 3 Relapse 

 4 Primary PD 

 5 No CR post 

 6 Death  other 

“Event date”  : 

Date last fup   : 

Status disease last fup : 

(1) CR(2) PD lost fup(3)Progr dis advsupp care (4)PR (5 )Not known. 

 

Status life at last fup : 

 

(1) Alive/ Death (2) 

Cause death     : 

(1) Alive(2) Disease(3) other (mention)(4) unknown 

Late complication    : 

(1)relapse (2)2nd cancer(3)Late tox of Rx3(mention)(4) infections (5)Other. 

 

 

 

 

  



 
 

 

APPENDIX 2 

PATIENT DATA COLLECTION FORM (LYMPHOMA: 

HODGKINS/NON -HODGKINS) 

 

Patient characteristics 

Name     

Age/Sex  

UHID      Index no:  

Comorbids: Diabetes/Hypertension/CAD 

Baseline parameters: 

RBS 

Hemogram     ESR 

RFT  

LFT      Calcium       ECG baseline: 

Baseline Ejection fraction: 

Electrolytes: 

Final diagnosis:Hodgkins/Non hodgkins: DLBCL/FL high grade 

Stage of disease    : 



 
 

Treatment planned : 

Chemotherapy regimen : 

Date of starting chemotherapy : 

Date of last cycle of chemotherapy : 

Dose of Adriamycin used per cycle : 

Total dose of Adriamycin used : 

Date of diagnosis of Cardiomyopathy : 

Patient symptomatic /asymptomatic : 

Ejection fraction at diagnosis of  

cardiac dysfunction : 

Percentage drop in EF from baseline : 

Time duration from  

first dose of Anthracycline : (ACUTE/CHRONIC) 

Intervention(Pharmacologic)  : Yes/No 

If yes : Response to interventio 

Current status of the disease : Relapse/Recurrence/Remission                                       

Salvage chemotherapy used : 

Mediastinal Radiotherapy : Yes/NO       Dose of RT: 

 Date of Last  Follow up : 

Date of Recurrence : 

Date of Death : 



 
 

APPENDIX 3 

CHEMOTHERAPY PROTOCOLS 

 

R-CHOP FOR LYMPHOMA 

 

RCHOP 21  Q 3 weeks 

Cyclophosphamide 750 mg/m² IV D1 

Short infusion in 

500ml NS 

Adriamycin 50 mg/m² IV D1 

IV push through 

Side tube 

Vincristine 1.4 mg/m² IV D1 (Cap at 2mg) 

IV push throguh 

Side tube 

Tab Prednisolone 

100 mg FLAT dose PO D1-5 ( 

60mg/m
2 

 in poor PS)  

Rituximab                      375 mgm/m² IV D1        Follow instructions given below* 

 

Name…………………………………………………Age…………Sex…….

UHID: ………………….Height 

……………………weight……………….BSA……………Dose 

modifications ( if ny)………………………………… 

 

PREMEDICATIONS: Palonosetron 0.25 mg IV, Dexamethasone 8 mg IV 

slowPre-medications for Rituximab: InjChlorpheniramine (AVIL) iv bolus, 

Inj Hydrocortisone 100 mg IV bolus 

 

Day 1 

IV Cyclophosphamide 750 mg /m2……………………………………..(dose) 

in 250 ml of NS/ 5%D over ½ hourIV Adriamycin 50 mg/ 

m2……………………………………………………… (dose)IV bolus (slow) 



 
 

IV Vincristine 1.4mg/m2 (CAP at 2 mg)………………………………..(dose) 

IV bolusIV Rituximab 375 mg /m2 (round to nearest 100mg)…………….. 

(dose) in 500 ml NS over 6 hours on day1 ( 1
st
 25 ml over half hour, then the 

next  50 ml over ½ hour , then the next 425 ml over next 4 hours).  

From cycle 2 , if there are no reactions in cycle 1, the entire rituximab dose 

can be infused over 3-4 hours.  

Days 1-5 

 

Prednisolone …………………………………………………………..(dose) 

oral for 5 days 

 

Supportive medications:  

 

1. Domstal 10 mg SOS for breakthrough nausea/ vomiting 

2. T Rantac 150 mg PO BID for 5 days 

3. T Septran DS BD on Mon and Thu ( twice a week) for all those 

who are above 60 years of age 

4. Inj peg GCSF for all those above 65 years of age and from 

subsequent cycles for those who develop Febrile neutropenia/ or 

grade 4 neutropenia. 

 

  



 
 

CHOP FOR LYMPHOMA 

 

CHOP  Q 3 weeks 

Cyclophosphamide 750 mg/m² IV D1 

Short infusion in 

500ml NS 

Adriamycin 50 mg/m² IV D1 

IV push through 

Side tube 

Vincristine 1.4 mg/m² IV D1 (Cap at 2mg) 

IV push throguh 

Side tube 

Tab Prednisolone 100mg FLAT dose  PO D1-5  

 

Name: …………………………………Age…………Sex…………….UHID: 

………………….Height ………….weight…………….BSA………………. 

Dose modifications ( if any) ……………………………………………….... 

PREMEDICATIONS : Palonosetron 0.25 mg IV, Dexamethasone 

     8 mg IV slow 

PRECAUTIONS  : Standard precautions 

Day 1 

IV Cyclophosphamide 750 mg /m2……………………………………..(dose) 

in 250 ml of NS/ 5%D over ½ hourIV Adriamycin 50 mg/ 

m2……………………………………………………… (dose)IV bolus (slow) 

IV Vincristine 1.4mg/m2 (CAP at 2 mg)………………………………..(dose) 

IV bolusDay 1 (only for those receiving RCHOP) 

 

Days 1-5 

Prednisolone …………………………………………………………..(dose) 

oral for 5 days 

 

 

 



 
 

 

APPENDIX 4 

PATIENT INFORMATION SHEET 

 

What is this document? 

 You are invited to participate in a research study. This document 

provides you with information about the research study to help you make an 

informed decision about your participation. 

What is the purpose of this research study? 

 You are /were suffering from a disease called lymphoma, for which 

you have received chemotherapy which included the administration of a drug 

Adriamycin.Adriamycin can rarely affect the heart muscle, sometimes 

temporarily/permanently weakening the normal pumping action of the heart 

muscle leading to heart failure , which  may  vary from being  mild to severe. 

This research study will try to address the issue of identifying a potential 

blood test which could help in identifying future patients who are at more risk 

of developing heart failure. 

What do we propose to do? 

 We propose to draw 10 ml of peripheral blood through the vein, in 

your upper limb, just like a routine  blood testing procedure which you would 

have undertaken prior your chemotherapy and look for a specific abnormality 

in the gene coding for your heart muscle by means of Polymerase chain 

reaction(PCR) in a hi-tech Laboratory. 

  



 
 

Will I have side-effects? 

 No 

What is the invasive test which I should undergo? 

 Only provide 10 ml of blood through your peripheral vein. 

Will it harm me in any way?     

 No 

Can I withdraw from this study? 

 You may withdraw from the study at any time.. Your future 

treatment will be the same even if you withdraw from the study. 

Confidentiality : The test report will not be revealed to a third person .  

Publication :  The Results of my reports may be used in any scientific 

publication and I have no objections against it. 

 

 

 

  



 
 

 

APPENDIX 5 

PATIENT INFORMED CONSENT FORM 

 

Informed Consent form to participate in a study 

Study Title : Study of association with polymorphisms in MYBPC3 and 

Anthracycline induced cardiotoxicity 
 

Subject’s Initials : _______________         Subject’s Name

 :_______________ 

Date of Birth / Age: _________________   

  

    Please initial box (Subject) 

(i) I confirm that I have read and understood 

the information sheet dated ___ for the 

above study and have had the opportunity 

to ask questions.  

[            ]                            

(ii) I understand that my participation in the 

study is voluntary and that I am free to 

withdraw at any time, without giving any 

reason, without my medical care or legal 

rights being affected. 

[            ]  

(iii) I understand that my medical team and 

members of the ethical committee and the 

regulatory authorities will not need my 

permission to look at my health records 

both in respect of the current study and 

any further research that may be 

conducted in relation to it, even if I 

withdraw from the trial. I agree to this 

access. However, I understand that my 

identity will not be revealed in any 

information released to third parties or 

published. 

[           ]               



 
 

(iv) I agree not to restrict the use of any data 

or results that arise from this study 

provided such a use is only for scientific 

purpose(s) 

[           ] 

  

(v) I agree to take part in the above study. [           ] 

Signature (or Thumb impression) of the Subject/Legally Acceptable 

Representative: ____________ _______________  Date: _____/_____/______ 

  

Signatory’s Name: _________________________________________________ 

  

Signature of the Investigator: __________________   Date:_____/_____/______ 

  

Study Investigator’s Name: __________________________________________ 

  

Signature of the Witness _________________       Date:_____/_____/_______      

  

Name of the Witness: ______________________________________________ 

  

 

 

 

  



 
 

ஆய்வில்பங்கேற்பதற்ோனஒப்புதல்படிவம் 

 

உங்களுக்குலிம்பபோமோஎனும்ஒருவககஇரத்தபுற்றுப ோய்இருப்பதோககண்டறியப்பட்டுள்

ளது. இதுபபரும்போலும்கீபமோபதரபிசிகிச்கசமுலம்முழுவதுமோககுணப்படுத்தக்கூடியது. 

எனினும்கீபமோபதரபிசிகிச்கசசிலபவதியியல்ஏபெண்ட்கள்முலம்ஒருகுறிப்பிட்டஅளவில்பகோடு

க்கும்பபோதுபகோஞ்சம் ச்சுஇருக்கும்எனஎதிர்போர்க்கப்படுகிறது. 

உதோரணமோகஆந்த்ரோகசக்ளின்கள்எனஅகைக்கப்படும்பவதியியல்ஏபெண்ட்முலம்பகோடுக்கப்படு

ம்அட்ரியோகமசின் 450-550 mg/m2 

பமல்அளவுகளில்பகோடுக்கும்பபோதுஇதய ச்சுகள்இருக்கும்என்றும்உறுதிபசய்யப்பட்டள்ளது. 

ஆனோலும்ப ோயோளிகளுக்குசிலப ரங்களில்குகறந்தஅளபவஅட்ரியோகமசின்பகோடுத்தோலும்கோர்

டிபயோகமபயோபதிஎனும்இதயபசயலிைப்புப ோய்வருகிறது. 

இதுபலப ரங்களில்கவனிக்கோமல்கூடபபோகப ரிடுகிறது. 

இகதமருத்துவர்கள்'துகணமருத்துவம்சோர்ந்தஇதயபசயலிைப்பு'என்றுகூறுவோர்கள். 

சிறியசதவதீம்ப ோயோளிகளுக்குகீபமோபதரபிசிகிச்கசயின்பபோதும்அல்லதுபலஆண்டுகள்

முடிந்தபிறகும்பதோடர்ந்துஅட்ரியோகமசின்பகோடுப்பதோல்விரிந்தஇதயத்தகசப ோய்உருவோகுகிற

து. 

இகதகருத்தில்பகோண்டுஇந்தஇதயபசயலிைப்புமரபியல்கோரணங்களோல்எற்படுகிறதோஅல்லதுபவ

றுகரணங்களோல்எற்படுகிறதோஎன்றுகண்டறியஇரத்தம்பரிபசோதகனபசய்துபோர்க்கலோம்என்றுதிட்

டமிட்டுள்பளோம். 

இரத்தபரிபசோதகனபசய்துபோர்ப்பதோல்இதயபசயலிைப்புஎதனோல்எற்படுகிறதுஎன்று ம்மோல்புரிந்

துபகோள்ளமுடியும். 

 ீங்கள்இந்தஆய்வில்பங்பகற்க: உங்கள்பபயர், வயது, போலினம், 

சமூகபபோருளோதோர ிகல, கல்விஆகியதகவல்ககளதரபவண்டியிருக்கும். 

பமலும்இந்தஆய்விற்கு 5 மி.லிஇரத்தம்தரபவண்டியிருக்கும். 

இதுவைக்கமோனஇரத்தபரிபசோதகனபசய்யவதுபபோல்ஆகும்எனபவஇதுகுறித்துபயப்படபவண்டோ

ம்.இந்தஆய்வில்பங்பகற்பதில்முன்கூட்டிபயகணிக்கக்கூடியஎந்தஒருஅபோயமும்கிகடயோது. 

இங்குபபறப்படும்விவரங்கள்அகனத்தும்இரகசியமோகபோதுகோக்கப்படும். 

இந்தஆய்வின்முடிவுககளபவளியிடும்பபோது, 

எந்தஒருதனி பர்விவரமும்பவளியிடப்படமோட்டோது.இந்தஆய்வில்பங்பகற்கஎந்தஒருகட்டணமு

ம்கிகடயோது.  



 
 

 ோன்இந்தஆய்வில்பங்பகற்கமுழுஒப்புதல்அளிக்கிபறன். எந்தப ரத்திலும், 

எந்தஒருஅபரோதமுமின்றி, இந்தஆய்விலிருந்துவிலகிக்பகோள்ளஎனக்குசுதந்திரம்உண்டு. 

இந்தஆய்வில்பங்பகற்பதபலோஅல்லதுமறுப்பதோபலோ, 

எந்தவககயிலும்புற்றுப ோய்மருத்துவமகன(WIA)-

ல்எனக்குபகோடுக்கப்படும்சிகிச்கசகயபோதிக்கோது. 

இந்தஒப்புதல்படிவத்தின்ஒரு கல்எனக்குபகோடுக்கப்பட்டுள்ளது.  

இந்தஆய்கவப்பற்றி ___________________________________________ உடன்பபசிபனன்; 

என்பகள்விகள்மற்றும்சந்பதகங்கள்அகனத்திற்கும்விகடயளிக்கப்பட்டுள்ளது.  

ஆய்வில்பங்பகற்பவரின்ககபயழுத்து __________________________ பததி:__________ 

சோட்சிககபயழுத்து _____________________________________ பததி:___________________ 

ஆரோய்ச்சியோளரின்ககபயழுத்து __________________________ பததி:_________ 

பதோகலபபசி:_____________ 
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                         toxicities                                        .          

anthracyclines                                                     450-550 mg / m 2 

                                        , 

                                                                                   

                          '                        '                  . 

                ,                                                                ,     
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                                                                ,                        , 

                                                                                             

                                                   

                 ? 
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         : sarcomeric                     Anthracycline        cardiotoxicity 
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      (               )        /                          : _ ____________ ____________ 

____________ ____________     : _____ / _____ / ______ 

                   : ______________________________________ 

                : ____________________________     : _____ / _____ / ______ 

                     :: __________________________________________________ 

               ______________________     : _____ / _____ / _______  

             : ____________________________________ 



 
 

Nonhodgkin 

Sr. 
 

UHID Age SEX COMORB DIAG STAGE HB WBC PLATES ESR CHEMOREG CYCLS ADRPERCYCLE  DOSECARDIOTOX ECG BASE ECGDS BASEEF EFDYS ACU/CHRON sym 
Date of 

start 

Date of 

last 

cycle 

DATE OF CM FIRST DOSE DOSE ADJ Pharm INTERV RESP MEDRT DOSERT STATUS LFUP RECUR SALCHEMO DOD CAUSE 

1 
 

3895/05 60 2 0 2 4 14.4 4400 1.53 36 1 6 50 300 N 2 74% 48% 1 1 2.2.05 8.6.05 19.9.07 7 months 0 1 1 0 0 4 9/29/2012 6/7/2012 0 9/29/2012 1 

2 
 

190/05 51 2 0 2 4 14.5 9000 2.4 20 1 6 50 300 N 3 71% 55% 1 1 23.1.05 23.6.05 16.9.05 8 months 0 0 1 0 0 3 9/28/2009 11/22/2007 0     

3 
 

6590/05 33 1 0 2 3 8.2 5900 3.1 30 1 8 50 400 N 2 70% 38% 1 1 22.2.05 13.8.05 26.12.05 10 months 0 1 1 0 0 4 9/11/2008   0 8/12/2009 1 

4 
 

13332/11 53 1 0 1 3 14.3 8460 3.59 40 1 8 50 400 N 3 65% 32% 1 1 13.9.06 8.2.07 21.12.07 15 months 0 1 1 0 0 1 5/20/2014   0   0 

5 
 

17048/11 54 1 0 1 1 9.7 8300 4.26 na 1 6 50 300 N 1 75% 63% 1 0 6.1.06 8.4.06 16.9.06 8 months 0 1 1 0 0 1 10/24/2014   0   0 

6 
 

11015/11 21 2 0 1 3 9.7 18000 3.7 NA 1 8 50 400 N 1 73% 64% 1 0 31.5.07 24.11.07 25.12.07 7 months 0 0 2 0 0 1 5/12/2014   0   0 

7 
 

4130/07 67 2 0 1 1 12 7000 2.5 34 1 6 50 300 N 1 76% 67% 1 0 16.5.07 10.11.07 9.10.07 5months 0 0 1 0 0 1 10/21/2014   0   0 

8 
 

5890/10 44 2 0 1 4 15.8 6700 2.67 12 1 8 50 400 N 3 73% 63% 2 0 14.4.10 12.10.10 16.7.11 15 months 0 0 1 0 0 1 9/25/2014   0   0 

9 
 

13030/07 37 1 0 1 2 9.8 7900 2.72 20 1 6 50 300 N 2 79% 59% 2 1 7.1.08 13.5.08 12.10.10 33 months 0 1 2 0 0 4 10/12/2010 10/11/2010 0 3/21/2013 1 

10 
 

7099/09 55 2 0 1 1 9.6 9400 2.8 40 1 8 50 400 N 3 70% 57% 1 1 22.8.09 21.1.10 6.4.10 8 months 0 1 1 0 0 1 12/2/2014   0   0 

11 
 

38429/12 50 2 0 1 2 11.1 12200 4.85 50 1 8 50 400 N 1 68% 48% 1 1 15.6.12 16.11.12 11.12.12 6 months 0 1 1 1 30 1 2/3/2015   0   0 

12 
 

76111/14 43 1 2 2 3 9.2 3500 1.86 140 1 3 50 150 N 1 61% 42% 1 1 12.11.14 6.3.15 6.2.15 2months 1 1 2 0 0 1 4/2/2015 0 0 0 0 

13 
 

54839/13 66 2 3 1 3 10.5 4000 2.45 45 1 6 50 300 N 3 78% 32% 1 1 18.7.13 6.12.13 8.5.14 10 months 0 1 2 0 0 1 11/6/2014 0 0 0 0 

14 
 

51399/13 54 1 2 1 4 11 8000 2.4 50 1 5 50 250 N 3 68% 57% 1 0 11.4.13 11.7.13 16.7.13 3 months 1 1 2 0 0 4 3/25/2015 8/23/2013 1 3/25/2015 1 

Hodgkin 

1 
 

8934/10 16 2 0 3 3 8.7 8600 6.5 80 1 8 50 350 N 1 80% 69% 1 0 22.5.10 8.10.10 30.9.10 4 MONTHS 0 0 1 0 0 1 11/21/2014 0 0 0 0 

2 
 

692/10 12 2 0 3 4 12 8000 5 45 3 8 35 210 N 1 69% 60% 1 0 24.12.10 13.8.11 12.7.11 8 MONTHS 0 0 1 0 0 1 11/4/2014 0 0 0 0 

3 
 

1189 40 1 0 3 4 10 6000 3.5 60 2 8 50 400 N 3 60% 40% 1 1 12.2.10 16.10.10 20.12.10 6 months 0 1 2 0 0 1 12/24/2014 0 0 0 0 

4 
 

12701 60 1 0 3 1 8.6 6000 2.5 70 3 4 35 140 N 1 65% 54% 1 0 30.5.08 16.8.08 18.10.08 5 MONTHS 0 0 1 0 0 1 11/20/2014 0 0 0 0 

5 
 

9157/11 54 2 4 3 3 8.3 5800 2.79 35 2 6 50 300 N 3 70% 44% 2 1 25.12.08 5.6.09 9.10.10 22 months 0 1 1 0 0 1 10/8/2014 0 0 0 0 

6 
 

8896/11 14 1 0 3 2 10.5 8100 2.65 70 2 8 50 400 N 1 65% 53% 1 0 12.4.05 6.2.06 19.3.06 11 months 0 0 1 0 0 1 8/23/2014 0 0 0 0 

7 
 

9803/11 39 2 0 3 4 14.7 15000 2.8 40 2 8 50 400 N 3 51% 25% 2 1 12.6.06 24.2.07 27.10.12 70 months 0 1 1 1 20 1 5/17/2014 0 0 0 0 

                                     
 

SEX 1=FEMALE 2=MALE     

COMORBIDS 2= DIABETES 3=HIV 4=HYPOTHYROID   

DIAG Diagnosis 1=DLBCL 2=FL Hi grade 3=HL 

STAGE 1= STAGE 1 2=STAGE 2 3=STAGE 3 
4= 

STAGE4 

CHEMO  1= CHOP BASED 2=ABVD 3= HYBRID   

CYCLE DOSE/CYCLE       

CARDIO 
DOSE AT WHICH IT 

OCCURRED 
      

ECG AT DYSFUNCTION 1=NORMAL 
2= NOT 

AVAILABLE 
3=ST-T CHANGES   

SYM 0= ASYMTOMATIC 2=SYMPTOMATIC     

     DOSE ADJUSTMENT 0=NO 1=YES     

PHARMACOLOGIC 
INTERVENTION 

0=NO 1=YES     

RESPONSE 1= IMPROVED 2=Did nt improve     

Mediastinal RT 1=YES 2=NO     

status 1=CR 2=PR 3=PD 4=DEAD 

LFUP DATE OF LAST FOLLOW UP       

DOD DATE OF DEATH       

CAUSE OF DEATH 0=ALIVE 1=CANCER 
2=CARDIAC 

FAILURE 
  

     

 












