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The Introduction of BeEAM Chemotherapy

The ground-breaking PARMA and CORAL trials have 
substantiated high dose chemotherapy (HDCT) and 
autologous stem cell transplantation (ASCT) as standard 
of care in the treatment of chemosensitive and relapsed 
Non-Hodgkin’s Lymphoma (NHL) [1,2]. Additionally, the 
regimen has proven effective in the treatment of relapsed 
and resistant Hodgkin’s Lymphoma (HL) [3,4]. Globally, 
carmustine (BCNU), etoposide, cytarabine and melphalan 
(BEAM) has been the most widely used conditioning 
regimen of the past 30 years [5]. BEAM conditioning 
is generally well-tolerated and effective, with the most 
common toxicity being oral and gastrointestinal mucositis 
[5]. Despite this, some transplant centres have transitioned 
from BEAM HDCT to a newer regiment referred to as 
BeEAM, which replaces BCNU for bendamustine. The 
movement appears to be primarily driven by a worldwide 
scarcity of BCNU, which has led to affordability issues. 
This dramatic rise in drug cost is not insignificant. Between 
2013 and 2015, the price of BCNU increased from $200 
(CAD) / 100 mg vial to $4,965.14 (CAD) / 100 mg vial.

Bendamustine was first synthesized in the former German 
Democratic Republic in the 1960s [6]. The mechanism of 
action of bendamustine is unlike that of other alkylating 
agents and its activity includes apoptosis, inhibition of 
mitotic checkpoints, and induction of mitotic catastrophe 
[7]. A phase I-II trial conducted by Visani et al. found 
bendamustine to be safe and efficacious in the transplant 
setting, reporting a 100-day transplant-related mortality 
of 0%. Additionally, 81% of the 77-patient cohort was in 
complete remission at a median observation of 18 months 
[6].

The Benefits of BeEAM

The most apparent advantage of BeEAM over its 
predecessors is affordability. Few studies have conducted 
economic comparisons of HDCT regimens. However, our 
research group recently published an economic analysis 
of BeEAM and BEAM regimens based on local data from 
our provincial transplant centre located in Saskatoon, 
Saskatchewan, Canada. The cost of a BEAM ASCT at our 
centre was found to be $33,381 CAD, whereas a BeEAM 
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ASCT only resulted in a gross cost of $12,181 CAD [8]. 
While this data is certainly limited geographically, it does 
suggest that the implementation of BeEAM chemotherapy 
has the potential to financially benefit transplant centres. 
In our small centre, for instance, the transition from 
BEAM to BeEAM chemotherapy has resulted in a net 
savings of approximately $890,000 CAD from 2015 to 
2019. Presumably, this relates to the current scarcity of 
BCNU and the marked increase in costs.

Prior to the introduction of bendamusine-containing 
HDCT regimens, BCNU was widely-used. BCNU is 
associated with idiopathic pneumonia syndrome (IPS). IPS 
is a devastating lung transplant complication associated 
with higher rates of treatment-related mortality (TRM) 
and reduced progression-free survival (PFS) and overall 
survival (OS) [9]. While the mechanism of action of 
BCNU-induced IPS has not yet been elucidated, it appears 
to be dose-dependent [9]. The incidence of IPS associated 
with BCNU varies widely in the literature, with rates of 
1-64% reported [9-12]. Unsurprisingly, BCNU doses below 
450 mg/m2 appear to be far less problematic [10]. To our 
knowledge, the newer BeEAM regimen, which utilizes 
bedamustine instead of BCNU, has only been implicated 
in one case of IPS. The dreaded transplant complication 
was reported in one BeEAM patient in a study conducted 
by Gilli et al., suggesting that IPS is a possible, albeit rare, 
consequence of BeEAM HDCT [13]. Nonetheless, the risk 
of IPS is far more apparent in BCNU-containing regimens, 
thus suggesting a potential advantage of BeEAM HDCT.

Too Good to Be True? The Case of BeEAM 
Nephrotoxicity

The largest concern that has been raised about BeEAM 
HDCT is nephrotoxicity. Reports of BeEAM nephrotoxicity 
vary widely in the literature from clinically insignificant 
creatinine rises to kidney injury necessitating dialysis. 
Overall, the incidence of nephrotoxicity has been reported 
to be between 1.6-48% [14-18]. A study conducted by 
Noesslinger et al. found that roughly 80% of BeEAM 
patients experienced transient increases in creatinine 
within a few days of bendamustine administration 
[19]. However, none of these patients required any 
therapeutic intervention or delays in administration of 
chemotherapy [19]. In contrast to this, one study reported 
a 10% incidence of Grade III-IV renal toxicity (based on 
Common Terminology Criteria for Adverse Events v4.0) 
following bendamustine administration, with one patient 
even requiring dialysis [13]. A recent study published by 
our group, found the overall rate of nephrotoxicity to be 
32% in our cohort of 41 BeEAM patients. However, 92% of 
these toxicities were Grade I-II, and the clinical course was 
not affected for any patient. Interestingly, 9/13 patients 
in our study who developed renal toxicity had elevated 
creatinine levels at discharge, suggesting some persistence 

of renal impairment [8].

Unsurprisingly, stem cell transplants are medically 
intensive, and other factors such as concomitant antibiotic 
use could contribute to acute kidney injury. Cohort studies 
comparing the incidence of nephrotoxicity between 
BeEAM and other HDCT regimens have garnered mixed 
results. A cohort study conducted by Garciaz et al. reported 
nephrotoxicity in 48% of BeEAM patients, whereas only 7% 
of BEAM patients developed the complication (p<0.001) 
[17]. It should be noted, however, that the cohorts were 
studied at different times, and the intergroup differences 
may reflect differences in monitoring and management. 
However, another cohort study performed in 2018 also 
seems to suggest bendamustine-associated kidney injury. 
In a retrospective, matched cohort study, Saleh et al. report 
the rate of nephrotoxicity to be 12% in BeEAM patients 
and 6% in patients receiving BEAM [16]. Additionally, 
the authors report BeEAM dosages above 160 mg/m2 to 
be an independent prognostic factor predisposing to acute 
renal failure [16]. However, another cohort study reported 
BeEAM and BEAM to cause statistically-insignificant rates 
of nephrotoxicity at 1.6% and 0.6%, respectively [18]. 

While the true impact of BeEAM nephrotoxicity is 
difficult to determine at this point, our centre is reassured 
by the fact that acute kidney injury rarely seems to impact 
the course of the ASCT. Renal insufficiency during ASCT 
has not been implicated with increased transfusion 
requirements or mucositis incidence [20]. Furthermore, 
there does not seem to be any association between renal 
insufficiency and engraftment rate [20]. Common sense 
precautions such as providing adequate hydration and the 
avoidance of bendamustine dose escalations beyond 200 
mg/m2/day are generally recommended and employed by 
our institution [16,19]. 

Other Toxicities

Digestive toxicities, such as oral mucositis, typhlitis and 
diarrhea, are among the most common complications 
of HDCT. In our previous study, we found the incidence 
of oral mucositis to be 88% [8]. Similarly, a study 
conducted by Gilli et al. reports the incidence of oral 
mucositis to be 84%, suggesting that this is a nearly 
ubiquitous complication [13]. Most (94%) of the cases of 
oral mucositis reported in our study were Grade I-II and 
managed expectantly [8]. However, in our experience, the 
complication is distressing for patients and affects their 
perception of quality of care. In this respect, it appears 
that BeEAM does not disadvantage patients, with cohort 
studies reporting similar rates of oral mucositis associated 
with BEAM HDCT [15-18]. The incidence of typhlitis 
associated with BeEAM HDCT appears to range from 17-
35%, and represents a serious transplant complication 
with mortality rates as high as 50% [6,8,14,16,21]. As 
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with mucositis, typhlitis does not appear to be unique to 
BeEAM HDCT, with the BEAM regimen causing similar 
rates of complication [17]. Interestingly, diarrhea does 
appear to be significantly more common in patients treated 
with BeEAM as compared to BEAM [15,16]. For instance, 
Ribrag et al. found that Grade III diarrhea occurred in 44% 
of BeEAM patients, compared to 13.2% of BEAM patients 
(p<0.001) [15].

Aside from gastrointestinal toxicities, infections are a 
common consequence of stem cell transplantation. For 
instance, in our cohort of 41 patients undergoing BeEAM 
HDCT, 23 (56%) developed bacteremia [8]. However, 
cohort studies have not revealed BeEAM HDCT to be 
an independent risk factor when compared to the older 
BEAM regimen [15-17]. Other complications, such 
as cardiotoxicity and transaminitis, appear rare and 
comparable between conditioning regimens, although the 
evidence is currently limited [16]. 

Remission and Survival

BeEAM appears to have comparable OS and PFS 
compared to BEAM HDCT. For instance, a phase I-II 
trial, reported BeEAM to have a 3-year PFS of 72% [22]. 
Additionally, TRM appears to be low with BeEAM, with 
many studies reporting a TRM of less than 5% [6,8,14,19]. 
In our recently published study, for instance, one death 
occurred at day +14 from stem cell infusion, yielding a 
TRM of 2.4%. The death was believed to be due to cardiac 
arrest in a patient with known cardiovascular disease [8]. 
To our knowledge, no cohort study has showed a survival 
advantage between BeEAM or BEAM in terms of OS or 
PFS [8,16]. 

Conclusion and Future Directions

Based on the current available data, BeEAM remains 
the HDCT regimen of choice at our centre. Firstly, there 
appears to be no difference in OS and PFS between 
BeEAM and prior HDCT regimens. Additionally, we are 
satisfied with the safety profile associated with BeEAM. 
In our experience, the nephrotoxicity associated with 
the regimen is ‘clinically-silent’ and has not resulted in 
increased mortality or delay of therapy. BeEAM seems 
comparable to BEAM in terms of other toxicities, however 
BeEAM does appear to carry a greater risk of diarrhea. The 
increased risk of gastrointestinal upset can be offset by 
the apparent reduction in IPS, which represents a much 
more substantial transplant complication. Lastly, our 
centre reports tremendous cost-savings associated with 
BeEAM HDCT. Safely implementing cost-saving measures 
has become increasingly important to health systems, 
especially amid the COVID-19 pandemic.

However, there are certainly unanswered questions 
pertaining to the choice of HDCT. Firstly, the current 

literature is limited in terms of large, prospective cohort 
studies directly comparing HDCT regimens. Thus, current 
studies could be insufficiently powered to detect differences 
between regimens in terms of rare complications, such as 
cardiotoxicity. Additionally, BeEAM is a relatively new 
therapy. At our centre, for instance, BeEAM only became 
standard of care in 2015. As a result, there is a paucity of 
data surrounding long-term survival, latent complications 
and secondary malignancies. However, BeEAM seems 
promising as a safe, efficacious and economical HDCT 
option.
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