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Abstract

Aim: High-dose melphalan followed by autologous haematopoietic cell transplantation remains 

the standard-of-care therapy for multiple myeloma (MM). Gastrointestinal toxicity concomitant 

with electrolyte derangement is a primary cause of morbidity from transplant. Here, we assessed 

the dynamics of electrolyte imbalances and its role in hematologic counts and engraftment. Ω 
Patients and Methods One hundred and eighteen MM patients that received transplant were 

studied.

Results: Engraftment speed (ES) was calculated as the period between the first rise in the 

absolute neutrophil count (ANC) and full engraftment defined as the first of three consecutive 

days with ANC > 500 × 106/L. The defined median ES was 2 days (range 0-5 days) and 40 

patients had ES ≤2 days. Engraftment occurred at a median of 10 days. The median time-to-nadir 

for phosphorus and potassium was 10 and 4.28 days, respectively. The drop in phosphorus and 

potassium serum level was statistically greater in patients with an ES ≤2 days compared to patients 

with ES ≥2 days. Magnesium level were not significantly affected and there was no significant 

difference between the drop in serum phosphorus and potassium based on severity of nausea or 

oral mucositis.

Conclusion: Our results indicate that there is a significant correlation between the magnitude 

of drop in potassium and phosphorous levels and a steep rise in neutrophil counts around the 

engraftment period following stem cell transplant. These events indicate a “genesis syndrome” 

characterized by a rapid, massive transfer of electrolytes into proliferating cells as has been 

previously described after HCT for certain highgrade lymphomas and leukemias.
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Despite the advent of a rich anti-myeloma armamentarium during the last decade, 

autologous haematopoietic cell transplant (HCT) followed by maintenance therapy has 

been increasingly utilized for patients with multiple myeloma (MM).1,2 Data from the 

Human Resource and Service Administration indicates a 35% increase in the number of 

MM transplants, increasing from 5589 in 2013 to 7547 in 2017.3 Short-term metabolic 

abnormalities have been associated with this treatment modality, which contribute not only 

to morbidity but also prolonged hospital stays, and as a result, higher health care costs. 

Electrolyte abnormalities are often one of the drivers for cardiac arrhythmias development 

in the peri-transplant period.4 On a multivariate analysis, one of the factors associated 

with prolonged hospitalization (>7 days) was induction of cardiac arrhythmias.5 69% 

of intensive care unit admissions among patients who underwent autologous stem cell 

transplants were for observation for cardiac arrhythmias, which also contributes to a 

prolonged hospitalization.5

Numerous factors contribute to the electrolyte abnormalities associated with auto-HCT 

in the MM setting. Electrolyte derangement can be caused by tumor lysis syndrome, 

declined nutritional support due to chemotherapy-induced anorexia or oral mucositis,6,7 

electrolyte loss through diarrhea, vomiting or infection,8 renal failure, and medications, for 

example, proton-pump inhibitors (PPI).9 Additionally, myeloablative regimens used prior 

to transplant, such as melphalan, are associated with GI toxicities such as anorexia, oral 

mucositis, and diarrhea, which in turn lead to poor PO intake and electrolyte losses from 

extrarenal losses that are not adequately kept up with via intake.10 Efforts to curb this effect 

can lead to less morbidity from high dose melphalan, therefore, transplant, with potential 

expansion of ‘transplant eligibility’, which can be defined as whether a given MM patient 

can tolerate transplant.11 The incidence, temporal course, severity and impact of metabolic 

derangements during the peri-engraftment period on clinical outcomes have not thoroughly 

been studied. Here, we sought to investigate the dynamics of electrolyte derangements and 

assess its association with decline and rise in the peripheral blood cell count after HCT.

1 ∣ METHODS

1.1 ∣ Patient selection

The study was approved by the institutional review board at University Hospitals Cleveland 

Medical Center. All consecutive MM patients that underwent inpatient autologous HCT 

from January 2012 through July 2016 were included. Patient charts were reviewed for 

laboratory results before and the first 4 weeks following HCT. Patients with AL amyloidosis 

were excluded regardless of involved organ, as well as patients on hemodialysis. All 

pre-HCT electrolyte levels, weight loss associated with HCT and data regarding patients' 

use of diuretics, PPI, or H2 blocker were extracted. Pre-HCT response was graded using 

the International Myeloma Working Group (IMWG) response criteria as either complete 
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response (CR), very good partial response (VGPR), partial response (PR), stable disease 

(SD) or progressive disease (PD).12,13

1.2 ∣ Transplantation

As per institutional protocol, the transplant was not attempted if less than 2.5 × 106 CD34+ 

cells/kg were collected.

1.3 ∣ Engraftment speed and engraftment

Engraftment speed (ES) was calculated as the period between the first rise in the absolute 

neutrophil count (ANC) and full engraftment defined as the first of three consecutive day 

with ANC > 500 × 106/L. Time to ANC nadir and to ANC <500 × 106/L for each patient 

was calculated from the day of haematopoietic cell infusion.

1.4 ∣ Electrolyte abnormalities

Serum calcium (Ca) levels were corrected for serum albumin level using the formula: 

corrected Ca = [0.8 × (normal albumin – patient's albumin)] + serum Ca level. Hypokalemia 

was defined as potassium (K) <3.5 mmol/L, hypophosphatemia as phosphorous (P) <2.5 

mg/dL, hypocalcemia as (Ca) <8.6 mg/dL and hypomagnesemia as magnesium (Mg) 

<1.6 mg/dL. The time to nadir for each electrolyte was recorded as days subsequent to 

the initial day of stem cell infusion. Creatinine Clearance was calculated using Cockroft

Gault formula: CCr = {([l 40-age] x weight)/(72xSCr)} × 0.85 (if female). The time to 

nadir for Creatinine Clearance was calculated from the day of SC infusion. Cumulative 

amount and frequency of K, Mg, P, and Ca replacement were extracted. The time to 

“no need for electrolyte replacement” was calculated for each electrolyte starting from 

the day of SC infusion to the last day of replacement. Frequency of platelet (Plt) <10 

× 106/L and hemoglobin (Hb) <7.5 × 106/L from 3 days pre-engraftment to 4 weeks post

engraftment were documented. Additionally, their electrolyte abnormalities were followed 

up outpatient as for some the time for ‘no need for electrolyte replacement’ extended beyond 

hospitalization. The outpatient follow up routine included three times a week electrolyte 

checks for first 2 weeks after discharge followed by twice a week for another 2 weeks at a 

minimum. The electrolyte could be more frequent could be more frequent after the 2 weeks 

based on each patient's clinical circumstance.

1.5 ∣ GI toxicity assessment

To define impact of oral intake and electrolyte loss through the lower GI tract on the 

electrolyte drop, we retrospectively assessed degree of oral mucositis, nausea, and diarrhea 

using Common Terminology Criteria for Adverse Events (CTCAE) v4.0 during hospital 

admission.

1.6 ∣ Statistical analyses

Progression free survival (PFS) and overall survival (OS) were measured from the date of 

HCT to the date of relapse or progression, with censoring for those in remission at the 

date of a second planned transplant or the date of death, respectively. Survival distribution 

was estimated using Kaplan-Meier methods and differences of OS, PFS between groups 
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was examined by Wilcox test.14 The effect of electrolyte abnormalities on OS and PFS 

was estimated using a Cox model15 after controlling for the effects of age, gender, number 

of prior therapies, time from diagnosis to transplant, Eastern Cooperative Oncology Group 

(ECOG) performance status and number of infused CD34+ cells. Continuous variables 

were examined by T-test or Wilcox on Rank Sum test after checking normality, and the 

association between two categorical variables was examined using chi-square test. All tests 

conducted were two-sided and only P-values ≤.05 were considered significant.

2 ∣ RESULTS

2.1 ∣ Patient population

Patient characteristics are listed in Table 1. The median age was 60.9 years old (range: 

34-78). Twenty patients (17%) were on lasix, 62 patients (55%) were on a PPI and 3 patients 

(2%) were on an H2 blocker at the time of HCT. Conditioning regimen included melphalan 

with two doses of intravenous amifostine infused for all patients on the day of and the day 

before administration of melphalan.21 The median level of all four electrolytes were in the 

normal range on the day of transplant, however, 27 (23%) patients were hypokalemic, 22 

(19%) patients had hypophosphatemia, 5 (4%) patients had hypocalcemia and 25 (21%) 

patients had hypomagnesemia before the admission for HCT.

2.2 ∣ Electrolyte abnormalities

Pre- and post-HCT nadir values, total amount of replaced electrolyte and replacement 

frequency are listed in Table 2. The most frequently replaced electrolyte was K with a 

median of 10 times (SD of 7.34) followed by Mg with a median of three times (SD of 6.73), 

Ca with a median of two times (SD of 1.43) and P with a median of one time (SD of 0.9), as 

expected. There was a direct correlation between magnitude of drop in K, Ca, and Mg, and 

total amount of replacement (Pearson coefficient: 0.673, P value = .001). 61% of electrolyte 

replacement for K, Mg, Ca, and P occurred in the inpatient setting and the rest occurred 

outpatient. Patients dropped a median of 17 mL/min in Creatinine Clearance throughout the 

transplant process and the nadir occurred at day 6 (median). Patients had a median weight 

loss of 1.7 kg (range: 0-35 kg) during their inpatient stay. The lowest weight measurement 

was documented on day 14. The ANC nadir occurred on day 6 (range: 2-8) while ANC < 

500/mL was recorded at median day 5.

2.3 ∣ Impact of CD34 infusion on electrolyte abnormalities

The median number of infused CD34 + cells/kg was tracked throughout hospitalization and 

provided in Table 1. These data were entered into a multivariate analysis to determine if 

there was a correlation between this data set and ES, therefore, affecting any electrolyte 

derangements. The median number of infused CD34 + cells/kg in patients with fast ES was 

5.9 × 106 vs 5.1 × 106/kg (P-value: .294).

2.4 ∣ Correlation of GI toxicities with electrolyte drop

GI toxicity was assessed retrospectively. One hundred and six patients (90%) had diarrhea 

of any grade while 37 patients (31%) had grade II and higher diarrhea. Grade II and higher 

diarrhea was associated with significant drop in K while there was no correlation between 
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that and drop in P, Ca or Mg (Figure 1). Any grade nausea occurred among 113 patients 

(95%), while grade II and higher complicated the transplant course in 42 patients (35%). 

Oral mucositis occurred in 68 patients (57%), with grade II and higher in 27 patients (23%). 

There was no statistically significant difference between the drop in P, Ca, Mg or K based on 

severity of nausea or oral mucositis (Figures 2 and 3). There was a trend toward higher Mg 

replacement need and PPI use (OR 0.72, CI: 0.61-0.96, P value = .063). In the multivariate 

analysis Grade II and higher diarrhea remained statistically significantly associated with low 

K after adjusting for other factors (Table 3).

2.5 ∣ Correlation of hematologic recovery with electrolyte derangement

The median ES was 3 days (range: 0-5) and 40 patients (36%) had engraftment ≤2 days. 

Engraftment occurred at a median of 11 days, SD 1.50 days, after HCT. The median time-to

nadir for both P and K was 10 days (SD: 3.10 days and 4.28 days for P and K, respectively). 

The drop in P was statistically higher in the group with ES ≤2 days in comparison to the 

group with ES > 2 days (median: 1.4 vs 0.9 mg/dL, P-value: .000) as well as the drop in 

K (median: 1.1 vs 0.7 mmol/L, P-value: .039). There was no difference in the Ca or Mg 

drop between the two groups (Figure 2). There was also no statistically significant difference 

in frequency of post-engraftment Hb < 7.5 g/dL between the two cohorts, whereas more 

patients in the cohort with ES > 2 had post-engraftment Plt < 10 × 106/L compared to 

patients with ES <2 (45% vs 15%, P-value: .001) suggesting a more robust graft in the latter 

group. There was no significant difference in PFS or OS calculated after transplant between 

the two patient cohorts.

3 ∣ DISCUSSION

We assessed the temporal dynamics of electrolyte abnormalities in relation to ES. Our 

findings suggest a pre-engraftment nadir in K and P among a subset of patients with 

rapid engraftment. Metabolic abnormalities have been reported in patients undergoing 

HCT,16,17 however, the correlation of serum electrolyte changes with neutrophil and 

platelet engraftment in this particular patient population (MM with auto-HCT) has not been 

described. The observed nadir just before steep raise in ANC highlights a high-risk period 

that warrants close monitoring. This finding, previously reported in allogenic stem cell 

transplant,17 is characteristic of ‘genesis syndrome’, a massive transfer of electrolytes into 

rapidly proliferating cells that was described in high grade lymphoma and leukemia.18,19 

Similarly, it has been reported in similar settings with rapid hematopoiesis re-growth such as 

after B12 replacement in patients with B12 deficiency.20,21

One of the limitations of our study is a lack of uniform electrolyte replacement protocol 

throughout the duration of the study. Another limitation is lack of a reliable quantitative 

measure of fluid intake and stool volume in a patient's chart. To cope with this limitation, 

we used CTCEA grading of GI toxicities as an indirect measure of potential low intake and 

GI toxicity. This method has been utilized previously.16,22 Therefore, the findings of this 

method are common limitations of retrospective studies.

Haematopoietic cell recipients are prone to develop numerous metabolic and electrolyte 

abnormalities.23,24 Philibert et al reported low K in 81%, low Mg in 67%, low Ca in 
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49% and low P in 91% among a mixed population of patients with malignant hematologic 

disorders who underwent auto-HCT. Similar to our study, they showed the nadir of the 

electrolyte levels between day 8 and 10 after stem cell transplant while the engraftment 

occurred at day 11.6 ± 0.6. Severely low P has been reported in peri-engraftment period in 

allo setting25 as well as auto settings.22

It is worthwhile to note amifostine pretreatment was utilized as a routine practice for MM 

patients who receive transplant in our centre. Previously, our group and others showed 

impact of this agent in reducing GI toxicities associated with HCT.21,26,27 Although 

amifositine potentially can ameliorate some of the electrolyte abnormalities due to lower 

frequency of GI toxicities and potential GI loss or renal loss, giving amifostine does not 

impact the engraftment dynamics. We believe our findings can be extrapolated to patients 

undergoing HCT without amifostine.

Although electrolyte derangement, GI mucositis, and weight loss in allo-HCT correlated 

with high non-relapse mortality in some studies,28,29 our data in auto-HCT did not show any 

impact of electrolyte derangement on PFS or OS which can be due to faster recovery in the 

latter. Also our result shows less need for red blood cell and platelet infusion in patients with 

faster engraftment suggesting more rapid haematopoietic establishment in the first groups.

Renal electrolyte loss can potentially cause electrolyte deficit. It is well known that 

natriuresis that occurs after fluid resuscitation during the transplant process is accompanied 

by lower proximal phosphate reabsorption and higher excretion of potassium and 

calcium.29,30 Furthermore, frequent use of loop diuretics during transplant can influence 

renal loss of these electrolytes. Our analysis did not demonstrate any significant correlation 

between drop in Creatinine Clearance and fluctuation in any of four studied electrolytes. 

Future studies with urine electrolyte measurements are needed to shed light on this aspect of 

electrolyte imbalance among patient receiving HCT.

The findings of this study can potentially define a subset of patients that need rigorous 

electrolyte replacement and potentially empiric electrolyte replacement upon onset of 

transplant in an attempt to avoid many of the morbidities that arise from poor electrolyte 

repletion. This paves the way for future studies assessing the impact of uniform electrolyte 

replacement protocols on morbidity associated with electrolyte derangements in MM 

patients post autologous stem cell transplant. This is an important issue for transplanting 

in the outpatient setting as well. Data from the Truven Health Marketscan between the years 

of 2010 to 2013 found that the median total healthcare cost at 100 days for myeloablative 

autologous stem cell transplants was $140, 792 per person and the mean hospital length 

of stay for this regimen was 21.8 days.31 A risk model to predict electrolyte derangement 

can decrease the rate of hospital admissions in this type of transplant, therefore, cutting 

healthcare costs and mean hospital length of stays as a uniform electrolyte replacement 

system could be implemented in outpatient infusion centres to provide patients with similar 

electrolyte transfusion needs as hospitals.
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SUMMARY AT A GLANCE

There is a significant correlation between the magnitude of drop in serum potassium and 

phosphorous levels and a steep rise in neutrophil counts around the engraftment period 

following autologous haematopoietic cell transplantation after high-dose melphalan in the 

treatment of multiple myeloma. The report raises awareness on the monitoring of these 

electrolytes in this relatively homogeneous group of patients.
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FIGURE 1. 
Magnitude of post-transplant drop in serum potassium (K) level according to severity of 

gastrointestinal toxicities. A, grade I nausea occurred in 71 patients (60%) and grade II or 

higher in 42 patients (35%). B, grade I oral mucositis occurred in 41 patients (34%) and 

grade II or higher in 27 patients (22%). C, grade I diarrhea occurred in 69 (59%) and grade 

II or higher in 35 (30%). There was statistically higher drop in serum potassium among 

patients with grade II and higher diarrhea while no significant difference detected between 

the drop in K concentration according to nausea or oral mucositis
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FIGURE 2. 
Timing of potassium (K) nadir in compare to the engraftment based on speed of 

engraftment. The 62% of patients in the fast engraftment cohort had K nadir during 2 days 

before engraftment whereas only 16% of patients with slower engraftment had K nadir in 

that period of time. Fast and slow engraftment cohort was defined as the engraftment days 

≤2 days or >2 days, respectively
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FIGURE 3. 
Timing of phosphorous (P) nadir in compare to the engraftment based on speed of 

engraftment. The 68% of patients in the fast engraftment cohort had P nadir during 2 days 

before engraftment whereas only 20% of patients with slower engraftment had K nadir in 

that period of time. Fast and slow engraftment cohort was defined as the engraftment days 

≤2 days or >2 days, respectively
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TABLE 1

Characteristics of the patients with multiple myeloma included in the study

Characteristics
Number of
patients

Age at time of HCT (%)

 <65 85 (72%)

 >65 33 (28%)

Gender (%)

 Female 51 (43)

 Male 67 (56)

Race (%)

 White 89 (75)

 Black 27 (23)

 Other 2(2)

HCT (%)

 Single 104 (88)

 Tandem 9 (8)

 Salvage 5 (4)

Number of therapies prior to HCT (%)

 1 65 (55)

 ≥2 53 (45)

ECOG (%)

 0 45 (38)

 1 65 (55)

 2 8 (7)

Isotype (%)

 IgG 75 (63)

 IgA 26 (22)

 Light chain disease 17 (14)

Serum albumin (gr/d) (median) 3.5

Beta-2 microglobulin (mg/L) (median) 3.1

Disease stage (%)

 I 44 (37)

 II 30 (25)

 III 44 (37)

Cytogenetics (%)

 High risk 17 (14)

 Non-high risk 83 (70)

 Not evaluable 18 (15)

Median time from diagnosis to first HCT, months (range) 10 (4-39)

Disease status before HCT (%)

 CR or sCR 25 (21)

 PR or better 90 (76)
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Characteristics
Number of
patients

 SD 3 (2)

PD 0 (0.0)

Median number of CD34+ cells/kg infused at first HCT (range) 5.42 (2.06-26.82)

Note: t (4, 14), t (14, 16) and 17 p was counted as high risk.

Abbreviations: CR, complete response; ECOG, eastern coaporative oncology group performance status; HCT, haematopoietic cell transplant; PD, 
progressive disease; PR, partial response; sCR, stringent complete response; SD, stable disease.
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