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ABSTRACT OF THE THESIS 

Iron Metabolism and Rapamycin (sirolimus)-Induced Microcytic  

Anemia in Renal Transplant Patients 

by 

Shivani Upadhyay  

Masters of Science in Clinical Research 

University of California, Los Angeles, 2013 

Professor Robert M. Elashoff, Chair  

Sirolimus is a macrocyclic antibiotic, which binds to the FK binding protein and modulates the 

activity of mTOR (mammalian target of rapamycin). This drug is widely used for preventing 

rejection of solid organ transplants and graft vs. host disease following bone marrow 

transplantation. A unique feature of sirolimus is that it also induces profound microcytosis, 

which is poorly understood. Previous studies have demonstrated that oral iron supplementation 

in patients who received sirolimus did not improve their microcytic anemia. However, anemia 

improved once patients discontinued sirolimus. We hypothesize that functional iron deficiency is 

one of the mechanisms by which sirolimus induces microcytic anemia and that this is due to 

sirolimus’ impact on hepcidin.  A retrospective chart review was done as well as a prospective 

study to determine the prevalence and characteristics of sirolimus-induced anemia in renal 

transplant patients. 	  
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Introduction	  	  
	  

Anemia is a well-known complication in patients being treated with immunosuppressants such as 

calcineurin inhibitors, chemotherapeutic agents, and mTOR inhibitors.  An anemia means that 

there is a decrease in the number of red blood cells or less than the normal amount of 

hemoglobin.  It is a common disorder of the blood and can be classified in a variety of ways.  

The three most common ways to classify anemia are excessive blood loss, excessive blood cell 

destruction and ineffective hematopoiesis.  Another way to classify anemia is through 

morphology.  In this approach, anemia is classified by the size of red blood cells.  The size is 

reflected in the mean corpuscular volume (MCV).  If the cells are smaller then this is classified 

as microcytic.  If the cell size is normal, then this is classified as normocytic, and lastly if the cell 

size is increased then it is classified as macrocytic.   By looking at morphology and whether it is 

a production, destruction, or loss; one can conclude the cause of an anemia.    

In this study we looked at sirolimus, a mTOR inhibitor, used as an immunosuppressive 

agent.  mTOR inhibitors work by inhibiting the response to interleukin-2 (IL-2) and thereby 

blocking activation of T- and B-cells [1]. mTOR inhibitors  are widely used in solid organ 

transplants, as well as in bone marrow transplantation, and oncology.  Like other 

immunosuppressants, they have significant side effects.  One of the side effects is anemia, which 

is very common.  However, the anemia caused by mTOR inhibition is unique in that it is 

microcytic, while most anemia caused from other agents is normocytic.  Since the anemia caused 

by sirolimus is microcytic, this implies that there is ineffective erythropoiesis.   The etiology of 

this microcytic anemia has not been fully elucidated. Studies have shown that the anemia did not 
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improve in patients receiving oral iron supplementation while on mTOR [1].  However, these 

patients did respond to iron within three months of the discontinuation of the drug.  

Ferritin is often used as a marker for iron deficiency and is low in iron deficiency anemia.  

Ferritin is an intracellular protein that stores and releases iron.  The concentration of serum 

ferritin is positively correlated with the size of the total iron body iron stores in the absence of 

inflammation.  Therefore, in a low iron state ferritin levels would be low and in a high iron state 

ferritin levels would be high.  An example of when ferritin levels would be low is in an iron 

deficiency anemia. Ferritin levels would be high  in hemochromatosis, which causes iron 

overloading.  Ferritin levels have been followed in patients on sirolimus.  Compared to pre-

sirolimus values, ferritin levels while on the drug did not change [2]. The findings of 

microcytosis, no change serum ferritin levels and a lack of response to oral iron suggests that 

sirolimus causes a functional iron deficiency rather than a true iron deficiency [1]. 

Iron metabolism is evaluated through assessment of serum hepcidin, iron levels, mean 

corpuscular hemoglobin concentration, total iron binding capacity, reticulocyte count, and 

hemoglobin percent. Hepcidin is an amino acid peptide secreted by the liver and a major 

regulator of iron metabolism. This recently discovered peptide may be the link between 

inflammation, regulation of iron metabolism, and the anemia of chronic disease [3, 4]. Hepcidin 

is an acute phase reactant protein produced in the liver performing a crucial role as a negative 

regulator of intestinal iron absorption and iron release from macrophages [5]. Recent studies 

have demonstrated that cytokine driven increases of hepcidin production appear to be a major 

factor in the hypoferremia seen in anemia of chronic disease [6]. Specifically, increased amounts 

of IL-6 seen in several inflammatory states appear to stimulate the production of hepcidin. This 

in turn inhibits iron transport from macrophages and hepatocytes into the plasma, and limits iron 
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absorption from enterocytes. This leads to a microctyic anemia secondary to ineffective 

erythropoiesis.   

 The goal of this study is to understand the effect of mTOR inhibition on iron homeostasis 

and hepcidin levels, thereby determining the pathogenesis of the microcytic anemia induced by 

this immunosuppressant therapy. The anticipated overall benefit is to spare patients treated with 

these types of immunosuppressants from invasive procedures needed to investigate chronic iron 

loss and potentially find new therapies for anemia with altered iron metabolism. 

Methods	  
 

We performed both a retrospective chart review as well as a prospective study. UCLA 

IRB approval was obtained for both the retrospective chart review as well as for the prospective 

study prior to any investigation. Inclusion and exclusion criteria were the same for both 

retrospective and prospective studies.  Inclusion criteria included: male or female patients 

between the ages of 2-60 years of age, history of renal transplant and patient was started on 

sirolimus.  Exclusion criteria included: patient cannot have a previously diagnosed non-renal 

cause of anemia other than iron deficiency, no evidence of occult or active bleeding, cannot have 

received a blood transfusion within the past four months, cannot have history of recent infection 

requiring antibiotics or hospitalization within the past four weeks, cannot have history of chronic 

hypoxia and multiple solid organ transplants.  

The retrospective study was designed to evaluate the relationship between sirolimus and 

microcytic anemia.  We identified pediatric and adult patients that fit the criteria above and 

performed a chart review. We examined the hemoglobin (hgb) and mean corpuscular volume 
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(MCV) before and after the start of sirolimus.  We examined the laboratory values at start of 

medication, two months, and at six months.   

The prospective study was also designed to evaluate the relationship between sirolimus 

and microcytic anemia.  We identified renal transplant patients who had biopsy proven rejection 

and were then started on sirolimus.  We then examined hemoglobin, mean corpuscular volume, 

iron studies, ferritin and hepcidin at the start of sirolimus, two weeks, one month, and two 

months after the start of the drug.   All laboratory work was done at UCLA with the exception of 

hepcidin assays.  The hepcidin data were done at an outside facility, Intrinsic Life Sciences.  The 

hepcidin assay was done via an ELISA.  

Data collected during this study was kept confidential.  Demographic data including  

birth, gender, race, reason for mTOR inhibition, past medical history, and current medication 

history was also collected.  

Statistical Analysis: Paired t-tests were used to compare hematological parameters before and 

after the start of sirolimus at the given time points.  Data are presented as the mean +/- SD.  

Statistical significance was set at p=0.05.  

Results	  
We had 20 patients in our retrospective study with a history of renal transplantation.  The 

patient characteristics can be seen in Table 1.  There were 10 females and 10 males.  The average 

age was 38.4 years for all patients.  There were a total of 10 pediatric cases of which there were 4 

females and 6 males. The average age of the pediatric patients was 16.5 years.   Rejection was 

the primary reason for switching to sirolimus (n=16 out of 20 subjects, 80%).  Only 30% of 

patients were on iron (6 our of 20 subjects) and one was on  erythropoietin (5%). 
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  There was no statistical difference seen between hemoglobin before and after the start of 

sirolimus at any time point (Table 2).  We did however see a statistically significant difference in 

MCV in patients on sirolimus after two months (p=0.004) and six months (p=0.006). (Table 3)   

There were 5 patients in our prospective study.  The patient characteristics are seen in 

Table 4.  There were 2 females, 3 males, and the average age of the patients was 15.8 years.  

There were 2 patients on iron (40%) and no patients were on erythropoietin at the time of the 

data analysis. 

There was no statistical difference in hemoglobin before or after the start of sirolimus at 

any time point.  There was also no statistical difference between MCV before and after the start 

of sirolimus at two months (Table 5).   There was a change in percent iron saturation before and 

after the start of sirolimus, which was statistically significant (Table 5). We also looked at 

ferritin, which showed no change before or after the start of sirolimus.  We looked at hepcidin 

before and after the start of sirolimus as well.  Hepcidin levels decreased after the start of 

sirolimus in all patients (Figure 1).  The comparison of hepcidin levels between the start and two 

months after sirolimus was statistically significant (Table 5). 

Discussion	  
 

Sirolimus is an immunosuppressant that is widely being used to prevent rejection in solid 

organ transplants as well as bone marrow transplant.  It is mTOR inhibitor, which inhibits 

cytokine-stimulated T-cell proliferation by preventing cell cycle progression [7].    

Kim et al first described microcytosis in kidney transplant patients on sirolimus [8].  Our 

results are consistent and show that sirolimus causes microcytosis within one month of starting 
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the medication in adult patients as well as in pediatrics.  There was not a statistically significant 

change in the MCV in the prospective data, however, this is most likely secondary to the small 

sample size.  It could be hypothesized that the reason for the microcytosis is that renal transplant 

patients are often on erythropoietin and this could lead to microcytosis.  However, it is important 

to note that no patient in our prospective study was on erythropoietin and that only 5% of 

patients in the retrospective study were on erythropoietin.   Diekmann et al demonstrated that the 

addition of sirolimus to erythroid progenitor cells caused a decrease of erythroid colonies [9]. 

This suggests that the effect on erythroid progenitor cells could be because sirolimus prolongs 

the maturation and therefore, produces erythrocytes of decreased size.   

In	  this	  study,	  iron	  studies	  were	  reduced	  after	  the	  start	  of	  sirolimus,	  however,	  there	  

was	  no	  significant	  change	  in	  ferritin.	  	  Similar	  results	  have	  also	  been	  seen	  in	  a	  study	  done	  by	  

Mariorano	  et	  al	  [10].	  	  	  	  	  Based	  on	  results	  of	  our	  study,	  and	  also	  previous	  studies	  one	  could	  

hypothesize	  that	  sirolimus	  causes	  a	  functional	  iron	  deficiency	  that	  resembles	  an	  anemia	  of	  

chronic	  inflammation.	  	  The anemia of chronic inflammation is a result of the body’s production 

of hepcidin.  Hepcidin is a central regulator of systemic iron homeostasis [5,6].  Hepcidin 

synthesis is increased in inflammation and infection.  In this situation, there is an increase in iron 

uptake and decrease in iron release from the storage sites.  It had been previously hypothesized 

that sirolimus caused an inflammatory state, therefore, causing an increase in hepcidin, which 

would then lead to iron deficiency anemia.  However, our data demonstrates that hepcidin is not 

elevated but decreases after patients have been on sirolimus, thus responding appropriately to 

low iron stores.  This may suggest that sirolimus is acting downstream of hepcidin and is not a 

direct influencer of hepcidin.   
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The main downside of our study is that our sample size is small.  There were only five 

patients in the prospective study total.   This makes it difficult to draw solid conclusions from the 

data collected.  A smaller sample size requires larger differences to become statistically 

significant.  There is also the problem of outliers, which could lead to false assumptions in 

rejecting the null hypothesis.  It would have also been more useful to follow the patients for a 

longer period of time.  However, the data collected agree with conclusions made by previous 

studies and also provide some evidence of sirolimus unique unknown mechanism of action on 

red cells producing microcytosis. Further studies may look at sirolimus’ effect on ferroportin, the 

main receptor for hepcidin and an essential receptor for iron regulation.  
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Table 1. Patient Characteristics In Retrospective Chart Review 

Patient Gender Age 

(Years) 

Reason for 
Transplant 

Reason to start 
Sirolimus 

Other 
Immunosuppressant 

Iron Epo 

1 Male 62 PKD Sarcoma Tac+ 

Pred 

No No 

2 Female 39 MCD Rejection Cellcept+Tac No No 

3 Male 47 Unknown  Rejection Tac+Pred No No 

4 Male 47 IgA Nephropathy Basal Cell Ca Tac+Pred No No 

5 Male  75 ESRD unknown Rejection Tac No No 

6 Female 53 PKD Basal Cell Ca CSA+Pred No No 

7 Female 56 VUR Basal Cell Ca Pred No No 

8 Female  73 Goodpasture Disease Rejection Tac+Pred No No 

9 Female 46 MPGN Rejection Tac+Pred No No 

10 Female  48 ESRD unknown Rejection CSA+Pred No No 

11 Female 18 VUR Rejection Tac+Pred Yes Yes 

12 Male 11 VUR Rejection Tac+Pred Yes No 

13 Female 20 FSGS Rejection Tac+Pred Yes No 

14 Female 20 Hydronephrosis Rejection Tac+Pred Yes No 

15 Male 8 PKD Rejection Cellcept+Pred Yes No 

16 Male 13 Renal Dysplasia Rejection Tac+Pred No No 

17 Male 20 Unknown Rejection Mycfortic+Pred No No 

18 Female 22 Glomerulonephritis Rejection Tac+Pred No No 

19 Male 21 Unknown Rejection Tac+Pred No  No 

20 Male 12 PUV Rejection Tac+Pred Yes No 

        

ESRD-End Stage Renal Disease, Epo- erythropoietin, Tac-Tacrolimus, Pred-Prednisone, VUR-Vesicular Urtheral Reflux, PKD-
Polycystic Kidney Disease, FSGS-Focal Segmental Glomerulosclerosis,
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Hemoglobin 

Time (months) 

Mean N Standard 
Deviation 

Standard 
Error Mean 

p-value 

0  11.7 20 1.65 0.36 0.822 

2  11.8 20 1.75 0.94  

6 11.7 20 1.88 0.41 0.94 

Table 2. Retrospective study- Hemoglobin before and after sirolimus.  Paired t-test showed p-
value of 0.822 for 0 to 2 months and p-value of 0.94 for 0 to 6 months,  

 

MCV 

Time 
(months) 

Mean N Standard 
Deviation 

Standard 
Error Mean 

p-value 

0 88.7 20 7.24 1.58 0.004 

2 86.16 20 4.97 1.08  

6 84.6 20 7.12 1.55 0.006 

Table 3. Retrospective Study-Mean Corpuscular Volume (MCV) before and after sirolimus at 2 
months and 6 months.  Paired t-test showed p-value of 0.004 between 0 and 2 months and p-
value of 0.006 between 0 and 6 months.  
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Table 4. Patient Characteristics in Prospective Study 

Table 4. Patient Characteristics in Prospective Study.  ESRD-End Stage Renal Disease, Epo- 
erythropoietin, Tac-Tacrolimus, Pred-Prednisone, VUR-Vesicular Urtheral Reflux  

	  

	  

 

 

 

 

 

Patient Gender Age 
(years) 

Cause of 
ESRD                 

Reason for 
Sirolimus 

Other 
immunos-
uppresants 

Iron Epo  

1 Female 20 Bilateral 
VUR 

Rejection Tac+Pred No No 

2 Male 15 Bilateral 
VUR 

Rejection Cellcept+P
red 

Yes No 

3 Male 13 Glomerul-
onephritis 
ANCA+ 

Rejection Tac+Pred No No 

4 Female 17 ESRD 
secondary 
to 
unknown 
cause 

Rejection Tac+Pred Yes No 

5 Male 14  ESRD 
secondary 
to 
unknown 
cause 

Rejection Myfrotic+
Pred 

No No 
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Lab	  Value	   Time	  
(Months)	  

N	   Mean	   Standard	  
Deviation	  

Standard	  
Error	  
Mean	  

P-‐Value	  	  

MCV	  

	  

	   	   	   	   	   	  

	   0	   5	   84.4	   2.870	   1.284	   0.197	  

2	   5	   82.1	   2.127	   0.957	  

%Iron	  
Saturation	  

	   	   	   	   	   	  

	   0	   5	   22.75	   8.22	   4.11	   0.0425	  

2	   5	   14.25	   5.32	   2.66	  

Hepcidin	  	   	   	   	   	   	   	  

	   0	   5	   49.1	   19.2	   8.58	   0.01	  

2	  	   5	   21.1	   3.6	   1.61	  

Table	  5.	  Lab	  values	  for	  MCV,	  %	  iron	  saturation	  and	  hepcidin	  at	  the	  start	  of	  sirolimus	  and	  2	  
months	  after.	  	  

 

 

 

 



	   12	  

 

Figure 1. Hepcidin Before and After Sirolimus – Patients in prospective study’s hepcidin at the 
start of sirolimus was compared hepcidin after 2 months.   

	  

Figure	  2:	  Example	  of	  microcytosis	  in	  a	  patient	  started	  on	  sirolimus.
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Statistical	  Appendix	  
 

1. Excel was used to generate pertinent tables and graphs.   

 

2. JMP was used to calculate paired t-tests.  Default values were used.  

 

Figure 1 and figure 2 show the difference between time zero and two months or six months.  

For the majority of the patients, the MCV had a positive difference because the MCV decreased 

after starting sirolimus, which is what we expected to occur.  However, there were a few patients 

that showed the opposite.  It is interesting to note that the patients who demonstrated an opposite 

effect at 2 months were not the same at 6 months and vice a versa.  In figure 1, patients 6 and 17 

showed an increase in MCV after the start of sirolimus.  However, both patients at six months 

showed a decrease and three different patients , 10, 12, and 14, showed an increase rather than 

decrease.  Patient 12 and 14 were on iron, however, patient 10 was not.  There does not seem to 

be a clear pattern.   

 Figure 3 and 4 show the difference between time zero and two months or six months.   

There was not a great change between hemoglobin after the start of sirolimus. There really was 

only a difference between 1-2.5 grams, which is not significant clinically.   

 Table 1 shows the mean, mode, and median values of hemoglobin and MCV at various 

time points for the five prospective patients.   In figure 5, the change in MCV from the start of 

sirolimus to 6 months is divided between men and women.  These 20 patients were taken from 

the retrospective data.  The microcytosis that occurs after the start of sirolimus does not seem to 

be gender specific.  The red bars are female and the blue bars are the males.  
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Figure 6 further demonstrates that hepcidin levels decreased after starting on sirolimus.  

This also further demonstrates that hepcidin appropriately is responding to iron deficiency by 

decreasing.    

This additional data further demonstrates that sirolimus causes a microcytic anemia that 

is independent of the hepcidin pathway.   This further demonstrates that sirolimus has some 

effect on erythropoesis or is acting downstream of the hepcidin pathway and not a direct 

influencer of hepcidin.  

  

 

 

Figure 1:  Change in MCV 0 to 2 months.   
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Figure 2: Difference in MCV at 0 and 6 months.  
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Figure 3. Difference in Hemoglobin at 0 and 2 months.  
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Figure 4. Difference in Hemoglobin at 0 and 6 months.  

 

 

 

 

 

 

 

 

 

 

 



	   18	  

 

Figure 5. Change in MCV from 0 to 6 months in men and women.  

.   
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Figure 6. Change in hepcidin levels while on sirolimus.  
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