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Abstract

Cancer related anemia is common occurring in more than 30% of patients at diagnosis, prior to initiation of antineoplastic
therapy. Anemia is often considered a side effect of cancer therapy. It is present with most advanced cancer and associated
with patient’s compromised performance status. Anemia is known to impact survival, disease progression, treatment effi-
cacy, and the patient’s quality of life. Data on the predictive role of hemoglobin (Hgb) level on disease response to Cancer
treatment are limited. A connection between iron metabolism and behavior of malignant ovarian tumor was found. Data on
the effect of iron on malignant ovarian tumors are contradictory. There is limited evidence to guide clinical practice for IV
iron supplementation in patients with cancer who are not receiving erythropoiesis-stimulating agents (ESA). Protocols for
IV iron infusion are mainly based on experiences of patient blood management in non-oncologic patients, but no specific
guidelines are available for oncologic patients and, in particular, patients with ovarian cancer. The plan in this study is to
monitor participants’ Hgb and maintain it at 100 g/L in the treatment study group, by doing iron studies and giving intra-
venous iron infusion as needed. This study aims to study the role of intravenous (IV) iron infusion in the management of
anemia in ovarian cancer patients. The safety and efficacy of IV iron infusion on anemia in ovarian cancer patients, and the
effect on quality of life and overall survival will be assessed. This study will primarily operationalize the evaluation and

treatment of anemia in cancer patients, with an emphasis on those who are receiving cancer treatment. Furthermore it will

enable patients and physicians to individualize anemia treatment options based on patient condition.

Introduction

Incidence causes and effect of iron deficiency anemia in can-
cer patients

Anemia is prevalent in 30% to 90% of cancer patients [1].
This can be attributed to the disease process itself or its treat-
ment, chemotherapy in particular [2].

Several studies have evaluated multiple factors leading to the
development of anemia in cancer patients [3-5]. A large num-
ber of patients were found to be anemic prior to the initiation of
any cancer treatment. The pathogenesis of anemia is complex
and multifactorial, including perioperative bleeding, malnutri-
tion, malabsorption, chronic inflammation, chronic debilitating
co-morbidities and sequestration of hepcidin into macrophages,
resulting in limited erythropoiesis in addition to chemothera-
py-associated anemia. Seventy five percent of people on chemo-
therapy for various cancer types were found to be iron deficient,

with 60 percent showing signs of absolute iron deficiency [1, 6].

Fatigue is the main symptom of anemia that can be associated
with diminished physical functioning and decreased quality of
life [7, 8]. Anemia can result in delay of treatment and, subse-
quently, might affect prognosis.

Effect of anemia on cancer and cancer treatment

Tumor oxygenation is dependent primarily on the availability
of oxygen via the blood, and secondarily on the diffusional flux
from the micro vessel to the oxygen-consuming cell. The avail-
ability process is a function of Hgb blood concentration, and the
diffusional flux is controlled by the partial pressure of oxygen
(pO2) gradient and on the diffusion distance between vessels
and tumor cells [9-12].

However, tumor hypoxia has been extensively studied. Al-
though hypoxia is lethal for many cells, a subpopulation of tu-
mor cells are able to not only adapt to hypoxic conditions, but
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also become resistant to chemotherapy. The role of hypoxia in
the phenomenon of therapy resistance has been acknowledged in
the literature extensively.

Studies show that low cellular oxygen levels may promote
more malignant phenotype and provoke tumor aggressiveness,
resulting in malignant progression and decreased responsiveness
to treatment [9-12].

Furthermore, hypoxia is able to promote tumour metastasis by
inducing the expression of gene products involved in the meta-
static cascade [13-15], and by stimulating neo angiogenesis [16].
It was reported that hypoxia may mediate selection for a more
aggressive phenotype and enhance the clonal expansion of cells
with diminished apoptotic potential [17]. Moreover, cellular
hypoxia decreases tumor proliferation, thus compromising the
effectiveness of most chemotherapeutic drugs that are primarily
effective against rapidly dividing cells [18, 19].

Chemotherapy induced anemia

Chemotherapy induced anemia is quite common. Data on
cancer patients receiving chemotherapy retrieved from pooled
placebo arms of six randomized controlled trials (RCT) of eryth-
ropoietin, and from US community oncology electronic medi-
cal record (EMR) database, showed that 58% of patients in the
RCTs and 46% EMR episodes had a Hgb decline from <100 to
<90 g/L at week 9 of chemotherapy [20].

In a multicenter observational study of patients on chemo-
therapy for non-myeloid malignancies, almost half the patients
(48%) had a Hgb level <120 g/L [21].

A survey of Japanese patients receiving chemotherapy report-
ed an average Hgb level prior to treatment of 95 g/L [22]. A simi-
lar study of chemotherapy-induced anemia in Denmark reported
a median Hgb before transfusion of 90 g/L [23]. Furthermore,
a European Cancer Anemia study reported a mean Hgb level
in cancer patients before initiation of either iron supplementa-
tion, transfusion, or use of an Erythropoietin Stimulating Agents
(ESA) of 97 g/L. [24].

Correction of anemia in cancer patients

Recently, Clinical Practice Guidelines in Oncology Guidelines
[25] for cancer and chemotherapy-induced anemia underwent
substantial revision.

Erythropoietin

While a large body of data with respect to patients with che-
motherapy-induced anemia has been generated from studies
evaluating support with (ESAs), ESA use is widely restricted
primarily due to cost and secondly due to significant adverse
effects, including serious cardiovascular and thromboembolic
events [26, 27].

The use of ESAs has decreased since 2005 because of data in-
dicating inferior survival and worse cancer outcomes. The same
was reported for ovarian cancer patients. Patients with ovarian
cancer receiving ESAs had a mortality rate nearly 15% higher
than patients not receiving ESAs [28].

Blood transfusion: Indications

In general, the uses and indications for transfusion therapy
have changed over the last few years with a shift toward a more

restrictive transfusion policy [29, 30].

Clinical practice guidelines from the American Association of
Blood Banks [31], in regard to blood transfusion thresholds [29],
advised that transfusion is not indicated until the Hgb level is
70-80 g/L with liberal thresholds (transfusion not indicated until
the Hgb level is 90-100 g/L. Literature search for RCTs indicated
that restrictive transfusion thresholds were not associated with
higher rates of adverse clinical outcomes, including 30-day mor-
tality, myocardial infarction, cerebrovascular accident, re-bleed-
ing, pneumonia, or thromboembolism. However, co-morbidities
or treatment that a patient is receiving should also be considered
while deciding to prescribe a blood transfusion, especially for
cancer patients receiving chemotherapy [1, 32-34].

Current guidelines recommend a restrictive transfusion policy
for cancer-related anemia. Guidelines limit the use of transfu-
sions to achieve a Hgb concentration of >70 g/L but acknowledge
that transfusion may be reasonable when patients exhibit anemia
symptoms or when they have comorbidities such as cardiac dis-
ease, chronic pulmonary disease, or cerebrovascular disease [25].

However, the benefit of a blood transfusion must be balanced
with known risks that include the potential for transfusion-relat-
ed reactions, such as transfusion-associated circulatory overload,
transfusion-related acute lung injury, allergic reaction, febrile
non-hemolytic transfusion reaction [30,35-37] and the potential
for transmission of blood-borne pathogens [38].

Other limitations to consider include time, availability, and
cost [39]. In addition, there is the inconvenience to both patients
and healthcare professionals [27, 40, 41].

Pattern of blood transfusion

Transfusion requirements in cancer patients receiving myelo-
suppressive chemotherapy have not been prospectively studied
[42, 43]. Data on transfusion practices show a wide variation in
transfusion practices as it relates to cancer patients with anemia
who are receiving chemotherapy [43-46].

Since the US Food and Drug Administration (FDA) advised
restrictions on ESA use in 2007, a number of studies have shown
a change in patterns of transfusion practice, indicating increase in
transfusion frequency practice [33, 46 — 48].

A study indicated that clinical judgment and patient symptoms,
not just Hgb value, were used in decisions to prescribe blood
transfusions [49]. The study reported that the primary consider-
ation for prescribing a blood transfusion was anemia symptoms
in 72.1% of patients, with only 25.2% of patients prescribed a
transfusion based exclusively on Hgb value. The mean Hgb level
at which a decision to give blood transfusion was made ranged
from 81 to 85 g/L.

Effect of blood transfusion on ovarian cancer

The effect of blood transfusions on survival in ovarian cancer
patients is contradictory [50-52]. Perioperative packed red blood
cell transfusion has been implicated as a negative prognostic
marker in surgical oncology patients. Lindsay L, et al. [50] found
that perioperative packed red blood cell transfusion in ovarian
cancer patients, was not associated with an increased risk for re-
currence or death. Whereas lower preoperative Hgb was associ-
ated with a higher risk for recurrence.
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A retrospective study on 216 patients with advanced ovarian
cancer reported a weak association between Hgb level and sur-
vival. Furthermore, a weak association between number of blood
transfusion and poor survival has been identified. Where an av-
erage Hgb greater than 80 g/L during chemotherapy portends an
improved overall survival, blood transfusion does not have any
effect [51].

Another study done by Conor J et al. [52] reported poor sur-
vival is associated with the use of blood transfusion in ovarian
cancer patients.

Iron and ovarian cancer

While some data suggest that high levels of systemic iron were
found to be associated with increased risk for developing ovarian
cancer [53- 55], other data suggest that iron might promote can-
cer cells apoptosis [56-59]. However, the clinical effect of iron
supplement on cancer treatment outcome, tumor progression and
survival has not been studied.

Some novel research explains that cancer cells are known to
sequester iron, which can potentiate cancer progression through
mechanisms that have not yet been completely elucidated. Iron
uptake seemed to be connected to increased fatty acid produc-
tion. Fatty acid production tends to be increased in cancer cells.
Hence the connection to iron thought to be significant. Several
links between fatty acids and iron metabolism have been identi-
fied. Fatty acids are essential building blocks for cell walls and
for the cell signaling. Iron may be playing a critical role in in-
creased fatty acid synthesis in cancer. Although the link between
these processes and iron-related genes is not well understood,
there is a theoretical concern that iron and iron-related genes
impact and interact with fatty acid metabolic pathways and can
promote tumorigenesis. It is not clear whether iron sequestration
by cancer cells can potentiate cancer progression.

Contrary to the above, another group suggests that there
might be a role for iron as a potent growth-suppressing agent in
vitro for cell lines derived from ovarian cancer and a potential
therapeutic drug to treat such tumors in vivo and, in particular,
for platinum resistant tumors [60].

Current guidelines are inconclusive regarding intravenous
iron for treatment of chemotherapy-induced anemia in ovarian
cancer. There remains a lack of data regarding clinical factors
that form the basis for making decisions on when to correct ane-
mia with iron infusion in cancer patients and, in particular, ovar-
ian cancer patients.

Oral Iron supplement

Oral iron supplement is less preferred than IV infusion in
cancer patients and, in particular, ovarian cancer patients for the
following reasons; poor adherence and tolerance in addition to a
prolonged response compared to I'V Iron infusion.

Intravenous iron preparations have improved over that seen
historically with products such as high molecular weight iron
dextran, which was associated with anaphylaxis and shock, in-
cluding fatal events, and which have been largely removed from
the market. The availability of IV iron formulations with im-
proved toxicity profiles has lowered the threshold to consider
switching from an oral to an IV preparation [61].

Iron infusion in cancer patients

A systematic review and meta-analysis of randomized con-
trolled trials on the use of IV iron added to ESAs for the treatment
of chemotherapy-induced anemia, reports a successful increase
in hematopoietic response and reduction of blood transfusions,
with no difference in mortality or adverse events [62]. Other data
suggest use of IV iron without ESA in cancer patients, as it has
been proven that IV iron alone can increase Hgb and stabilize
Hgb levels at 110-120g/L [63].

IV iron has been tried with success in preventing anemia in the
cervical cancer patients treated with concurrent chemo-radiother-
apy [64]. Furthermore, intravenous iron has been used in anemic
gynecologic cancer patients receiving anemic platinum-based
chemotherapy, in which it resulted in reduced requirement of
blood transfusion without serious adverse events [65].

Currently, there are different IV Iron product available. Unlike
Dextran, all current IV Iron products are equally effective [66-
70].

Response to iron infusion

In uncomplicated iron deficiency anemia, the patient might ex-
perience improved feeling of well-being within the first few days
of treatment. The Hgb is expected to rise slowly, beginning 1-2
weeks after treatment, and will rise approximately 20 g/L over
the 3rd week. Usually, the Hgb deficit would be halved by 4th
week, and Hgb level would return to normal by 6th-8th week
[71].

Response to iron infusion in ovarian cancer has not been stud-
ied before.

We expect a different response time in symptoms, Hgb, ferritin
and TSAT might be observed in patients with advanced ovarian
cancer, whether they are on active treatment or not.

In general, therapeutic options for anemia include iron replace-
ment, administration of ESA and blood transfusion. The latter
two should be kept at minimal use due to risks, cost and limited
resources.

IV iron treatment results in a reduction in the need for blood
transfusions and subsequently results in a reduction of transfu-
sion-related adverse events. Increase in serum Hgb results in
improvement of anemia-related symptoms and, subsequently, an
improved quality of life. Furthermore, Hgb is found inversely
dependent on modified Glasgow Prognostic Score [72].

There is limited evidence to guide clinical practice for IV iron
supplementation in patients with cancer who are not receiving an
ESA. Protocols for IV iron infusion are mainly based on expe-
riences of Patient Blood Management (PBM) in non-oncologic
patients, but no specific guidelines are available for oncologic
patients and, in particular, patients with ovarian cancer.

Study Rationale

Ovarian cancer is the second most common gynecologic ma-
lignancy in Canada and the most common cause of gynecologic
cancer death [73]. Most cases (80%) of ovarian cancer are diag-
nosed at advanced stage.

Most ovarian cancer patients, including both early and ad-
vanced stage, require extensive treatment including surgery and
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chemotherapy. Anemia occurs in more than 30% of patients with
ovarian cancer at the time of diagnosis [3]. In patients with ad-
vanced disease in phase I trials performed by the Southwest On-
cology Group, platinum-based first line chemotherapy was asso-
ciated with a 33% red blood cell (RBC) transfusion rate [7]. The
rate is probably similar for patients with recurrent ovarian cancer.

It has been reported in a retrospective study that 95% of ovar-
ian cancer patients were anemic, and 26% of the patients had se-
vere anemia [52].

Based on the above, we estimate that 95% of our patients will
be anemic that requires correction. Cancer therapy and outcome
might be affected adversely by anemia. Iron deficiency anemia
(IDA) is the most common type of anemia. It is the major contrib-
utor to patients’ symptoms and delay in chemotherapy. Further-
more, it is the most potentially treatable cause.

Current guidelines are inconclusive regarding treatment of ane-
mia in ovarian cancer. Most of the time, the treatment is individ-
ualized according to the patient’s symptoms.

Iron infusion has been successfully established in Saskatch-
ewan for a few years. However, there are some questions that
remain to be answered:

1. Is iron infusion feasible?
2. Is iron infusion safe for ovarian cancer patients?

3. Is Iron infusion during chemotherapy effective in correcting
anemia and reducing need for blood transfusion?

4. In general, it takes 4 weeks to see a substantial increase in se-
rum hemoglobin after iron infusion. Is that time altered in patients
undergoing chemotherapy?

5. What is the effect of maintaining Hgb > 100 g/L on chemo-
therapy schedule?

6. What is the effect of iron infusion on quality of life (QOL)
for ovarian cancer patients?

7. What is the effect of iron infusion on treatment outcome and
overall survival?

Contribution of the study to patient care

Correction of anemia is vital in ovarian cancer patients to
achieve the cancer treatment goal, alleviating symptoms of im-
paired exercise capacity and fatigue and improvement of quality
of life. In addition, maintaining Hgb >100 g/L promotes adher-
ence to cancer treatment and may positively influence therapeutic
outcome.

This study aims to help in operationalizing and evaluating
treatment of anemia in ovarian cancer patients. By assessing the
effect of intravenous iron infusion on outcome, including quality
of life and survival that would enable patients and physicians to
individualize anemia treatment options. Iron infusion may reduce
the requirements for blood transfusion.

The planned Study

This is a prospective, randomized controlled trial that will be
conducted on eligible ovarian cancer patients registered at Sas-
katchewan Cancer Agency, Canada.

There will be a minimum of 200 patients enrolled over a 3-year
time period.

Objectives

The objectives (Primary, Secondary) and their respective end
points are listed below.

Primary objectives

1. Assessment of feasibility of iron infusion for ovarian cancer
patients in Saskatchewan.

2. To assess overall safety and tolerability of iron infusion
treatment in ovarian cancer patients.

3. To assess efficacy of iron infusion treatment in improving
Hgb levels.

4. To assess response time to iron infusion in producing sub-
stantial increase in Hgb in ovarian cancer patients.

5. To assess the effect of maintaining Hgb > 100 g/L on che-
motherapy schedule.

6. To observe the effect of iron infusion on requirement of
blood transfusion in ovarian cancer patients.

7. To evaluate the efficacy of iron infusion on improving the
quality of life (QOL) in ovarian cancer patients.

Secondary objectives

1. To evaluate the efficacy of iron infusion treatment on re-
sponse to chemotherapy.

2. To assess the impact of iron infusion treatment on overall
survival at 3 and 5 years.

Study Endpoints
Primary endpoints

1. Ensure the time needed to administer iron infusion, from the
time when the treatment is requested by the treating physician to
the time of IV iron administration on the participant.

2. Measure the safety of IV iron including type and frequency
of adverse effects (AEs) and severity of adverse effect, discon-
tinuation due to AEs and outcome of AE treatment. It will be
compared to AEs (including frequency and severity of AEs, dis-
continuation due to AEs and outcome of AEs treatment) of blood
transfusion and it will be compared to literature data on IV iron.

3. To assess the efficiency of IV iron, Hgb will be frequent-
ly assessed as per the study protocol. Hgb will be compared to
baseline level, looking at substantial increase of Hgb of about
20 g/L increase within maximum 8 weeks (study estimated re-
sponse time).

4. Time to response will be measured in every patient treated
with IV iron from the time of treatment until substantial increase
in Hgb from baseline 20 g/L. Hgb will be checked just prior to
IV iron and then biweekly until week 8 or whenever Hgb rises
at least by 20 g/L.

5. Timing of chemotherapy will be recorded and that will be
compared to the standard treatment protocol. Any delay of che-
motherapy schedule due to “anemia” will be flagged and record-
ed in all participants. These data will be compared between the
two study groups.

6. Data of any blood transfusion will be collected, including
the level of baseline pre-transfusion Hgb, indication of transfu-
sion, number of transfusion units, AEs and frequency of blood
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transfusion episodes. Hgb level will be checked in transfused
patients at 0, 2, 4, 6, and 8 weeks or until there is substantial
increase of 20 g/L in Hgb compared to baseline. The collect-
ed data will allow comparison between the two study groups
(A&B) and between patients who receive blood transfusion and
patients who did not receive blood transfusion.

7. To measure any change from baseline QOL of both study
groups and compare the difference of QOL in Group A (the
group receiving IV infusion to correct anemia) compared to
Group B. This will be done by comparing scores on the QOL
questionnaire.

Secondary endpoints

1. Data on response to cancer treatment (all-chemo, radiation,
PARP, etc.) will be collected in both groups. For chemothera-
py patients, data will be collected before each treatment start-
ing from the second treatment and then every three months after
finishing chemotherapy. For other cancer treatments, response
data will be collected every three months. Data on response will
be compared between the two study groups (A & B). The dis-
ease-free survival (DFS) will be measured.

2. Survival rate of Group A compared to Group B at 3 years
and 5 years.

Currently, there is no available data/study that reflects this
study’s target population. As the population is non-homogenous.
i.e mixed population cancer patients who may be under treatment
modalities such as surgery, chemo, PARP treatment etc. For ex-
ample, some patients who are surgical candidates may experi-
ence blood loss vs patients who are on chemo/PARP inhibitors
and indication of blood transfusion indication in these sub-set of
patients may be different.

Additionally, there is no current data or study that maintains
Hb at 100g/L, however this study intents to maintain a Hb
>100g/L. We expect the risk of blood transfusion to decrease by
at least 25% (based on existing literature on preoperative IV iron
treatment) in Group A. It is expected that there is enough sample
size in Group A who will be receiving only iron treatment to be
compared with Group B.

The sample size is calculated based on the achievement of Hgb
>110 g/L (return to normal) after intravenous iron infusion. As
intravenous iron infusion has a faster rise in Hgb level (rise of
approximately 20 g/L over the 3rd week, halved by 4th week, and
return to normal by 6th-8th week), it is assumed that 90% and
75% of the participants in the IV iron infusion (Iron Sucrose/Iron
Gluconate/Iron Isomaltoside) and non IV Iron infusion (standard
care) treatment groups, respectively, will have Hgb >110 g/L at

.
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Figure 1.
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A minimum of 200 patients will be enrolled over a 3-year time
period.

Rationale for Sample Size

The Sample size has been calculated based on incidence of
ovarian cancer patients in SK and based on likelihood of anemia
in daily clinical practice. It is to be noted that it is not possible to
divide Group A into static/fixed sub-groups based on treatment
modality (surgery, chemo, PARP etc) as the nature of cancer is
such that the course of planned treatment may change at any
point in the disease trajectory due to the variable tumor/cancer
kinetics and cellular environment. Therefore, Group A is con-
sidered as a single group with a non-homogenous mix rather
than divide into further sub-groups.

and allowing the power to 80%, 200 participants are required for
this study (100 in each treatment group) in order to consider the
assumed difference between IV iron infusion and non IV iron in-
fusion.

Method and Intervention

Health Organization (WHO) criteria for anemia in women
are hemoglobin <120 g/IL(WHO) and according to the Nation-
al Cancer Institute (NCI)normal values for hemoglobin (Hgb) in
women are 120 to 160 g/L. The National Comprehensive Cancer
Network (NCCN) suggests evaluation of anemia if the hemoglo-
bin is <110 g/L or if there is a decrease of >20 g/L below the
individual's baseline (NCCN).

Diagnosis of anemia for this study protocol. Anemia will be
classified as follow: mild anemia of Hgb 110-100 g/L, moderate
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anemia Hgb 100-80g/Land severe anemia Hgb < 70 g/L. Diag-
nosis of Iron deficiency anemia warranting Iron infusion in this
study: Hgb < 100 g/L and /or low Ferritin (< 500 ng) and/or
low TSAT (< 20%0.

The study treatment is divided into two groups (Arms):
Group A: Treatment study group

All patients will be treated with iron infusion for Hgb lower
than 100 g/L. Blood transfusion may also be given based on phy-
sician’s discretion whenever indicated:

1. When Hgb level is < 70 g/L or in case of emergency and/or
rapid blood loss.

2. Blood transfusion may be given to keep active treatment
(chemotherapy, surgery, PARP inhibitors, hormonal, radiation)
intervals as scheduled and not to exceed the maximum 4 weeks.

3. Based on current practice and NCCN guidelines, co-inves-
tigators/treating physicians are encouraged to avoid giving blood
transfusion for Hgb >70g/L, provided the patient is stable and
asymptomatic.

4. Blood transfusion can be combined with iron infusion.

5. Blood transfusion can be given if there is lack of response
to iron infusion. Expected iron infusion response is expected at 8
weeks or less after treatment.

Group B: Control group

1. May receive blood transfusion when Hgb level is <70 g/L or
in case of emergency and/or rapid blood loss.

2. Based on current practice and NCCN guidelines, co-inves-
tigators/treating physicians are encouraged to avoid giving blood
transfusion for Hgb >70 g/L, provided the patient is stable and
asymptomatic.

3. The decision to give blood transfusion for Hgb >70 g/L
shall be based on the treating physician’s discretion:

a. symptomatic patient
b. to maintain active treatment schedule

c. to prepare the patient for surgery or an interventional pro-
cedure

Statistical Data Analysis

Since symptoms of malignancy and anemia are very much
similar, we decided to use a QOL —short form to monitor im-
provement after iron infusion treatment

Quality Of Life —Short Form 12. [75-78]

Data will be collected for both groups A & B at the time of
recruitment and during follow up, including diagnosis and mon-
itoring of anemia, response to IV iron, AEs, QOL, cancer treat-
ment response and overall survival. Comparison will be con-
ducted between the two groups.

For the main objectives of this study, data of the enrolled pa-
tients randomized in either the study treatment or control group
will be compared. To this end, multiple regression analyses will
be used to assess the effect of iron infusion (study treatment or
control group membership), entered as an independent variable,
on the patients’ quality of life (entered as the dependent vari-
able). In addition, the effect of identified confounding variables

will be assessed by entering these as independent variables into
the equation. The same strategy will be employed in assessing
the effect of iron infusion on other data from continuous vari-
ables.

The statistical analysis will be performed after data collection
is completed, and the latest version of RStudio/SPSS/SAS/STA-
TA will be used for statistical analyses.

Qualitative variables will be expressed as counts and percent-
ages, and quantitative variables as mean standard deviation or
median (interquartile range depending on the variable distribu-
tion). Continuous variables will be compared using the two-sid-
ed Student’s t-test or Mann-Whitney U test (where applicable),
and the chi-squared test or Fisher’s exact test (where applicable)
will be used to compare categorical variables.

The Kaplan-Meier method will be used for the graphical as-
sessment of time-related events. The primary efficacy and safety
endpoints will be analyzed by intention to treat. Participants who
drop out during the trial will be set as censored. Cox proportion-
al hazards regression using time-varying information on patient
survival and adjusted for any potential confounding variables
will be used to estimate hazard ratios and 95% confidence in-
tervals. Differences will be considered statistically significant at
P-values <0.05.

Stratified data will be considered during data analysis to help
balance the risk of blood transfusion between Groups A and B
should be considered and could be based on newly diagnosed vs
recurrent cancer, history of blood transfusion, history of chemo-
therapy, moderate vs severe iron deficiency anemia at baseline
etc.

Withdrawal Criteria

Participants can withdraw from the study at any time. In
case of severe reaction to iron infusion, the participant can be
switched to a different iron infusion drug (one of the study drugs)
or be withdrawn from the study. The investigator can withdraw
the patient from the study if there is a concern of patient’s safety
or lack of treatment response (after 3 rounds/cycles of IV regi-
men).

Lack of response in this study is defined as lack to achieve a
substantial increase in Hgb of at least 20 g/L from pre-IV iron
treatment Hgb level.
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