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Background: Mitoxantrone hydrochloride injection for tracing (MHI), a new strategy to
identify lymph nodes, has not been tested for axillary node staging in breast cancer. This
multicenter, self-controlled, non-inferiority trial aimed to evaluate MHI’s efficacy and safety
in sentinel lymph node biopsy (SLNB).

Methods: The trial was conducted across seven hospitals from December 2019 to
December 2020. Patients with early-stage breast cancer received MHI and technetium-
99m (99mTc) during the surgery. Sentinel node detection rates were compared between
MHI and 99mTc to evaluate non-inferiority and concordance. Non-inferiority was valid if
the lower limit of the 95% CI of sentinel node relative detection rate difference was ≥−5%.

Results: SLN relative detection rate of MHI was 97.31% (362/372). Of the SLNs, 79.69%
(871/1093) were co-detected by both tracers. Of the patients, 4.13% (16/387) had
adverse events and recovered during the follow-up.

Conclusions: MHI is a lymphatic tracer with comparable efficacy to radionuclides and
can be used alone or in combination with radioactive substances for SLNB.

Clinical Trial Registration: http://www.chinadrugtrials.org.cn, CTR20192435.

Keywords: breast cancer, sentinel lymph node biopsy, mitoxantrone hydrochloride injection for tracing,
mastectomy, breast-conserving surgery, radioactive tracers
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INTRODUCTION

In 2020, breast cancer surpassed lung cancer as the leading
contributor to the global cancer incidence, with an estimated 2.3
million new cases, representing 11.7% of all cancer cases (1). The
number of new cases of female breast cancer in China is 416,371.
The incidence of breast cancer in China ranks fourth among all
cancers, but the number of patients with breast cancer in China
ranks first in the world (2). Sentinel lymph node biopsy (SLNB)
is the current standard care for axillary node staging in clinically
axillary node-negative breast cancer patients. SLNB is equivalent
to axillary lymph node dissection (ALND) in terms of accurate
staging, prognosis, and treatment guidance, and it offers the
advantages of lower morbidity rates and fewer complications
than ALND, including less upper limb lymphedema and fewer
shoulder joint movement disorders (3). Lymphatic mapping and
SLNB have improved the ability of surgeons to detect small-
volume disease in lymph nodes while greatly reducing
intraoperative and postoperative morbidity. Large randomized
controlled trials have shown SLNB to be a robust method, with
detection rates of >97% and low false-negative rates (FNRs) (4).

Although the gold standard for the detection of SLN is a
radioactive tracer combined with blue dye (5), the accessibility of
this procedure is only 60% in developed countries, with this
figure dropping down to 5% in China and even lower in the rest
of the world (6). In a survey (7), methylene blue is the most
commonly used SLN tracer in China, and the availability of
radioactive colloids is low. Methylene blue has good visibility, is
cheap, and is easy to obtain. However, its lymphatic targeting is
poor, and it is easy to infect secondary lymph nodes and can
cause allergic reactions such as skin rash. The carrier sulfur
colloid of radionuclides is not available for most of the hospitals
in China. Nuclear medicine facilities are not available at most
centers, and the hand-held gamma probe that is used for
intraoperative SLNB is expensive. Some members of the
medical staff have concerns about radioactive colloids. Thus,
there was a long felt need to investigate further to identify a cost-
effective and accurate method of SLNB.

These limitations have motivated studies on novel methods to
guide SLNB, such as indocyanine green (ICG) optical imaging
(8) and superparamagnetic iron oxide (SPIO) imaging (6), which
have high SLN detection rates. Research (9) has also revealed that
the detection rate of SLNs with ICG is 94%. Additionally, SPIO is
equivalent to the technetium-99m (99mTc) radiotracer for
identifying SLNs in breast cancer, as demonstrated by Rubio
et al. (10) However, SPIO tracers are not accessible in China, and
there are shortcomings in their technology.

Mitoxantrone is an antineoplastic antibiotic commonly used
intravenously to treat acute leukemia, lymphoma, prostate
cancer, and breast cancer. It is metabolized mainly by the
biliary tract. Preclinical pharmacodynamics studies of
mitoxantrone hydrochloride have shown that it has a high
affinity for the lymphatic system after subcutaneous or
subserosal administration. After administration in the
interstitial space, mitoxantrone hydrochloride will gradually
settle into nanocrystals due to the microenvironmental change
in the pH value. The particle size of these nanocrystals is
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approximately 100 nm (11), and their distribution is uniform.
These nanocrystals can enter lymphatic capillaries through the
space between endothelial cells or through endocytosis and
phagocytosis of these cells, but they cannot enter the blood
circulation. (The space between blood capillary endothelial cells
is 30–50 nm, but the space between lymphatic capillary
endothelial cells is 120–500 nm.) Then, they accumulate in the
regional lymph nodes through lymphatic drainage and stay in
the lymph nodes for a period of time, staining the lymph nodes
blue. Mitoxantrone hydrochloride injection for tracing (MHI)
was approved by the NMPA on June 22, 2021 to trace draining
lymph nodes in the thyroid surgical region. One study (12)
showed that the use of MHI showed ideal lymph node tracing
function, along with high safety and good tolerability. In a
previous single-center, self-controlled, phase I trial, we
evaluated the safety and tolerability of MHI for lymphatic
mapping in patients with breast cancer. No drug-limiting toxic
effects were observed when the dose was increased to 2.0 ml (5
mg/ml), and there were no significant differences in the detection
rates or number of lymph nodes detected by MHI and 2 mCi
99mTc-labeled sulfur colloid (13).

This present phase III trial was designed to establish the
non-inferiority of MHI to radioisotopes in SLN detection
and to conduct premarket clinical studies for drug
registration approval.
MATERIAL AND METHODS

Study Design
This was a phase 3, multicenter, self-controlled, non-inferiority
study approved by the ethics committee of the lead center (the
medical ethics committee of Fudan University Affiliated Tumor
Hospital) and the ethics committees of the other six participating
centers. All procedures were conducted in accordance with the
tenets of the Declaration of Helsinki. All participants signed the
informed consent form prior to any study procedure. 99mTc-
labeled sulfur colloid was used as the standard to evaluate the
efficacy and safety of MHI for tracing axillary sentinel nodes in
patients with early-stage breast cancer. The number of stained or
imaged lymph nodes and pathological examination results were
recorded. Electrocardiogram, laboratory tests (e.g., blood
routine, blood biochemistry, urine routine, and coagulation
function), and other related tests were performed for safety
assessment during the screening period, namely, (−28 to −1
days), 3 ± 1 days, and 14 ± 3 days postoperative, respectively.

Participants
This study included patients with a diagnosis of primary invasive
breast cancer or ductal carcinoma in situ (DCIS) who were
scheduled to undergo SLNB. Patients were required to be 18–70
years of age, with clinically T1–3 and node-negative axilla.
Patients had no severe hematological, hepatic, or renal
dysfunction. The exclusion criteria were open biopsy, a history
of breast augmentation, previous breast cancer surgery or
neoadjuvant chemotherapy, a need for bilateral breast cancer
surgery, infectious diseases (e.g., HVB, HIV, and HCV),
June 2022 | Volume 12 | Article 914057
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pregnancy, or lactation. Additionally, patients who had
participated in any other clinical trials within 4 weeks prior to
the study or were considered inappropriate to participate in the
trial by the investigator were excluded. Patients had the right to
withdraw from the trial at any time.

Surgical Procedure
Each patient received an injection of 2 mCi 99mTc-labeled sulfur
colloid (as a self-control) into the breast tissue surrounding the
tumor 24 h before surgery. MHI (5 mg/ml) was injected into the
same site approximately 15 min before dissection. The total dose
did not exceed 2.0 ml. There were multiple sites of subcutaneous
injections of MHI in the areola and around the tumor in
mastectomy patients and around the tumor in breast-
conserving patients. Manual kneading of the breast was
performed for 5 min following the injection. All stained lymph
nodes and/or lymph nodes with stained lymphatic vessels were
considered as SLNs. These SLNs were visualized with blue
staining and excised first. Excised blue-stained SLNs were then
tested for radioactivity using a gamma-detecting probe and
classified as “hot spot” or “no hot spot.” Finally, the gamma-
detecting probe was used to find and removed the rest
radioactivity “hot spot” in the breast. SLN sectioning and
processing for histopathological examination were performed
using standard protocols. The pathological status of each
detected lymph node was determined by intraoperative imprint
cytology and/or frozen sectioning.

Study Endpoints and Definitions
All patients with hot spots were included in the analysis, and the
relative detection rate of MHI was calculated.

The primary endpoint was the SLN relative detection rate of
MHI. The SLN relative detection rate was calculated as follows:
(number of patients detected by MHI/number of patients
detected by 99mTc) × 100%. A patient detected by MHI refers
to a patient with stained lymph nodes and/or lymph nodes with
stained lymphatic vessels. A patient detected by 99mTc refers to
a patient with hot spots in the lymph nodes (the highest gamma
probe count or the count value was no less than 10% of the
highest count).

The secondary endpoints were the consistency between MHI
and 99mTc. Tracing consistency was calculated as follows:
(number of SLNs detected by MHI and 99mTc simultaneously/
number of SLNs detected by 99mTc) × 100%. Descriptive
statistical analysis was performed on the total number of SLNs,
the number of identical SLNs detected by two tracers, and the
number of patients with detected SLNs. Relative detection rate of
positive patients was calculated as follows: (number of positive
patients detected by MHI and 99mTc/number of positive patients
detected by 99mTc) × 100%. A positive patient refers to a patient
with at least one positive SLN detected.

Safety was analyzed among patients who received at least one
study drug (control drug or test drug) and had a post-baseline
safety evaluation. Adverse events (AEs) were categorized
according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0. The incidence of patients who
experienced AEs were calculated. If one patient experienced
Frontiers in Oncology | www.frontiersin.org 3
multiple AEs, it was recorded once when calculating the
incidence of subjects experiencing at least one AE.

Statistical Methods
SAS software, version 9.4 (SAS Institute Inc.) was used for
statistical analyses. Generally, continuous variables are
expressed as the mean, standard deviation, median, minimum,
and maximum. Categorical variables are expressed as frequencies
and percentages. The Clopper–Pearson method was used to
calculate the 95% confidence interval (CI) of the SLN relative
detection rate. The difference between the two arms and its 95%
CI were calculated by the Wald method, and the approximate
normal test was used to calculate the p-value. Non-inferiority
was achieved when the lower limit of the 95% CI for the SLN
relative detection rate was greater than or equal to −5%.

Sample Size and Non-inferiority Margin
We hypothesized that MHI would be non-inferior to 99mTc in
the detection of SLNs. The one-sided significance level was 2.5%,
the non-inferiority margin was 5%, and the power of this study
was 90%. Under this assumption, a sample size of 323 patients
was required to show non-inferiority of MHI. Considering the
dropout rate, the final sample size of this study was fixed at 388
enrolled patients.
RESULTS

Patient Disposition
In total, 592 patients were screened between December 2019 and
December 2020. Among them, 204 failed screening, and 388 patients
were enrolled the study. Three hundred eighty-three patients were
injected with both MHI and 99mTc. Three hundred sixty-seven
patients completed the trial, and 21 withdrew prematurely (Figure 1).
Among these patients, one was not included due to the use of the
prohibited drug “methylene blue” specified in the protocol. Based on
Chinese medical resources, patient wishes, and follow-up conditions,
221 (57.53%) patients underwent total mastectomy, and 161 (42.47%)
patients underwent breast-conserving surgery. General patient
characteristics are listed in Table 1.

Primary Endpoint
Three hundred seventy-two patients had hot spots detected by
99mTc. Three hundred sixty-two of them were identified by
MHI (Figure 2). The SLN relative detection rate (and 95% CIs)
of MHI was 97.31% (95.11%, 98.70%). The difference (and 95%
CI) in the SLN relative detection rates of MHI and 99mTc was
−2.69% (−4.33%, −1.04%). Since the lower limit of the 95% CI
was greater than −5%, the SLN relative detection rate of MHI was
non-inferior to that with 99mTc.

Secondary Endpoints
Tracing Consistency
A total of 1,093 SLNs were detected by 99mTc. The average
number of SLNs detected by 99mTc was 2.9 ± 1.73, the median
number of SLNs detected was 2.5, and the number of SLNs
detected ranged from 1 to 12. 871 of those SLNs identified by
June 2022 | Volume 12 | Article 914057
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MHI. The average number of SLNs detected by MHI was 2.9 ±
1.81, the median number of SLNs detected was 3.0, and the
number of SLNs detected ranged from 1 to 13. The tracing
consistency between MHI and 99mTc was 79.69% (871/1093),
and 95% CIs of tracing consistency were 77.18%–82.04%.

Relative Detection Rate of Positive Patients
Based on the analysis of 372 subjects, 80 patients were detected
with positive SLNs by 99mTc, of which 75 patients were also
detected with positive SLNs by MHI. The relative co-detection
rate of positive patients was 93.75% (75/80).

Safety
Of the patients, 4.1% (16/387) experienced AEs that might have
been related to study drugs (Table 2). The main AE was
abnormal liver function tests. All of them recovered at follow-up.
Frontiers in Oncology | www.frontiersin.org 4
DISCUSSION

Successful SLNB depends in part on the lymphatic tracer. Li et al.
(14) reported that the SLN detection rate of methylene blue was
91%, and the FNR was 13%. Studies (15) have shown a high SLN
detection rate of patent blue (>95%) and low FNRs of 5%–10%.
Guo et al. (16) reported that the SLN detection rate of ICG alone
was 97%, and the SLN detection rate of ICG combined with
methylene blue was 99.5%. This study evaluated the SLN relative
detection rate of MHI as a new dye tracer. The SLN relative
detection rate of MHI reached 97.31%, and its non-inferiority to
99mTc was established. Besides, nine positive patients were
detected by MHI but not by 99mTc. MHI had detected more
positive SLNs but less total SLNs than 99mTc. This may indicate
that the accuracy and FNR of MHI were no worse than 99mTc
in SLNB.
FIGURE 1 | Patient disposition. A total of 592 patients were screened; 204 failed screening, and 388 were ultimately enrolled. Of the enrolled patients, 383 were
injected with both MHI and 99mTc. One patient was not included in the FAS or SS due to the use of the prohibited drug “methylene blue” as specified in the
protocol. At the discretion of the Data Review Meeting, 382 patients were included in the FAS, and 387 patients were included in the SS.
June 2022 | Volume 12 | Article 914057
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The main adverse reactions to mitoxantrone use in
chemotherapy are nausea and vomiting, stomatitis, and
alopecia, and the majority of these cases are mild. Many
patients experience no adverse reactions to mitoxantrone (17).
There are few reports of cellulitis, vesication, or tissue necrosis
following extravasation. When used as an SLN tracer, MHI can
enter the lymphatic capillaries and be enriched in regional lymph
nodes but has difficulty entering the blood circulation. MHI is
removed with the lymph nodes during surgery. In a previous
phase I study (13), the Cmax detected in the plasma ranged
between 26 and 79.4 ng/ml for patients receiving a 2.0-ml dose of
MHI. Thus, systemic side effects are mild. The most frequent AE
related to MHI in this study was an abnormal biochemical
indicator related to liver function, which is related mainly to
the metabolic pathway of the drug and may suggest that we
should use this product with caution for SLN tracing in patients
with abnormal liver function or previous liver damage. However,
it should be noted that all of these patients recovered after
symptomatic treatment. Nearly half of the patients in this
study underwent breast-conserving surgery. The protocol
specified that for breast-conserving surgery, the injection site
Frontiers in Oncology | www.frontiersin.org 5
was at the peritumoral site, generally in the gland. By the end of
the follow-up period, there were no AEs, such as skin necrosis at
the injection site. In this study, one patient who underwent breast
reconstruction surgery experienced postoperative wound
infection, but this AE was unrelated to MHI.

MHI and 99mTc have different identification methods for
SLN tracing. This study conducted MHI tracing first and then
conducted 99mTc tracing so that we can avoid the over-
valuation of MHI. This study also has some limitations. ALND
could not be performed on all patients to assess the SLN false-
TABLE 1 | General patient characteristics.

n = 372

Age 52.4 (26–70)
Body mass index 23.84 (16.58–38.77)
Tumor type
Invasive breast cancer 327 (87.90%)
Ductal carcinoma in situ 45 (12.10%)

Pathologic tumor stage
Ti 45 (12.10%)
T1 190 (51.08%)
T2 134 (36.02%)
T3 3 (0.81%)

Procedure
Breast conservation 158 (42.47%)
Total mastectomy 214 (57. 53%)

Tumor site
Upper inner 102 (27.42%)
Lower inner 29 (7.80%)
Upper outer 172 (46.24%)
Lower outer 40 (10.75%)
Central area 8 (2.15%)
Unknown 21 (5.65%)
FIGURE 2 | SLN detected by MHI. Lymph nodes were stained blue by MHI
and could be clearly distinguished from surrounding tissue.
TABLE 2 | Patients experiencing adverse events that possibly related to study drugs.

System organ class-preferred term Number of patients (n = 16) Number of times

Grade 1 Grade 2 Grade 3 Total

All adverse events 16 (4.1%)
Infections and infestations 1 (0.3%)
Papulopustular rash 1 (0.3%) 1 0 0 1

Investigations 16 (4.1%)
ALT increased 16 (4.1%) 9 5 7 21
AST increased 15 (3.9%) 9 3 4 16
GGT increased 5 (1.3%) 2 3 1 6
ALP increased 2 (0.5%) 2 0 0 2
June 2022 |
 Volume 12 | Article 9
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; ALP, blood alkaline phosphatase
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negative rate for ethical consideration. The study also did not
include patients who underwent excisional biopsy and
neoadjuvant chemotherapy, in which the accuracy of the use of
the new tracer remains to be confirmed by further studies.
CONCLUSIONS

This prospective multi-institutional study showed MHI for
tracing to be an another ideal tracer with efficacy and safety
that can be used alone or combined with radioactive material.
We expect that the application of MHI in the field of breast
cancer can improve the accessibility of SLNB and bring good
prognosis to more patients.
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