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Abstract

The surgical cure rate for breast cancer is relatively high among the various cancers thanks to recent advances in
perioperative hormonal therapy and chemotherapy. However, the 10-year survival rate for stage 4 breast cancer is only
16% in Japan. Here we report a case of 25-year survival following primary right radical mastectomy with axillary
lymph node dissection at age 46 years (in 1996) and subsequent immunotherapy and chemotherapy. Pathological
diagnosis was stage 3A (T3aN2MO0), and histochemical diagnosis was estrogen receptor(—), progesterone receptor(+),
HER2(+). During postoperative year 1 (POY1), chemotherapy and focal radiation therapy were added for a solitary
metastatic lesion to a right cervical lymph node. Continuous chemotherapy for HER2(+) metastatic breast cancer
(MBC) was performed for 8 years. In POY8, side effects of chemotherapy became intolerable, tumor marker levels
increased, and lymphodepletion developed. Following immune cell therapy with activated T lymphocytes (ATL)she
recovered completely with no adverse events for the next 10 years. In POY18, a second, massive administration of
ATL was required because of right-sided malignant pleural effusion. She recovered again to ECOG performance
status(PS) 0 at 1 year after the immunotherapy combined with chemotherapy. Twenty-five years after initial surgery,
the patient continues to be well. We discuss several important factors for predicting the effectiveness of immune
cell therapy combined with chemotherapy during long-term follow-up. The most important are lymphodepletion and
trends in the CD4/CDS ratio, and other considerations are the effectiveness of the chemotherapeutic agents combined

with immune cell therapy, tumor markers, and ECOG PS.
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Introduction

Breast cancer is among the most common solid cancers with
a favorable 10-year survival rate after radical surgery [1]. In
particular, remarkable progress in pre- and postoperative che-
motherapy and hormonal therapy has contributed to improved
survival in patients with breast cancer [2, 3]. Among Japanese
women, breast cancer is the leading cause of cancer morbidity,
with 92,605 cases in 2019, but only the fifth leading cause of

cancer mortality, with 14,839 deaths in 2019. However, prog-
nosis remains poor in some groups of patients. About 25% of
women with breast cancer have metastatic disease, and the 10-
year survival rate following surgery for stage 4 disease was
only 16% according to a 2021 survey in Japan [1].

Immune cell therapy using ATL(afT cell therapy) has sever-
al effects incompatible with chemotherapy such as induction of
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lymphopenia and immunosuppression, especially in high-dose
regimens [4]. On the other hand, synergistic effects of these two
types of therapy include induction of tumor cell death, elimina-
tion of regulatory T cells, enhancement of tumor cell sensitivity
to lysis by cytotoxic T lymphocytes [5], and increased efficacy
of adoptive lymphocyte transfer. Immunotherapy may directly
modulate the sensitivity of tumor cells to chemotherapy. Fur-
thermore, targeted immunotherapy with a checkpoint inhibitor
in combination with chemotherapy has become actively used as
adjuvant therapy before and after radical surgery for triple-neg-
ative breast cancer(TNBC) [6] and metastatic metaplastic breast
cancer(MMBC) [7].

Case Presentation

The patient was a 46-year-old woman (height 155 cm, weight
49 kg) who underwent radical mastectomy with right axillary
lymph node dissection for an 11-cm tumor of the right breast
in 1996. Pathological diagnosis showed an 11-cm-long, 3-cm-
thick main tumor of stage 3A (T3aN2MO0), and the immuno-
histochemical diagnosis was estrogen receptor(—), progesterone
receptor(+), HER2(+).

A standard postoperative chemotherapy regimen for HER2(+)
MBC (methotrexate 40 mg/kg, cyclophosphamide100 mg/kg,
and 5-fluorouracil (5-FU) 500 mg/kg intravenous injection)
was administered 10 times over the first 5 years. During this
period, additional skin excisions were performed on 8 occa-
sions for recurrent rice grain-sized skin metastases near the
skin incision for the primary surgery. For additional postoper-
ative chemotherapy, doxorubicin hydrochloride 20 mg/kg was
administered 9 times over the course of 1 year in POY4. Focal
radiation therapy was added for a solitary metastatic lesion to a
right cervical lymph node and it disappeared completely. Addi-
tional chemotherapy was added periodically using paclitaxel 60
mg/m? every 2 weeks with a 1-week break and trastuzumab 6
mg/kg intravenously every 3 weeks without severe side effects.
Right-sided cervical lymph node swelling appeared again in
POY8 and high-dose chemotherapy with paclitaxel 90 mg/
week severely impaired the patient’s physical condition. Even
after a dose reduction to 60 mg/week, the side effects of nausea,
vomiting, abdominal pain, and diarrhea were intolerable, her
tumor marker levels were increased, and she developed severe
lymphodepletion (lymphocyte count < 620/ul) , so she visited
our clinic seeking more tolerable postoperative cancer therapy.

We administered 2 courses of immune cell therapy using afT
cells (Figure 1a). The afT cells were generated as described
previously [8, 9]. Briefly, peripheral blood mononuclear cells
(PBMCs) were isolated from the patient’s peripheral blood us-
ing a Vacutainer (Becton, Dickinson and Company, Franklin
Lakes, NJ). The PBMCs were activated in a culture flask with
an immobilized monoclonal antibody to CD3 (Jansen-Kyowa,
Tokyo, Japan) in Hymedium 930 (Kohjin Bio, Saitama, Ja-
pan) containing 1% autologous serum. The PBMCs were then
cultured for 14 days with 700 IU/ml recombinant interleukin
2 (IL-2);Proleukin®; Chiron, Amsterdam, the Netherlands),
after which, (3—10) x 10° cells were harvested and suspended
in 100 ml of normal saline for intravenous injection. affT cell
therapy is commonly administered 6 times (every 2 weeks for
3 months) in 1 course.

Following treatment, she recovered from the severe lympho-
depletion, tumor markers returned to normal levels, and her
ECOG PS improved to 0, indicating a return to her previous
level of daily activities. For the next 10 years, she received ad-

ditional afiT cell therapy intermittently with 1 intravenous ad-
ministration every 3 to 6 months, for a total of 34 times up to
POY18 (2014). This immune cell therapy was combined with
additional postoperative chemotherapy using trastuzumab and
anastrozole (Figure 1a) without adverse effects.

In POY18, the patient felt physical dullness, became easi-
ly fatigued on movement, and had shortness of breath despite
continuous chemotherapy with oral anastrozole 1 mg/day. She
revisited Numazu City Hospital, where she had undergone
primary surgery, and pleural effusion in the right thorax was
found on chest computed tomography (CT) (Figures 1b and
2A). Breast cancer cells were found in the pleural fluid, and
stage 4 MBC with dissemination to the right thoracic cavity
was diagnosed.

Two courses of immune cell therapy with administration of
massive amounts of afT cells were carried out, along with 3
intravenous injections of activated NK cells, which we pre-
pared by ex vivo culture with IL-2 and other cytokines. Addi-
tional intermittent af T cell injections once every 1 or 2 months
were continued in combination with chemotherapy for 1 year.
The malignant pleural effusion completely disappeared on CT
1 year later (Figure 2B) and tumor markers returned to normal
levels. The CD4/CDS ratio was almost unchanged when mea-
sured before and after one or 2 courses of immune cell therapy
meaning that she remained immunocompetent during this pe-
riod (Figure 1b) [10].

Discussion

As of 2021, 25 years after the primary radical surgery, the
patient is now 71 years old and continues to be well, with no
adverse events. To our knowledge, this is the longest surviv-
ing case of MBC treated with immune cell therapy using ATL
and combination chemotherapy that has been reported in the
literature.

Survival outcomes following surgery for breast cancer treat-
ed with current hormonal therapy or chemotherapy are some
of the best among solid cancers. However, because of relapse
or metastasis, stage 4 breast cancer still has a poor 10-year
survival rate of 16%, which is similar to that of esophageal
cancer (14.2%) and colon cancer (11.1%) [1]. Conventional
treatments including surgery, chemotherapy, and radiotherapy
can have various adverse effects and impair antitumor immuni-
ty, resulting in residual disease. Since the early 1990s in Japan,
ofyT cell therapy has been shown to be a promising and effec-
tive treatment, with almost no adverse effects, compared with
conventional chemotherapies for postoperative cancer patients
[11].

A clinical study conducted in 2015 revealed that in patients
with HER2(+) metastatic breast cancer, survival was signifi-
cantly better with pertuzumab plus trastuzumab than with
docetaxel alone [3], which had been regarded as an effec-
tive first-line treatment for MBC [12]. Moreover, for TNBC
and chemo-refractory MMBC, checkpoint inhibitor therapy
combined with chemotherapy has emerged as a new clinical
paradigm [6, 7]. Immune cell therapy using ATL has been
demonstrated to reduce the activity of regulatory T cells and
to provide a sufficient supply of activated T lymphocytes
(CD8+T cells) [13].

In comparisons between ATL therapy alone and in combi-
nation with chemotherapy, several studies have demonstrated
that combination therapy achieves a better therapeutic effect
for HER2(+) MBC [4, 14]. Capecitabine, a prodrug of 5-FU,
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Figure 1. Clinical course from 2004 to 2020. (a) 2004 to 2011. (b) 2012 to 2020. Immune cell therapy and chemotherapy are shown in the
upper part of the panels. Changes in tumor marker levels are shown as tabulated numerical values. Plotted graphs show changes in ofiT cell
counts (thin black line), WBC counts (blue line), LyC (thick black line), and CD4/CDS ratio (red line). CA15-3, cancer antigen 15-3; CEA,
carcinoembryonic antigen; LyC, lymphocyte count; WBC, white blood cell count

upregulates tumor antigen expression and selectively kills tu-
mor-associated myeloid-derived suppressor cells, resulting in
increased T cell-dependent antitumor immunity [15]. These
findings suggest that the chemotherapeutic agents used in our
case (5-FU, tegafur/uracil, taxanes, anthracyclines) can have
several beneficial effects on the immune system and antitumor
immunity specifically, resulting in improved prognosis. How-
ever, recovery from lymphodepletion in our patient seems to

have been achieved by supplying CD8(+)T lymphocytes via
multiple infusions of ATL in immune cell therapy. It is worth-
while to know the total number of afT cells administered to
patients in order to determine the increases in activated CD8(+)
T lymphocytes (Figure 1a, b), [10, 13]. Recovery and mainte-
nance of immunocompetence can be assessed based on changes
in the CD4/CD8 ratio during the follow-up period. A downward
curve or plateau of the CD4/CD8 ratio indicates immunocom-
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FIG2A Nov 27,2014

FIG2B

March 9,2016

Figure 2A. Computed tomography scan showing pleural effusion(black arrow) in the right thorax cavity in November 2014

Figure 2B. Computed tomography scan showing complete disappearance of the pleural effusion in March. 2016

petence, whereas an upward curve of the CD4/CD8 ratio in-
dicates immunodeficiency [10]. The pattern of changes in the
CD4/CDS ratio is a useful clinical marker to understanding im-
munological status in cancer patients during follow-up and is
cost-effective for frequent measurements.

Conclusions

We have described a case of long-term, 25-year survival in a
patient with MBC who was treated with postoperative immune
cell therapy using ATL combined with chemotherapy. Judging
from this case, the most important factors for estimations of
postoperative long survival are to find lymphodepletion as soon
as possible and trends in the CD4/CD8 ratio to estimate pa-
tient’s active immune ability, and other considerations are to
find the effectiveness of the chemotherapeutic agents combined
with immune cell therapy, tumor markers and ECOG PS.

Immune cell therapy with chemotherapy may be an effective
option for MBC patients following surgery. Immune cell ther-
apy administered with appropriate timing can resolve lympho-
depletion induced by chemotherapy and the pattern of change
in the CD4/CD8 ratio can provide useful information about the
patient’s immunological status. Together with conventional tu-
mor markers and performance status, the CD4/CDS ratio can
be useful for predicting prognosis in the follow-up of cancer
patients.

This case demonstrates the effectiveness of immunotherapy
for metastatic HER2(+) breast cancer and highlights the poten-
tial of the emerging paradigm of combining immune check-
point inhibitors with chemotherapy in cancer therapy.
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