
Abstract. We describe a 69-year-old woman with
metastatic breast cancer who developed dyspnea on exertion,
persistent cough, fever and fatigue while on everolimus and
exemestane combination. The initial differentials included
opportunistic infection such as pneumocystis jiroveci
pneumonia (PJP) vs. pneumonitis. Bronchoalveolar lavage
(BAL) from bronchoscopy revealed PJP. The patient
recovered after appropriate treatment. We also correlated the
progressive decrease in her absolute lymphocyte count with
PJP infection and recovery. This is the second case that PJP
has been described in patients with breast cancer receiving
everolimus. Clinicians should be vigilant in their monitoring
of patients on everolimus-based regimens and promptly
institute appropriate therapy to reduce and prevent morbidity
and mortality. 

Pneumocystis jiroveci pneumonia (PJP) is an opportunistic
and potentially fatal fungal infection in immunosuppressed
patients (1). It is more common in patients with acute
immune suppression associated with HIV infection (1),
transplant patients receiving immune-suppressant drugs (2)
or patients with hematological malignancies (3). Another
patient population predisposed towards PJP are those
receiving prolonged course of corticosteroids (4). Patients
receiving dose-dense chemotherapy in solid malignancies
resulting in acute depression of lymphocyte count show an
increased rate of reported PJP cases (5) even though it is
often difficult to distinguish PJP from other forms of
pneumonia or pneumonitis (6). 

The combination of everolimus and examestane was
approved for the treatment of metastatic breast cancer in 2012.
Everolimus prevents the phosphorylation of the mammalian

target of repamycin complex 1 (mTORC1) thereby inhibiting
phosphatidylinositide 3-kinase (PI3K)/ protein kinase B
(AKT)/mammalian target of rapamycin (mTOR) signaling
pathway and proliferation there by preventing the escape of
aromatase inhibitor (AI)-resistant breast cancer cells (7). It is
also widely used as an immunosuppressive agent in the
transplant setting. Everolimus binds to mTOR which inhibits
signal transduction via interleukin-2 (IL-2) and block T- and
B-cell activation by cytokines (8). Everolimus-induced PJP
has earlier been reported in patients with renal transplant (9),
renal cell carcinoma (10) and metastatic pancreatic
neuroendocrine tumors (11).

There is one prior report in the literature of a patient with
metastatic breast cancer who developed PJP following
treatment with everolimus (6). We report a case where a
patient developed PJP while on everolimus in combination
with examestane for metastatic breast cancer. 

Case

A 69-year-old woman with metastatic estrogen
receptor/progesterone receptor (ER/PR)-positive, human
epidermal growth factor receptor (HER)-2-negative breast
cancer, who had been on treatment with everolimus and
examestane for five months. The patient was presented to
our breast oncology clinic in July 2014 for persistent dry
cough, fever, and progressive fatigue and dyspnea on
exertion for two weeks. She was initially diagnosed with
metastatic lobular breast cancer with diffuse bony metastases
in April 2013 and was started on letrozole 2.5 mg daily. Her
disease progressed with four brain metastases detected, for
which she underwent stereotactic radiosurgery. Letrozole was
discontinued and the combination of 10 mg everolimus daily
and 25 mg examestane daily was started. After two and a
half months, everolimus dose was reduced to 7.5 mg due to
progressive neutropenia. 

After evaluating the patient in the clinic, we were
concerned about opportunistic infection such as PJP since her
absolute lymphocyte count (ALC) had been progressively
decreasing from a baseline of 0.7 k/μl to 0.2 k/μl. Everolimus-
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related pneumonitis was also in the differentials. A chest X-
ray was obtained that showed possible new mild patchy
opacities (Figure 1A). CT chest showed progressive multifocal
interstitial and airspace disease (Figure 1B). At presentation
to clinic, she had a white blood cell count of 1.98 k/μl,
hemoglobin/hematocrit of 10.7/30.8, platelet of 224 k/μl
absolute neutrophil count of 1.5 k/μl, and ALC of 0.2 k/μl.
The patient was admitted for further workup and management. 

Patient was started on empiric antibiotics of zosyn and
PJP-dosing bactrim DS. Azithromycin for atypical coverage
was added 2 days later due to continued fever. Blood and
urine were collected for culture and sensitivity and no
growth was seen. Calcofluor White Stain for fungal elements
was negative. Blood and urine culture were negative. (1,3)-
beta-D-glucan was negative for fungal infection. The
cultures for Herpes Simplex Virus and nocardia were
negative. Further tests were negative for acid fast bacteria
for the detection of mycobacterium tuberculosis. Broncho
alveolar lavage (BAL) was negative to malignant cells. BAL
was negative for viral panel as well as for aspergillus
galactomannan. BAL fluid via real time PCR tested positive
for PJP but negative for bordetella pertussis, mycoplasma
pneumonia, chlamydia pneumonia, cytomegalovirus,
legionella pneumophila. 

The fever finally normalized to 98.8˚F after 5 days of
treatment with bactrim. Patient was discharged for home
treatment after 6 days of hospitalization on bactrim for PJP
and a 21 day prednisone taper for inflammation. Exemestane
was continued without everolimus. She also required home
O2 at the time of discharge. Six days post discharge her
energy levels had improved and she was able to walk up and
down the stairs without significant problems. She had no
fever, chills, nausea, vomiting, chest pain, abdominal pain
nor shortness of breath. She had good appetite and had been
eating well. The rest of 10 system review was negative. Sixty
seven days post discharge her ALC normalized to 1.1 k/μl. 

In order to understand the relationship between
everolimus-induced lymphopenia and the onset of her
symptoms and diagnosis of PJP, we followed the ALC from
baseline prior to starting everolimus, through her diagnosis
of PJP and subsequent treatment until resolution of her
symptoms. The result demonstrated a gradual decrease in
ALC during everolimus therapy, from 0.7 k/μl at baseline to
0.2 k/μl prior to and during diagnosis and treatment for PJP.
The ALC recovered to baseline upon resolution of her
symptoms (Figure 2).

Discussion

Approximately 30% of ER-positive breast cancer patients on
estrogen deprivation using aromatase inhibitors (AIs) develop
resistance following long-term treatment (12). Activation of
the PI3K/AKT/mTOR pathway is considered clinically

relevant for tumor escape in estrogen-deprived conditions
(13). PI3K/AKT/mTOR pathway inhibitors such as rapamycin
and its derivative everolimus have been under study as potent
activators of AI drugs as well as immunosuppressive drugs
that both maintain similar rates of efficacy and could optimize
the renal function and diminish the side effects (14).
PI3K/AKT/mTOR signaling pathway is involved in several
fundamental cellular functions such as cell growth,
proliferation and survival (14). mTOR function is central in a
signaling cascade that directs the integration of diverse
environmental inputs in the immune microenvironment by
regulating the function of several immune cell types, including
dendritic cells, B-cells or regulatory/effector T-cells and
prevent maturation of the dendritic cells into antigen
presenting cells (APCs) that stimulate T-cells (14, 15).
Inhibition of the mTOR pathway affects the function of both
CD4+ helper T-cells and CD8+ effector T-cells. In the absence
of mTOR signaling, CD4+ T-cells cannot differentiate into
effector subsets (16) while CD8+ T-cells differentiation and
trafficking are also impaired by mTOR inhibition (17, 18). In
addition, inhibition of mTOR pathway promotes the
production of immunosuppressive regulatory T-cells (16).
Such immunosuppressive activity is beneficial for solid-organ
transplant patients. However, this may result in immune
suppression in cancer or transplant patients leading to
infection with opportunistic pathogens such as P. jiroveci. 

Previous studies have noted that PJP among
immunosuppressed non-HIV infected patients can be more
severe and have a sudden onset (19, 20), resulting in a high
mortality rate of 50% in non-HIV infected patients with PJP
(19, 21, 22). A delay in treatment is possibly related to the
delay in the diagnosis of PJP, for which the clinical
manifestations and radiologic abnormalities are nonspecific,
thereby making it difficult to differentiate PJP from other
opportunistic pulmonary infections (23). Most importantly, the
diagnostic yield of staining methods for respiratory samples
for P. jiroveci is limited (24). All patients manifest a ground
glass opacity in their chest X-ray and CT of the chest, but this
is indistinguishable from other forms of pneumonia. One
method of detection of PJP is evaluating the levels of (1,3)-β-
D-glucan. In a retrospective study the performance
characteristics of (1,3)-β-D-glucan detection in sera from HIV-
infected patients and patients with a hematological malignancy
were excellent for the diagnosis of PJP, with a sensitivity of
100% and a specificity of 96.4% at a cutoff value of 
100 pg/ml (3). However a recent case study reported an HIV
positive patient with PJP without elevated (1, 3)-β-D-glucan
(25). (1, 3)-β-D-glucan levels in our patient were negative. 

Since culturing P. jirovecii in vitro with conventional
staining methods show low sensitivity (38%-53% in sputum),
the use of PCR technique using BAL for the diagnosis of PJP
in patients is perhaps the most reliable method of identification
(26, 27). A meta-analysis of 17 trials for a sensitivity and
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specificity values using BAL to detect PJP via PCR with a 95%
confidence interval was 98.3% and 91.0% respectively (26).
Our patient was positive to PJP using real time PCR. 

Everolimus in combination with examestane has been
used more frequently in the management of metastatic breast
cancer. Treating clinicians should be vigilant in their
monitoring of patients on everolimus-based regimens since
early recognition of symptoms secondary to opportunistic
infection in these immunocompromised patients, such as PJP
may lead to improved clinical outcome. 
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Figure 1. (A) X ray of patient with pneumocystis Jiroveci Pneumonia showing mild patchy opacities (B) CT of chest showed progressive multifocal
interstitial and airspace disease.

Figure 2. The graph shows the change of ALC of the patient from the beginning of everolimus therapy to the patient’s release from hospitalization
for PJP. 
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