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Abstract Adrenocortical carcinoma (ACC) has a dismal
prognosis in advanced stages. Despite treatment with the ad-
renal toxicant mitotane and/or aggressive chemotherapy, tu-
mor control is often short-lived. Here, we examine
trofosfamide as a salvage treatment of ACC in an observation-
al cohort study within the German ACC registry. Response
defined as progression-free survival (PFS) at first tumor eval-
uation was assessed by RECIST 1.1 or clinically, and PFS and
overall survival (OS) were estimated by the Kaplan-Meier
method. Twenty-seven patients (11 males; median age
46.9 years) progressing after mitotane and three (median,
range 0–5) other systemic treatments were evaluated for safe-
ty. Trofosfamide (150mg/day) was administered as monother-
apy (n=13) or in combination with mitotane (n=14). Overall
tolerability was good with only mild adverse events. Six

patients did not meet criteria for response assessment. Of the
21 patients, 8 patients had clinically progressive disease (3
deaths from ACC); among the 13 patients evaluable by
RECIST 1.1, best response to treatment was stable disease
(SD, n=3) or progressive disease (n=10). Hence, predefined
response criteria were met in 3/21 patients (14 %). Median
PFS was 84 days (95 % confidence interval 74–95) and me-
dian OS survival 198 days (95 % CI 89–307). One prolonged
disease stabilization (best response by RECIST 1.1 −26 %)
was observed for 479 days. In conclusion, trofosfamide is
overall well tolerated but disease stabilization is rather rare.
Accordingly, it may be used in selected cases of ACC not
amenable to other treatment options such as clinical trials.

Abbreviations
ACC Adrenocortical carcinoma
CT Computed tomography
CTC Common toxicity criteria
ECOG Eastern Cooperative Oncology Group
ENSAT European Network for the Study of Adrenal

Tumours
OS Overall survival
PFS Progression-free survival
RECIST Response evaluation criteria in solid tumors

Introduction

Adrenocortical carcinoma (ACC) is an orphan malignancy
with a dismal prognosis [1–4]. In advanced disease, the
adrenostatic agent mitotane is a cornerstone of medical thera-
py [5–8]. Mitotane is virtually always associated with adverse
effects. Among these, central nervous symptoms such as diz-
ziness, fatigue, depression, or even stroke-like symptoms and
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psychosis are most bothersome [9]. Toxicity and the induction
of microsomal liver enzymes that may lead to serious drug
interaction [10–14] render the treatment with mitotane poten-
tially dangerous [15]. Therefore, frequent drug monitoring
[13] is necessary. Nevertheless, mitotane can be considered a
molecular targeted therapy since we recently demonstrated
this drug to inhibit sterol-O-acyl transferase 1 (SOAT1) which
leads to accumulation of cholesterol and fatty acids in the
adrenal cortical cell. These toxic lipids then induce the endo-
plasmic reticulum stress response resulting in inhibition of
steroid hormone synthesis and apoptosis [16].

Importantly, mitotane is often only temporarily effective and
additional treatment options are required. The first phase III clin-
ical trial in ACC [17] established combination chemotherapy
with etoposide, doxorubicin, and cisplatin in addition tomitotane
[18] as standard of care for the treatment of advanced disease.
Despite intensive treatment, tumor stabilization is often short-
lived and progression is frequent. Over the last few years, several
cytotoxic [19] and molecular targeted therapies have been eval-
uated as potential alternatives on a compassionate use basis [20,
21] or in phase II clinical trials [22, 23] but failed to reach
significant improvement. These disappointing results may have
been due—at least in part—to unrecognized drug interaction
with mitotane [11]. Targeting the IGF1 receptor with linsitinib
in a phase III randomized trial likewise failed to achieve signif-
icant tumor response in the majority of patients [24] despite few
cases with remarkable response. In the absence of established
treatments, salvage therapies combining low toxicity with oral
administration are warranted. Such metronomic therapies have
been suggested in ACC [25, 26] but solid evidence is lacking
with respect to choice of drug and the regimen to apply.

Trofosfamide belongs to the class of oxazaphosphorines
such as cyclophosphamide and ifosfamide. These prodrugs
are metabolically activated in the liver to yield daughter com-
pounds that form alkyl adducts with DNA [27, 28].
Trofosfamide has been successfully used as a palliative oral
treatment of non-Hodgkin lymphoma [29] and demonstrated
activity as a metronomic therapy of soft tissue sarcoma [30]
and gynecological cancers [31]. Overall, an acceptable toler-
ability of trofosfamide even after multiple previous regimens
and in advanced tumor stages has been reported, making it an
obvious candidate drug for salvage treatment of ACC.

Here, we retrospectively evaluated patients treated with
trofosfamide on a compassionate use basis to determine its
efficacy and tolerability in patients with refractory ACC.

Subjects and Methods

Patients

Patients and clinical parameters such as sex, age at diagnosis,
tumor size, evidence of hormone excess, and tumor stage

according to the European Network for the Study of Adrenal
Tumors (ENSAT) classification [32], date of documented
irresectability, Weiss score [33], Ki67 index [34], presence
and number of distant metastasis, concomitant treatment with
mitotane, and follow-up information were retrieved from the
German ACC Registry and the ENSAT Registry (www.ensat.
org/registry[35]). These studies were approved by the ethics
committee of the University of Würzburg (approval number
86/03 and 88/11), and written informed consent was obtained
from all patients. The following inclusion criteria were applied
in this observational cohort study: histologically confirmed
adrenocortical carcinoma, previous mitotane treatment with
or without additional lines of therapies, documented
irresectable disease, and documented oral treatment with
trofosfamide.

Treatment and Treatment Evaluation

The following criteria were defined for evaluation of re-
sponse: documented treatment with trofosfamide for ≥30 days.
Dosage and dose adjustments were at the discretion of the
treating physician according to the label use of trofosfamide.

Time interval from staging to initiation of trofosfamide is
≤56 days. Time interval between radiologic tumor assess-
ments is ≤112 days. Response to treatment was assessed ra-
diologically from initiation of therapy until tumor progression
using the response evaluation criteria in solid tumors
(RECIST) 1.1 [36] or clinically. All imaging studies were
individually reviewed in a blinded fashion by two experienced
radiologists (W.S., A.H.). Potential adverse drug effects (AE)
were retrieved from patient records, retrospectively graded
according to the National Cancer Institute common toxicity
criteria (CTC) version 4.0 and relatedness to treatment
assessed. In uncertain cases, the physician who originally su-
pervised the treatment was contacted to clarify potential ad-
verse events. Adverse drug effects at least considered possibly
treatment-related are reported in this study.

Statistical Analysis

Response analysis was per protocol according to the inclusion
criteria defined above. Progression-free survival was defined
as the time interval between the beginning of trofosfamide
treatment and the date at which disease progression was doc-
umented at imaging, clinically or death of any cause. Overall
survival was calculated as the time between start of
trofosfamide and death of any cause or last follow-up.
Survival curves were constructed using the Kaplan-Meier
method. Continuous variables are presented as the median
and range, Kaplan-Meier estimates as median and—where
appropriate—95 % confidence interval unless otherwise stat-
ed. SPSS Version 23 was used for statistical calculations.
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Results

Thirty-four patients from three German centers who had un-
dergone treatment with trofosfamidewere identified. Of those,
seven had to be excluded due to lack of data. Finally, 27
patients treated between 2003 and 2012 were evaluable for
safety out of whom 21 fulfilled criteria for assessment of re-
sponse (see Fig. 1).

Patient Characteristics and Treatment

Twenty-seven patients (11 males) with a median age of
46.9 years (range 17.0–78.6) were included in the analysis
(Table 1). Tumor stage at diagnosis and other clinical char-
acteristics are given in Table 1. Of note, the median time
intervals between (a) primary diagnosis and (b) diagnosis
of irresectability to initiation of trofosfamide were 41.0
(range 0.8–69.7) and 25.3 months (range 0–121), respec-
tively. All patients had previously received mitotane and
13 subjects (48 %) continued with mitotane during
trofosfamide treatment. All but one patient had received
additional lines of systemic treatment in addition to
mitotane, with a median number of three regimens (range
0–5). Median duration of treatment with trofosfamide in all
27 patients was 91 days (range 4–766 days). Twenty-five
patients received 150 mg trofosfamide daily as 50-mg tab-
lets. One patient (PID2) received 50 mg. In a second case
(PID 8), treatment was started with 300 mg for 2 days and
then reduced to 100-mg daily dose.

34 pts
(21 F)

7 (5 F)
lack of data

2 F
treatment<30 days

1 M
staging to start treatment >56 d

3 M
staging interval >112 d

27 (16F) *
evaluable for toxicity

3 (2F) deceased 5 (5F) clinically
PD

13 (7 F) evaluable by
RECIST

3 SD (1 F) 10 PD (6 F)

21 (14F) evaluable for
response

Fig. 1 Patient disposition (CONSORT diagram)

Table 1 Clinical characteristics of the patients in this study

Characteristic Number of patients
or median (range)

Number of patients 27

Sex

Males 11

Females 16

Age at initial diagnosis (years)

Median (range) 46.9 (17.0–78.6)

Age at treatment initiation with
trofosfamide (years)

Median (range) 49.9 (22.8–78.7)

Interval between initial diagnosis and
treatment initiation with trofosfamide
(months)

Median (range) 40.9 (0.8–69.7)

Interval between the diagnosis of
irresectable ACC and starting
trofosfamide (months)

Median (range) 21.9 (0.8–62.5)

ENSAT tumor stage at initial diagnosis

I 1

II 11

III 7

IV 8

Overt clinical hormone excess at
initial diagnosis

Glucocorticoid excess only 1

Androgen excess only 2

Glucocorticoid + androgen excess 6

Glucocorticoid +mineralocorticoid excess 2

None 16

Histopathological workup

Ki67 index available 23

Median (range) 20 (2–60)

Weiss score available 18

Median (range) 6 (3–8)

Sum of diameter of target lesions
(RECIST; mm)

Median (range) 163 (9–326)

Number of target lesions (RECIST)

Median (range) 4 (1–5)

Sites of target lesions (RECIST)

Local recurrence 8

Liver 16

Lung 15

Abdominal lymph nodes 14

Peritoneum 6

Skin and soft tissue 4

Mediastinum 5

Other 2

Therapies prior to treatment with trofosfamide
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The median RECIST diameter at baseline (n=25) was
165 mm (9–326). Sites of tumor localizations were liver
(n=16; 64 %), lung (n=15; 60 %), abdominal lymph nodes
(n=14; 56%), peritoneum (n=6; 24%), and soft tissue (n=4;
16 %).

Treatment Emergent Adverse Events

Seventeen of 27 patients experienced a total of 26 adverse
events (AEs) emerging from treatment with trofosfamide
(Table 2). One patient had grade 3 stroke and one patient with
grade 4 pulmonary embolism each on the fifth day of
trofosfamide judged to be possibly treatment related. In both
cases, trofosfamide was stopped. Chart review could not further
clarify relatedness of these AEs to trofosfamide treatment. The
short time interval between initiation of trofosfamide and AE
onset in our opinion renders the likelihood that trofosfamide
treatment contributed to their appearance rather low, but we
cannot exclude a relation to treatment with trofosfamide.
However, all other adverse events were grade 1/2 such as dys-
pnea, loss of appetite, fatigue, andmuscle weakness. In general,
though, treatment was very well tolerated.

Treatment Response

Of the 21 patients evaluable for response, three died due to
advanced ACC prior to first tumor assessment and five had

clinically clearly progressive disease leading to discontinua-
tion of treatment. Thirteen patients were evaluated by
RECIST 1.1. Ten patients (77 %) exhibited progressive dis-
ease at first tumor assessment, whereas three individuals
(23 %) had stable disease. The median change of tumor size
from baseline to the time of best response to therapy was
+22 % (range −26 to +115 %). Four patients were judged as
progressive disease by RECIST 1.1 due to new metastases,
including one with new malignant ascites and pleural effusion
and another with peritoneal metastases. The individual best
response to treatment with trofosfamide is shown in Fig. 2.
Hence, response defined as progression-free survival at first
tumor assessment was found in three of 21 patients evaluated
per protocol (14 %). The median progression-free survival in
this cohort was 84 days (95 % confidence interval (CI) 74–
94 days, Fig. 3a), and the median overall survival was
198 days (95 % CI 89–307, Fig. 3b).

Among the patients with stable disease, one female patient
(PID 3) had the first tumor assessment after 56 days and had
progressive disease with new metastases in liver, bone, and
peritoneum after another 57 days. This patient continued on
mitotane and was on therapeutic mitotane plasma concentra-
tions prior to (17.3 mg/l) and during trofosfamide treatment
(day 8 16.2mg/l, day 43 22.8mg/l) to control steroid hormone

Table 1 (continued)

Characteristic Number of patients
or median (range)

Surgery 27

Mitotane 27

Continued at the time of treatment
initiation with trofosfamidea

13

Cytotoxic chemotherapy

Streptozotocin 22

Etoposide, doxorubicin, and cisplatin 19

Other platinum containing regimen 4

Gemcitabine and capecitabine 17

Thalidomide 3

Other 5

Targeted therapy

Linsitinib 5

Sunitinib 3

Radiotherapy 12

Chemoembolization 4
131I-Iodometomidate 1

a One of these patients (PID27) started mitotane during trofosfamide
treatment

Table 2 Treatment-emergent adverse events

Category Grade 1 or 2 (n) Grade 3 or 4 (n)

Cardiovascular

pulmonary embolism 1

stroke 1

Pulmonary

Dyspnea 3

Renal system and electrolytes

Hypokalemia 1

Infection

Lung 1

Gastrointestinal

Dry mouth 1

Nausea 1

Pain

Abdominal pain 2

General

Malaise 2

Loss of appetite 3

Fatigue 3

Edema limb 2

Neuromuscular

Muscle weakness 3

Numbness foot 1

Memory impairment 1
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excess. The patient had received mitotane as part of chemo-
therapy regimens with both streptozotocin and etoposide,
doxorubicin, and cisplatin (EDP), and tumor progression
was evident at restaging despite documented mitotane plasma
concentrations >14 mg/l.

A second patient (PID13) had stable disease at the first
evaluation after 73 days with an increase of target lesions by
19% and non-significant progression of lungmetastases (non-
target lesions). At second tumor assessment after 183 days
from baseline, target lesions had progressed by 40 %. Due to
some potential clinical benefit, this patient continued treat-
ment for an overall duration of 299 days and died after
325 days. Patient 13 had started with mitotane 14 months
before and continued during trofosfamide treatment.
Mitotane plasma concentration at initiation of trofosfamide
was 21.6 mg/l. Progression was radiologically documented
at restaging examinations every 2 to 3 months during previous

treatment with mitotane in combination with EDP,
gemcitabine/capecitabine, streptozotocin, and thalidomide.

The third patient (PID 27) had stable disease after 79 days.
The best response to treatment was a decrease of target lesions
by 26 % after 479 days. This individual had discontinued
mitotane 5 months before trofosfamide, and the mitotane plas-
ma concentration was documented to be undetectable at treat-
ment initiation with trofosfamide. Mitotane was reintroduced
249 days after start with trofosfamide and >14 mg/l 353 days

The subject experienced progressive disease with a new
liver lesion after 598 days and continued treatment with
trofosfamide for an overall time period of 766 days in the
absence of alternative treatment options. Upon further pro-
gression, the patient received stereotactic radiation therapy
of pulmonary lesions, while liver metastases were treated with
stereotactic radiation therapy and radiofrequency ablation.
Since all tumor sites were stable after reinitiation of
gemcitabine and capecitabine, remaining tumor lesions were
resected and the patient is now tumor-free 5.8 years after start
of trofosfamide.

No histopathological and clinical differences were ob-
served between patients experiencing disease stabilization
and progressive disease, respectively.

Discussion

Mitotane is considered a standard treatment of unresectable
ACC despite lack of prospective efficacy data and unavailabil-
ity of factors predicting treatment response. Objective re-
sponse rates to mitotane monotherapy of approximately
25 % [4, 37] have been observed in ten series, but most of
them were retrospective and rather small studies. Platin-based
chemotherapy regimens such as etoposide, doxorubicin, cis-
platin plus mitotane are considered standard regimens accord-
ing to the results of the first randomized multicenter phase III
trial [17], in which significantly longer progression-free
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survival was observed in comparison to streptozotocin and
mitotane. However, objective tumor response has been ob-
served in only 23 % and has usually been rather short-lived.
Hence, treatment of ACC refractory to standard treatment re-
mains a challenge. Gemcitabine combined with capecitabine
has been evaluated in a phase II clinical trial [19] and is com-
monly used by many centers. Therapies targeting
angioneogenesis [22, 23] or insulin-like growth factor recep-
tor I [24] have not found their way into clinical routine, po-
tentially due to drug interactions with previous or concomitant
treatment with mitotane [11]. No markers of treatment re-
sponse have been identified rendering choice of treatment
for an individual patient difficult.

In the case series reported here, we investigated the po-
tential of continuous oral trofosfamide treatment for treat-
ment of ACC. Among the 21 patients evaluable for treat-
ment response, 3 patients had documented stable disease.
In the latter subset of patients, time to progression ranged
from 113 to 598 days. In the most remarkable case, criteria
for partial response were marginally missed and later,
multimodality of treatment led to a prolonged period of
tumor-free survival.

Although two of the three patients with stable disease at
first tumor evaluation received concomitant mitotane treat-
ment, both had documented disease progression during
mitotane, and hence, mitotane likely did not contribute signif-
icantly to the observed disease stabilization. The one patient
with prolonged tumor response (PID 27) had undetectable
mitotane plasma concentration at baseline and stable disease
at two subsequent tumor assessments before mitotane was
reintroduced based on clinical considerations. Hence, we con-
sider trofosfamide to have by itself moderate antitumoral effi-
cacy in ACC.

Despite a small proportion of only 3 out of 21 patients
(14 %) who achieved disease stabilization according to
RECIST, tumor growth of target lesions was comparably
small with 22 % (but new metastases were detected in 3 pa-
tients with stable target lesions).

Overall, this study suffers from considerable heterogeneity
due to its retrospective nature. This results in divergent previ-
ous therapies and—most notably—different trajectories of
disease progression. However, molecular or histopathological
markers reflecting tumor biology and aggressiveness are not
defined. Most patients in this study were heavily pretreated
likely resulting in tumor drug resistance. Moreover, disease
assessment was based on RECIST in 13 of 21 cases only.
Although this may result in discrepancies between the clin-
ical judgments at the time of treatment, we chose this as a
means to more uniformly assess disease response in this
study.

Importantly, treatment was overall very well tolerated.
In this retrospective study, no grade III/IV hematologic
adverse events were observed. All other adverse events

were tolerable and manageable. In the two cases excluded
from response analysis for treatment <30 days, we consid-
ered early serious adverse events to be unrelated to
trofosfamide treatment due to the short time interval be-
tween treatment initiation and onset of the adverse event.
However, we can certainly not completely exclude that
these thromboembolic events were really unrelated to
trofosfamide. Thus, in case trofosfamide is considered for
a given patient, one should discuss the individual throm-
boembolic risk. Obviously, the retrospective nature of the
study is likely to underestimate the true prevalence and
severity of adverse drug reactions.

It is noteworthy that chemical derivatization of the
phosphoramidate ifosfamide yielded the hypoxia-activated
prodrug TH-302 (evofosfamide) that is activated at low
intratumoral oxygen potential through P450 cytochrome re-
ductase (POR) [38, 39] and has been successfully used in
phase II clinical trials of advanced pancreatic cancer [40]
and soft tissue sarcoma [41]. Hence, alkylating chemothera-
peutic agents that were thought to be overcome in the future
by more molecular targeted approaches potentially will gain
new interest in the future, particularly in tumors which are
otherwise difficult to treat and prone to tumor drug resistance.

In conclusion, trofosfamide in advancedACC showed only
limited overall efficacy. However, 1 of 21 patients had a long-
term benefit. The durable disease stabilization in one case
studied here supports antitumoral efficacy of trofosfamide
monotherapy in a subset of ACC patients. Yet, markers of
treatment response to cytotoxic chemotherapy have not been
established in ACC. Absence of response markers and the
small proportion of patients with stable disease leads us to
not pursue trofosfamide within prospective clinical trials.
Nevertheless, we would use trofosfamide in patients who like-
ly would not tolerate aggressive cytotoxic drug regimens or
for whom treatment within an early phase clinical trial is
unavailable.

As a salvage treatment, trofosfamide combines the advan-
tage of oral administration with overall very good tolerability.
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