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ABSTRACT
Introduction: This study aimed to evaluate the clinicopathologic features of young gastric cancer (GC)
patients and to investigate the factors affecting survival (OS).
Materials and methods: In this study, the data of 55 patients diagnosed under the age of 40 were
obtained by retrospective evaluation of hospital records. Clinicopathological features and some
laboratory parameters of this patient group and new inflammatory prognostic markers (IPM) obtained
from these parameters were evaluated.
Results: The mean age of the patients in this study was 33 years. The majority of the patients were male.
Patients were evaluated according to human C-erbB2 positivity too. The identified patients as positive
were only 7% of all patients. Also, the patients were evaluated for platinum sensitivity too. It was found
that 30% of the patients were sensitive to platinum treatments. Also, survival times of the patients were
evaluated with IPM. Neutrophil-lymphocyte ratio (NLR), mean platelet volume/platelet count, C-
reactive protein/albumin ratios were calculated separately. Survival results were analyzed based on the
mean values of all 3 prognostic markers. Even though there was a significant numerical difference, no
statistical significance was found.
Discussion: This study was conducted to examine the clinicopathological features and survival time of
young GC patients. Low C-erbB2 positivity and high platinum resistance were found among this patient
population. In addition, inflammatory prognostic markers, which were found to be associated with
survival in most cancers, were found to cause significant numerical differences in terms of survival in
our study.
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OZET

Giris: Bu calisma gen¢ mide kanseri (GC) hastalarinin clinicopathologic 6zelliklerini degerlendirmek
ve sag kalima (OS) etki eden faktorleri aragtirmay1 amagladi.

Gerec ve yontemler: Bu calismada, hastane kayitlariin retrospektif olarak degerlendirilmesi ile 40 yas
alt1 tan1 almig 55 hastanin verileri elde edilmistir. Bu hasta grubunun klinikopatolojik 6zellikleri ve bazi
laboratuvar parametreleri ile bu parametrelerden elde edilen yeni inflamatuar prognostik belirtegler
(IPM) degerlendirildi.

Bulgular: Calismamizda hastalarin ortalama yas1 33°tii. Erkek hastalarin sayis1 gogunluktaydi. Hastalar
C-erbB2 pozitifligine gore de degerlendirildi. Pozitif olarak saptanan hastalar, tiim hastalarin sadece
%7’siydi. Hastalar ayn1 zamanda platin duyarlilig1 a¢isindan da degerlendirildi. Hastalarin %30’unun
platin tedavilerine karsi duyarli olarak saptandi. Hastalarin SK siireleri inflamatuar prognostik
belirtegler esliginde de degerlendirildi. Notrofil-lenfosit orant (NLR), ortalama platelet voliimii/platelet
sayist (MPV/platelet sayis1), C-reaktif protein/alblimin oranlar1 (CAR) ayr1 ayr1 hesaplandi. Her 3
prognostik belirtecin de ortalama degerleri baz almmarak SK sonuglari incelendi. Bu degerler ve SK
arasinda rakamsal olarak belirgin farklilik olmasina ragmen istatistiksel bir anlamlilik saptanmadi.
Tartisma: Bu calisma gen¢ mide kanseri hastalarinin klinikopatolojik 6zelliklerini ve SK siirelerini
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incelemek i¢in yapilmistir. Calismamiz sonucunda bu hasta grubunda diisiik C-erbB2 pozitiflik orani ve
yiiksek platin direnci oldugu saptanmigtir. Ayrica ¢ogu kanserde sagkalimla iligkili oldugu saptanan
inflamatuar prognostik belirteclerin, ¢alismamizda da SK agisindan belirgin rakamsal farklilik

olusturdugu gorilmiistir.

Anahtar kelimeler: Geng Mide Kanseri, Prognoz, Yeni Prognostik Belirtegler

Introduction

Gastric cancer (GC) is an important cancer
worldwide. It is estimated that there will be
more than 1,000,000 new cases and 783,000
deaths for GC in 2018. This makes GC the
fifth most frequently diagnosed cancer
worldwide and the third most common cause
of cancer death [1]. Gastric cancer shows a
marked variation for age at diagnosis. Gastric
cancer is usually detected more frequently in
older people in the United States, and the
average age at diagnosis is 68. More than 95%
of all newly diagnosed GC patients are over
the age of 40 [2]. According to literature,
patients under the age of 40 are referred to as
young GC. Although few patients with young
GC are seen in the literature, young GC
patients have started to be seen more
frequently in recent years. This situation can
be caused by many different reasons. In
addition to the development of cancer
screenings and diagnostic procedures, the fact
that people come into contact with
carcinogens from an earlier age can be
counted among the reasons for this situation.

Young adult patients with GC face unique
challenges such as tumor biodiversity,
differences in treatment efficacy, tolerance
and compliance with treatment, fertility
preservation, and psychosocial considerations
associated with premature death [3-4]. There
are some variation in the specific threshold
used to define young adult GC patients. Large
study groups, such as the National Cancer
Institute [5], used age 39 as the upper limit to
define young adult GC. Diffuse type GC is
more common in this group of young adults.
These patients are diagnosed later than elderly
patients and have a more aggressive tumor
biology [6].

In this study that we have completed, we
evaluated the clinico-pathological features,
treatments they received, and responses to
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these treatments in patients aged 40 years and
younger. In addition, we aimed to evaluate
some laboratory parameters, progression-free
survival (PFS) and overall survival (OS) data
of these patients.

Materials and Methods

In this study, we retrospectively evaluated GC
patients who were diagnosed pathologically in
our hospital between 2010 and 2020. When
the hospital records were examined, it was
seen that the number of young adult GC
patients diagnosed between these years was
55. Gender, ECOG (Eastern Cooperative
Oncology Group) performance status,
predominant complaint at the time of
diagnosis, diagnosis method, TNM stage at
the time of diagnosis [7], surgical procedure
and surgical technique, treatment modalities,
hemoglobin (Hb), neutrophil (Neu) of the
patients in our study, lymphocyte (Lym),
platelet (PIt), albumin (Alb), total protein
(Tp), C-reactive protein (CRP) results were
obtained from hospital records. NLR was
calculated as absolute neutrophil count /
absolute lymphocyte count. MPR was
calculated as mean platelet volume/absolute
platelet count. CAR; It was calculated by
taking the ratio of CRP to albumin. If patients
receiving chemotherapy received platinum-
based therapy, the platinum sensitivity of
these patients was also evaluated. Treatment
response assessment in metastatic patients
was performed according to the Criteria for
Evaluation of Response in Solid Tumors
(RECIST) wversion 1.1 wusing magnetic
resonance imaging (MRI), computed
tomography (CT), or Positron Emission
Tomography (PET/CT) at 6-8 week intervals.
Patients who received adjuvant therapy were
included in the follow-up after the end of the
targeted treatment period. This study has
ethics committee approval dated 29.09.2020
and numbered 2020-979. AIll procedures
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performed in studies involving human
participants comply with the ethical standards
of the institutional and/or national research
committee and the 1964 Declaration of
Helsinki and later amendments or comparable
ethical standards.

Statistical Analysis

Clinicopathological features were evaluated.
Overall survival (OS) was calculated as the
time from diagnosis to death from any cause.
Overall survival was assessed using the
Kaplan Meier method and compared using
log-rank tests. Statistical analyzes were
performed with IBM SPSS Statistics for
Windows (version 22.0. Armonk, NY). A p
value less than 0.05 was considered
statistically significant. Patient survival was
determined as mean =+ standard deviation and
was written in months.

Results

In this study, a total of 55 patients were
evaluated in accordance with the inclusion
and exclusion criteria. The patients were
evaluated according to the complaint of
predominance at the time of admission to the
hospital. The predominant complaint was
abdominal pain in 36 (65%) patients, and
nausea and vomiting in 12 (27%) patients.
Less common causes were weight loss in 5
(9%) patients and admission to the hospital
with bleeding symptoms in two (4%) patients.
When evaluated as a diagnosis method; 49
(89%) of the patients were diagnosed by
endoscopy, while six (11%) patients were
diagnosed by surgery. Patients were evaluated
for  differentiation from  biopsy or
postoperative pathology reports. Of the
patients, five (9%) patients were diagnosed as
well differentiated, seven (13%) patients
moderately differentiated, 11 (20%) patients
poorly differentiated, 18 (33%) patients with
signet ring cell, and 14 (25%) patients with
poorly cohesive carcinoma. The patients were
also evaluated in terms of cerbB2 as a result
of staining with immuno-histochemical
evaluation. 37 (67%) of these patients were
found to be cerbB2 negative. It was evaluated
as +1 positive in 10 (19%) of the patients, +2
positive in four (7%) and +3 positive in four
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Table 1. Demographic Data and
Clinicopathological Characteristics of the Patients

Number of (%)
Patients
(n=55)
Age
Median Age 33
Range (18-40)
Gender
Male 31 56
Female 24 44
ECOG
0 15 27
1 21 38
2 19 35
Dominant Complaint
Abdominal Pain 36 65
Nausea and Vomiting 12 22
Weight Loss 5 9
Bleeding 2 4
Diagnostic Method
Endoscopy 49 89
Surgery 6 11
Subtype-Differential
Well Differentiated 5 9
Poor Differentiated 7 13
Middle Differential 11 20
Ring Cell 18 33
Poorly Cohesive 14 25
CerbB2
Negative 37 67
+1 10 19
+2 4 7
+3 4 7
Stage at Diagnosis
Stage Il 5 9
Stage Il 30 55
Stage IV 20 36

(7%) patients. The clinical and demographic
data of these patients are shown in Table-1.
The total number of patients who were
considered locally advanced and operated for
curative purposes was 35 (64%). On the other
hand, the number of patients who were
metastatic at the time of diagnosis was 20
(36%). When the patients were evaluated as
surgical and non-surgical, it was seen that 40
(73%) patients were operated and 15 (27%)
were not operated. While 35 of these operated
patients were operated for curative purposes
as previously stated, 5 patients were operated
for palliative purposes. Subtotal gastrectomy
was performed in 26 (65%) of 40 patients who
underwent surgery, while total gastrectomy
was performed in 14 (35%) patients. When the
patients are classified according to the type of
chemotherapy they receive; It was seen that
five (9%) patients received neoadjuvant
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Table 2. Surgical Characteristics and Treatments of
the Patients

Number of (%)

Patients
(n 55)
Indication of Surgery
Curative Approach 35 64
Palliative Approach 5 9
No Surgery 15 27
Type of Surgery
Subtotal Gastrectomy 26 65
Total Gastrectomy 14 35
Lymph Node Dissection
D1 4 10
D2 31 77
Unknown 5 13
Chemotherapy Reason
Neoadjuvant 5 9
Adjuvant 27 49
Palliative 16 29
Could not get 5 9
No indication 2 4
Chemotherapy Type
FUFA 11 23
FOLFOX 22 46
DCF 10 21
FLOT 3 6
EOX 2 4
Chemoradiotherapy 18 37,5
Completing Systemic 30 62,5
Treatment
Platinum Sensitivity 11 30

FUFA: Fluorouracil/Folinic Acid, FOLFOX: Oxaliplatin Plus
infusional 5-FU And Leucovorin, DCF: Docetaxel, Cisplatin
and Fluorouracil, FLOT: Fluorouracil, Leucovorin, Oxaliplatin
and Docetaxel, EOX: Epirubicin, Oxaliplatin, And Capecitabine

chemotherapy, 27 (49%) patients received
adjuvant chemotherapy, and 16 (29%)
patients received palliative chemotherapy.
Although five (9%) patients had indication for
treatment, they could not receive treatment
due to poor performance status, and two (4%)
patients had no indication for treatment. The
patients were also evaluated according to the
type of chemotherapy. 11 (23%) patients were
treated with FUFA, 22 (46%) patients with
FOLFOX, 10 (21%) patients with DCF, three
(6%) patients with FLOT, and two (4%)
patients with EOX. The patients were also
evaluated according to the planned systemic
treatment completion status. While 30
(62.5%) of 48 patients who started systemic
treatment completed the planned treatment
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period, it was observed that the planned
treatment period could not be reached in 18
(37.5) patients. The data from 37 patients
treated with platinum agents were also re-
evaluated for platinum sensitivity. The times
determined for platinum sensitivity; at least 6
months after the end of treatment for
metastatic disease, and 12 months after the
end of treatment for patients who received
adjuvant or neoadjuvant therapy. When
evaluated with these criteria, a total of 11
(30%) patients were found to be platinum
sensitive. The operation information of the
patients and the systemic treatments of their
received are shown in Table-2.

Some laboratory parameters of the patients
were also evaluated. Patients were evaluated
as neutrophil-lymphocyte ratio (NLR). The
mean value was determined as 5.60 (0.99-
21.20). The mean value for the evaluation of
MPV/Platelet ratio, another inflammatory
prognostic marker, was found to be 0.049
(0.011-0.450). Similarly, the mean ratio of
CRP/Albumin, an inflammatory prognostic
marker, was 1.38 (0.016-7.42). The
relationship between inflammatory prognostic
markers and OS is shown in Table 3.

Discussion

Gastric cancer patients are usually diagnosed
over the age of 40. However, the frequency of
GC patients under the age of 40 has been
increasing in recent years, especially in
western societies. And these patients are
mostly diagnosed in the 30-39 age range [8].
In a previously published article, it was shown
that young GC patients were diagnosed at a
more advanced stage and their survival was
worse [9]. The reasons for this poor prognosis
are controversial. Some authors argue that GC
diagnosed at an early age has genetic origins
and therefore has a more aggressive course.
According to another view, in many countries
of the world, especially in countries where GC
is endemic, young patients cannot be detected
early due to inadequate screening programs
and therefore the prognosis of these patients is
worse. Possibly, both hypotheses may account
for the poor course of these patients.
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Table 3. Inflammatory Prognostic Markers and Survival Times

Overall Survival- Min Max p value
Month (OS) %95 Cl

NLR
<5,6 (n 18) 12,44+7,40 8,92 15,6 p>0,05
>5,6 (n 14) 7,08+4,72 511 9,27

MPV/Platelet
<0,049 (n=26) 9,73%7,20 7,02 12,78 p>0,05
>0,049 (n=6) 11,6615,15 5,10 9,15

CRP/albumin
<1,38 11,18+4,93 8,95 13,38 p>0,05
>1,38 8,7016,71 3,48 5,92

NLR: Neutrophil-Lymphocyte Ratio, MPV: Mean Platelet Volume, CRP: C-Reactive Protein

Young GC has not been clearly defined yet. In
previous studies, there are studies based on the
age of 50, 40, and 34 years [10]. This
definition of young GC varies due to the
development level and life expectancy of the
countries. In this study, we classified patients
aged 40 years and younger as young GC. The
mean age of the patients in this study was 33
years. More than half of the patients were
male patients. In a previous study, the fact that
GC seen at a young age was more common in
women was attributed to hormonal changes.
In addition, it has been stated that the reason
for the excess of male cancer detected at
advanced age is exposure to carcinogens more
than women [10]. However, there is no clear
cause and effect relationship related to this
situation. Because the number of male
patients was found to be higher in different
series studies performed on young GC
patients. In the same study, diffuse histology
and poorly differentiated tumors were
observed to be more common in younger
patients. However, no difference was found
regarding the diagnosis of younger patients at
a later or more advanced stage. In addition, it
has been observed that young GC patients
have a shorter DFS period [10].

In another study, almost 5000 patients were
evaluated and patients younger than 40 years
of age were classified as young GC. There
were 136 patients in this group. In this study,
no difference in OS was found between
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younger patients and older patients. However,
it has been reported that the performance
status of young patients is better than that of
elderly patients, and the complication rates
after surgery are lower than those of the
elderly. In addition to this situation, as in
previous studies, pathologically worse
differentiated tumors were found to be more
common in younger patients. In addition, in
this study, it was observed that the frequency
of lymph node metastasis in young patients
was higher than in patients over 40 years of
age [11]. The reason why both OS and DFS
durations were not different from patients
aged >40 years in this study may be that the
systemic treatments they received were more
potent due to the better performance status of
the younger patients. Another meta-analysis
involving young GC patients was published in
2020. According to this study, the
clinicopathologic features of GC patients
diagnosed under the age of 40 were evaluated
in 19 different studies between 2010 and
2019. In the light of these studies, the rate of
female patients, the rate of diffuse type GC,
the rate of poorly differentiated GC, and the
rate of diagnosis at a more advanced stage
were found to be higher in younger GC
patients [12].

The standard treatment for Her-2 positive
advanced GC is a combination of trastuzumab
and platinum-based chemotherapy. The study
that made this treatment standardized is the
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ToGA study [13]. As mentioned in this study,
Her-2 amplification or over-expression varies
between 7-34%. However, Her-2 positivity
rate was found to be only 7% in this study.
This low Her-2 positivity rate also reduces the
treatment options that can be used in young
GC patients. Unfortunately, in this study that
we have completed, the number of patients
who can use the Her-2 targeted therapy option
is extremely low.

Recently, treatment options without the use of
conventional chemotherapy have been
developed for some types of cancer. However,
in treatment-naive and especially platinum-
sensitive GC patients, a systemic treatment
plan cannot be made without the use of
platinum-based chemotherapy. However,
platinum resistance in some patients renders
these treatments ineffective. Many studies
investigating which patients have resistance to
these treatments have been reported in the
literature [14,15]. In this study, approximately
70% of the patients had platinum resistance.
Such a high level of platinum resistance in
young GC patients may explain the poor
prognosis of the patients. Investigation of the
causes of platinum resistance in young GC
patients; It should be the main subject of
future  studies  both  for  genomic
polymorphisms that can explain the
pathogenesis of the disease and to aim to
increase the extremely poor survival of the
disease.

Due to both platinum resistance and low rate
of Her-2 positivity, the treatment options
available in young GC patients are decreasing.
At this stage, immunotherapy treatments,
which have gained importance in recent years,
can be considered as an option. There is no
clear biomarker for immunotherapy yet.
Previous  studies have shown  that
immunotherapies are beneficial in patients
with high microsatellite instability (MSI-H),
regardless of tumor type. With this
demonstrated clinical benefit, pembrolizumab
treatment has been approved by the American
Food and Drug Administration (FDA) in
patients with MSI-H [16]. However,
according to a previous meta-analysis, there is
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a lower rate of MSI-H/dMMR in early young
GC patients than in advanced age GC patients
[17]. All these situations prove that young GC
patients are more difficult patients and that
more research is needed in this area.

Inflammatory  prognostic  markers are
especially important in predicting the
prognosis of the disease. Recently, it has been
studied in almost all cancer types. As a result
of studies supporting each other, they have
become important parameters used in clinical
practice. These parameters have also recently
been studied in GC. It was evaluated in one
study in patients with stage 11l GC, which
included a total of 225 patients. C-reactive
proteinfalbumin ratio (CAR) and platelet
lymphocyte ratio (PLR) were found to be
independent markers that affect overall
survival [18].

There is also a meta-analysis result in patients
with GC. The data from 41 studies published
between 2007 and 2020 were analyzed [19].
According to this meta-analysis, which
included a total of 18,348 patients, the
increased NLR value was confirmed to be a
negative prognostic marker for OS. Certain
cut-off values were used for the inflammatory
prognostic markers mentioned in these
studies. These cut-off values were determined
based on the average value of the patients in
some studies, a target value was determined in
some studies, and Roc Curve analysis was
performed in some studies. However, the
number of patients should be sufficient for
Roc curve analysis. In this study, which we
completed, the mean values of the patients
were calculated due to the small number of
patients and this mean value was taken as the
cut-off wvalue. A significant numerical
difference was found in all three inflammatory
prognostic markers in overall survival
calculated with these values. However, this
numerical difference was not statistically
significant due to the insufficient number of
patients.

The shortcomings of our study are the small
number of patients, data from a single center,
and being a retrospective study. The strengths
of our study are that there are very few young
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GC studies in the world. Another strength is
that it is the first study to evaluate all three
inflammatory prognostic markers in young
GC patients. It is important to confirm with
larger patient numbers. Considering all these
data, early-stage GC is an important problem
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False-positive MRI Findings in Breast Cancer After Neoadjuvant Chemotherapy
and Correlation Between Tumor Response Patterns and HER?2 Status

Meme Kanserinde Neoadjuvan Kemoterapi Sonrasi Yanlig-Pozitif MRG
Bulgular1 ve Tiimor Yanit Paternleri ile HER2 Durumu Arasindaki Korelasyon
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ABSTRACT
Objective: To demonstrate false-positive MRI findings after neoadjuvant chemotherapy (NAC) in
patients with pathologic complete response (pCR) and investigate the correlation between post-NAC
MRI findings and tumor response patterns based on human epidermal growth factor receptor 2 (HER2)
status.
Methods: This retrospective multicenter study enrolled 118 patients with breast cancer who received
NAC and achieved pCR. Tumors were evaluated with MRI pre- and post-NAC. MRI evaluation
included lesion characteristics, kinetic curve analysis, background parenchymal enhancement (BPE),
and post-NAC changes of MRI features. Tumor response patterns were also assessed and categorized
based on MRI findings. Tumor response patterns and post-NAC MRI findings were correlated with
HER?2 status.
Results: The residual MRI findings following NAC differed significantly between HER2+ and HER2—
groups (p=0.02). The most frequent false-positive MRI finding was focus and foci in HER2+ tumors,
whereas non-mass enhancement (NME) in HER2— group. The presence of ductal carcinoma in situ
(DCIS) and fibrosis in surgical pathology is significantly associated with NME on post-NAC MRI
(p<0.001). Axillary pCR was achieved significantly higher in the HER2+ group (p=0.04).
Conclusion: Although MRI is considered the most reliable method for evaluating tumor response after
NAC, over and underestimation is still possible. This study revealed that tumor response patterns and
post-NAC MRI findings differ according to HER2 status. The diagnostic accuracy of post-NAC MRI is
evolving by understanding the underlying mechanisms and tumor biology.

Keywords: neoadjuvant chemotherapy, magnetic resonance imaging, breast cancer, pathologic
complete response

OZET

Amagc: Bu calismada patolojik tam yanitli (pTY) meme kanseri hastalarinda neoadjuvan kemoterapi
(NAK) sonrasi yanlig-pozitif MRG bulgularmi ortaya koymay1 ve tiimdr yanit paternleri ile insan
epidermal biiyiime faktorii reseptorii 2 (HER2) pozitifligi ile arasindaki iligskiyi degerlendirmeyi
amagladik.

Gerec ve Yontem: Bu retrospektif cok merkezli ¢alismaya, Ocak 2016 ile Eyliil 2020 tarihleri arasinda
NAK alan ve pTY elde eden meme kanseri tanili118 hasta dahil edildi. Hastalarin NAK o6ncesi ve
sonrast MRG bulgular1 kayit edildi. Tiimor yanit paternleri kategorilere ayrildi. HER2 pozitifligi ile
post-NAK MRG bulgulart ve tiimor yanit paternleri arasindaki iliski istatistiksel olarak analiz edildi.
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Bulgular: Post-NAK MRG bulgulart HER2+ ve HER2— gruplar arasinda istatistiksel olarak anlamli
farklilik gosterdi (p=0.02). HER2+ tiimoérlerinde en sik yanlig-pozitif MRG bulgusu odak kontrast
tutulumu iken, HER2— grubunda kitle dis1 kontrastlanma (KDK) idi. Cerrahi patolojide duktal
karsinoma in situ (DKIS) ve fibrozis varhig ile post-NAK MRG'de KDK anlamli olarak iliskili bulundu
(p<0,001). Aksiller pTY, HER2+ grubunda anlamli derecede daha yiiksek elde edildi (p=0.04).

Sonu¢: MRG, NAK sonrasi tiimor yanitini degerlendirmede en giivenilir yontem olarak kabul edilse de,
yanlig-pozitif ve yanlig-negatif sonuglar elde edilebilmektedir. Bu ¢aligma, timoér yanit paternlerinin
HER2 durumuna gore farklilik gdsterdigini ortaya koymustur. Bu alanda yapilacak yeni ¢aligmalarin
tiimor biyolojisini anlamaya yardimei olacagi ve NAK sonrasit MR G'nin tanisal dogrulugunu arttirmaya
yardimc1 olacagi diislintilmektedir.

Anahtar Kelimeler: neoadjuvan kemoterapi, manyetik rezonans goriintiileme, meme kanseri, patolojik

tam yanit

Introduction

Neoadjuvant chemotherapy (NAC) has
become the standard treatment in locally
advanced breast cancer, and its use has been
increasing recently [1]. NAC has also gained
acceptance as an alternative therapeutic
option in early-stage breast cancer,
considering the studies reported no significant
difference in survival rates and disease
progression between patients who received
neoadjuvant and adjuvant chemotherapy [2].

NAC enables breast-conserving surgery with
a better surgical outcome in patients with large
tumors by downstaging both primary tumor
and axillary nodes. As pathologic complete
response (pCR) is associated with better
disease-free and overall survival, NAC
provides valuable prognostic information in
patients who achieved pCR [3, 4]. Other
potential advantages of NAC over adjuvant
chemotherapy include the ability to evaluate
the efficacy of selected systematic therapy in
Vivo.

Accurate ascertainment after NAC is vital to
evaluate tumor response and appropriate
surgical planning. In the current medical
practice, clinical examination and radiological
modalities  (mammography, ultrasound,
and/or magnetic resonance imaging (MRI))
cannot exclude the presence of a residual
tumor and surgical treatment must be applied
even in the patients with clinical and
radiological complete response [5]. As
dynamic-contrast enhanced MRI provides
information about morphology and function
of the tumor, it has been shown that MRI is
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the most accurate imaging modality to assess
tumor response to NAC [6].

Even though MRI is considered the most
reliable method in evaluating tumor response
following NAC, over and underestimating
residual tumor is still possible. Several studies
have shown that post-chemotherapy changes
in the breast is the major cause of the
discordance between pathology and MRI [7,
8]. Besides, tumor response patterns post-
NAC are heterogenous and varies depending
on subtype and Ki-67 index. Studies have
shown that the diagnostic performance of
MRI following NAC is better in human
epidermal growth factor 2 (HER2) positive
tumors with a high Ki-67 index [9-11].
Ballesio et al. evaluated the relation between
molecular subtypes and tumor response
patterns and demonstrated that concentric
pattern is significantly correlated with HER2+
tumors [12]. To our knowledge, no study has
investigated false-positive MRI findings
following NAC.

Based upon the limited body of knowledge,
we aimed to demonstrate false-positive MRI
findings after NAC in patients with pCR and
investigate the correlation between post-NAC
MRI findings and tumor response patterns
based on HER2 status.

Materials and Methods
Study population

From January 2016 to September 2020, a total
of 292 consecutive women with breast cancer
treated with NAC and achieved pCR were
reviewed. Inclusion criteria were as follows:
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(1), invasive breast cancer histologically
proven with image-guided core needle biopsy
before NAC; (2), underwent breast MRI pre-
and post-NAC; (3), presence of residual
contrast enhancement in tumor bed at MRI
after NAC; (4), underwent surgery (breast-
conserving or modified radical mastectomy)
following NAC. According to these eligibility
criteria, 118 patients were included in this
study. This retrospective study involving three
centers was approved by Local Ethics
Committee and informed consent was waived
(2021-01/07).

Treatment protocol

The NAC regimen included a combination of
epirubicin/adriamycin and cyclophosphamide
(4 cycles) and taxanes (4 to 12 cycles).
Pertuzumab or Transtuzumab was also
administered in HER2+ patients. Carboplatin
was also applied in patients with BRCA
mutation.

After completing NAC,
performed for all patients.

surgery — was

MRI Acquisition and Evaluation

MRI scan was performed in three tertiary
referral centers using 1.5T (Achieva, Philips
Medical Systems, The Netherlands or
Magnetom Aera, Siemens Healthinieers,
Erlangen, Germany) or 3T (Skyra, Siemens
Healthinieers, Erlangen, Germany) MRI
systems with a dedicated 7- or 16-channel
bilateral breast coil. Breast MRI protocol
comprised high-resolution precontrast and
dynamic contrast-enhanced imaging in axial
plane including one pre-contrast and five or
six  post-contrast image sets after
administration of gadolinium-based contrast
agent. MRI scans were performed prior to
NAC therapy and immediately before the
surgery. MRI studies were evaluated using
fifth edition of BI-RADS lexicon by four
breast radiologists with 4 to 20 years of
experience in breast imaging. For the patients
with multifocal and multicentric disease
largest tumor was accepted as index lesion.
Largest diameter of tumor at peak
enhancement was accepted as tumor size.
Tumor response pattern following NAC was
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grouped according to the classification
suggested by Kim et al [13].

Histopathological Evaluation

Before NAC, all patients underwent US-
guided core needle biopsy procedure and
invasive breast cancer diagnosis was
confirmed histologically. Tumor histology
and Ki-67 index were assessed using core
biopsy samples. Ki-67 index was classified
into three groups; <15%, 16-39% and >40%
[14]. Estrogen receptor (ER) and progesterone
receptor (PR) were assessed as negative if
there was <10% nuclear staining. Human
epidermal growth factor receptor 2 (HER2)
was considered as positive if there was 3+
staining and negative if the staining score was
0 or 1+. In case of 2+ score, HER2 gene
amplification testing was performed using
fluorescent in situ hybridization. Patients were
grouped into four categories according to
hormone receptor (HR) and HER2 status:
HR+/HER2-, HR+/HER2+, HR-/HER2+
and HR—/HER2—.

After NAC, surgery was performed for all
patients and surgical specimen was evaluated
for pCR. pCR was defined as absence of
invasive cancer regardless of ductal
carcinoma in situ or metastatic lymph node
presence.

Statistical Analysis

Statistical analysis was performed using SPSS
version 22 (version 22; IBM, USA). The
categorical variables were expressed as counts
and percentages, and the continous variables
were expressed as means and ranges.
Categorical variables were compared based
on HER2+ status using Chi-square or Fisher’s
exact test. P values <0.05 were considered
statistically significant.

Results

Study population and pre-NAC clinico-
pathologic characteristics

This study included 118 breast cancer patients
who received NAC consecutively. The
median age was 47.0 (range: 27-85). The
majority (66.7%) of the patients were
premenopausal. Regarding molecular
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subtype, 43 (36.5%) tumors were HR+
HER2+, 34 tumors (28.8%) were HR-
HER2+, 24 tumors (20.3%) were HR+

HER2—, and the remaining 17 (14.4%) were
triple-negative. The mean tumor size by MRI
before NAC was 30.4 mm (range:9-78 mm).
Twelve patients (10.1%) had multifocal
carcinoma, and one patient (0.8%) had
bilateral invasive breast cancer. The
histopathological  analysis of  surgical
specimen revealed 103 (87.3%) invasive
ductal carcinoma, seven (5.9%) invasive
lobular carcinoma, three (2.5%) invasive
ductal and lobular carcinoma, two (1.7%)
invasive medullary carcinoma and one (0.8%)
invasive mucinous. The majority of the
patients (78.8%) were axillary node positive
at presentation. The baseline clinico-
pathological characteristics of patients were
summarized in Table 1.

MRI findings of tumors before and after NAC

The mean tumor size by MRI after NAC was
9.9 mm (range:3-55 mm). The most frequent
MRI findings at presentation were mass and
non-mass enhancement (NME) in HER2+ and
HER2- groups. The MRI findings following
NAC differed significantly between HER2+
and HER2- groups (p=0.02). The most
frequent false positive MRI finding was focus
and foci in HER2+ tumors, whereas NME in
HER2— group (Figure 1). In pre-NAC MRI
peritumoral edema was significantly
associated with HER2+ tumors (p=0.04). Pre-
and post-NAC, the presence of the metastatic
lymph nodes by MRI was similar in both
groups (p>0.05). The most frequent
enhancement curve pattern was type 3 at
presentation, whereas the majority of tumors
presented type 1 and type 2 enhancement
curve pattern after NAC in both groups
(p>0.05). Pre- and post-NAC MRI findings of
tumors based on HER2 status were
summarized in Table-2.

Changes of MRI features and pathologic
findings after NAC

The majority of post-NAC tumor size by MRI
was smaller than tumor size at presentation.
Following NAC, three tumors (7.3%) in
HER2- group and one tumor (1.3%) in
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Table 1. Baseline clinicopathological
characteristics of patients (n=118)

All patients (n=118)

Median age, years 47.0 (27-85)
(range)
Menopausal status
Premenapausal 80(67.8)
Postmenapausal 38(32.2)
Basal MRI mean tumor 30.4 (9-78)
size, mm (range)
Histologic type
IDC 103(87.3)
ILC 7(5.9)
IDC+ILC 3(2.5)
Medullary carcinoma 2(1.7)
Mucinous carcinoma 1(0.8)
Other 2(1.6)
Molecular subtype
HR+/HER2- 24(20.3)
HR+/HER2+ 43(36.4)
HR-/HER2+ 34(28.8)
HR-/HER2- 17(14.4)
Ki-67 index
<15% 5(4.2)
16-39% 57(48.3)
240% 56(47.5)
Node status at
presentation
Negative 25(21.2)
Positive 93(78.8)

Age presented as median (range) and tumor size presented
as mean (range). All other variables are numbers of patients
(percentages). MRI=Magnetic resonance imaging,
IDC=Invasive ductal carcinoma, ILC=Invasive lobular
carcinoma, HR=Hormone receptor, HER2=Human epidermal
growth factor receptor 2

HER2+ group showed increase in size. The
post-NAC MRI finding was NME in all
tumors that increased in size. Regarding the
tumor size pre- and post-NAC, >50%
reduction in size was significantly associated
with HER2+ tumors (p<0.001). In pathologic
evaluation, fibrosis in tumor bed was found
more often in the HER2— group without
significant difference (p=0.10). Presence of
DCIS and fibrosis in surgical pathology was
significantly associated with NME on post-
NAC MRI (p<0.001). A high-risk lesion with
atypia in the surgical specimen was found
more likely in the HER2+ group, whereas
failed to reach a significant difference
(p=0.06). Axillary pCR was achieved
significantly higher in the HER2+ group
(p=0.04). There was no significant difference
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Figure 1. 36-year-old woman with invasive ductal carcinoma (hormone receptor-positive and HER2-positive)
(a) Axial substracted postcontrast T1-weighted image shows an irregular enhancing mass of left breast before
chemotherapy.

(b) After completion of neoadjuvant chemotherapy, axial subtracted postcontrast T1-weighted image shows an
enhancing focus at the original tumor site, which turned out to be a false-positive finding. No tumor or fibrosis was

detected in the specimen after surgery.

Table 2. MRI findings based on HER2 status before and after NAC

After NAC
HER2+(n=77) HER2-(n=41) HER2+(n=77) HER2-(n=41)
(65.2%) (34.7%) p (65.2%) (34.7%) p
BPE
Minimal 21(27.3) 6(14.6) 0.36 39(50.6) 12(29.3) 0.04*
Mild 37(48.1) 20(48.8) 30(39.0) 20(48.8)
Moderate 17(22.1) 13(31.7) 7(9.1) 9(22.0)
Marked 2(2.6) 2(4.9) 1(1.3) 0(0)
MRI finding
Mass 41(53.2) 22(53.7) 1.0 11(14.3) 2(4.9) 0.02*
NME 1(1.3) 0(0) 32(41.6) 25(61.0)
Mass+NME 35(45.5) 19(46.3) 1(1.3) 3(7.3)
Focus 0(0) 0(0) 33(42.9) 11(26.8)
Peritumoral edema
Present 37(48.1) 12(29.3) 0.04* 4(5.2) 2(4.9) 1.0
Absent 40(51.9) 29(70.7) 73(94.8) 39(95.1)
Axillary LAP
Present 61(79.2) 32(78.0) 0.88 14(18.2) 9(22.0) 0.62
Absent 16(20.8) 9(22.0) 63(81.8) 32(78.0)
Kinetic curve type
1 1(1.3) 0(0) 1.0 47(61.0) 25(61.0) 1.0
2 20(26.0) 11(26.8) 29(37.7) 16(39.0)
3 56(72.7) 30(73.2) 1(1.3) 0(0)

Data are presented as n(%).
*p values less than 0.05 regarded as statistically significant.
BPE=Background parenchymal enhancement, NAC=Neoadjuvant chemotheraphy, HER2=Human epidermal growth factor

receptor 2, NME=Non-mass enhancement, LAP=Lymphadenopathy
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Table 3. Changes of MRI features and pathologic findings based on HER2 status after NAC

HER2+(n=77) HER2-(n=41) p
Tumor size difference in MRI
250% reduction 68(88.3) 22(53.7) <0.001*
<50% reduction 8(10.4) 16(39.0)
Increase 1(1.3) 3(7.3)
Tumor response pattern
Concentric shrinkage 14(18.2) 4(9.8) 0.10
Crumble 6(7.8) 3(7.3)
Focus or NME 48(62.3) 22(53.7)
Diffuse enhancement 9(11.7) 12(29.3)
BPE decrease (in categories)
0 50(64.9) 28(68.3) 0.88
1 24(31.2) 11(26.8)
2 3(3.9) 2(4.9)
Tumor bed; fibrosis
Present 28(36.4) 9(22.0) 0.10
Absent 49(63.6) 32(78.0)
Tumor bed; DCIS
Present 13(16.9) 10(24.4) 0.32
Absent 64(83.1) 31(75.6)
Lesion with atypia in surgical specimen
Present 21(27.3) 5(12.2) 0.06
Absent 56(72.7) 36(87.8)
Axillary pathologic response
Complete response 65(84.4) 28(68.3) 0.04*
Partial response 12(15.6) 13(31.7)

Data are presented as n(%).
*p values less than 0.05 regarded as statistically significant.

HER2=Human epidermal growth factor receptor 2, BPE=Background parenchymal enhancement, NME=Non-mass

enhancement, DCIS=Ductal carcinoma in situ

regarding the frequency of residual in situ
component in the surgical specimen and the
degree of BPE reduction at MRI between
groups. Changes in MRI features and
pathologic findings following NAC were
summarized in Table 3.

Discussion

In recent years, the use of NAC in breast
cancer has become widespread. MRI is
considered the most accurate method for
evaluating tumor response after NAC;
however, post-NAC MRI assessment may be
challenging due to the heterogeneity of tumor
response and the possibility of over and
underestimation. To our knowledge, this
study is the first study reporting false-positive
MRI findings post-NAC and tumor response
patterns based on molecular subtypes in breast
cancer patients who achieved pCR. Our
results revealed that residual MRI findings
differ according to HER2 status. HER2+
tumors mostly present with focus or foci after
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NAC whereas non-mass enhancement more
likely found in HER2— tumors.

The efficacy of NAC in breast cancer varies
according to molecular subtypes. Studies have
shown that HER2+ and triple-negative tumors
are more responsive to chemotherapeutics due
to their high cellular proliferation [15, 16].
Targetted agents used in the HER2+ group
also increase this effectiveness. In agreement
with the previous results, the majority of our
study population (79.6%) consist of HER2+
and triple-negative breast cancer.

In a multicenter study, the overall accuracy of
MRI after NAC was reported as 74% [17]. In
a retrospective study with 98 patients, Choi et
al. reported false positive rate of post-NAC
MRI as 47% [18]. Confounding factors in
radiology-pathology discordance should be
taken into  consideration to avoid
inappropriate  surgical  planning.  Post-
chemotherapy changes including fibrosis,
inflammation, and necrosis can mimic
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residual tumor and thereby may cause false-
positive results on imaging. Molecular
subtype, tumor size and chemotherapy
regimen are also among the factors that
influence the diagnostic performance of MRI.
Studies have shown that the diagnostic
accuracy of MRI was higher in HER2+ and
triple negative tumors than hormone receptor-
positive breast cancer. MRI-pathology
discordance was also higher in tumors with >5
cm size and in tumors with low Ki-67 index
[19]. Tumors presented with non-mass
enhancement (NME) at pre-NAC MRI were
also associated with lower diagnostic
performance [20]. Furthermore, a decrease in
contrast enhancement at post-NAC MRI
resulting from the antiangiogenetic effect of
taxanes may cause underestimation of
residual tumor.

Another challenge in evaluating the post-
NAC residual tumor is the heterogeneity of
the tumor response patterns. Ballesio et al.
evaluated MRI-based tumor shrinkage
patterns (concentric, nodular and mixed
pattern) and investigated its relationship
between pCR rates and molecular subtypes.
Results showed that concentric pattern is
significantly associated with pCR and HER2+
subtype. However, mixed pattern is
significantly associated with Luminal A
tumors and non-pCR [12]. In our study, foci
and NME was the most frequent response
pattern  post-NAC  without  significant
difference according to HER2 status. This
discrepancy may be attributable to the
difference in the study populations and that
only patients who achieved pCR were
included in our study. Moreover, Lee et al.
revealed that tumor response patterns differ
histopathologically according to molecular
subtypes [21]. According to this study,
fibrosis within tumor bed was found more
frequently in HR+ tumors which is in line with
our results.

Imaging biomarkers based on MRI can be
used in order to increase the diagnostic
accuracy of post-NAC MRI. Studies have
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shown that decrease in background
parenchymal enhancement (BPE) after NAC
is correlated with pCR [22, 23]. Oh et al. also
revealed that no significant correlation
between post-NAC BPE decrease and
molecular subtypes, which is consistent with
our results [22]. In a retrospective study, Kim
et al. used lesion-to-background parenchymal
signal enhancement ratio (SER) on MRI in <
5 mm lesions, and their results indicate that
SER<1.6 criterion significantly improves
specificity to distinguish pCR from a residual
tumor [24]. In regard to apparent diffusion
coefficients (ADC), high ADC values post-
NAC is associated with pCR. Santamaria et al.
reported that pre- and post-NAC ADC ratio
was >1.5 in 86% of patients who achieved
pCR [25].

Our study has some limitations. First, this was
a multi-center study thus MRI scans were
performed with different MRI systems which
could affect MRI assessment. Second,
interobserver variability was not assessed
even though MRI evaluation was made by two
radiologists to reach consensus in ambiguous
cases. At last, the definition of pCR may have
an influence on MRI accuracy, and pCR was
defined as the absence of invasive tumor
regardless of DCIS presence in this study.
However, Santamaria et al. revealed that pCR
definition has no significant effect on the post-
NAC MRI accuracy [26].

In conclusion, each breast tumor shows
different response characteristics to NAC, and
the diagnostic accuracy of MRI following
NAC is evolving by understanding the
underlying mechanisms and tumor biology.
Our study revealed that tumor response
patterns and post-NAC MRI findings differ
according to HER2 status. It should be noted
that focus and foci are the most frequent false-
positive MRI finding in patients with pCR,
particularly in HER2+ cases. With the help of
further information in this field, avoidance of
post-NAC surgery might be possible with an
accurate prediction of pCR.

Copyright©Ankara Hematoloji Onkoloji Dernegi



REFERENCES

1. Mathew J, Asgeirsson KS, Cheung KL, Chan S,
Dahda A, Robertson JF. Neoadjuvant chemotherapy for
locally advanced breast cancer: a review of the literature and
future directions. Eur J Surg Oncol. 2009; 35(2): 113-122.

2. Mauri D, Pavlidis N, loannidis JP. Neoadjuvant
versus adjuvant systemic treatment in breast cancer: a meta-
analysis. J Natl Cancer Inst. 2005; 97(3): 188-194.

3. Montagna E, Bagnardi V, Rotmensz N, Viale G,
Pruneri G, Veronesi P, et al. Pathological complete response
after preoperative systemic therapy and outcome: relevance
of clinical and biologic baseline features. Breast Cancer Res
Treat. 2010; 124(3): 689-699.

4. Von Minckwitz G, Untch M, Blohmer JU, Costa SD,
Eidtmann H, Fasching PA, et al. Definition and impact of
pathologic complete response on prognosis after
neoadjuvant chemotherapy in various intrinsic breast cancer
subtypes. J Clin Oncol. 2012; 30(15): 1796-1804.

5. Hayashi N, Tsunoda H, Namura M, Ochi T, Suzuki K,
Yamauchi H, et al. Magnetic Resonance Imaging Combined
with Second-look Ultra-sonography in Predicting Pathologic
Complete Response After Neoadjuvant Chemotherapy in
Primary Breast Cancer Patients. Clin Breast Cancer. 2019;
19(1): 71-77.

6. Lobbes MB, Prevos R, Smidt M, Tjan-Heijnen VC,
Van Goethem M, Schipper R, et al. The role of magnetic
resonance imaging in assessing residual disease and
pathologic complete response in breast cancer patients
receiving neoadjuvant chemotherapy: a systematic review.
Insights Imaging. 2013; 4(2): 163-175.

7. Partridge SC, Gibbs JE, Lu Y, Esserman LJ,
Sudilovsky D, Hylton NM. Accuracy of MR imaging for
revealing residual breast cancer in patients who have

undergone neoadjuvant chemo-therapy. AJR Am J
Roentgenol. 2002; 179(5): 1193-1199.
8. Rieber A, Brambs HJ, Gabelmann A, Heilmann V,

Kreienberg R, Kuhn T. Breast MRI for monitoring response of
primary breast cancer to neo-adjuvant chemotherapy. Eur
Radiol. 2002; 12(7): 1711-1719.

9. Chen JH, Bahri S, Mehta RS, Kuzucan A, Yu HJ,
Carpenter PM, et al. Breast cancer: evaluation of response to
neoadjuvant chemotherapy with 3.0-T MR imaging.
Radiology. 2011; 261(3): 735-743.

10. Kuzucan A, Chen JH, Bahri S, Mehta RS, Carpenter
PM, Fwu PT, et al. Diagnostic performance of magnetic
resonance imaging for assessing tumor response in patients
with HER2-negative breast cancer receiving neoadjuvant
chemotherapy is associated with molecular biomarker
profile. Clin Breast Cancer. 2012; 12(2): 110-118.

11. Mukhtar RA, Yau C, Rosen M, Tandon VJ, I-Spy T,
Investigators A, et al. Clinically meaningful tumor reduction

www.actaoncologicaturcica.com

Acta Oncologica Turcica 2023; 56: 97-105

rates vary by prechemotherapy MRI phenotype and tumor
subtype in the I-SPY 1 TRIAL (CALGB 150007/150012; ACRIN
6657). Ann Surg Oncol. 2013; 20(12): 3823-3830.

12. Ballesio L, Gigli S, Di Pastena F, Giraldi G,
Manganaro L, Anastasi E, et al. Magnetic resonance imaging
tumor regression shrinkage patterns after neoadjuvant
chemotherapy in patients with locally advanced breast
cancer: Correlation with tumor biological subtypes and
pathological response after therapy. Tumour Biol. 2017,
39(3): 1010428317694540.

13. Kim TH, Kang DK, Yim H, Jung YS, Kim KS, Kang SY.
Magnetic resonance imaging patterns of tumor regression
after neoadjuvant chemotherapy in breast cancer patients:
correlation with pathological response grading system based
on tumor cellularity. ] Comput Assist Tomogr. 2012; 36(2):
200-206.

14, Zhang X, Wang D, Liu Z, Wang Z, Li Q, Xu H, et al.
The diagnostic accuracy of magnetic resonance imaging in
predicting pathologic complete response after neoadjuvant
chemotherapy in patients with different molecular subtypes
of breast cancer. Quant Imaging Med Surg. 2020; 10(1): 197-
210.

15. Loo CE, Straver ME, Rodenhuis S, Muller SH,
Wesseling J, Vrancken Peeters MJ, et al. Magnetic resonance
imaging response monitoring of breast cancer during
neoadjuvant chemotherapy: relevance of breast cancer
subtype. J Clin Oncol. 2011; 29(6): 660-666.

16. Colleoni M, Bonetti M, Coates AS, Castiglione-
Gertsch M, Gelber RD, Price K, et al. Early start of adjuvant
chemotherapy may improve treatment outcome for
premenopausal breast cancer patients with tumors not
expressing estrogen receptors. The International Breast
Cancer Study Group. J Clin Oncol. 2000; 18(3): 584-590.

17. De Los Santos JF, Cantor A, Amos KD, Forero A,
Golshan M, Horton JK, et al. Magnetic resonance imaging as
a predictor of pathologic response in patients treated with
neoadjuvant systemic treatment for operable breast cancer.
Translational Breast Cancer Research Consortium trial 017.
Cancer. 2013; 119(10): 1776-1783.

18. Choi BB, Kim SH. Effective factors to raise
diagnostic performance of breast MRI for diagnosing
pathologic complete response in breast cancer patients after
neoadjuvant chemotherapy. Acta Radiol. 2015;56(7):790-
797.

19. Bouzon A, Acea B, Soler R, Iglesias A, Santiago P,
Mosquera J, et al. Diagnostic accuracy of MRI to evaluate
tumour response and residual tumour size after neoadjuvant
chemotherapy in breast cancer patients. Radiol Oncol. 2016;
50(1): 73-79.

20. Negrao EMS, Souza JA, Marques EF, Bitencourt
AGV. Breast cancer phenotype influences MRI response
evaluation after neoadjuvant chemotherapy. Eur J Radiol.
2019; 120: 108701.

Copyright©Ankara Hematoloji Onkoloji Dernegi



21. Lee HJ, Song IH, Seo AN, Lim B, Kim JY, Lee JJ, et al.
Correlations between molecular subtypes and pathologic
response patterns of breast cancers after neoadjuvant
chemotherapy. Ann Surg Oncol. 2015; 22(2): 392-400.

22. Oh SJ, Chae EY, Cha JH, Shin HJ, Choi WJ, Kim HH.
Relationship between background parenchymal
enhancement on breast MRI and pathological tumor
response in breast cancer patients receiving neoadjuvant
chemotherapy. BrJ Radiol. 2018; 91(1088): 20170550.

23. Preibsch H, Wanner L, Bahrs SD, Wietek BM,
Siegmann-Luz KC, Oberlecher E, et al. Background
parenchymal enhancement in breast MRI before and after
neoadjuvant chemo-therapy: correlation with tumour
response. Eur Radiol. 2016; 26(6): 1590-1596.

24, Kim SY, Cho N, Shin SU, Lee HB, Han W, Park IA, et
al. Contrast-enhanced MRI after neoadjuvant chemotherapy

Corresponding author e-mail: aydanavdanaslan@gmail.com

Orcid ID:

Aydan Avdan Aslan 0000-0002-7169-5933
Servet Erdemli 0000-0001-5545-768X
ibrahim Halil Erdogdu 0000-0002-5445-2649
Serap Giiltekin 0000-0001-6349-3998
Cihan Uras 0000-0002-6838-2311

Fatma Tokat 0000-0002-6976-1567

Ali Arican 0000-0002-6099-2000

Leyla Ozer 0000-0001-8763-5268

Kemal Behzatoglu 0000-0002-9843-9825
Nezih Meydan 0000-0003-4100-5804
Flisun Taskin 0000-0001-7985-3660

Doi: 10.5505/a0t.2023.60973

www.actaoncologicaturcica.com

Acta Oncologica Turcica 2023; 56: 97-105

of breast cancer: lesion-to-background parenchymal signal
enhancement ratio for discriminating pathological complete
response from minimal residual tumour. Eur Radiol. 2018;
28(7): 2986-2995.

25. Santamaria G, Bargallo X, Fernandez PL, Farrus B,
Caparros X, Velasco M. Neoadjuvant Systemic Therapy in
Breast Cancer: Association of Contrast-enhanced MR
Imaging Findings, Diffusion-weighted Imaging Findings, and
Tumor Subtype with Tumor Response. Radiology. 2017;
283(3): 663-672.

26. Santamaria G, Bargallo X, Ganau S, Alonso |, Munoz
M, Molla M, et al. Multiparametric MR imaging to assess
response following neoadjuvant systemic treatment in
various breast cancer subtypes: Comparison between
different definitions of pathologic complete response. Eur J
Radiol. 2019; 117: 132-139.

Copyright©Ankara Hematoloji Onkoloji Dernegi



Acta Oncologica Turcica 2023; 56: 106-113

Original Article

How are the Results of Allogeneic Stem Cell Transplantation in Elderly Patients?
A Single-Center Experience

Yash Hastalarda Allojeneik Kok Hiicre Nakli Sonuglari Nasil?
Tek Merkez Deneyimi

Ayse Uysall, Mehmet Ali Erkurt?, irfan Kuku?, Emin Kaya?, ilhami Berber?, Ahmet Sarici?,
Soykan Bigim?, Ahmet Kaya?, Emine Hidayet?
Firat University School of Medicine, Hematology Department, Elazig, Turkey
2Inénii University, Turgut Ozal Medical Center, Adult Hematology Department, Malatya, Turkey

ABSTRACT
Aim: In this study, we aimed to present allogeneic hematopoietic stem cell transplantation (allo-HSCT)
experience in elderly patients with hematological malignancy.
Materials and methods: Thirty-five patients aged 60 years and older who underwent allo-HSCT
between 2017 and 2021 were retrospectively analyzed. Patient's demographic/clinical features, and the
outcomes of transplantation were reviewed.
Results: The median age was 63 (range, 60-74) years and 25 (77,1%) were male. Twenty-seven (60%)
were diagnosed with AML, followed by MDS (n:7, 20%). Twenty-three (65,8%) patients had
intermediate, and 6 (17,1%) patients had a high hematopoietic cell transplantation-specific comorbidity
index score. Karnofsky performance status of > 90% was detected in 15 (42,9%) patients. Busulfan plus
fludarabine plus anti-thymocyte globulin was used mainly as a reduced-intensity conditioning regimen,
which was used in 18 (51,4%) patients. The median duration of neutrophil and platelet engraftments
were 18 (range, 11-27) and 18 (range, 11-33) days, respectively. The median follow-up time was 4
months (range, 0-51), with the OS rate %14,2. The transplant-related mortality rate within the first 30
days after allo-HSCT was detected in 10 patients (28,6%) due to infection and/or GvHD. Response
assessment could be performed in 25 (71,4%) patients after transplantation. The duration of PFS was 6
(range, 1-51) months in patients with response evaluation. The rate of PFS was 72% in 1 years and 5
(14,2%) patients were still alive with complete response at the last visit.
Conclusion: Reduced-intensity conditioning regimen has provided the advantage in allo-HSCT, for
elderly patients with hematological malignancies such as AML and MDS.

Keywords: allogeneic hematopoietic stem cell transplantation, elderly patients, reduced-intensity
conditioning regimen

OZET
Amag: Biz bu calismada 60 yas ve iizerindeki hematolojik malignitesi olan hastalarda allo-HSCT
deneyimini ve sonuglarint sunmay1 amagladik.
Gerec¢ ve yontemler: 2017-2021 yillari arasinda allo-HSCT uygulanan 60 yas ve {istii 35 hasta
retrospektif olarak analiz edildi. Hastalarin nakil anindaki demografik ve klinik 6zellikleri ile nakil
sonuglar1 incelendi.
Bulgular: Ortanca yas 63 (60-74) ve 25'i (%77,1) erkekti. Yirmi yedi (%60) hasta AML, 20 (%20) hasta
MDS taniliydi. Yirmi {i¢ (%65,8) hastada orta, alti (%17,1)" sinda yiiksek hematopoietik hiicre
transplantasyonu spesifik komorbidite indeks skoru vardi. 15 (9%42,9) hastada Karnofsky performans
durumu >%90 olarak saptandi. Busulfan, fludarabin ve anti-timosit globulin kombinasyonu en sik
kullanilan RIC rejimiydi ve 18 (%51,4) hastada kullanildi. Ortanca notrofil ve trombosit engraftman
stiresi sirastyla 18 (11-27) ve 18 (11-33) giindii. Ortanca takip siiresi 4 aydi (aralik, 0-51), toplam
sagkalim orant %14,2. Allo-HSCT' den sonraki ilk 30 giin i¢inde transplanta bagli 6liim orani
enfeksiyon ve/veya GvHD nedeniyle 10 hastada (%28,6) tespit edildi. Nakil sonras1 25 (%71,4) hastada
yanit degerlendirmesi yapilabildi. Yanit degerlendirmesi yapilan hastalarda PFS siiresi 6 (dagilim, 1-
51) aydi. PFS oran1 12 ayda %72 idi. Son kontrolde 5 (%14,2) hasta tam yanitla halen yastyordu.
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Sonu¢: Azaltilmis yogunluklu sartlandirma rejimi, 6zellikle AML ve MDS gibi hematolojik
maligniteleri olan yagli hastalarda allo-HSCT' de 6nemli bir avantaj saglamstir.

Anahtar Kelimeler: allojeneik hematopoietik kok hiicre nakli, yash hastalar, diisiik yogunluklu

hazirlama rejimi

Introduction

Allogeneic  hematopoietic  stem  cell
transplantation (allo-HSCT) is the important
treatment option for many hematological
malignancies and benign hematological
disorders [1]. However, complications such as
post-transplant infection and graft versus host
disease (GvHD) increase the rate of
transplant-related mortality (TRM) and
morbidity [2]. In the literature, high TRM
(50%) rates have been reported [3].
Furthermore, many hematological malign
diseases significantly affect the elderly. The
median age at diagnosis is over 60 years in
disease such as acute myeloid leukemia
(AML) and myelodysplastic syndrome
(MDS)in which allo-HSCT is very important
[4-6]. Therefore, allo-HSCT as a salvage or
consolidation treatment option could be used
limitedly as a treatment option in elderly
patients with multiple comorbidities [7].

The performance status and comorbidity are
other factors determining the eligible
transplant candidate and affecting the
transplant outcome [8]. Hematopoietic cell
transplantation-specific comorbidity index
(HCT-CI) is wused widely before the
transplantation for transplant-risk assessment.
Patients are stratified into 3 (score 0, 1-2, or
>3) categories according to the HCT-CI. The
TRM rate is found to be high in those with a
score of 3 and above. [9]. Karnofsky
performance score (KPS) is determined by
evaluating functional abilities to perform
routine daily activities. Generally, KPS below
60-70% is considered an exclusion factor for
transplantation [8, 10].

Myeloablative conditioning regimen (MAC)
could not be used in elderly and frail patients
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due to the significant risk of adverse effect.
However, a reduced-intensity conditioning
(RIC) regimen has shown significant benefits
in TRM and morbidity [11-13]. In addition,
TRM rates were reduced with the
determination of the eligible transplant
candidate, the development of GvHD
prophylaxis, and the improvement in post-
transplant supportive and infection therapy[4,
5, 14].

In this study, it was aimed to review allo-
HSCT experience and outcomes in elderly
patients who were 60 years old and older with
hematological malignancy disorders.

Materials and Methods

We retrospectively analyzed 35 patients who
were 60 years and older and underwent allo-
HSCT between 2017 and 2021. The age,
gender, performance score, comorbidity,
disease status at the transplantation, number
of treatment lines before the transplantation,
donor type, the conditioning regimen, the
quantity of CD34+ stem cells infused, the
duration of neutrophil/platelet engraftment,
the presence of febrile neutropenia/acute-
chronic graft versus host disease, TRM, and
duration of hospitalization, progression-free
survival (PFS) and overall survival (OS) were
examined. All data were collected from the
hospitals’ registries and patients’ clinical
notes.

Performance status was evaluated with KPS,
and comorbidity status was evaluated with
HCT-CI. The HCT-CI were each separated
into 3 risk groups low (0), intermediate (1-2),
and high (> 3) risk [9, 10].

Neutrophil engraftment duration was defined
as the time from the first day of allo-HSCT to
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the first of three consecutive days with
absolute neutrophil counts >0.5x10%L.
Platelet engraftment duration was defined as
the time from the first day of allo-HSCT to the
first of three consecutive days with platelet
counts of more than 20x10°%L without
transfusion. Febrile neutropenia was defined
as the combination of granulocyte counts
below 500 cells/ul and temperature over 38
oC. Acute GvHD was evaluated according to
the revised Glucksberg scale. Chronic GvHD
was diagnosed and staged according to the
National Institutes of Health (NIH) Consensus
Criteria[15, 16].

Transplant-related mortality was defined as
death within the first 30 days after allo-HSCT
without any evidence of disease relapse or
progression. Progression-free survival was
defined as the time from initiation of
transplantation to the occurrence of disease
relapse or death. Overall survival was defined
from the first day of allo-HSCT to death from
any cause.

This study was conducted with approval by
the Ethics Committee of Inonu University
with approval number 2021/2875 and was
carried out by the principles of the Helsinki
Declaration.

Statistical analysis

Numbers and percentages were used for
categorical data in descriptive analyses.
Continuous data were classified as parametric
and non-parametric with skewness—kurtosis,
Kolmogorov—Smirnov test, standard
deviation/mean percentages, and histogram
graphics with regular distribution lines. For
parametric and  non-parametric  data,
mean+tstandard deviation and median(min-
max) values were used, respectively. For
univariate analysis overall survival was
calculated by Kaplan-Meier method and log-
rank test was performed. Cox regression
analysis was performed to determine
significant predictors of age and the dose of
CD34+ stem cells variables. Values of p<0.05
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were accepted as statistically significant. All
data analyzes were performed using Statistical
Package for Social Sciences (SPSS) version
22.0 (Armonk, NY: IBM Corp.).

Results

Twenty-five (77,1%) of them were male. The
median age at the time of transplantation was
63 (range, 60-74) years, and only two (5,7%)
patients were older than 70 years old. Thirty-
one (n:27, 60%) were diagnosed with AML,
followed by MDS (n:7, 20%). Thirteen
(48,1%) of 27 patients with AML had a
complete response (CR) at the time of allo-
HSCT. Twenty-three (65,8%) patients had
intermediate, and six (17,1%) patients had a
high hematopoietic cell transplantation-
specific comorbidity index (HCT-CI) score.
The  comorbidities  were  pulmonary
dysfunction (17,1%), cardiac disease (14,2%),
infection (14,2%), diabetes mellitus (11,4%),
psychiatric disturbance (5,7%), arrhythmia
(2,8%), cerebrovascular disease (2,8%), and
rheumatologic disease (2,8%). Karnofsky
performance status of >90% was detected in
15 (42,9%) patients. The demographic and
clinical characteristics of the patients were
presented in Table 1.

The median time from diagnosis to allo-HSCT
was three (1-75) months. The HLA-matched
sibling donor (MSD) was used most
frequently as the donor type, which was used
in 28 (80%) patients. A reduced conditioning
regimen was used most frequently as the
conditioning regimen, which was used in 31
(88,6%) patients. Busulfan plus fludarabine
plus anti-thymocyte globulin (ATG) regimen
was primarily used as a reduced-intensity
regimen, which was used in 18 (51,4%)
patients. Treosulfan plus fludarabine plus
ATG therapy and fludarabine plus amsacrine
plus cytarabine (FLAMSA) therapy were the
other RIC regimens were used in nine (25,7%)
and four (11,4%) patients, respectively.
Busulfan plus cyclophosphamide was used as
the MAC regimen, which was used in only
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Table 1. The demographic and clinical
characteristics of the patients at the time of
transplantation

N:35

Median age (range) 63 (60-74)
Gender, n (%)

Male 27 (77,1)

Female 8 (22,9)
Disease type, n (%)

AML 21 (60)

MDS 7 (20)

ALL 2(5,7)

PMF 2(5,7)

Others 3(8,6)
Disease status, n (%)

CR 18 (51,4)

PR 6 (17,1)

Refractory 11 (31,4)
The median time from diagnosis to 3 (1-75)

transplant, (range), months

The median prior therapy line, (range) 1(0-3)
Karnofsky performance score, n (%)

290 15 (42,9)

<90 20 (57,1)
HCT-CI, n (%)

Low 6 (17,1)

Intermedia 23 (65,8)

High 6 (17,1)
LDH, n (%)

Normal 13 (37,1)

High 22 (62,9)
CRP, n (%)

Normal 29 (82,9)

High 6 (19,1)
Cytomegalovirus serologic status, n (%)

Positive 34 (97,1)

Negative 1(2,9)

ASCT; autologous stem cell transplantation, AML; acute myeloid
leukemia, ALL; acute lymphoblastic leukemia, CR; complete
response CRP; C-reactive protein, HCT-CI; hematopoietic cell
transplantation-specific comorbidity index, LDH; lactate
dehydrogenase, MDS; myelodysplastic syndrome PMF; primary
myelofibrosis, PR; partial response

four (11,4%) patients. Cyclosporine A plus
methotrexate combination was used in all
patients due to GvHD prophylaxis.

The stem cell source was peripheral blood in
all patients. The median counts of infused
stem cells were 8,1x10%kg (range, 5,1-
19,4x10%kg). The median duration of
neutrophil  engraftment and  platelet
engraftment were 18 (range, 11-27) and 18
(range, 11-33) days, respectively. The neut-

www.actaoncologicaturcica.com

Acta Oncologica Turcica 2023; 56: 106-113

Table 2. Peritransplantation features and
outcome of transplantation

N: 35

Donor type, n (%)

Matched related 28 (80)

Matched unrelated 5 (14,3)

Haploidentical 2 (5,7)
Conditioning regimen n (%)

Myeloablative 4(11,4)

Reduced induced 31 (88,6)

The median count of infused 8,1(5,1-19,4)
CD34+stem cell x10%/kg (range)

The median time to neutrophil 18 (11-27)
engraftment (range), day

The median time to platelet 18 (11-33)
engraftment (range), day

The rates of febrile neutrophile, n (%)

Yes 25 (71,4)
No 10 (28,6)
The median duration of 19 (1-50)

hospitalization (range), day
Transplant-related mortality, n (%)

Yes 15 (42,8)

No 20 (57,2)
Disease status after transplantation

CR 18 (51,4)

PR 2(5,7)

Refractory/relaps 5 (14,3)

Not detectable 10 (28,6)
Acute GvHD status, n (%)

Yes 10 (28,6)
Chronic GvHD status, n (%)

Yes 3(8,3)

CR; complete response, GvHD; graft versus host disease, PR;
partial response

rophil and platelet engraftments did not occur
in 11 (11,4%) and 11 (11,4%) patients,
respectively. Febrile neutropenia was detected
in 25 (71,4%) patients. The median time of
hospitalization was 19 (range, 1-50) days.
Transplantation characteristics and post-
transplantation outcomes were shown in
Table 2.

The median follow-up time was 4 months
(range, 0-51), with the OS rate %14,2. The
median OS was 4 months (95% CI: 2,1-5,8).
The transplant-related mortality rate within
the first 30 days after allo-HSCT was detected
in 10 patients (28,6%) due to infection and/or
GVHD. The age at the time of transplantation,
gender, HCT-CI score, Karnofsky
performance status, disease status at time of
transplantation, the conditioning regimen, and
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Table 3. The univariate analyses for overall survival

Variables Median overall survival (months) 95% ClI p valuable
Gender
Male 4,00 2,31-5,69 .889
Female 1,00 0-4,70
Age* 0,969 0,842-1,115 .658
HCT-CI
Score 0 4,00 0,60-7,40
Score 1-2 4,00 2,45-5,55 .820
Score 23 1,00 0-3,40
Karnofsky performance score
<90% 4,00 0,21-7,79 273
290% 2,00 0-6,38
Disease status at the time of allo-HSCT
Complete and partial response 4,00 0-8,78 .215
Refractory/progression 3,00 0-7,16
The conditioning regimen
Myeloablative 4,00 0-9,88 424
Reduced induced 4,00 1,34-6,66
The dose of CD 34 stem cell dose* 1,072 0,951-1,210 .254

HCT-CI; hematopoietic cell transplant comorbidity index, allo-HSCT; allogeneic hematopoietic stem cell transplantation

*Hazard ratio (95% confidence interval)

the dose of infused CD34+ stem cells were not
statistically significantly associated with OS
(Table 3).

Response assessment could be performed in
25 (71,4%) patients after transplantation. Ten
(28,6%) patients died before a response
assessment could be performed. The rate of
PFS was 72% in 12 months. At the last follow-
up, five (14,2%) patients were still alive with
CR. Only three (10%) deaths were related to
relapse/progressed disease.

Acute GVHD occurred in 10 (28,6%) patients
as only gastrointestinal acute GvHD in
four(11,4%) patients, only skin acute GvHD
in  five(14,2%) patients, and  both
gastrointestinal and liver acute GvHD in one
(2,8%) patient. Grades I11/IV acute GvHD
occurred in six (17,1%) patients. Chronic
GVHD occurred in three (8,3%) patients (one
limited and two extended) surviving more
than 100 days after allo-HSCT.

Discussion

Allo-HSCT can be used limitedly as a
treatment option in elderly patients with
comorbidities. However, in recent years, it has
been more preferred in elderly patients due to
the improvement of the conditioning
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regimens, the determination of prognostic
factors before transplantation, and the
improvement in post-transplant supportive
treatments. In this retrospective study, 35
patients older than 60 years were evaluated
who underwent allo-HSCT.

Comorbidity and performance status are the
determining factors in selecting eligible
patients in allo-HSCT. Sorror et al. presented
the impact of HCT-CI and KPS on NMA allo-
HCST outcomes and emphasized that both
HCT-ClI 3 and above scores and KPS
percentages 80% or less were found to be
important predictor of grade 3-4 toxicities and
higher mortality (HCT-CI score: p=0.004,

p=0.0002 and KPS: p=0.05 p=0.002,
respectively). Furthermore, high HCT-CI
scores  were statistically  significantly

associated with increased NRM (p=0.0002)
[17]. Other studies demonstrated that the
HCT-CI score was a significant prognostic
impact on OS (2-year OS, 58%, 53%, and
43% for scores 0, 1-2, and >3, respectively, p
=0.004)[18]. In our study, 6 (17,1%) patients
had low HCT-CI scores, 23 (65,8%) patients
had intermediate HCT-CI scores, and six
(17,1%) patients had high HCT-CI scores,
whereas 20 (57,1%) patients had a KPS of
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<90%. However, the comorbidity and KPS
status in terms of overall survival could not be
compared as they were small and hetero-
geneous groups.

Non-myeloablative (NMA) or RIC regimens
are often preferred over myeloablative
regimens to reduce toxicity for elderly
patients in allo-HSCT. Wallen et al. presented
the results of allo-HSCT with myeloablative
regimens in adults 60 years of age and older.
They evaluated 52 patients with a median age
of 62.8 years who underwent allo-HSCT with
MAC regimens. In their study, TRM rates at
100 days and 3 years are 27% and 43%,
respectively. Grade >3 GVHD and extensive
chronic GVHD occurred 20% and 53%,
respectively [19]. However, the outcomes of
allo-HSCT in elderly patients (median age, 69
years; range, 66-77) who underwent allo-
HSCT using the RIC regimen were presented
by Hsu et al. Most patients (85%) had received
fludarabine/melphalan-based RIC regimen.
The incidence of TRM mortality was 11,5% at
100 days. The grades Il to IV GVHD at day
100 and 6 months was 29,5% and 34,5%, and
chronic GVHD at 6, 12, and 24 months was
2.5%, 5.2%, and 6.3%, respectively[5]. In our
study, the RIC regimen was used in 31
(88,6%) patients, and TRM was detected in 10
patients (28,6%) within the first 30 days after
allo-HSCT. Acute GvHD occurred in 10
(28,6%) patients. Grades Il1/1V acute GvHD
occurred in six (17,1%) patients. Chronic
GvHD occurred in three (8,3%) patients.
Although our TRM rates were higher than the
literature, the outcome of both acute and
chronic GVHD rates were similar with the
literature. We attribute this to the frail of our
cohort because most of them (57,1%) had
KPS below 90% and majority of them
(82,9%) had moderate and high HCT-CI
score.

Although TRM is low with RIC regimens, the
risk of relapse is more than with
myeloablative therapies, as a disadvantage.
Scott et al. presented the long-term follow-up
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of the study that MAC compared with RIC for
AML and MDS. They reported that the risk of
relapse was high in the RIC regimen
compared to the received MAC (hazard ratio,
4.06; 95% CI, 2.59 to 6.35; p <0.001) [11].
Acute Leukemia Working Party of the
European Group for Blood and Marrow
Transplantation presented the comparative
outcome of RIC and MAC regimen in HLA
identical sibling allo-HSCT for patients older
than 50 years with AML. They reported that
the relapse rate was statistically significantly
higher in the RIC group (RIC: 41% vs. MAC:
24%, p<0.0001) [20]. However, a phase 3
study compared the treosulfan-based
conditioning regimen with the busulfan-based
conditioning regimen in older patients with
AML or MDS. The relapse or progression
rates were detected at 20% and 21%,
respectively. There was no significant
difference between the two groups regarding
recurrence or progression (p=0,50) [21]. In
our study, the rate of PFS was 72%, and the
progression rate was 14,3% in 12 months.
Busulfan plus fludarabine or treosulfan plus
fludarabine were used mainly as the
conditioning regimen in our study, and our
relapse rates were consistent with this phase 3
study.

In the RIC regimen, fludarabine is combined
with an alkaline agent such as melphalan,
busulfan, treosulfan, and thiotepa or with total
body irradiation (TBI). The dose of alkylating
agents or TBI is reduced in the RIC regimens,
and thus the duration of cytopenia is shortened
compared to MAC regimens[22, 23]. A study
about the outcome of older patients who
underwent allo-HSCT using RIC regimens
reported the median time to neutrophil and
platelet engraftment were 13 days (range, 8 to
37) and 17 days, respectively[5]. In a
randomized and phase 3 trial, treosulfan plus
fludarabine was compared with busulfan plus
fludarabine for older patients with AML or
MDS who underwent allo-HSCT. At day 28
after HSCT, neutrophil engraftment was
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achieved 96.8% in treosulfan-treated patients
and 96.2% in Dbusulfan-treated patients
(p=0.34). Platelet engraftment was achieved
in 97% and 98% of patients, respectively
(p=0.077)[21]. In our study, busulfan and
treosulfan-based conditioning regimens were
mainly used (51,7%vs.25,7%, respectively).
The median time of neutrophil engraftment
and platelet engraftments were 18 (range, 11-
27) and 18 (range, 11-33) days, respectively.
The neutrophil and platelet engraftments did
not occur in 11 (11,4%) and 11 (11,4%)
patients, respectively. The duration of
engraftment was consistent with the literature,
but our engraftment rates were lower than the
literature. This difference was thought to be
due to infection-related deaths in the early
transplant period (first 30 days after allo-
HSCT).
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Original Article

Risk Factors Associated with Progression of Myelodysplastic Syndrome:
13 Years of Experience from a Single Center

Miyelodisplastik Sendromun Progresyonu ile Iliskili Risk Faktorleri:
Tek Merkezden 13 Yillik Deneyim

Emine Giiltiirk
Department of Hematology, Bakirkdy Dr Sadi Konuk Training and Research Hospital, Istanbul, Turkey

ABSTRACT
Aim: We aimed to assess the accuracy of the most widely-accepted prognostic classification systems in
patients with myelodysplastic syndromes (MDS), and to investigate various parameters with respect to
their association with MDS progression.
Material and Methods: Fifty-five patients diagnosed with MDS (January 1999 to December 2012)
were reviewed retrospectively. Demographic characteristics, comorbidities, laboratory and pathological
results, risk classifications (pathological and prognostic) at MDS diagnosis, treatment features, data
regarding patient survival, and acute myeloid leukemia (AML) conversion were examined.
Results: Thirty-five male and 20 female patients (mean age: 70.95+9.80 years) were included. Twenty-
four (43.46%) patients were defined to have had progression. Having an ECOG-PS score of >2 (OR:
6.939, 95%CI: 1.527-31.526; p=0.012) and being classified as ‘high’ or ‘very high’ risk according to
the WPSS (OR: 10.115, 95%Cl: 2.293-44.614; p=0.002) were found to be the only factors independently
associated with MDS progression.
Conclusion: Although univariate differences were observed for various parameters, MDS progression
was independently associated with ECOG-PS and WPSS class. It appears that singular classification
systems are insufficient to predict MDS progression.

Keywords: Myelodysplastic syndrome, progression, prognostic factors, prognostic classification
systems

OZET
Amac: Miyelodisplastik sendrom (MDS) tanili hastalarda en yaygin olarak kabul edilen prognostik
simiflandirma sistemlerinin dogrulugunu degerlendirmeyi ve MDS progresyonu ile iligkisine gore cesitli
parametreleri arastirmay1 amacladik.
Gerec ve Yontem: MDS tanisi konan 55 hasta (Ocak 1999-Aralik 2012) geriye doniik olarak incelendi.
Demografik o6zellikler, komorbiditeler, laboratuvar ve patolojik sonuglar, MDS tamisinda risk
smiflamalar1 (patolojik ve prognostik), tedavi ozellikleri, hasta sagkalimi ile ilgili veriler ve akut
miyeloid l6semi (AML) doniistimil incelendi.
Bulgular: Otuz bes erkek ve 20 kadin hasta (ortalama yas: 70.95+9.80 yil) dahil edildi. Yirmi dort
(%43.4) hastada progresyon oldugu belirlendi. Sadece ECOG-PS skorunun >2 olmasi (OR: 6.939, %95
GA: 1.527-31.526; p=0.012) ve WPSS'ye gore 'yiiksek' veya '¢ok yliksek' riskli olarak siniflandirmanin
(OR: 10.115, %95) GA: 2.293-44.614; p=0.002), MDS progresyonu ile bagimsiz olarak iliskili faktorler
oldugu belirlendi.
Sonugc: Cesitli parametreler i¢in tek degiskenli farkliliklar gézlemlenmesine ragmen, MDS progresyonu
bagimsiz olarak ECOG-PS ve WPSS siniflandirmas ile iligkilendirilmistir. Siniflandirma sistemlerinin
tek bagina MDS progresyonunu tahmin etmede yetersiz oldugu goriilmektedir.

Anahtar Kelimeler: Miyelodisplastik sendrom, progresyon, prognostik faktorler, prognostik
siiflandirma sistemleri
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Introduction

Hematopoietic cell transplantation is accepted
Myelodysplastic syndrome (MDS) defines a
group of diseases in which stem cell clonal
disorders lead to bone marrow (BM) dysplasia
and ineffective hematopoiesis. They have a
high risk of progression to acute myeloid
leukemia (AML) [1,2]. Annual MDS
incidence is about three to four cases per
100,000 people, with a higher incidence in
men and after the age of 80 years [3].

Since. MDS demonstrates considerable
clinical, pathological and cytogenetic
heterogeneity, factors affecting survival and
prognosis are highly variable [4]. Therefore,
various classification systems have been
developed, including pathological classi-
fication systems such as French-American-
British co-operative group (FAB) and the
World Health Organization (WHO) classi-
fications. Also, various prognostic models
have also been developed, such as the
International Prognostic Scoring System
(IPSS; and its revision, IPSS-R), the WHO
classification-based  Prognostic ~ Scoring
System (WPSS), and MD Anderson Cancer
Center (MDACC) Risk Model [2,5-9].
Grading in these systems are made largely by
considering chromosomal abnormalities,
cytopenia, and BM blast percentages [10].
Patient comorbidities, physical performance
status, various blood and BM parameters,
treatment requirements at the time of
diagnosis, and during the course of MDS are
also likely to affect overall survival (OS) and
progression [11-13]. The factors that
determine the pathogenesis and progression of
MDS have not been clarified [4] and
considering that classification systems alone
appear to be insufficient to predict the
progression of this disease, it is evident that
there is a need for further data to assess risk
factors associated with progression in MDS
[14].

In this study, we aimed to assess the accuracy
of widely-accepted prognostic classification
systems in MDS, and to investigate the roles
of various parameters, many of which have
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not yet been included in these systems, in
predicting MDS progression.

Methods
Study features and ethics

This retrospective study was conducted
between January 1999 to December 2012 at
the Department of Hematology, Faculty of
Medicine, Istanbul University. The ethical
approval of the study was obtained from the
Clinical Research Ethics Committee of
Istanbul University.

Participants

The files of 215 patients over the age of 18
who were diagnosed with MDS were
reviewed retrospectively. Fifty-five patients
whose files were sufficient for the study and
who were followed up regularly in the
outpatient clinic were included in the study.
Patients with missing or inaccessible data
were excluded.

Data collection instruments

Demographic characteristics of patients,
comorbidity information, laboratory results,
all  histopathological information, and
physical performance status were recorded.
The results of classification systems listed
below (at diagnosis of MDS), treatment, and
follow-up data regarding survival and AML
progression during disease course were
obtained from hospital records.

MDS pathological classification

For MDS pathological grading, both the FAB
classification [5,15] and the 2008 WHO
classification [6] were used. There were 5
major groups according to the FAB
classification system: Refractory anemia
(RA), RA with ringed sideroblasts (RARS),
RA with excess of blasts (RAEB), RAEB in
transformation (RAEB-T), and chronic
myelomonocytic leukemia (CMML) [5,15].
Using the 2008 WHO classification, MDS
was grouped according to the findings of

peripheral blood and BM as follows:
Refractory  cytopenia  with  unilineage
dysplasia (RCUD), RARS, refractory
cytopenia  with  multilineage  dysplasia
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(RCMD), RAEB-1, RAEB-2, MDS-
unclassified (MDS-U), and isolated del(5q)-
associated MDS [6].

MDS prognostic risk classification

Patients were classified in terms of prognostic
risk using the IPSS, IPSS-R, WPSS, and
MDACC models [7-9,16]. We used the 2011
revised version of the WPSS, that is, the
original criterion of "transfusion requirement”
was replaced by "severe anemia” (Hb<9g/dl in
men, Hb<8g/dl in women) [9]. The patients
were divided into 4 risk groups according to
IPSS and MDACC (low, intermediate-1,
intermediate-2, high), and 5 risk groups
according to IPSS-R and WPSS (very low,
low, intermediate, high, very high) [7-9,16].

Bone marrow assessment

Histopathological results of BM biopsy
specimens were evaluated in terms of
cellularity and dysplasia. Cellularity was
categorized as “hypercellular, normocellular,
hypocellular”; Dysplasia was categorized as
“dysplasia in one, two or three cell line(s)”
[17]. The European Myelofibrosis Network
(EUMNET) scoring system was used to
classify BM fibrosis which establishes 4
subgroups: MF-0, MF-1, MF-2, MF-3 [18].

Cytogenetic risk classification

Cytogenetic prognosis grouping was made
according to the IPSS, and patients were
divided into 3 risk groups as "good, moderate,
poor" according to pre-specified chromo-
somal anomalies [1]. Patients with
cytogenetically normal findings and those
with del(5q), del(20q) or -Y were placed in the
"good" subgroup, patients with complex (>2)
abnormalities and chromosome 7
abnormalities were classified in the "poor"
subgroup, and patients with other cytogenetic
abnormalities were classified in the
"moderate” subgroup.

Performance status assessment

The ECOG-PS was used to assess patients’
performance status at MDS diagnosis. In this
scoring system, patients are classified
according to their physical performance status
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in 6 degrees with the highest being 0 (fully
active) and the lowest being 5 (dead) [19].

Progression criteria

Presence of at least one of the following 3
criteria  was accepted to show MDS
progression; (i) Conversion to AML, (ii)
Death due to conversion to AML and/or BM
failure, (iii) Later development of signs of BM
failure that were not present at the beginning
(i.e. Hb<9g/dl in men and <8g/dl in women,
neutrophils count <0.8 x 10%L, platelet count
<100 x 10%L). Progressive MDS cases were
abbreviated as PG (presence of progression
group), and non-progressive cases as non-PG
(absence of progression group).

Statistical Analysis

All analyses were performed on SPSS version
25 (IBM, Armonk, NY, USA) with a
significance threshold of <0.05 for p value.
We employed the Shapiro-Wilk test to
determine normality of distribution in
numerical variables. Mean =+ standard
deviation or median (1st quartile-3rd quartile)
summaries were used to describe numerical
variables, in the presence and absence of
normal distribution, respectively. Absolute
and relative frequencies were reported for
categorical variables. Numerical data were
compared between groups by employing the
independent  samples  t-test  (normal
distribution) or the Mann-Whitney U test
(non-normal distribution). Chi-square tests
were used to compare the distribution
frequencies of categorical variables between
groups, and the Fisher's exact test was utilized
when assumptions for Pearson or continuity
correction were not met. Variables’ prediction
performance were assessed by using Receiver
Operating  Characteristic  (ROC) curve
analysis. Optimal cut-off points were
determined by using Youden index. Multiple
logistic ~ regression  analysis  (forward
conditional method) were performed to
determine the best predictive factors
associated with progression.

Results

Thirty-five male and 20 female patients were
included in our study, and the mean age of the
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patients was 70.95 = 9.80 (range 49-92) years.
31 (56.4%) of the patients were in the non-PG
and 24 (43.6%) in the PG group. The PG and
non-PG groups were similar in terms of age
(p=0.8) and sex (p=1.000). The duration of
follow-up in the PG group was significantly
shorter (p=0.049).

According to the WHO classification, the
non-PG group had a significantly higher
percentage of patients with RCUD, while the
PG group had a significantly higher
percentage of patients with RAEB-2 (overall
comparison, p=0.049). The FAB classi-
fication also showed significant difference
between groups. The non-PG group had a
higher proportion of RA patients, while the
PG group had a higher proportion of RAEB
patients (p=0.008). Mean hemoglobin level
(p=0.004), monocyte count (p=0.017), and
platelet count (p=0.011) were significantly
lower in the PG group, while these patients
had significantly higher mean ferritin levels
(p<0.001). BM Dblast percentage was
significantly higher among patients in the PG
group (p=0.008). BM dysplasia in three cell
lines was found to be significantly more
common in the PG group (75.0%) compared
to the non-PG group (45.2%) (p=0.043). The
two groups were similar in terms of BM
cellularity (p=0.26) and BM fibrosis grade
(p=0.167). Patients in the PG group were
found to have required significantly more
transfusions  (p<0.001). Median IPSS
(p=0.004), IPSS-R (p=0.001), WHPSS
(p<0.001), MDACC (p=0.002) scores were
found to be significantly higher in PG. The
percentage of patients classified as having
high (and very high) risks according to IPSS,
IPSS-R, WPSS and MDACC scores was
significantly higher in the PG group compared
to the non-PG group; however, while
comparisons for IPSS (p=0.027), IPSS-R
(p=0.024) and WPSS (p=0.013) demonstrated
significant difference between groups, the
MDACC results were statistically similar
(p=0.067) (Table 1).

Evaluation of various parameters with regard
to their performance to predict progression
(ROC analysis) vyielded the following
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significant results: IPSS with >intermediate-2
cut-off (AUC: 0.728, 95%CI: 0.592-0.864;
p=0.004), IPSS-R with >high cut-off (AUC:
0.748, 95%Cl: 0.618-0.878; p=0.002), WPSS
with >high cut-off (AUC: 0.761, 95%CI:
0.628-0.894; p=0.001), MDACC with
>intermediate-2 cut-off (AUC: 0.702, 95%ClI:
0.562-0.841; p=0.011). In particular, WPSS
with > high cut-off had 81.8% sensitivity and
83.3% negative predictive value (NPV)
(Table 2, Figure 1).

Next, we performed multiple logistic
regression analysis to determine the best
predictive factors associated with progression.
All parameters demonstrating significant
difference in univariate analyses and
previously suggested risk factors were
included in the model. Patients with high
ECOG-PS score (>2) were found to have a
6.939-fold higher risk of progression than
other patients (OR: 6.939, 95%CI. 1.527-
31.526; p=0.012). Patients with high or very
high WPSS were found to have a 10.115-fold
higher risk of progression than other patients
(OR: 10.115, 95%Cl: 2.293-44.614; p=0.002)
(Table 3, Figure 2, Figure 3). These results
indicated that the ECOG-PS and WPSS
combination was the best combination that
could be used to predict progression. Other
variables included in the model, age
(p=0.733), sex (p=0.634), fibrosis grade
(p=0.099), cytogenetics (p=0.484), dysplasia
(p=0.513), IPSS (p=0.554), IPSS-R
(p=0.354), and MDACC (p=0.974), were
found to be non-significant.

Discussion

About two-thirds of patients with MDS die
from bleeding, recurrent infections, and
severe anemia due to progressive BM failure.
Progression to AML is also associated with an
extremely poor outcome and short survival
[20]. Therefore, in our study, we identified
BM failure and/or conversion to AML and/or
death as the progression criteria of MD. We
then aimed to identify various predictors that
may be most associated with progression. We
found that MDS progression could be
associated with being classified as having
RAEB-2 (WHO classification) and RAEB
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Table 1. Summary of patient characteristics with regard to progression

Progression

Total (n=55) No (n=31) Yes (n=24) p

Age 70.95 +9.80 70.65 + 9.06 71.33 +£10.86 0.8

Sex
Male 35 (63.6%) 20 (64.5%) 15 (62.5%) 1.000
Female 20 (36.4%) 11 (35.5%) 9 (37.5%)

Comorbidity 31 (56.4%) 17 (54.8%) 14 (58.3%) 1.000
Diabetes mellitus 6 (10.9%) 5 (16.1%) 1 (4.2%) 0.216
Hypertension 10 (18.2%) 4 (12.9%) 6 (25.0%) 0.304
Ischemic heart disease 9 (16.4%) 4 (12.9%) 5 (20.8%) 0.48
COPD 4 (7.3%) 2 (6.5%) 2 (8.3%) 1.000
Other 7 (12.7%) 4 (12.9%) 3 (12.5%) 1.000
Malignancy 7 (12.7%) 3(9.7%) 4 (16.7%) 0.69

Type of MDS, WHO
RCUD 5 (9.1%) 5 (16.1%) 0 (0.0%)

RCMD 15 (27.3%) 11 (35.5%) 4 (16.7%)

RARS 4 (7.3%) 3 (9.7%) 1 (4.2%)

Isolated del(5q) 4 (7.3%) 3 (9.7%) 1 (4.2%) 0.049
RAEB-1 7 (12.7%) 2 (6.5%) 5 (20.8%)

RAEB-2 17 (30.9%) 6 (19.4%) 11 (45.8%)

MDS/MPN 3 (5.5%) 1 (3.2%) 2 (8.3%)

Type of MDS, FAB

RA 22 (40.0%) 18 (58.1%) 4 (16.7%)

RARS 5 (9.1%) 4 (12.9%) 1 (4.2%)

RAEB 23 (41.8%) 7 (22.6%) 16 (66.7%) 0.008
RAEB-T 2 (3.6%) 1 (3.2%) 1 (4.2%)

CMML 3 (5.5%) 1 (3.2%) 2 (8.3%)

ECOG performance status
0 15 (27.3%) 9 (29.0%) 6 (25.0%)

1 22 (40.0%) 16 (51.6%) 6 (25.0%) 0.085
2 16 (29.1%) 5 (16.1%) 11 (45.8%)
3 2 (3.6%) 1 (3.2%) 1 (4.2%)

Hemoglobin (gr/dL) 9.17 £2.27 9.92+1.94 8.20+2.34 0.004

MCV (fL) 96.69 £ 13.71 95.17 £ 15.31 98.66 + 11.32 0.354

WBC (/ul) 3300 (2360-5440) 3420 (2800-6060) 3125 (2075-5150)  0.175

Neutrophil (/ul) 1460 (900-2370) 1750 (1000-3000) 1295 (580-2030) 0.082

Lymphocyte (/ul) 1600 (1040-2340) 1400 (1090-2390) 1760 (1005-2260)  0.95

Monocyte (/ul) 330 (130-580) 380 (200-690) 185 (65-435) 0.017

Platelet (*103/pl) 107 (68-188) 141 (84-230) 87.5 (37-133) 0.011

LDH (IU/L) 233 (177-367) 228 (177-383) 234 (175.5-347) 0.96

Ferritin (ng/mL) 525 (143-1258) 160 (87-668) 1155 (412-1801) <0.001

Bone marrow blast (%) 4 (2-12) 3(2-7) 8 (3.5-14.5) 0.008

Bone marrow cellularity
Hypercellular 46 (83.6%) 27 (87.1%) 19 (79.2%)
Normocellular 7 (12.7%) 4 (12.9%) 3 (12.5%) 0.261
Hypocellular 2 (3.6%) 0 (0.0%) 2 (8.3%)

Dysplasia (in ... cell line(s))
1 9 (16.4%) 8 (25.8%) 1 (4.2%)
2 14 (25.5%) 9 (29.0%) 5 (20.8%) 0.043
3 32 (58.2%) 14 (45.2%) 18 (75.0%)

Fibrosis grade
MF-0 6 (10.9%) 4 (12.9%) 2 (8.3%)

MF-1 34 (61.8%) 22 (71.0%) 12 (50.0%) 0167
MF-2 11 (20.0%) 3 (9.7%) 8 (33.3%)
MF-3 4 (7.3%) 2 (6.5%) 2 (8.3%)
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Cytogenetic
Good 25 (45.5%)
Moderate 16 (29.1%)
Poor 14 (25.5%)
Transfusion need 30 (54.5%)
Chelating agent use 4 (7.3%)
IPSS 1(0-2)
Low 15 (27.3%)

Intermediate-1 17 (30.9%)

Intermediate-2 11 (20.0%)
High 12 (21.8%)
IPSS-R 4 (2-6.5)
Very low 5(9.1%)
Low 15 (27.3%)
Intermediate 9 (16.4%)
High 10 (18.2%)
Very high 16 (29.1%)
WPSS 3(1-9)
Very low 7 (13.5%)
Low 10 (19.2%)
Intermediate 7 (13.5%)
High 16 (30.8%)
Very high 12 (23.1%)
MDACC 6 (4-8)
Low 15 (27.3%)

Intermediate-1 15 (27.3%)

Intermediate-2 12 (21.8%)

High 13 (23.6%)
Chemotherapy 3 (5.5%)
Follow-up time, month 22 (8-33)

AML transformation
Mortality

12 (21.8%)
16 (29.1%)

Acta Oncologica Turcica 2023; 56: 114-124

17 (54.8%) 8 (33.3%)

8 (25.8%) 8 (33.3%) 0.262
6 (19.4%) 8 (33.3%)

10 (32.3%) 20 (83.3%) <0.001
3 (9.7%) 1 (4.2%) 0.624
0.5 (0-1.5) 1.5 (1-2.5) 0.004
12 (38.7%) 3 (12.5%)

11 (35.5%) 6 (25.0%) 0.027
5 (16.1%) 6 (25.0%)

3 (9.7%) 9 (37.5%)

3 (2-5) 6 (3.75-7.25) 0.001
5 (16.1%) 0 (0.0%)

11 (35.5%) 4 (16.7%)

6 (19.4%) 3 (12.5%) 0.024
4 (12.9%) 6 (25.0%)

5 (16.1%) 11 (45.8%)

1.5 (1-3) 4 (3-5) <0.001
6 (20.0%) 1 (4.5%)

9 (30.0%) 1 (4.5%)

5 (16.7%) 2 (9.1%) 0.013
6 (20.0%) 10 (45.5%)

4 (13.3%) 8 (36.4%)

5 (3-8) 8 (6-10) 0.002
12 (38.7%) 3 (12.5%)

9 (29.0%) 6 (25.0%) 0.067
6 (19.4%) 6 (25.0%)

4 (12.9%) 9 (37.5%)

1 (3.2%) 2 (8.3%) 0.575
26 (10-38) 12.5 (6.5-28) 0.049

12 (50.0%) -
16 (66.7%) -

Data are given as mean * standard deviation or median (1st quartile-3rd quartile) for continuous variables according to
normality of distribution and as frequency (percentage) for categorical variables

COPD: Chronic obstructive pulmonary disease, MDS: myelodysplastic syndromes, WHO: World Health Organization, RCUD:
Refractory cytopenia with unilineage dysplasia, RCMD: Refractory cytopenia with multilineage dysplasia, RARS: Refractory
anemia with ringed sideroblasts, RAEB: Refractory anemia with excess of blasts, MPN: Myeloproliferative neoplasms, FAB:
French-American-British, RA: Refractory anemia, RARS: Refractory anemia with ringed sideroblasts, RAEB-T: Refractory
anemia with excess of blasts in transformation, CMML: Chronic myelomonocytic leucaemia, ECOG: Eastern Cooperative
Oncology Group, MCV: Mean corpuscular volume, WBC: White blood cell, LDH: Lactate dehydrogenase, MF: Myelofibrosis,
IPSS: International Prognostic Scoring System, IPSS-R: International Prognostic Scoring System-revised, WPSS: WHO
classification-based Prognostic Scoring System, MDACC: MD Anderson Cancer Center, AML: Acute myeloid leukemia

(FAB classification). In addition, we observed
that the likelihood of progression appeared to
increase in the presence of higher risk
category in IPSS, IPSS-R, and WPSS. As a
result of multiple logistic regression analysis,
we found that having an ECOG-PS score of
>2 and a WPSS classification of >high were
the only factors independently associated with
progression.

The prognosis of MDS patients, with respect
to OS and risk of transformation to AML, is
primarily defined by the IPSS and the IPSS-R
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scores [2,21]. IPSS-R has been shown to have
improved accuracy over IPSS. In this study,
IPSS(-R) scores were not found to be strongly
associated with  prognostic  prediction,
especially relative to ECOG-PS and WPSS.
Median OS for high-risk MDS patients (IPSS:
intermediate-2 and  high-risk;  IPSS-R:
intermediate [with >3.5 points], high or very-
high-risk score) ranges from a few months to
1.2 years [21]. The recent study by
Papageorgiou et al. showed that IPSS or IPSS-
R independently predicted shortened LFS and
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Table 2. Performance of the variables to predict progression

Cut-off Sensitivity Specificity Accuracy PPV NPV AUC (95.0% CI) p
ECOG-PS >2 50.0% 80.6% 67.3% 66.7%  67.6%  0.621 (0.466-0.776) 0.127
Fibrosis grade > MF-2 41.7% 83.9% 65.5% 66.7%  65.0%  0.624 (0.472-0.776) 0.118
Cytogenetic Moderate & Poor 66.7% 54.8% 60.0% 53.3%  68.0%  0.618 (0.468-0.769) 0.135
IPSS > Intermediate-2 62.5% 74.2% 69.1% 65.2%  71.9%  0.728 (0.592-0.864) 0.004
IPSS-R > High 70.8% 71.0% 70.9% 65.4%  75.9%  0.748 (0.618-0.878) 0.002
WPSS > High 81.8% 66.7% 73.1% 64.3%  83.3%  0.761 (0.628-0.894) 0.001
MDACC > Intermediate-2 62.5% 67.7% 65.5% 60.0%  70.0%  0.702 (0.562-0.841) 0.011

PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under ROC curve, Cl: Confidence intervals, ECOG: Eastern Cooperative Oncology Group, IPSS:
International Prognostic Scoring System, IPSS-R: International Prognostic Scoring System-revised, WPSS: WHO classification-based Prognostic Scoring System, MDACC: MD
Anderson Cancer Center

ROC Curve

Source of the
Curve

—IPSS
08 —IPSS-R
o —WPSS

——MDAAC
—Reference Line
06 /

04

Sensitivity

0.2

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1. ROC curve of the risk scores to predict progression
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Table 3. The best predictive factors of the progression, multiple logistic regression analysis

B coeficient 2102 Exp(B) 95% Cl for Exp(B)
ECOG-PS,22  1.937 0.772 0.012 6939 1527 31.526
WPSS, 2 High  2.314 0.757 0.002 10115 2.293 44.614
Constant -2.335 0.703 0.001 0.097

Dependent variable: Progression; Nagelkerke R?=0.430

Cl: Confidence Interval, ECOG: Eastern Cooperative Oncology Group, WPSS: WHO classification-based Prognostic

Scoring System

ECOG
190.0% performance
status

Percent

Progression

Figure 2. ECOG performance status score with
regard to progression

OS [21]. Apart from these two, the other 2
classification systems developed and accepted
as prognostic determinants are WPSS and
MDACC models [16,22]. We believe the
outcomes of our study may be associated with
the fact that WPSS performs a dynamic risk
assessment and has prognostic value not only
at the time of diagnosis but also at other times
[23]. Porta and colleagues studied OS and
AML conversion time in 5326 MDS patients
with respect to IPSS-R and WPSS classes.
They found that according to, median OS was
121, 67, 35, 20, and 9 months in very low,
low, intermediate, high and very high risk
IPSS-R classes, respectively. Also, after
excluding the “very low risk” group, median
time for 25% of patients to develop AML was
found to be 188, 34, 17 and 9 months,
respectively. They also showed that according
to WPSS classes median OS was 98, 76, 44,
21 and 9 months in very low, low,
intermediate, high and very high risk,
respectively, while median times for 25% of
patients to develop AML (except very low)
were 174, 72, 18 and 8 months, respectively.
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M High
M very high

100.0%
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200%
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Progression

Figure 3. WPSS risk groups with regard to
progression

They found the prognostic power of the
WPSS was comparable to that of IPSS-R [22].
Comparing the IPSS and WPSS outcomes, it
appears that the relatively steep decline
regarding length of OS and time until AML
conversion from the “intermediate” to the
“high risk” groups of the WPSS may have had
a role in establishment of statistical
significance in the present study. The
multivariable analysis results of our study
support the relationship of the WPSS system
with MDS progression. In our study, RAEB-2
was found to be significantly associated with
progression and WHO-RAEB-2 significantly
increased the WPSS score. Taken together,
these provide support for the importance of
blast percentage in determining prognosis, as
this parameter is the primary parameter that
distinguishes RAEB-2 from other WHO
subclasses. However, before drawing direct
conclusions regarding this matter, the non-
homogeneous  distribution  of  patient
characteristics in MDS and the limited patient
counts in several subgroups must be
considered.
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The MDACC is another prognostic system
that assesses treated and untreated MDS
patients, as well as patients with proliferative
CMML and treatment-associated MDS
[16,23].  Notwithstanding its  reliable
performance and wide inclusion criteria, the
relative complexity of this model has limited
its use in routine clinical practice [23]. The
studies by Komrokji et al. and Nazha et al.
also supported the prognostic value of
MDACC in MDS [24,25]. Although we did
not find an independent relationship between
MDACC and MDS progression, ECOG-PS
(which is included in the MDACC) was
independently  associated  with  MDS
progression, further supporting the utility of
MDACC in prognostic assessment while also
showing the need for further data to improve
patient risk stratification in MDS. When we
evaluated ECOG-PS’s prognostic value as a
separate parameter, it was found that half of
the patients with progression had an ECOG-
PS score of 2 or higher. Perhaps more
importantly, 80% of the non-PG group had an
ECOG-PS score of <2. Similar to our study,
the logistic regression analysis performed in
one study showed that having a poor ECOG-
PS (score >2) was an independent predictor of
shortened LFS and OS, independent of IPSS-
R risk class [21]. This relationships was also
supported by another study in which an
ECOG-PS score of 2 or higher was
independently associated with shorter survival
[26].

The FAB and WHO classifications are two
widely accepted models in the pathological
classification of MDS. The WHO
classification was revised in 2016 [27,28], but
since we used data obtained between 1999 and
2012 in our study, we classified patients
according to the WHO 2008 classification. In
a comprehensive study involving 5326
patients, OS for the types defined according to
the WHO classification were as follows:
median OS was 99 months for RCUD, RARS,
and del5qg (considered a single category), 66
months for RCMD, 28 months for RAEB-1,
and 18 months for RAEB-2. The median time
that surpassed until 25% of patients developed
AML was 123 months for RCMD, 23 months
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for RAEB-1, and 9 months for RAEB-2 [22].
In the study by Ohyashiki et al., the
conversion of RAEB-1 to AML was reported
at a frequency of 37.5%, while the conversion
rate of RAEB-2 to AML was 50% [29]. A
recent study from Japan reported that MDS
patients with high ferritin levels were
significantly more likely to have RARS
according to the FAB classification and were
significantly less likely to have RA when
compared to those with low ferritin levels
[10]. Considering that high ferritin level is
associated with worse survival in MDS, the
ferritin elevation in these groups could be a
factor contributing to survival [30]. We found
that patients with RAEB-2 (WHO
classification) and patients with RAEB (FAB
classification) were significantly more likely
to be in the PG group rather than the non-PG
group. Furthermore, patients with RCUD
(WHO classification) and patients with RA
(FAB classification) were significantly more
common in the PG group than in the non-PG
group. We can say that these results are
relatively consistent with the results of
previous  studies.  Undoubtedly, the
combination of the excess blast percentage
with the presence of dysplasia in one or more
cell lines has an important role in this
relationship.

The limitations of our study can be listed as
follows: the fact that it was a single-center
study and the small number of participants
limits the generalizability of the results. The
retrospective analysis limited both the
addition of new data and the use of the revised
version of the WHO classification (2016) and
comparison with other studies in this respect.
In addition, since some patients had been
diagnosed prior to access to advanced
methods, we could not examine the effects of
molecular genetics on the clinical course of
MDS. The heterogeneity of the patient
population is true for all studies evaluating
patients with MDS, and therefore, is
unavoidable; however, our data were further
limited by the heterogeneous distribution of
patients into prognostic subgroups. This may
have influenced the statistical analyses.
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Multivariable analysis showed that having an
ECOG-PS score of >2 and being classified
with >high risk according to the WPSS were
independent predictors of MDS progression.
Compared to the non-PG group, patients with
progression  had  lower  hemoglobin,
monocyte, and platelet values, while BM blast
percentage, transfusion need and ferritin
levels were higher. In addition, the presence
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Opioid Administration for Mucositis-Related-Pain Using
Patient Controlled Analgesia (PCA) Method is Associated with the
Development of Early Posttransplant Complications

Mukozit Iliskili Agr1 icin Hasta Kontrollii Analjezi Yontemi Esliginde
Uygulanan Opioid Tedavisinin Erken Dénem Nakil Komplikasyonlari ile liskisi
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ABSTRACT
Introduction: Mucositis is one of the major complications of allogeneic hematopoietic stem cell
transplantation with myeloablative conditioning. Several measures have been developed to improve pain
palliation and quality of life in transplant recipients. This study was performed to evaluate the
association of opioid administration using patient controlled analgesia (PCA) method with early
posttranplant complications.
Materials and Methods: Medical records of 452 patients [median age: 35(15-67) years, male/female:
285/167] were retrospectively reviewed.
Results: PCA was used in 157 patients (34.7%) for median 9(1-24) days. The proportion of patients
who received myeloablative conditioning regimen was significantly higher in PCA+ group (p<0.001).
Severe mucositis was more common in patients who required PCA administration (p<0.001). Total body
irradiation (p<0.001) and methotreaxate prophylaxis (p<0.001) were more frequently used in PCA+
patients. Hypoxia, bleeding, sinusoidal obstruction syndrome, invasive fungal infections, neurotoxicity,
hepatotoxicity and nephrotoxicity were significantly more common in PCA+ patients. Duration of
hospitalization was significantly longer in PCA+ group (p<0.001).
Discussion: Opioid administration with PCA, which was more frequently used in patients who had
myeloablative conditioning and mucositis, was found to be associated with the development of early
posttransplant complications.

Keywords: Patient Controlled Analgesia; Myeloablative Conditioning; Mucositis; Allogeneic
Hematopoietic Stem Cell Transplantation; Pain Palliation

OZET

Giris: Mukozit, myeloablatif hazirlama rejimiyle allojeneik kdk hiicre nakli yapilan hastalarda
gelisebilen 6nemli komplikasyonlardan biridir. Kok hiicre nakil alicilarinda agr1 palyasyonu saglamak
ve yasam kalitesini artirmak igin farkli yontemler gelistirilmistir. Bu ¢aligmanin amaci, hasta kontrollii
analjezi (HKA) yontemi esliginde uygulanan opioid tedavisinin erken donem nakil komplikasyonlariyla
iligkisini aragtirmaktir.

Gerec ve yontemler: Toplam 452 hastanin [ortanca yas: 35(15-67) yil, erkek/kadin: 285/167] verileri
geriye doniik olarak incelendi.

Bulgular: Hasta kontrollii analjezi 157 hastada (%34.7) ortanca 9(1-24) giin siireyle uygulandi. HKA+
grupta myeloablatif rejim uygulanan hasta sayis1 anlaml yiiksekti (p<0.001). HKA gereksinimi olan
hastalarda agir mukozit gelisiminin daha sik oldugu goézlendi (p<0.001). Tiim beden isinlamasi
(p<0.001) ve metotreksat kullanimi (p<0.001) HKA+ grupta daha sikti. Hipoksi, kanama, sinuzoidal
obstriiksiyon sendromu, invaziv fungal enfeksiyonlar, ndrotoksisite, hepatotoksisite ve nefrotoksisite
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HKA+ grupta daha sik goriildii. Hastanede kalis siiresi HK A+ grupta anlamli uzun saptandi (p<0.001).
Tartisma: Bu caligmada, myeloablatif hazirlama rejimi uygulanan ve agir mukozit gelisen hastalarda
daha sik kullanilan HKA esliginde opioid uygulamasinin erken dénem nakil komplikasyonlariyla iligkili

oldugu gosterildi.

Anahtar kelimeler: Hasta Kontrollii Analjezi; Myeloablatif Hazirlama Rejimi; Mukozit; Allojeneik

Kok Hiicre Nakli; Agr1 Palyasyonu

Introduction

Allogeneic  hematopoietic ~ stem  cell
transplantation (alloHCT) is considered as a
curative modality in the treatment of various
hematological disorders. Despite favorable
improvement in patient care and supportive
measures, unacceptable morbidity and
mortality rates remain a major problem in high
risk patients. Although chronic graft versus
host disease (GvHD) and relapse seem to be
responsible for the long-term adverse
outcomes, early posttransplant complications
including mucositis, infection, acute GvHD
and sinusoidal obstruction syndrome (SOS)
may cause significant toxicity which may
result in prolonged hospitalization and
impaired quality of life [1-3].

Among a variety of transplant related factors
which  may increase the risk of
periengraftment complications, the prominent
role of conditioning regimen intensity should
be pronounced in the development of severe
mucositis and other complications due to
endothelial ~ dysfunction.  Myeloablative
conditioning (MAC) which contains high
dose chemotherapy and/or radiotherapy has
an adverse impact on rapidly dividing cells
and may cause severe mucositis in the early
posttransplant course. Approximately 75% of
alloHCT recipients develop oral mucositis in
the preengraftment phase of transplantation.
The severity of mucositis is associated with
the intensity of conditioning regimen as well
as immunosuppressive medications which are
used for GvHD prophylaxis such as
methotrexate [4-7]. Oral nutrition may be
impaired in these patients as a result of
mucositis  associated  pain.  Bacterial
translocation and catheter related infections
may develop in patients who require
parenteral support because of oral nutrition
impairment. Therefore, pain palliation
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including topical local anesthetics and
systemic opioid analgesics is indispensable to
maintain normal gastrointestinal function in
order to accelerate the healing process of
mucosal barriers and improve quality of life
[7-9].

Patient controlled analgesia (PCA) is a pain
relief  method which  enables  self
administration of the analgesic substance via
intravenous bolus and/or infusion using a
specific pump which is programmed by an
expert, preferably by an anesthesiologist.
Maximum drug dose, dose ranges and
infusion rates can be individualized by this
procedure. The total amount of opioid
substance was shown to be significantly
reduced in patients who receive PCA [8,10].

To our knowledge, the role of opioid
administration via PCA method in the
development of transplant complications has
not been previously studied. Therefore, this
retrospective study is performed to evaluate
the effect of opioid use with PCA in the early
posttransplant course and to clarify its
possible association with transplant related
complications and hospital stay.

Materials and Methods
Patients

A total of 452 patients [median age: 35(15-67)
years, male/female:285/167] who underwent
alloHCT between 2003 and 2018 were
included in this study. Medical records of the
patients were analyzed retrospectively.
Demographic and clinical characteristics of
the patients were recorded. Transplant risk
assessments including European Society for
Blood and Marrow Transplantation (EBMT)
score and Hematopoietic Cell Transplantation
Comorbidity Index (HCT-CI) were evaluated
[11,12]. National Cancer Institute Common
Toxicity Criteria (version 4) was used for
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toxicity assessments. Patient and transplant
characteristics are represented in Table 1.

Pain Management and PCA Schedule

Pain scores of the transplant recipients, which
range from 0 to 10 points (pts), were
determined by numeric rating scale (NRS)
[9,13]. Daily pain status of all patients was
questioned and recorded by transplant nurses.
Tramadol infusion with PCA was started
when the pain score was greater than 3 pts.
Tramadol was mixed with normal saline at a
concentration of 5 mg/mL. Lockout time was
identified as 30 minutes while 4-hour infusion
limit was indicated to be 200 mL. Initial dose
arrangements were 20 mg and 5 mg/mL for
bolus and infusion rates, respectively. All
steps of the setting, including basal and
subsequent modifications, were adjusted by
an anesthesiologist. In patients with a
permanent pain score greater than 5 pts, which
was considered as refractory to appropriate
dose increments, intravenous morphine and/or
transdermal fentanyl patch were used to
support PCA infusion. Antiemetic drugs such
as serotonin 5-HT3 antagonists or
metoclopramide were used for PCA induced
nausea and vomiting. PCA infusion was

stopped in case of severe side -effects
including  dizziness,  confusion  and
hypoxemia.

Transplant Protocols

The criteria of the Centre for International
Blood and Marrow Transplant Research
(CIBMTR) was used for the classification of
conditioning intensity [14]. Myeloablative
conditioning regimens consisted total body
irradiation (TBI) (1200 cGy)/ cyclophos-
phamide (120 mg/kg) or busulfex (12.8
mg/kg)/cyclophosphamide (120 mg/kg),
whereas fludarabine (150 mg/m?)/melphalan
(140 mg/m?) and TBI (400 cGy)/fludarabine
(150 mg/m?) were designated as reduced
intensity  conditioning (RIC) regimens.
Cyclosporine A / methotrexate and cyclo-
sporine A / mycofenolate mofetil combinat-
ions were used for GvHD prophylaxis in
MAC and RIC transplants respectively.

Supportive Care
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Standards for antibacterial and antifungal
prophylaxis, febrile neutropenia, invasive
fungal infections (IFI) and cytomegalovirus
reactivation were assessed based on the
European Conference on Infections in
Leukemia (ECIL) and Infectious Diseases
Society of America (IDSA) guidelines [15-
17]. The diagnosis and grading of SOS was
identified according to the EBMT guidelines
[18].

Statistical Analysis

Categorical and continuous variables were
represented as frequency (percentage) and
median (range) respectively. Kolmogorov-
Smirnov and Shapiro Wilk tests were
performed for normality analysis with p>0.05
taken as evidence of normality. Parametric
and non-parametric tests were used in case of
normal and  abnormal  distributions.
Continuous variables were compared using
Student T-test, Mann Whitney U and Kruskal
Wallis tests. Chi-square test was used for the
comparison  of  categorical  variables.
Correlation analysis was performed using
Pearson and Spearman tests. Kaplan-Meier
method was used for survival analysis and log
rank test for the comparisons of Kaplan-Meier
curves. Cox proportional hazards regression
model with the calculation of HRs and 95%
confidence intervals (CI) was used for
univariate and multivariate analysis in order to
determine statistically significant prognostic
factors. IBM SPSS Statistics Version 22.0
(IBM Corp, Armonk, NY, USA) programme
was used for statistical analysis. All P values
were two-sided and P<0.05 was considered as
statistically significant.

Ethical Standards

The study was approved by the institutional
review board of Gazi University Faculty of
Medicine (Date: 11.06.2018; Number: 449)
All procedures in the study were in
accordance with the ethical standards of the
institutional research committee and with the
1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all
individual participants included in the study.
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Table 1. Patient and Transplant Characteristics
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Age (years) [median (range)]

35 (15-67)

Gender (male/female) [n(%)]

285 (63.1) / 167 (36.9)

Diagnosis [n(%)]

Acute myeloid leukemia 169 (37.4)
Acute lymphoblastic leukemia 109 (24.1)
Myelodysplastic syndrome 29 (6.4)
Non Hodgkin lymphoma 32 (7.1)
Hodgkin lymphoma 19 (4.2)
Multiple myeloma 25 (5.6)
Chronic lymphocytic leukemia 2 (0.4)
Chronic myeloid leukemia 14 (3.1)
Primary myelofibrosis 10 (2.2)
Aplastic anemia 34 (7.5)
Paroxysmal nocturnal hemoglobinuria 5(1.2)
Thalassemia major 4 (0.9)
Pretransplant Disease Status (n=378) [n(%)]

Complete remission 262 (69.3)
Partial remission 33(8.7)
Progressive disease / Relapse 66 (17.5)
Primary refractory 15 (4)
Stable disease 2 (0.5
ECOG Performance Status [median (range)] 1(0-4)
HCT-CI [median (range)] 1 (0-6)
EBMT Score [median (range)] 3 (0-7)
HLA Compatibility [n(%)]

Matched sibling 365 (80.8)
Mismatched related 14 (3.1)
Unrelated 71 (15.7)
Haploidentical 2(0.4)
Graft Source [n(%)]

Peripheral blood 429 (94.9)
Bone marrow 23 (5.1)
Conditioning Regimen [n(%)]

Myeloablative 276 (61.1)
Reduced intensity 176 (38.9)
Total Body Irradiation [n(%)] 109 (24.1)
GvHD Prophylaxis [n(%)]

Cyclosporine A—-methotreaxate 379 (83.8)
Cyclosporine A—mycophenolate mofetil 73 (16.2)
Infused CD34* Cell Count (x10%/kg) [median (range)] 4.2 (0.3-9.5)
Neutrophil Engrafment (days) [median (range)] 17 (7-43)
Platelet Engraftment (days) [median (range)] 15 (0-89)
Total Parenteral Nutrition [n(%)] 194 (42.9)
Duration of parenteral nutrition (days) [median (range)] 10 (2-46)
Sinusoidal Obstruction Syndrome [n(%)] 97 (21.5)
Grade [median (range)] 2 (1-3)
Thrombotic Microangiopathy [n(%6)] 4 (0.9)
Duration of Febrile Neutropenia (days) [median (range)] 3 (0-52)
Septic Shock [n(%)] 35 (7.7)
Invasive Fungal Infection [n(%)] 116 (25.7)
Mechanical Ventilation [n(%)] 52 (11.5)
Pain Score [median (range)] 6 (0-10)
PCA Administration [n(%)] 157 (34.7)
Duration of PCA (days) [median (range)] 9 (1-24)
Duration of Hospitalization (days) [median (range)] 31 (9-130)

EBMT European Society for Blood and Marrow Transplantation; ECOG Eastern Cooperative Oncology Group; GvHD Graft versus

Host Disease; HCT-CI Hematopoietic Cell Transplantation Comorbidity Index; PCA Patient Controlled Analgesia
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Results

Median pain score was indicated to be 6(0-10)
pts in the whole study population. Patient
controlled analgesia was used in 157 patients
(34.7%) for median 9(1-24) days. A total of
118 patients (75.2%) were diagnosed as acute
leukemia in PCA+ group.

Patient controlled analgesia requirement was
observed to be significantly predominant in
acute  leukemia  patients  (P<0.001).
Furthermore, PCA was more commonly used
in patients who received TBI (P<0.001) and
cyclosporine  A-methotrexate as GvHD
prophylaxis  (P<0.001). Patients who
developed SOS (P<0.001), febrile neutro-
penia (P<0.001) and IFIs (P<0.001) required
significantly more PCA support.

Comparison of PCA+ and PCA- Groups

Based on PCA administration, the study
population was seperated into two subgroups,
each of which implicates PCA+ (n=157,
34.7%) and PCA- (n=295, 65.3%) patients.
Median pain score was significantly higher in
PCA+ group compared to PCA- group [8(0-
10) vs 4(0-10) pts; P<0.001)]. Patients in
PCA+ group were found to be younger than
PCA- patients [29(16-65) vs 38(15-67) years;
P<0.001] which may be associated with the
predominance of acute leukemia patients in
PCA+ group who were frequently exposed to
MAC regimens. Thus, the proportion of
patients receiving MAC in PCA+ group was
found to be significantly higher compared to
PCA- group (79% vs 51.5%, P<0.001).
Patient controlled analgesia was administered
in 44.9% of the patients who received MAC
regimen and 18.9% of the patients who had
RIC (P<0.001). Total body irradiation (42.7%
vs 14.2%; P<0.001) and methotreaxate
prophylaxis (97.5% vs 76.6%; P<0.001) were
observed to be more frequently used in PCA+
patients. Neutrophil [17(10-43) vs 16(7-29)
days; P<0.001] and platelet engraftments
[16.5(0-89) vs 14(0-64) days; P<0.001]
occured later in PCA+ group compared to
PCA- group. Total parenteral nutrition (TPN)
was extensively used in PCA+ patients
(76.4% vs 24.8%; P<0.001). Duration of
febrile neutropenia was significantly longer
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[(5(0-52) vs 3(0-28) days; P<0.001] and IFls
were found to be more frequent in PCA+
group [38.2% vs 20%; P<0.001)]. Similarly,
incidence of SOS was indicated to be higher
in patients who received PCA [36.3% Vs
13.6%; P<0.001]. Duration of hospitalization
was recorded to be significantly longer in
PCA+ patients [32(16-130) vs 29(9-94) days,
P<0.001) (Table 2).

Conditioning regimen and transplant related
toxicities including hypoxia (p=0.032),
bleeding (P<0.001), neurotoxicity (P=0.003),
hepatotoxicity (P=0.001) and nephrotoxicity
(P=0.033) were observed to be more common
in PCA+ patients. Table 3 represents the
comparison of toxicity profiles between two
groups.

Subgroup Analysis Based on Pain Status

The study cohort was further divided into two
distinct subgroups based on the severity of
pain, such as “mild-to-moderate” and
“severe”. Maximum pain score >7 pts was
classified as “severe” pain, whereas pain score
<7 pts was referred to “mild-to-moderate”
pain. Acute leukemia diagnosis (P<0.001),
MAC (P=0.005) and TBI administration
(P<0.001) were more frequently observed in
the severe-pain group.

Survival Analysis and Prognostic Factors

Probability of overall survival (OS) was
estimated to be 35.5% in the whole population
at the end of 539(1-5435) days of follow-up.
Probability of OS was not different between
PCA+ and PCA- groups (33.2% vs 37.7%)
(P>0.05) (Figure 1).

Factors which had a significant impact on OS
in univariate analysis are represented in Table
4. Eastern Cooperative Oncology Group
(ECOG) performance status [P<0.001; HR:
3.869 (95% CI: 1.849-8.098)], EBMT risk
score [P=0.022; HR: 1.222 (95% CI: 1.029-
1.451)], duration of febrile neutropenia
[P=0.005; HR: 1.110 (95% CI: 1.032-1.193)],
hypoxia [P=0.031; HR: 1.372 (95% CI: 1.029-
1.830)] and nephrotoxicity [P<0.001; HR:
2.494 (95% CI: 1.566-3.972)] were indicated
to be significant prognostic factors in
multivariate analysis.
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Table 2. Distribution of Comparative Variables among PCA* and PCA- Groups
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PCA* Group PCA- Group P Value
n=157 n=295

Age (years) [median (range)] 29 (16-65) 38 (15-67) <0.001
Neutrophil Engraftment (days) [median (range)] 17(10-43) 16 (7-29) <0.001
Platelet Engraftment (days) [median (range)] 16.5 (0-89) 14 (0-64) <0.001
Red Blood Cell Transfusion (units) [median (range)] 4 (0-50) 3 (0-33) 0.005
Platelet Transfusion (units) [median (range)] 6 (0-75) 4 (0-63) <0.001
Duration of Febrile Neutropenia (days) [median (range)] 5(0-52) 3(0-28) <0.001
Duration of Hospitalization (days) [median (range)] 32 (16-130) 29 (9-94) <0.001
Maximum Pain Score (points) [median (range)] 8 (0-10) 4 (0-10) <0.001
Myeloablative Conditioning Regimen [n(%)] 124 (79) 152 (51.5) <0.001
Total Body Irradiation [n(%)] 67 (42.7) 42 (14.2) <0.001
Methotrexate Administration [n(%)] 153 (97.5) 226 (76.6) <0.001
Sinusoidal Obstruction Syndrome [n(%)] 57 (36.3) 40 (13.6) <0.001
Total Parenteral Nutrition [n(%)] 120 (76.4) 73 (24.8) <0.001
Duration of parenteral nutrition (days) [median (range)] 11 (2-46) 8 (2-32) 0.031
Invasive Fungal Infection [n(%)] 60 (38.2) 59 (20) <0.001

Table 3: Comparison of Toxicity Profiles between PCA* and PCA- Groups Based on NCI Common Toxicity Criteria

PCA* Group PCA-Group P Value
(n=157) (n=295)
Mucositis [median (range)] 4 (0-4) 1(0-4) <0.001
Febrile Neutropenia [median (range)] 2 (0-4) 2 (0-4) <0.001
Infection [median (range)] 3 (0-4) 3 (0-4) <0.001
Nausea [median (range)] 1(0-3) 0 (0-3) 0.01
Vomiting [median (range)] 2 (0-4) 1(0-4) 0.01
Diarrhea [median (range)] 1(0-4) 0 (0-4) <0.001
Constipation [median (range)] 0 (0-4) 0 (0-3) 0.001
Hypoxia [median (range)] 0 (0-4) 0 (0-4) 0.03
Bleeding [median (range)] 0 (0-4) 0 (0-2) <0.001
Neurotoxicity [median (range)] 0 (0-3) 0 (0-3) 0.003
Hepatotoxicity [median (range)] 1(0-4) 0 (0-3) 0.001
Nephrotoxicity [median (range)] 0 (0-4) 0(0-4) 0.03
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Figure 1. Probability of Overall Survival in PCA*™ and PCA  Groups (33.2% vs 37.7%) (p>0.05)
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Table 4. Prognostic Risk Factors for Survival in Univariate Analysis

Risk Factors P Value Hazard Ratio 95% Confidence
Interval
Pretransplant disease status <0.001 1.44 1.28-1.62
ECOG performance status <0.001 2.57 2.01-3.3
EBMT score <0.001 1.26 1.12-1.43
Mismatched donor 0.02 1.46 1.05-2.02
Pretransplant CRP <0.001 1.00 1.00-1.01
Pretransplant ferritin <0.001 1.00 1.00-1.00
ATG for GvHD prophylaxis 0.03 0.6 0.39-0.94
Sinusoidal obstruction syndrome <0.001 2.15 1.64-2.83
Defibrotide treatment for SOS <0.001 1.46 1.27-1.69
Thrombotic microangiopathy 0.04 2.78 1.03-7.49
Infused CD34* cell count 0.04 0.89 0.81-0.99
Red blood cell transfusion <0.001 1.04 1.02-1.05
Platelet transfusion <0.001 1.02 1.01-1.03
Total parenteral nutrition <0.001 1.82 1.43-2.33
Mucositis <0.001 1.16 1.07-1.27
Febrile neutropenia 0.002 1.29 1.10-1.51
Duration of Febrile Neutropenia <0.001 1.04 1.02-1.05
Infection <0.001 1.26 1.12-1.43
Invasive fungal infection <0.001 1.52 1.27-1.82
Diarrhea 0.02 1.13 1.02-1.26
Hypoxia <0.001 1.57 1.45-1.71
Bleeding 0.002 1.38 1.12-1.70
Pscycological toxicity <0.001 1.42 1.18-1.71
Neurotoxicity 0.02 1.46 1.06-2.02
Hepatotoxicity <0.001 14 1.24-1.59
Nephrotoxicity <0.001 1.72 1.55-1.92

ATG Anti-thymocyte Globulin; CRP C Reactive Protein; ECOG Eastern Cooperative Oncology Group; EBMT European Society
for Blood and Marrow Transplantation; GvHD Graft versus Host Disease; SOS Sinusoidal Obstruction Syndrome

Discussion

In this study, the potential role and tolerability
of opioid administration for mucositis-related-
pain were investigated in a retrospective
cohort of alloHCT recipients. Intensive
conditioning, TBI administration and metho-
trexate use were shown to potentiate opioid
requirement. Febrile neutropenia, IFIls and
SOS were found to be more common in
patients who received opioids with PCA.
Discharge from hospital was delayed in the
same group of patients. Early complications
including hypoxemia, neurotoxicity, hepato-
toxicity and nephrotoxicity were more
frequently observed in PCA+ patients. Opioid
administration with PCA did not represent a
significant impact on OS.

Conditioning regimen is one of the most
important factors for the development of
mucositis in the early course of alloHCT. The
intensity of the preparative regimen has a
direct impact on epithelial cell damage [5-7].
Eduardo et al showed that myeloablative
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doses of busulfan may result in more frequent
and long lasting mucositis [19]. Current study
confirms and underlines the association of the
conditioning regimen with the severity of
mucositis and mucositis associated pain. As
mucositis was more severe in patients who
received MAC regimen, opioid and TPN
requirement were more frequent in the same
group of patients as expected. The frequency
and grade of mucositis were found to be
higher in patients who received methotrexate
for GVHD prophylaxis. Leucovorine, which
was not routinely used in our patients, was
shown to shorten the duration of mucositis,
neutrophil engraftment and hospital stay in
previous reports [4,20]. Methotrexate may
also prolong the healing process of mucositis
in these patients [4,6,7,21]. In our study,

patients who  received  methotrexate
represented an increased requirement for
opioid support which was potentially

attributed to severe mucositis. Therefore, less
toxic regimens for conditioning and GvHD
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prophylaxis may help to reduce the frequency
and severity of mucositis, as well as opioid
requirement.

Total body irradiation has a significant role in
early transplant related complications
including mucositis [6,21-23]. In a study by
Anand et al, the incidence and severity of
mucositis were reduced in patients who
received low dose TBI. In addition, TPN and
opioid analgesics were more frequently used
in patients with severe mucositis. Duration of
hospitalization was significantly longer in the
same group of patients [21]. In our study,
opioid administration was more common in
patients who were treated with TBI,
independent from the dosing schedule.
Similarly, the duration of TPN was
significantly longer in PCA+ group. AS
maintenance of enteral nutrition is essential
for the prevention of TPN related compli-
cations, appropriate and effective pain
palliation can be lifesaving in these circum-
stances [4,7,21,23].

The association of age and mucositis was
pronounced in several studies indicating that
mucositis may be more severe and prolonged
in younger patients which is also confirmed in
the present study [1,24]. Nevertheless, this
association was mainly attributed to the
predominant use of MAC regimens in young
and fit patients. On the contrary, as RIC
regimens are generally preferred in relatively
fragile elderly population with comorbidities,
early transplant complications due to
conditioning toxicity are expected to be lower
in this group of patients.

Infections are important causes of non relapse
mortality in the early posttransplant course.
Delayed engraftment, which was also found to
be associated with severe mucositis in the
present study, may have a major role in the
development of severe infections. Studies
have shown that infectious morbidity was
higher in patients with severe mucositis in
concordance with our results which underline
the potential intercourse between neutrophil
engraftment and recovery of mucositis. In the
present study, SOS was also found to be more
frequent in patients who received opioids with
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PCA. Intensive conditioning regimens may
cause a significant tendency for the
development of preengraftment complications
including mucositis and SOS, since they share
a similar etiopathology mainly based on
endothelial cell damage [2,3,25,26].

On the other hand, the association of opioid
administration and early transplant toxicities
including hypoxia, bleeding, neurological,
hepatic and renal complications, may be
attributed to the underlying conditions and
comorbidities which may generate an
additional risk for the development of severe
toxicities. Nevertheless, transplant physicians
should be aware of the potential drug side
effects and/or interactions although average
opioid dose is considered to be relatively
lower and tolerable with PCA than standard
methods [2,7,27].

Several  studies have  shown that
hospitalization may be prolonged in patients
with severe mucositis [10,25,28]. In a study
by McCann et al, the length of hospital stay
was found to be associated with a variety of
factors including age, poor performance
status, severe mucositis and delayed
neutrophil engraftment [25]. Vera-Llonch et
al demonstrated a significant relationship
between the severity of mucositis and the
length of hospital stay [28]. In concordance
with these previous reports, duration of
hospitalization was also found to be
significantly longer in PCA+ group in the
present study, which may be associated with
the higher frequency of transplant related
complications in this group, such as prolonged
mucositis.

Although there are several reports which
represented the prognostic impact of
mucositis in transplant candidates, any
significant association of mucositis with OS
was not shown in the present study [5,29].
Mucositis was indicated to be a significant
prognostic factor in univariate analysis,
however the significance was not confirmed
in multivariate analysis. Despite relatively
large cohort of patients included, hetero-
geneity of the study population may be a
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potential explanation for the lack of survival
effect.

Despite the association of opioid administ-
ration with serious posttransplant compli-
cations, any significant impact of opioid use
on OS was not demonstrated. This fact may
draw attention to a potential additive role of
opioid administration on transplant compli-
cations rather than being the primary
underlying cause. Nevertheless, multifactorial
nature of the milieu, as well as complex
microenvironmental background, should also
be taken into account in order to generate a
more global and accurate vision for the
development of posttransplant toxicities.

Based on the presented results, early and
prompt treatment of mucositis and optimal
supportive care including maintenance of oral
hygiene, local and systemic measures for pain
palliation, may  prevent consecutive
associated complications and improve quality
of life in the early posttransplant setting.
Reduced intensity conditioning, fractionated
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Relationship Between Staging FDG PET/CT Findings and
Distribution of Metastatic Sites in Metastatic Breast Cancer

Metastatik Meme Kanserinde Evreleme FDG PET/BT Bulgularinin
Metastatik Bolge Dagilimu ile iliskisi

Bedriye Biisra Demirel, Seda Giilbahar Ates, Hiiseyin Emre Tosun, Siileyman Aksu, Giilin U¢gmak
Ankara Oncology Research and Training Hospital, Department of Nuclear Medicine, Ankara, Turkey

ABSTRACT
Introduction: We aimed to investigate the relationship between staging FGD PET/CT findings and
metastasis distribution and histopathological features of primary tumor in patients with metastatic breast
cancer at diagnosis time.
Materials and Methods: Eighty patients with breast cancer who underwent F-18 FDG PET/CT for
staging were included. The patients with newly diagnosed metastatic disease were included. Age and
histopathological features of the primary tumor were recorded. The distant metastases sites, the numbers
of metastasis and metastatic axillary/non-axillary lymph nodes were reviewed from PET/CT. The
maximum standardized uptake(SUVmax) values were measured.
Results: All patients(n:80,mean age 58.0+14.4) had invasive breast carcinoma. Age was significantly
related to the presence of lung metastases(p=0.006, mean ages 54y vs 64y).Only liver metastasis had a
significant relationship with primary tumor SUVmax values and tumor molecular profile. The patients
with HR+/HER2- (7/60 patients, 11.7%) had relatively less liver metastasis than with the other subtypes
(9/20patients, 45%). There were significant associations between SUVmax of axillary lymph
node(p=0.02), primary tumor(p=0.001), liver metastasis(p=0.02) and tumor subtypes. The numbers of
distant metastasis were related with the numbers of axillary lymph node metastasis(p=0.02) and the
highest SUVmax of distant metastasis(p=0.001).
Discussion: Accurate detection of distant metastases in breast cancer at the time of diagnosis is of great
importance in terms of treatment planning and prognosis of the disease. FDG PET/CT is a very reliable
modality in determining distant metastasis and their distribution, and as a result of our study, we suggest
that PET/CT findings can predict factors with prognostic importance.

Keywords: breast cancer, metastasis, 18f fluorodeoxyglucose positron-emission tomography, cancer
staging

OZET

Giris: Tan1 aninda metastatik meme kanserinde evreleme FDG PET/BT bulgularinin metastaz
dagilimlar1 ve timor histopatolojik 6zellikleri ile iligkisini aragtirmay1 amagladik.

Gere¢ ve Yontemler: Meme kanseri tanisiyla bolimiimiizde evreleme FDG PET/BT goriintiilemesi
yapilan 80 hasta ¢aligmaya dahil edildi. Daha 6nce tedavi almamis hastalar calismaya alindi. Yas, primer
tiimoriin histopatolojik 6zellikleri geriye doniik olarak kaydedildi. Uzak metastaz alanlari, metastaz
odak sayilari, aksilla-aksilla disi metastatik lenf nodlarii PET/BT goriintiilerinden tarandi. Standart
maksimum tutulum (SUVmaks) degerleri hesaplandi.

Bulgular: Tiim hastalar (n:80, ort. Yas 58.0+14.4) invaziv meme kanseri tanil1 idi. Hasta yas1 akciger
metastazi ile iligkiliydi (p=0.006, ort yaslar 54, 64). Uzak metastaz alanlarindan sadece karaciger
metastazinin primer timoér SUVmaks degeri ve tiimor molekiiler profili ile iligkisi oldugu gosterildi.
Karaciger metastaz sikligt HR+/HER2- olan hastalarda (7/60, %11.7) diger tiimdr subtipleri (9/20, %45)
olanlara gore daha diisiiktii. Primer tiimor (p=0.001), aksilla lenf nodu(p=0.02) ve karaciger
metastaz(p=0.02) SUVmaks degerleri ile timor subtipleri arasinda anlamli iliski gézlendi. Uzak
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metastaz alan sayisi ile metastatik aksiller lenf nodu sayis1 (p=0.02) ve en yiiksek uzak metastaz
SUVmaks degeri (p=0.001) arasinda anlamli iligki gézlendi.

Tartiygma: Meme kanserinde tan1 aninda metastaz varliginin dogru olarak saptanmasinin tedavi plani ve
hastaligin seyri agisindan dnemi biiyliktiir. FDG PET/BT uzak metastazi ve hatta dagilimini belirlemede
oldukca giivenilir bir modalite olup, ¢alisamamiz sonunda FDG PET/BT bulgularinin prognostik éneme

sahip faktorleri dngorebilecegini diisiinmekteyiz.

Anahtar kelimeler: meme kanseri, metastaz, f18 florodeoksiglukoz positron-emisyon tomografi,

kanser evreleme

Introduction

Breast cancer is the most commonly
diagnosed cancer accounting for 29% of all
newly diagnosed cancers and the major cause
for the death of women worldwide [1,2].
About 6% of breast cancer patients have
metastatic disease at presentation [3]. The
five-year relative survival rate of patients
diagnosed with distant metastasis is
significantly less than that of patients with
early-stage disease at the time of diagnosis
[4]. The median five-year survival of
metastatic breast cancer patients is only
33.8% [5].Despite advances in the current
treatments for metastatic breast cancer that
based on a strategy of systemic chemotherapy,
endocrine  or HER2-targeted therapy
(depending on estrogen receptor [ER],
progesterone receptor [PR], and human
epidermal growth factor receptor type-2
[HERZ2]status), and palliative therapies, there
are no specific standard-of-care therapeutic
strategies indicated for patients with organ-
specific metastases [6,7].

Precise evaluation of disease extent is quite
essential for metastatic breast cancer patients
before determining treatment strategy.18F-
fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography(PET/CT)
has been widely used in various malignant
diseases for initial stage, disease extent
assessment, therapy response assessment,
metastasis  detection and  prognosis
prediction[8].FDG-PET/CT has shown high
accuracy in detecting distant metastases and
also, it allows on a single “whole-body”
examination to assess for locoregional as well
as distant metastases with a high positive
predictive value [9,10].The maximum
standardized uptake (SUVmax) value of 18F-
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FDG is useful for diagnosing high-grade
malignancy and predicting the prognosis in
breast cancer patients. It was reported that
SUVmax and the HR status were useful for
predicting malignancy grades and prognosis
of patients with breast cancer [11].

We aimed to investigate whether pretreatment
FDG PET/CT findings are related to
metastatic sites distribution and
histopathological features of the primary
tumor, and whether SUVmax values may be
associated with primary tumor molecular
profile for breast cancer patients with
metastatic disease at presentation.

Material and Methods

Eighty patients with breast cancer who
underwent F-18 FDG PET/CT for staging in
our department were included in the
retrospective study. The inclusion criteria
were newly diagnosed metastatic breast
cancer that are not previously treated for
metastatic disease and at least one visible
lesion as metastatic with positive FDG uptake.
Patients with prior excisional biopsy of breast,
patients without distant metastasis and
patients with second primary malign disease
were excluded from the study.

This study adheres to the ethical principles of
the Declaration of Helsinki and was approved
by the ethics committee of our institution
(2022-09/168).

Age and histopathological features of the
primary tumor such as grade, hormone
receptor (HR), human epidermal growth
factor receptor type-2 (HER2) status and Ki-
67 index were recorded from the institution
patient information system, retrospectively.

PET/CT Acquisition and Imaging Analysis
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Patients were imaged on an integrated
PET/CT scanner (Siemens Biograph 6-True
Point PET/CT systems). Patients were fasted
for at least 6 hours prior to injection of
90uCi/kg 18F-FDG by using automatic
infusion system (Intego PET Infusion
System). The blood glucose levels were less
than 150 mg/dl in all patients at the time of the
FDG injection. Unenhanced CT images were
acquired for attenuation correction from the
vertex of the skull to distal thigh using 3 mm
slice thickness and calculated effective mAs
due to patient weight. The PET and CT images
were reviewed on a workstation (Syngovia,
Siemens Medical Solutions) in all standard
planes along with maximum-intensity-
projection images and were visually and
quantitatively by two specialists experienced
in interpreting PET/CT scans.

According to PET/CT findings; The sites of
distant metastasis, the numbers of metastatic
site, the numbers of metastatic axillary lymph
node, the presence of retropectoral, internal
mammarian and supraclavicular lymph nodes,
T and N stages were recorded. The size of
primary tumor and the size of enlarged
axillary lymph node were measured. The
maximum standardized uptake (SUVmax)
values of primary tumor, axillary and non-
axillary lymph nodes, each site of distant
metastasis were measured by drawing of
region of interest (ROI). To provide the most
accurate measurement of SUV, voxels were
created large enough to maintain tumor inside
the boundaries.

Statistical Analysis

The statistical analysis was performed using
commercial software (SPSS 21.0, IBM SPSS
Statistics for Windows, Version 21.0. Armonk
NY: IBM Corp.). The variables were
investigated using  visual  (histogram,
probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk’s  test)
to determine whether or not they are normally
distributed.  Descriptive analyses were
presented using frequencies for the
ordinal/nominal variables and medians,
minimum, and maximum values for the non-
normally distributed variables. Kruskal-
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Wallis tests were conducted to compare the
parameters and tumor molecular profiles, and
metastatic sites distribution. The Mann-
Whitney U test was performed to test the
significance of pairwise differences using
Bonferroni correction to adjust for multiple
comparisons. The Chi-square test or exact
method, where appropriate, was used to
compare the proportions in different groups.
An overall 5% type-1 error level was used to
infer statistical significance.

Results
Patient characteristics are listed in Table 1.

The mean age of patients was 58.0+14.4 with
a range of 23-90 years. All patients had
invasive carcinoma.

Axillary lymph node metastasis was observed
in 75 (93.8%) patients, followed by retro-
pectoral lymph node metastasis in 58 (72.5%)
patients.

Bone metastasis was seen as the most
common distant metastasis site with a rate of
83.8% (n:67), followed by mediastinal lymph
node (43.8%), lung (33.8%), and liver
metastasis (20.0%), respectively.

The numbers of distant metastasis were>10 in
45 (56.2%) patients, and 5-10 in 15 (18.8%)
patients and <5 in 20 (25%) patients.

We did not observe significant difference
between the presence of bone metastasis and
primary tumor SUVmax (p=0.55) and axillary
lymph node SUVmax (p=0.75), the number of
metastatic axillary lymph node (p=0.1). There
was significant association between bone
metastasis and the presence of retropectoral
lymph node metastasis (p=0.03).Fifty-two
(89.7%) of 58 patients with retropectoral
lymph node metastasis had bone metastases.

We found that the patients with liver
metastasis had a higher primary tumor size
(median 33.0 mm vs 52.5 mm p=0.04),
primary tumor SUVmax (median 10.1 vs 15.8
p=0.012), and Ki-67 index (median 30% vs
40% p=0.004) (Table 2). There was
statistically significant difference between the
presence of liver metastasis and the status of
PR (p<0.001), ER (p=0.003), and HER2
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Table 1. Patient Characteristics

Characteristics
Age, years (mean) 58.0+1.6
Primary tumor size (mm) (median) 34 (9-134)
1 4 (5.2%)
Grade (N, %) 2 42 (54.5%)
3 31 (40.3%)
Positive 70 (87.5%)
ER (N, %) -
Negative 10 (12.5%)
Positive 64 (80%)
PR (N, %) :
Negative 16 (20%)
Primary tumor Positive 15 (18.8%)
HER2 (N, %) :
Negative 65 (81.3%)
HR+HER2- (N, %) 60 (75%)
HR+HER2+ (N, %) 10 (12.5%)
HR-/HER2+ (N, %) 5 (6.3%)
HR-/HER2- (N, %) 5 (6.3%)
Ki-67 (%) (median) 30 (5-90)
Number of axillary metastatic lymph nodes (median) 6 (1-20)
Size of axillary metastatic lymph nodes (mm) (median) 13 (2-45)

Axillar lymph node

75 (93.8%)

Inter-pectoral lymph node

27 (33.8%)

Number of local metastatic

Retro-pectoral lymph node

58 (72.5%)

lymph nodes (N, %)

Internal mammarian lymph node

14 (17.5%)

Infra-clavicular lymph node

14 (17.5%)

Supra-clavicular lymph node

19 (23.8%)

T1 6 (7.5%)

™ 27 (33.8%)
0

T Stage (N, %) T3 4 (5%)
T4 43 (53.8%)
NO 5 (6.3%)
N1 40 (50%)

N Stage (N, %) N2 6 (7.5%)
N3 29 (36.3%)
<5 20 (25%)

Number of distant metastases 51 15 (18.8%)

N, %

(N, %) 510 45 (56.2%)

Contralateral axillar and/cervical lymph node node

20 (25%)

Mediastinal lymph node

35 (43.8%)

Abdominal lymph node

10 (12.5%)

Sites of distant metastases Lung 27 (33.8%)
(N, %)
Liver 16 (20%)
Bone 67 (83.8%)
Others (soft tissue, adrenal, pleura) 6 (7.5%)

ER, estrogene receptor; PR, progesterone receptor; HR, hormone receptor; HER2, human epidermal growth factor receptor type-2.
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Table 2. Association between primary tumor SUVmax, histopathological features of primary tumor and the

presence of liver metastasis

Liver metastasis P value
Negative Positive
Primary tumor size (mm) 39.7+21.7 57.2+33.1 p=0.04*
33.0 52.5
(9.0-98.0) (21.0-134.0)
Primary tumor SUVmax 10.8+5.4 15.61£6.9 p=0.01*
10.1 15.8
(1.09-33.3) (5.6-27.2)
Ki-67 index (%) 33.1+19.0 48.1+19.0 p=0.004*
30.0 40.0
(5.0-90.0) (25.0-80.0)

*p value <0.05 was regarded as significant

(p=0.04) receptors and the presence of
abdominal lymph node metastasis (p=0.003).
The patients with HR+/HER2- (7 of 60
patients, 11.7%) had relatively less liver
metastasis than with the other molecular
profiles (9 of 20 patients, 45%). Also, it was
demonstrated that there were significant
associations between axillary lymph node
SUVmax (p=0.02), primary tumor SUVmax
(p=0.001), liver metastasis SUVmax (p=0.02)
and tumor molecular profiles (Table 3). In the
statistical sub-analysis, the primary tumor
SUVmax of the patients with HR+/HER2-
were significantly lower than patients with
HR+/HER2+ (p=0.007), and patients with
HR-/HER2+ or triple negative (p=0.006).
Moreover, liver metastasis SUVmax values of
patients with HR-/HER2+ or triple negative
were higher than patients with HR+/HER2-
(p=0.008).

As a result of the study, it was shown that the
presence of lung metastases was significantly
related to the patient age (p=0.006, mean ages
545 y vs 64.5 y). Moreover, there was a
significant ~ association  between  lung
metastasis and mediastinal lymph node
metastasis (p=0.02).

We observed that the numbers of distant
metastasis related with the numbers of axillary
lymph node metastasis (p=0.02) and the
highest SUVmax of distant metastasis
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(p=0.001). In the statistical sub-analysis, in
the patients with <5 distant metastases the
highest SUVmax of distant metastasis was
significantly lower than in the patients with
>10 distant metastases (p<0.001, median 8.9
vs 13.9).

Discussion

FDGPET/CT has proven to be an effective
imaging modality for detecting distant
metastases in the initial staging of breast
cancer [10,12]. In our study, we investigated
the association of initial staging PET/CT
findings and tumor histopathological features
with metastatic sites distributions in newly
diagnosed breast cancer patients with distant
metastasis.

As stated in previous studies, PET/CT is more
sensitive and more specific than conventional
imaging modalities such as contrast-
enhancement CT or bone scan to detect lytic
or mixed bone metastases, or bone marrow
involvement [13,14]; and by careful reading
of the CT-scan data PET/CT can help to detect
osteoblastic metastases because of variable
FDG uptake [15]. Most recently, a National
Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER)
database analysis indicated that specifically,
the incidence of bone metastasis is highest
inluminal subtypes. Furthermore, the study
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Table 3. Association between tumor molecular subtypes and SUVmax

SUVmax

HR+/HER2-

(10.5%5.8)
9.6
(1.1-33.3)

Primary tumor HR+/HER2+

(14.5+3.4)
15.5
(10.0-20.2)

p=0.001*

HER2+ or triple negative

16.6+6.5
15.8
(7.6-27.2)

HR+/HER2-

8.545.6
7.2
(1.3-29.0)

Axillary lymph node metastasis HR+/HER2+

13.045.2
12.7
(6.3-21.0)

p=0.02*

HER2+ or triple negative

12.0£5.9
13.2
(4.5-22.1)

HR+/HER2-

8.0+2.4
8.0
(4.4-12.3)

Liver metastasis HR+/HER2+

11.3+1.1
11.9
(10.1-12.0)

p=0.02*

HER2+ or triple negative

13.7+4.5
12.3
(9.5-21.0)

HR, Hormone receptor; HER2, human epidermal growth factor receptor type-2

*p<0.05 was regarded as significant

revealed that all breast cancers regardless of
subtype, were prone to metastasize to bone
over other locations [16]. A recent study
which examined HER2+ patient data
deposited within the SEER database,
uncovered that breast cancers which are
HR+/HER2+ are significantly more likely to
metastasize to the bone when compared to
HR—/HER2+ disease, and that patients with
HR—-/HER2+ disease have a worse overall
prognosis than those with HR+, HER2+
malignancy [16]. At the current study, bone
metastasis was the most common distant
metastasis detected by PET/CT. We did not
find association with bone metastasis and
findings derived from PET/CT and tumor
histopathological features. We observed that
bone metastasis is more common in those with
only the presence of retropectoral lymph node
metastasis.

We defined that lung metastasis as the third
most common distant metastasis site is
associated with the presence of second most
common site mediastinal lymph node
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metastasis and advanced age. The mean age of
patients without lung metastases was 54 years,
while the mean age of patients with lung
metastases was 64 years. To the results of
studies, triple-negative and basal-like disease
is more likely than other types of breast cancer
to metastasize to the lungs [18], and patients
with triple negative, especially basal-like
type, primarily presented with lung
metastasis. However, there was no difference
in the total probability of lung metastasis
across all subtypes [16]. We also did not find
any relationship between lung metastasis and
primary tumor histopathological features and
PET/CT findings (such as primary tumor
SUVmax, axillary lymph node SUVmax) in
our study. The reason for this result may be
due to the fact that the number of triple
negative patients is less than the patients with
HR+/HER2-.

Prognosis is poor in breast cancer with liver
metastasis, with median survival time being 2
to 3 years [19]. In the analysis based on SEER
database, it was reported that 1.4% of breast
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cancer patients assessed harbored liver
metastasis at the time of diagnosis, and that
the presence of liver metastasis significantly
reduced patient overall survival compared to
patients without liver metastasis (HR 1.94
[1.86, 2.02]) [20]. In the present study, liver
metastasis was the fourth most common
distant metastasis site and it is the only distant
metastasis site found to be associated with
PET/CT findings and tumor molecular profile.
Liver metastasis was associated with hormone
[progesterone (PR) and estrogen (ER)] status
and HER2. Patients with HR+/HER2- had less
liver metastasis than HR+/HER2+, HR-
/HER2+ and triple negative subtypes. Patients
with liver metastasis had higher primary
tumor size, higher primary tumor SUVmax
and higher Ki-67 index.

In a prospective study which was performed
with luminal type breast cancer patients with
newly diagnosed metastases, baseline
(maximum one of SUVmax of metastatic
lesions) SUVmax was found significantly
related to the number of metastatic sites and
presence of visceral metastasis but could not
effectively differentiate patients with luminal
A from luminal B subtype. Baseline SUVmax
as determined on PET//CT was predictive of
both progression-free survival and overall
survival. In multivariate analysis, the baseline
SUVmax, relapse-free interval, and number of
metastatic sites were independent prognostic
factors for progression-free survival. For
overall survival, the significant predictors
were only baseline SUVmax and relapse-free
interval [21].

In a recent study, the authors suggested that
SUVmax of metastatic site would be useful
biomarker of molecular subtypes in patients
with metastatic breast cancer while yet with
unknown HR and HER2 status and SUVmax
also an independent prognostic factor on
overall survival [22]. In our study, we
demonstrated the association with the
presence of synchronal liver metastasis and
high SUVmax of primary tumor, and also the
relation with primary tumor subtypes and
primary tumor SUVmax, axillary lymph node
SUVmax, liver metastasis SUVmax values. It

www.actaoncologicaturcica.com

Acta Oncologica Turcica 2023; 56: 136-144

was observed that SUVmax values of primary
tumor, axillary lymph node and also liver
metastasis were significantly lower in
HR+/HER2- subtype compared to other
subtypes. Although there is no survival data in
our study as a limitation, we think that
defining on staging PET/CT that liver
metastasis is more common in patients with
high primary tumor SUVmax, regardless of
tumor subtypes, may be an important
prognostic indicator and may predict the
tumor subtype in patients whose tumor
histopathological characteristics are not
clearly known.

It is known that high SUVmax values are an
indicator of tumor aggressiveness in many
malignancies including breast cancer and the
number of metastatic axillary lymph nodes is
predicting poor prognosis in breast cancer
[11,23,24]. In compatibility with this
knowledge, in this study, we defined that the
numbers of distant metastasis is related with
the number of metastatic axillary lymph nodes
and the highest SUVmax of distant metastasis.
The highest SUVmax of distant metastasis
was significantly elevated in the patients with
>10 distant metastasis sites than in patient
with <5 distant metastasis sites. To our results,
we predict that further prospective studies can
support the thesis that higher distant
metastasis SUVmax value may be a worse
prognostic indicator.

Primary tumors of breast cancer have high
structural and molecular heterogeneity and
may present with minor components of
differing tumor cell types, in example, cells
with differing molecular profiles [25]. To the
authors, when a cancer spreads to other
tissues, the metastases can be of a different
type to the primary cancer, and sometimes the
metastases are even different to each other
[26,27]. This may be due to heterogeneity in
the primary tumor that comprises more than
one cell clone [26]. This heterogeneity of
metastatic breast cancer has stimulated the
development of new treatment approaches
such as estrogen- and HER2-receptor
targeting therapies. Survival with metastatic
breast cancer is improving along with the
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rapid development of new treatments [28]. In
clinical practice, treatment planning of
metastatic breast cancer is based on the
histopathological molecular profile of the
disease dominant cell type [29]. Despite all
these treatment improvements, insufficient
therapy response in some patients is maybe
due to the cellular differences between
primary tumor and metastases. Although
treatment is based on primary tumor
histopathological features, due to hetero-
geneity of tumor and also metastasis we
believe that a more aggressive treatment
approach can be initiated in patients with high
SUVmax of distant metastasis especially with
high SUVmax of liver metastasis in order to
increase the treatment response. The
limitation of our study is that it is a
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ABSTRACT
Introduction: The BRCA2 gene is a tumor suppressor gene involved in the repair of double-stranded
DNA damage by homologous recombination. Until now, many cancer-related variants of the BRCA2
gene have been reported. There are conflicting publications in studies of the possible effect of the
K3326X variant of this gene in cancer. This study investigates the K3326X BRCAZ2 gene variant and its
role in the cancer pathogenesis of Turkish patients diagnosed with breast and ovarian cancer.
Materials and methods: In the study, 1957 patients with cancer diagnosis for BRCAL1 and BRCA2
genetic analysis and 432 healthy individuals without a history of cancer were included. The K3326X
variant was investigated using the next-generation sequencing method from the genomic DNA sample
obtained from the individuals.
Results: K3326X variant was detected in 54 of 1957 (2.75%) cancer patients. For the non-cancerous
group, 11 of 432 (2.5%) patients were carrying the K3326X variant. When both groups were compared
in terms of K3326X variant carriage, a statistically significant result could not be obtained for the
individuals (p=0.934).
Discussion: BRCA2 K3326X variant did not have a significant role in cancer etiopathogenesis. As a
result, the variant whose clinical significance is not still been fully understood, was investigated for the
first time for Turkish population. Our results suggest that the variant could be a benign variant.

Keywords: BRCAZ2, Breast cancer, Ovarian cancer, K3326X

OZET

Giris: BRCA2 geni, homolog rekombinasyon ile ¢ift sarmalli DNA hasarinin onariminda yer alan bir
tiimor baskilayici gendir. Simdiye kadar, BRCA2 geninin kanserle ilgili birgok varyanti rapor edilmistir.
Bu genin K3326X varyantinin kanserdeki olasi etkisine iligkin caligmalarda g¢eligkili yaymlar
bulunmaktadir. Bu ¢alismada meme ve yumurtalik kanseri tanis1 almis Tiirk hastalari K3326X BRCA?2
gen varyanti ve kanser patogenezindeki rolil aragtirilmigtir.

Gereg ve yontemler: Calismaya BRCA1 ve BRCA?2 genetik analizi i¢in kanser tanisi konan 1957 hasta
ve kanser Oykiisii olmayan 432 saglikli birey dahil edildi. Bireylerden elde edilen genomik DNA
orneginden yeni nesil dizileme yontemi kullanilarak K3326X varyanti arastirildi.

Bulgular: 1957 kanser hastasinin 54'inde (%2.75) K3326X varyant1 tespit edildi. Kanserli olmayan
grup i¢in 432 hastanin 11'i (%2,5) K3326X varyantimi tasiyordu. Her iki grup K3326X varyant
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tastyiciligr acisindan karsilastirildiginda, bireyler icin istatistiksel olarak anlamli bir sonug elde

edilemedi (p=0,934).

Tartisgma: Calismamizda BRCA2 K3326X varyantinin kanser etyopatogenezine anlaml etkisi tespit
edilememistir. Sonug olarak, klinik 6nemi heniiz tam olarak anlasilamayan bu varyant, ilk kez Tirk
popiilasyonu i¢in arastirilmistir. Sonuglarimiz, varyantin benign bir varyant olabilecegini diistindiir-

mektedir.

Anahtar kelimeler: BRCA2, Meme kanseri, Over kanseri, K3326X

Introduction

BRCA2 gene is one of the important tumor
suppressor genes that play a role in
maintaining genomic stability in breast
cancer. This gene was determined as Fanconi
anemia (FA), complementation group D1
(FANCD1), which helps to repair DNA
double-strand breaks by its homologous
recombination mechanism. This powerful
tumor suppressor gene is responsible for the
formation of the BRCA2 protein, which is
actively involved with some other proteins in
many processes such as cell cycle and DNA
replication control, telomere hemostasis, and
maintenance of genomic integrity [1]. BRCA2
is one of the genes responsible for hereditary
breast and ovarian cancer syndrome (HBOC),
and its germline disease-related variants cause
susceptibility to certain types of cancer such
as; breast, ovarian, and prostate in the
individual, and show intermediate penetrance
(20-50%) in terms of cancer [2]. Meta-
analysis results have shown that in carriers of
pathogenic variants of the BRCA2 gene, the
mean cumulative risk increase in female sex
up to age 70 is 38-84% for breast cancer and
16.5 -27% for ovarian cancer. Male BRCA2
pathogenic variant carriers were estimated to
have breast cancer risk by 6.8%, and lifetime
risk of prostate cancer is 20% up to the age of
70 [3].

In many studies in the literature, it has been
reported that disease-related variant carriers
of BRCAZ in both sexes also increase the risk
of some other types of cancer such as
pancreatic cancer, gastric cancer, and
malignant melanoma [4]. According to the
universal mutation database (UMD), 3454
different variants of the BRCA2 gene have
been reported until today, the clinical
significance of the majority of them is still

www.actaoncologicaturcica.com

unknown [5]. One of these variants, BRCA2
€.9976A>T (K3326X), results in a
termination codon at the penultimate exon,
predicted to cause a truncation of the last 91
amino acids. There are conflicting
publications in the literature regarding the
possible effect of this variant on cancer. In this
study, the importance of BRCA2 K3326X
variant, detected in patients diagnosed with
Turkish breast and ovarian cancer, in the
etiopathogenesis of the disease, was
investigated.

Method

In this retrospective study between January
2018 and January 2020, the K3326X variant
was  investigated in  patients  with
breast/ovarian cancer whose genetic analysis
to detect a genomic change associated with
hereditary cancer was performed in Diskapi
Yildirim Beyazit Training and Research
Hospital Department of Medical Genetics.
All of 1957 patients included in the study were
older than 18 years of age and were suspected
of having BRCA1/2 genes in the
etiopathogenesis of their existing cancers.
General demographic and clinicopathological
characteristics and gene analyses results of the
patients were obtained retrospectively from
the patient files.

This study was conducted by considering
ethical responsibilities according to the World
Medical Association and the Declaration of
Helsinki. A written informed consent was
obtained from all participants prior to the
study and this descriptive case series study
was approved by the Harran University Local
Ethics Committee (Approval number:
HRU/21.08.14).

Peripheral blood samples were obtained from
patients and Genomic DNA investigated by
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the next-generation sequencing method.
Analysis of the BRCA1/2 genes was
performed on the Illumina MiSeq system
(Mumina Inc., San Diego, CA, USA) with the
GeneRead QlAact BRCA Advanced DNA
UMI Panel (Qiagen, Hilden, Germany). This
panel provides 100% coverage for all exons
and exon/intron junctions (up to 25 base pairs)
of the BRCAL1/2 genes. In addition, this panel
made possible the analysis of SNVs and
Indels. QIAGEN Clinical Insight (QCI™)
software was used for the analysis of the data
obtained. NM_007294.3 for the BRCAL gene
and NM_000059.3 for the BRCA2 gene, set
as reference transcripts. In the study, the
detected gene variants were classified based
on the criteria in the American College of
Medical Genetics and Genomics guideline.[6]
In order to investigate the possible effect of
the K3326X variant detected in patients with
cancer on the etiopathogenesis of cancer, a
control group of 432 people without cancer
diagnosis were included. The control group
consisted of patients with neurological,

metabolic, cardiological, nephrological,
ophthalmological and  musculoskeletal
disorders.

Sequence analysis of DNA sample obtained
from the peripheral blood of these control
group patients was performed using the Next
Generation Sequencing (NGS) method using
the Hereditary Disease Solution by Sophia
Genetics (HDS_v3) on Nextseq Platform
(Mumina, USA). HDS v3 panel contained
569 genes. The raw data of the patients
obtained by NGS were analyzed in a web-
based bioinformatics program
(https://www.sophiagenetics.com/home.html)
and according to the reference genome
(GRCh37 (h19)). In this group, 11 individuals
were found with the K3326X variant in a
heterozygous state. This group and the group
with  cancer patients were compared
statistically in terms of the rate of having the
K3326X variant.

The software “SPSS for Windows v23.0
(SPSS Inc., Chicago, IL, USA)” was used in
the statistical evaluation of all results
obtained. “Mean values (+) and standard
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deviation (SD), +SD” were presented for
scale data and percentage (%) for nominal
variables Pearson chi square test. ” were used
in the study of the relations of the two
qualitative variables. When the p-value used
for the level of statistical significance was
“0.05 or less”, which was accepted as a
meaningful result.

Results

In this study, K3326X variant was detected in
54 (2.75%) of 1957 cancer patients. Among
54 cancer patients, 52 (96.3%) carried this
variant as heterozygous, two of them
homozygous (3.7%). Of these 54 cancer
cases, two (3.7%) were being followed up
with a diagnosis of ovarian cancer and 52
(96.3%) with a diagnosis of breast cancer. The
ages of diagnosis of two patients with ovarian
cancer were 48 and 56, respectively, and the
histopathological subtype of cancer in both
patients was detected as serous adeno-
carcinoma. The mean age at diagnosis of
patients with breast cancer was 46.26 + 9.32
years. Histopathological subtypes of cancer of
these patients were mostly determined as
invasive ductal carcinoma (IDC) (78.8%) and
invasive lobular carcinoma (ILC) (11.5%).
Breast cancer subtypes of the other five
patients were medullary (1.9%), mucinous
(IMC) (1.9%), IDC/ILC (1.9%), IDC/ILC /
IMC (1.9%), IDC/IMC (1.9%). It was
determined that 77.1% of the tumors of breast
cancer patients were estrogen receptor (ER)
positive, 73.5% progesterone receptor (PR)
positive, and 61.4% had c-erbB-2 (HER2/neu)
amplification. 11.1% of these patients were
triple negative (TNBC). The mean age at
diagnosis of TNBC patients was 48.33 £ 7.11
and the mean age at diagnosis of non-TNBC
patients was 46.00 + 9.59, and no statistically
significant difference was found in the mean
age at diagnosis of both groups (p = 0.568).
Genomic  changes of NM_007294.3
(BRCAL): ¢.5035delC(p.Asn 1678 Leul679
insTer) and NM_000059. 3(BRCA2):
€.5969delA(p.Asp1990Valfs) were detected
in two of the carriers heterozygously. Two
patients were diagnosed with HBOC. In the
other 52 patients with the K3326X variant, a
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Table 1. Relationship between K3326X carrier status and cancer

The group of patients

The group of patients

with cancer without cancer
(n=1957) (n=432) Statistical analysis*
Probability
n % n %
K3326X
Carrier 54 2.8 11 2.5 p=0,934
Non-
carrier 1903 97,2 421 97,5

* Chi-Square Test: Analysis of Contingency Tables

causal variant was not found in BRCA1 and
BRCAZ genes. There were 432 patients in the
non-cancerous group, of which 11 carried the
K3326X variant. The group which included
cancer patients, and other group were
compared in terms of the frequency of
K3326X variant carriage, and no statistically
significant difference was found between the
groups (p = 0.934) (Table I).

Discussion

Amino acids subjected to truncation caused by
the K3326X variant in the BRCA2 gene have
functional importance due to the C-terminus
region where they are located. In deletions of
this region, it has been observed that BRCA2
colocalization does not occur with FANCD?2
protein that plays a role in the repair of DNA
damage, and regulation of the checkpoint of
the cycle after injury [7, 8]. Various studies
investigating the cellular and biochemical
effects of this variant on cancer cell lines have
been reported in the literature. As a result of
some studies, it has been shown that the
K3326X variant has no effect on BRCA2
function, while some studies have yielded
opposite results [9-11]. In the study of,
Morimatsu et al; the importance of this region
in mouse cells with deletion of the region
containing the last 188 amino acids at the
COOH terminal of the BRCA2 gene was
investigated. It has been observed that the cell
cycle progression rate of these cells and wild
type cells are similar. However, it has been
observed that cells with deletion age faster
than wild ones and are more radiosensitive. As
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a result, it has been shown that BRCA2
deletion can accelerate cell proliferation and
induce cancer through defective DNA
repair.[11] These studies on BRCA2 K3326X
variant have conflicting results. Sergey et al.,
designed an assay using mouse embryonic
stem cells and bacterial artificial
chromosomes to investigate the functional
significance of mutations in BRCAZ2. In their
study, they showed that the K3326X genomic
modification had no effect on BRCA2 gene
functions and that it was a neutral variant [9].
In another study, Wu et 190 al. investigated
the functional importance and cancer
relationship of various VUSs in the BRCA2
gene, and found that the K3326X variant did
not cause a change in BRCA2 function at a
level that would cause cancer susceptibility.
In their study using three independent assays
evaluating homologous recombination, cell
survival, and centrosome regulation, they
showed that this variant did not affect the
function of the BRCA2 gene in any of the
assays [10].

Various researchers have investigated the
importance of this variant in cancer
susceptibility in  many  malignancies,
especially breast and ovarian cancer, and
different results have been obtained. The
K3326X variant, which was first described by
Mazoyer in the literature, was detected at
approximately 1% in both the 462 control and
513 breast cancer patients has suggested to be
a polymorphic variant [12]. While the same
variant was detected in the control population
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by Wagner et al [13], it was found by
Bergthorsson et al in a patient with breast
cancer and was evaluated as a polymorphism
[14]. As a result of a study conducted by Offit
et al. with patients followed up for Fanconi
Anemia (FA), they concluded that the BRCA2
K3326X allele could not be evaluated
pathogenic [15]. Reid et al; claimed that this
variant was not pathogenic, as it did not show
segregation with the disease in some cancer
families and its incidence in the population
was the same as that of breast cancer patients
[16].

In some studies, researchers claimed that the
K3326X variant, considered a polymorphism,
may be a risk factor. Martin et al found this
variant at a higher prevalence in patients with
familial pancreatic cancer than in healthy
controls. The researchers have claimed that
this variant has a detrimental effect and leads
to an increased risk of pancreatic cancer [17].
Michailidou et al., in a meta-analysis based on
GWAS (genome-wide association studies)
they performed in 2013, suggested that this
variant may cause a small increase in the risk
of breast cancer in the individual [18]. In
another GWAS conducted by the same
researcher in 2015, breast cancer-related
common variants located in 79 different loci
were investigated and it was found that the
K3326X variant could increase the risk of
breast cancer by 1.26-fold [19]. In addition to
these studies, we have suggested that this
variant may cause an increase in the risk of
some cancer types other than breast and
ovarian cancer.

Howlett et al have argued that if the BRCA2
K3326X variant is compound heterozygous, it
may cause FA [20]. Wang et al suggested that
the BRCA2 K3326X sequence variant may
have a direct effect on lung cancer
development [21]. Akbari et al. detected the
K3326X variant at a higher rate in 220
patients diagnosed with esophageal squamous
cell carcinoma compared to healthy controls,
and suggested that this variant may be a risk
factor for the disease [22]. In a case diagnosed
with bilateral breast cancer and melanoma,
variants Q563X in the BRCALl gene and
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K3326X in the BRCA2 gene were defined as
double heterozygous by Palmirotta et al. It has
been emphasized that the presence of a second
variant with K3326X induces to have an
earlier onset of the neoplasia to develop, and
this variant has a strong penetrance modifier
role [23]. One of the most comprehensive
studies on this variant is the study by Meeks
et al in 2016 involving approximately 77000
patients and 84000 controls diagnosed with
breast, ovarian and prostate cancer. The
researchers found a statistically significant
relationship between the K3326X variant and
all invasive breast cancer cases in this study,
especially cases with triple-negative breast
cancer and estrogen receptor negative breast
cancer. In patients with lobular breast cancer,
there was no significant relationship between
this variant and the disease. In the same study,
a strong association was observed between
this variant and the disease in cases with
serous ovarian cancer, but not in non-serous
ovarian cancer patients. In addition, no
significant association was reported between
prostate cancer and K3326X. The results of
this large study have suggested that the
BRCA2 K3326X variant may play a role in
the etiopathogenesis of breast and ovarian
cancer [24,25]. In another study in the
literature, the mean age at diagnosis of
breast/ovarian cancer patients carrying the
K3326X variant was reported as 43.2 + 9.6
(range 28-67), and no significant difference
was found in mean age at diagnosis with non-
carrier patients (45.5 = 10.6). In the same
study, the researchers claimed that this variant
has a different clinical significance from the
BRCAZ2 truncating mutations located at the
other 5'end, and its effect on breast and/or
ovarian cancer development cannot be
ignored. Therefore, they were suggested that
the K3326X variant should be included in
panels of all low penetration susceptibility
SNPs [26].

In our study, the mean age at diagnosis of
breast cancer patients was found to be 46.26 +
9.32, similar to the literature. Although breast
cancer is frequently diagnosed between the
ages of 55-64 in developed countries, it has
been reported that the breast cancer patient
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population in Turkey is between the ages of
45-49 mostly [27].

Breast cancer is a disease that can occur with
the effect of many environmental, individual
and genetic risk factors, and the age of onset
may vary geographically and ethnically. The
age at onset of breast cancer is significantly
younger in patients with BRCA1/2 pathogenic
variants compared to 250 patients without
BRCA1/2 [28]. For this reason, National
Comprehensive Cancer Network (NCCN)
guidelines include the age factor, in the testing
criteria for hereditary breast and ovarian
cancer [29].

Up to 70% of breast cancers are hormone-
dependent, and they are usually ER-positive.
TNBC is detected only in 10-20% of invasive
breast cancers [30]. In some studies, it has
been shown that BRCAL-associated tumors,
usually TNBC and BRCA2 mutation carriers,
tend to develop mostly ER-positive breast
cancer. In addition, in some publications, it
was reported that patients with the same
causal variant of BRCAL were diagnosed with
breast cancer at a younger age compared to
others [31]. In our study, no significant
difference was observed between the ages of
cancer diagnosis between patients with
variant carriers, those with TNBC, and non-
TNBCs (p = 0.568).
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In the Genome Aggregation Database
(GnomAD), it is stated that the frequency of
this variant allele is approximately 1 in 151.
The allelic frequency of BRCA2 K3326X
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African population, 1 in 251 in Ashkenazi
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the frequency of BRCA2 K3326X variant
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who were genetically analyzed in our own
laboratory, and we have found that this variant
does not play an important role in the
etiopathogenesis of breast/ovarian cancer.
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significance is not fully understood in the
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Original Article

The Efficacy and Safety of CDK 4/6 Inhibitors Plus Endocrine Therapy with
Hormone Receptor-Positive, Human Epidermal Growth Factor Receptor-2-
Negative Metastatic Breast Cancer Patients

Hormon Reseptorii-Pozitif, Insan Epidermal Biiyiime Faktorii Reseptori-2-
Negatif Metastatik Meme Kanseri Hastalarinda CDK 4/6 Inhibitdorleri ile
Endokrin Tedavisinin Etkinligi ve Giivenligi

Ozgiir Agikgoz, Sabin Goktas Aydin, Ahmet Bilici, Yasin Kutlu, Harun Muglu, Ebru Karci,
Jamshid Hamdard, Elkhan Mammadov, Omer Fatih Olmez, Ozcan Yildiz

Department of Medical Oncology, Istanbul Medipol University Hospital, Istanbul, Turkey

ABSTRACT
Introduction: Combining cyclin-dependent kinases 4/6 inhibitors with endocrine therapy are indicated
as first or second-line treatment for hormone receptor-positive, HER2-negative advanced or metastatic
breast cancer.We aimed to investigate the efficacy and safety of adding CDKIs to endocrine therapy in
patients whose tumors might have differing degrees of endocrine sensitivity.
Materials and methods: Totally, 99 patients with HR+, HER2-, ABC who received CDK4/6 inhibitor
and hormonotherapy were included.Clinicopathological features of patients and progression-free
survival (PFS) and overall survival (OS) outcomes were analyzed.The toxicity, combine drugs and the
factors that may predict survival were also evaluated.
Results: This study with a median age of 51 years (range;31-80).The molecular subtypes of the patients
were as follows; 51 patients (51.5%) were in the luminal A group, and 48 patients (48.5%) were in the
luminal B HER2- group. Before CDK 4/6 inhibitor therapy, visceral and non-visceral metastasis were
seen in 48 and 46 patients, respectively.At the median follow-up time of 13.7 months (range:3-48
months), the median OS was 38.5 months, the median PFS was 5.2 months. Univariate analysis
demonstrated that the choice of CDK 4/6 agent was significantly associated with PFS. 6-months PFS
rate with ribociclib was 42.3%, in palbociclib, it was 63.6%, in abemaciclib it was NA (not aplicable)
(p=0.01).Univariate analysis revealed that the luminal type of tumor (p=0.002), advanced stage disease
at the initial diagnosis (p<0.001), and presence of visceral metastasis (p=0.006) were significant factors
for OS.
Discussion: In this study we demonstrated that there is a survival benefit for all three agents and there
is a significant difference especially between first and second-line usage.

Keywords: breast neoplasm, cyclin-dependent kinases, survival, safety

OZET

Giris: Sikline bagimli kinaz 4/6 inhibitorlerinin endokrin terapi ile birlestirilmesi, hormon reseptorii
pozitif, HER2 negatif ilerlemis veya metastatik meme kanseri i¢in birinci veya ikinci basamak tedavi
olarak endikedir. Tiimorleri farkli derecelerde endokrin duyarliliga sahip olabilecek hastalarda endokrin
tedaviye CDKlI'lerin eklenmesinin etkinligini ve giivenligini arastirmay1 amagladik.

Gereg ve yontemler: CDK4/6 inhibitorii ve hormon tedavisi alan HR+, HER2-, ABC'li toplam 99 hasta
dahil edildi. Hastalarm klinikopatolojik 6zellikleri ve progresyonsuz (PFS) ve genel sagkalim (OS)
sonuglart analiz edildi. Toksisite, kombine ilaglar ve sagkalimi Ongorebilecek faktorler de
degerlendirildi.

Bulgular: Ortanca yas1 51 (31-80) olan bu ¢alismada hastalarin molekiiler alt tipleri s6yleydi; 51 hasta
(%51,5) limen A grubunda, 48 hasta (%48,5) liminal B HER2-grubunda.CDK 4/6 inhibitdr tedavisi
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Oncesi sirasiyla 48 ve 46 hastada visseral ve visseral olmayan metastaz goriildii. Medyan 13,7 aylik takip
siresinde (dagilim:3-48 ay) , medyan OS 38,5 aydi, medyan PFS 5.2 aydi. Tek degiskenli analiz, CDK
4/6 ajan1 seciminin PFS ile 6nemli dlctide iliskili oldugunu gdsterdi. Ribosiklib ile 6 aylik PFS orani
%42,3, palbosiklib ile %63,6, abemaciclib ile NA idi (p=0,01). Tek degiskenli analiz tiimoriin liiminal
tipi (p=0,002), ilk tan1 anindaki ileri evre hastalik (p<0,001) ve visseral metastaz varliginin (p=0,006)

OS igin anlamli faktorler oldugunu ortaya koydu.

Tartisma: Bu caligmada, her ii¢ ajan i¢in de sagkalim yarari oldugunu ve 6zellikle birinci ve ikinci
basamak kullanim arasinda anlaml bir fark oldugunu gosterdik.

Anahtar kelimeler: meme kanseri, siklin bagimli kinazlar, sagkalim, giivenlik

Introduction

Hormone receptor (HR) positive, human
epidermal growth factor receptor-2 (HERZ2)-
negative advanced breast cancer (ABC)
constitutes approximately 70% of all
metastatic breast cancer (MBC) [1,2].
Although effective results are obtained with
various  endocrine  treatment  options,
resistance to treatment develops after a certain
period of time and disease progression is
observed. Many molecular resistance
mechanisms have been defined, and in recent
years, the effectiveness of various treatment
combinations in overcoming resistance
through these mechanisms has been proven
and it has been demonstrated that they show
significant survival advantages [1,2]. For this
purpose, agents such as aromatase inhibitors
(A, gonadotropin-releasing hormone
analogues and cyclin-dependent kinase
(CDK) 4/6 inhibitors, the efficacy of which
has been proven by recent studies, in patients
with HR+, HER2-, ABC, according to
menopausal status. It is used alone or in
combination as the main components of
treatment [1,3-6].

CDKA4/6 inhibitors are rapidly transforming
this treatment landscape for these patients.
There are currently three CDK4/6 inhibitors
that have been approved by the US Food and
Drug Administration (FDA): palbociclib,
ribociclib, and abemaciclib. All three CDK
4/6 inhibitors have been studied in
combination with a non-steroidal aromatase
inhibitor in the first-line setting. They have
shown similar progression-free survival (PFS)
contribution, but only ribociclib and
abemaciclib provided overall survival (OS)
benefit [4-6]. Moreover, they have also been
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studied in combination with the selective
estrogen-receptor degrader fulvestrant in the
first and second-line setting (7-9). PALOMA-
3 with palbociclib, MONELESSA-3 with
ribociclib, and  MONARCH-2  with
abemaciclib are all three conducted phase Il
studies. although there are some key study
population differences between the phase Il1
trials, these combination studies demonstrated
significant improvement in PFS which is
primary end point of them [7-9].

The aim of our study was to provide a real-life
analysis of the efficacy and safety of CDK 4/6
inhibitors and combination patterns reported
in HR+, HER2- for patients with ABC in the
first and second-line setting.

Patients and Methods

In this study, a total of 99 patients with HR+,
HER2-, ABC who were treated between 2018
and 2022 were retrospectively analyzed. Our
study was conducted in accordance with the
Declaration of Helsinki. The Local Ethics
Committee of Istanbul Medipol University
approved the study on January 2023 with E-
10840098-772.02-269 decision number.

The data include demographic characteristics
of patients, menopausal status, histo-
pathology, stage of diagnosis, visceral
metastasis, molecular characteristics of breast
cancer, as well as adjuvant chemotherapy or
endocrine therapy for operated patients. The
CDK4/6 inhibitor used as treatment,
combined drugs, side effects and toxicity
secondary to treatment, objective response
rate (ORR), OS and PFS were evaluated and
recorded. Eastern Cooperative Oncology
Group (ECOG) performance score (PS) was
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used for the detection of performance status
[10].

The response to treatment of all three CDK4-
6 was assessed by thorax CT scan and
abdomino-pelvic CT scan. It was evaluated
with the Response Evaluation Criteria in
Tumors (RECIST) version 1.1. A complete
response  (CR) was defined as the
disappearance of all measurable disease, a
partial response (PR) represented a decrease
of at least 30% of the tumor volume and stable
disease (SD) defined small changes that do not
meet above criteria without actual progression
of disease. Progressive disease (PD) was
defined as more than 20% increase in tumor
volume or any new sites of disease.

Statistical analysis

IBM SPSS Statistics for Windows (Version
20.0. Armonk, NY: IBM Corp IBM Corp.
Released 2011) was used for statistical
analysis. Parameters were described with their
median values. Response rates and toxicity
profiles according to CDK 4-6 inhibitor
treatment choice were compared using the
chi-squared test and Fisher’s exact test. OS
was defined as the time from diagnosis to the
date of the patient’s death. PFS was defined as
the time from the diagnosis of advanced-stage
disease to progression. Survival analysis and
curves were established using the Kaplan-
Meier method and compared with the long-
rank test. Univariate analyses were carried out
to assess the significant prognostic factors on
survival. These significant prognostic factors
were further analyzed by multivariate Cox
regression in order to determine independent
prognostic factors on survival. The 95%
confidence interval [CI] was used to quantify
the relationship between survival time and
each independent factor. All p values were
two-sided in tests, and p values less than or
equal to 0.05 were accepted to be statistically
significant.

Results

Fifty-three of the patients were premeno-
pausal, and 46 were postmenopausal with a
median age of 51 years (range; 31-80).
Disease recurrence <12 months after adjuvant

www.actaoncologicaturcica.com

Acta Oncologica Turcica 2023; 56: 153-160

treatment occurred in 25 patients. Before
CDK 4/6 inhibitor therapy, visceral and non-
visceral metastasis were seen in 48 and 46
patients, respectively. 47.5% of patients were
treated with CDK 4/6 inhibitor in the first-line
setting, 49.5% were in the second-line, and
3% were in the later-line setting. The rate of
treatment-related toxicity was 64.7%, and
grade 3 or higher toxicity was 26.3%. The
CDK 4/6 agent dose was adjusted in 33
patients concerning toxicity. No treatment-
related death or discontinuation to CDK 4/6
inhibitor agent was observed. (Table 1)

CR was observed in 22 (34.9%) patients with
ribociclib, 7 (23.3%) with palbociclib, and 1
(20%) with abemaciclib. ORR in ribociclib,
palbociclib and abemaciclib groups were
66.7%, 63.3%, 100% respectively. The best
response did not significantly differ between
CDK 4/6 inhibitor agents. Any grade of
toxicity and grade 3 or higher toxicity were
detected in 47 (74.6%), 22 (73.3%), 5 (100%)
and 20(31.7%), 15 (50.0%), 1(20%) in
groups, respectively. There was no significant
difference between toxicity rates. However,
hematological toxicity rates were significantly
higher in patients treated with palbociclib and
ribociclib compared with abemaciclib (89.8%
and 81.0% vs 20%) (p<0.001). The diarrhea
rates were significantly higher in patients
treated with abemaciclib (p<0.001). (Table 2)

At the median follow-up time of 13.7 months
(range: 3-48 months), the median OS was 38.5
months and the median PFS was 5.2 months.
Univariate analysis demonstrated that the
choice of CDK 4/6 agent was significantly
associated with PFS. 6-months PFS rate with
ribociclib was 42.3%, in palbociclib, it was
63.6%, in abemaciclib, it was NA (p=0.01).
(Figure 1) Age, disease recurrence <12
months after adjuvant therapy, menopausal
status, ECOG PS, history of curative surgery,
the treatment line of CDK 4/6 inhibitor
therapy and luminal type of disease had no
significant impact on PFS. In patients with
non-visceral metastasis, the median PFS was
5.2 months with ribociclib; 12.2 months with
palbociclib; not reached in abemaciclib
(p=0.06). In patients with visceral metastasis,
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Table 1. Patient and tumor characteristics

Characteristics N=99 %
Age median 51(range 31-80)
Menopausal status
Premenopausal 53 53.5
Postmenopausal 46 46.5
Advance Stage Disease at initial diagnosis 55 56.1
History of
Curative surgery 54 54.5
Adjuvant endocrine treatment 52 52.5
Luminal A disease 51 51.5
Luminal B disease 48 48.5
Disease recurrence < 12 months after adjuvant 25 25.3
treatment
Metastatic site
Non-visceral metastasis 46 46.5
Visceral metastasis 48 48.5
CDK 4-6 inhibitor
1stline 47 47.5
2d line 49 49.5
2 3 line 3 3
Choice of CDK 4-6 inhibitor
Ribociclib 63 63.6
Palbociclib 30 30.3
Abemaciclib 6 6.1
Choice of antiestrogen treatment
Letrozole 54 54.5
Fulvestrant 45 45.5
Any Grade of toxicity with CDK 4-6 inh. 64 64.7
Grade 3 or higher toxicity 26 26.3
Dose adjustment due to toxicity 33 (33.3)

*CDK: cyclin-dependent kinases

Table 2: Response rates and toxicity profile according to the choice of CDK 4-6 inhibitor treatment

Characteristics Ribociclib Palbociclib Abemaciclib P
N (%) N(%) N(%)
RECIST 1.1
Complete response 22 (34.9) 7 (23.3) 1(20.0)
Partially response 20 (31.7) 12 (40.0) 4 (80.0)
Stable Disease 3(4.8) 3(10.0) 0 0.4
Progressive Disease 18 (28.6) 8(26.7) 0
ORR 42 (66.7) 19 (63.3) 5 (100) 0.2
Any grade of toxicity 47 (74.6) 22 (73.3) 5 (100) 0.4
Grade =3 toxicity 20 (31.7) 15 (50.0) 1(20.0) 0.1
Toxicity
Hematological toxicity 35 (89.8) 17 (81.0) 1(20.0)
Liver toxicity 2(5.1) 1(4.8) 0 <0.001"
Cardiac toxicity 1(2.6) 0 1(20.0)
Diarrhea 0 1(4.8) 3 (60.0)
Other 1(2.6) 2(9.5) 0
Toxicity-related dose 22 (50.0) 12 (57.1) 1 (20.0) 0.24
adjustment

ORR: Objective response rate
* p values <0.05 was regarded statistically significant.”
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Figure 1. PFS according to CDK

Table 3. Prognostic factors for overall and progression-free survival

PFS 0s
Factor Univariate Multivariate Univariate Multivariate
analysis (p) analysis p analysis (p) analysis p
(HR 95%Cl) (HR 95%CI)
Age (median 51 years) 0.9 0.8
Performance status 0.2 0.3
0/1vs.2
Menopausal status 0.2 0.7 0.1
Premenopausal vs
postmenopausal
Advanced stage at initial <0.001 0.9 0.5 0.7
diagnosis
Yes vs. no
Metastatic site (visceral vs. 0.006 0.03 0.7 0.5
non-visceral) (14.2; 1.25-16.6)
History of curative surgery 0.9 0.7 0.5
Present vs. absent
Luminal A vs Luminal B 0.002 0.09 0.5 0.4
CDK 4-6 inhibitor in 1% line 0.002 0.05 0.1 0.3
vs. later lines (13,5; 1.02-17.7)
Choice of CDK 4-6 inhibitor 0.3 0.1 0.01 0.02
agent (0.2; 0.06-0.80)
Disease recurrence < 12 0.6 0.2 0.4 0.6
months after adjuvant
treatment
Yes vs. no
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median PFS was 4.2 months with ribociclib,
3.3 months with palbociclib, and 18.4 months
with abemaciclib (p=0.1). (Table 3)

The choice of CDK 4/6 inhibitor in first-line
and later-line setting had a significant impact
on PFS (p=0.002). 24-months OS rates were
95.7% vs 64.5%, respectively. (Figure 2)

Univariate analysis revealed that the luminal
type of tumor (p=0.002), advanced stage
disease at the initial diagnosis (p<0.001), and
the presence of visceral metastasis (p=0.006)
were significant factors for OS. There was no
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significant correlation between OS and CDK
4/6 inhibitor agent, disease recurrence <12
months after adjuvant therapy, menopausal
status, EGOG PS and history of curative
surgery. 24-months OS rate with ribociclib
was 72.9%, in palbociclib it was 85.9%, in
abemaciclib it was NR. (Figure 3)

Multivariate analysis was performed to
identify independent prognostic factors for
survival. It demonstrated that the choice of
CDK 4/6 inhibitor agent was a significant
independent prognostic factor for PFS
(p=0.02, HR:0.2 95% CI 0.06-0.80). On the
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other hand, metastatic site of disease (visceral
vs non-visceral) and the line of CDK 4/6
inhibitor therapy (first-line vs later-lines)
were independent prognostic factors for OS
(p=0.03, HR:14.295% ClI; 1.25-16.6; p=0.05,
HR:13.595% CI 1.02-17.7, respectively).

Discussion

The development of CDK 4/6 inhibitors such
as abemaciclib, palbociclib and ribociclib has
changed the therapeutic approach in patients
with HR+, HER2- MBC. The combination of
these drugs with aromatase inhibitor and
fulvestrant has been approved by all health
authorities. Although there is no clinical study
comparing all three agents, there are meta-
analyzes in the literature where they are
indirectly compared [11]. In this study, we
evaluated the efficacy differences between the
addition of each of the three CDK 4/6
inhibitors to the endocrine treatment
according to PFS, OS, toxicity, and visceral
involvement in patients with HR+, HER2-,
ABC, treated and followed-up in our center.
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CDK 4/6 inhibitors were used in combination
with NSAI (anastrozole/letrozole) in the first-
line and received FDA approval. Phase Il
studies were conducted for PALOMA-2 for
palbociclib, MONELESSA-2 for ribociclib,
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Investigation of Clinical and Histopathological Features in
Invasive Lobular Breast Cancers

Memede Lobiiler Kanserlerin Klinik ve Histopatolojik
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ABSTRACT
Introduction: Analyze the clinical and immunohistopathological characteristics of lobular breast
cancers, which are one of the more common subtypes of breast cancer among a wide range, which are
important in terms of diagnosis, treatment, and monitoring.
Methods: Our study was conducted retrospectively. Patients diagnosed with and treated for breast
cancer between January 2019 and August 2022 were included in the study after obtaining the necessary
ethics committee permissions.
Results: Patients included in the study were between 28 and 81 years of age, and the median age was
53.04. While 26 (35.6%) of the patients were premenopausal, 47 (64.4%) were postmenopausal. The
number of patients with unilateral characteristics was 71 (97.3%). The number of patients with bilateral
ILC was 2 (2.7%). There were 38 patients with tumors (44.3%) in the upper outer quadrant (UOQ).
Patients with tumors in the UOQ were followed by 11 patients with tumors in the lower outer quadrant
(LOQ) and 8 patients in the central location (15.1% and 11%). Among the patients, 42 (57.5%) had
undergone breast-conserving surgery and 31 (42%) had undergone mastectomy. Sentinel lymph node
biopsy (SLNB) was performed in 51 (69.9%) of the patients.
Discussion and Conclusion: Although invasive lobular carcinoma has histopathologically bilateral and
multicentric features, it is a disease that can be treated surgically not only with mastectomy but also with
breast-conserving surgery, similar to invasive lobular carcinomas.

Keywords: Lobular carcinoma, immunohistopathological feature, mastectomy, breast conserving
surgery

OZET

Giris ve Amac¢: Meme kanserinin en sik goriilen alt tiplerinden biri olan lobiiler meme kanserlerinin;
tani, tedavi ve takip a¢isindan Onem tasiyacak, klinik ve immiinohistopatolojik 6zelliklerini analiz
etmektir.

Yontem ve Gerecler: Arastirma retrospektif olarak yapilmistir. Ocak 2019 — Agustos 2022 tarihleri
arasinda meme kanseri tanisi alan ve tedavisi yapilan hastalar ¢alismaya dahil edilmistir.

Bulgular: Calismaya dahil edilen hastalarin yaslar1 28-81 (y1l) aralifinda olup medyan yas 53,04 tii.
Hastalarin 26’s1 (%35,6) premenapozal iken 47’si (%64,4) postmenapozaldir. Unilateral 6zellikteki
hasta sayis1 71°dir (%97.3). Bilateral invaziv lobiiler karsinomlu hasta sayist 2°dir (%2,7). 38 hasta ile
en sik iist dis kadran lokalizasyonunda tiimérlii hasta bulunmaktadir (%44,3). Ust dis kadran1 siras1 11
hasta alt dis kadran ve 8 hasta ile santral lokalizyon da timorlii hastalar takip etmektedir (%15,1 ve
%11). Hastalarmn 42’sine (%57,5) meme koruyucu cerrahi, 31’ine (%42)mastektomi uygulandi.
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Hastalarm 51’ine (%69,9) sentinal lenf nodu biyopsisi uygulandi. Aksiller diseksiyon uygulanan hasta

sayis1 22°dir (%30,1).

Tartisma Ve Sonug: invaziv lobiiler karsinom histopatolojik olarak bilateral ve multisentrik 6zelliklere
sahip olsa da cerrahi olarak invaziv lobiiler karsinomlar ile benzer sekilde sadece mastektomi degil
meme koruyucu cerrahiyle de tedavi edilebilen bir hastaliktir

Anahtar Kelimeler: Lobiiler karsinom, immiinohistopatolojik &zellik, mastektomi, meme koruyucu

cerrahi

Introduction

Breast cancer is the most common cancer
among women. It is the second most
important cause of death due to cancer in
women after lung cancer [1]. The incidence of
breast cancer has increased in recent decades,
especially in the younger age group. Despite
the increase in the incidence and
improvements in the treatment modalities of
breast cancer, which is diagnosed early due to
the developments in all screening and imaging
methods, the mortality rate of the disease
continues to be important and frightening.
Conventional treatment methods for breast
cancer include surgery, chemotherapy,
radiotherapy and hormone therapy. Despite
the developments in all treatment methods,
especially chemotherapy, the need for new
treatment modalities has increased due to the
inability to achieve the expected survival rates
in some subgroups. Patients with breast
cancer have different prognoses after
diagnosis, and there are differences in the
disease biology in terms of progression and
metastasis pathways; therefore, breast cancer
has been classified, and different
morphological variants have been defined.
The final tumor classification of the WHO
published in 2019 includes many variants of
breast cancer, including a total of 44 major
types and minor subtypes [2]. Nevertheless,
some concerns have been raised about the
biological significance of the identified
variants. Despite the fact that many variants
have been defined, they have not yet led to any
changes in the clinical diagnosis, treatment, or
follow-up practices of the disease.

Breast cancer is a heterogeneous disease.
Invasive breast cancers are currently
classified as the no special type of ductal
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carcinoma and special subtypes. Breast
cancers of special subtypes have specific
definitions, while the no special type is a
general definition that includes carcinomas
other than special subtypes. Non-specific type
invasive ductal carcinomas (IDC) constitute
approximately 60-75% of all breast cancers.
Special subtypes account for 20-25% of all
tumors and metaplastic, lobular, tubular,
papillary, and mucinous tumors represent the
most common types within this group [3, 4].
The histopathological features should be
revealed effectively and in detail, and
pathologic indicators concerning good and
bad prognoses should be reviewed to treat
patients with breast cancer under optimal
conditions [5, 6].

Invasive lobular carcinomas (ILC) account for
15% of all breast cancers in women [7]. It is
the most common group among special
subtypes and has clinical and histo-
pathological differences in terms of disease
biology, with varied treatment and surgical
options for the disease [8, 9]. The IDC usually
emerges as a separate, palpable mass. In
contrast, ILC is not well palpable and is often
diagnosed late with multifocal, multicentric,
or contralateral involvement [10]. Therefore,
ILC develops differently, requiring different
treatment modalities and prognoses [11].

In this study, we aimed to analyze the clinical
and immunohistopathological characteristics
of lobular breast cancers, which are one of the
more common subtypes of breast cancer
among a wide range, which are important in
terms of diagnosis, treatment, and monitoring.

Materials and Methods

Our study was conducted retrospectively in
the General Surgery-Surgical Oncology
Clinic of the Gulhane Training and Research
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Hospital of the University of Health Sciences.
Patients diagnosed with and treated for breast
cancer between January 2019 and August
2022 were included in the study after
obtaining the necessary ethics committee
permissions (Approval number E-50687469-
199-210072112, Date 24.02.2023).

The demographic characteristics of patients
with invasive lobular carcinoma were
primarily recorded as age and menopausal
status. The size and location of the disease at
the time of diagnosis, its laterality, and the
quadrants where the tumor was located were
evaluated. The stage of cancer was
determined by combining the type of surgery
performed on the patients, the number of
patients who had undergone sentinel lymph
node biopsy and axillary dissection, the total
number of lymph nodes removed in sentinel
lymph node biopsy and axillary dissection,
T(tumor size), N (metastatic lymph node
count), and M (distant metastasis) results.

Tumor grades, immunohistochemical
distribution of hormone profiles, estrogen
receptors (ER), progesterone receptors (PR),
human epidermal growth factor receptors
(HERZ2), and Ki67 proliferation index values
of the patients were recorded. The status of
surgical margins after surgery was examined.
All data were recorded and analyzed using the
SPSS 25.0 statistical software. Descriptive
statistics were performed.

Results

Among the 728 patients diagnosed and treated
in our clinic during the period specified, 73
had been diagnosed with ILC. Demographic,
clinical, and pathological characteristics of
patients with ILC were summarized in Table-
1.

Patients included in the study were between
28 and 81 years of age, and the median age
was 53.04. While 26 (35.6%) of the patients
were premenopausal, 47 (64.4%) were
postmenopausal. The number of patients with
unilateral characteristics was 71 (97.3%). The
number of patients with bilateral ILC was 2
(2.7%). There were 38 patients with tumors
(44.3%) in the upper outer quadrant (UOQ).
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Patients with tumors in the UOQ were
followed by 11 patients with tumors in the
lower outer quadrant (LOQ) and 8 patients in
the central location (15.1% and 11%). Among
the patients, 42 (57.5%) had undergone
breast-conserving surgery and 31 (42%) had
undergone mastectomy. Sentinel lymph node
biopsy (SLNB) was performed in 51 (69.9%)
of the patients. The number of lymph nodes
removed in a sentinel lymph node biopsy was
in the range of two and 12. The mean number
of lymph nodes excised was 3.82 + 1.42. The
number of patients who had undergone
axillary dissection was 22 (30.1%). The
number of lymph nodes removed in axillary
dissection was between eight and 25. The
mean number of lymph nodes dissected was
14.82 £ 4.79. The distribution range for the
number of metastatic lymph nodes was 1-5.
The mean number was 2.86 + 1.39.

Histologically, 62 (84.9%) of the patients with
ILC had isolated lobular carcinoma, while 11
(15.1%) bhad mixed lobular carcinoma.
Among the patients, 73 (100%) had ER, 67
(91.8%) had positive PR, and all had negative
HER2. Ki-67 was evaluated in 67 of the
patients. The distribution range for Ki-67 was
1.0-80.0 and the median Ki-67 proliferation
index value was 20%. The tumor sizes were
observed below 2 cm (T1) in 47.9%, between
2 and 5cm (T2) in 42.5%, and above 5 cm (T3)
in 9.6% of the patients. In pathological
staging, the number of patients without lymph
node metastasis (NO) was 46 (63%), the
number of patients with lymph node
metastasis between 1 and 3 (N1) was 17
(23.3%), and the number of patients with
lymph node metastasis between 4 and 9 (N2)
was 10 (13.7%). There were 3 patients with
histological grade 1 (4.1%), 65 patients with
histological grade 2 (89%), and five patients
with histological grade 3 (6.8%).

In invasive breast carcinoma, the membranous
positivity of E-cadherin immuno-
histochemically is typical in NST. Tumor
cells with cytological loss of cohesion,
generally forming scattered or "single file"
aligned linear cords in a fibrous stroma or
concentric placement around normal ducts,
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Table 1. Demographic and Clinico-pathological Characteristics of the Patients

Age, years, mean + SD, distribution

53,04+11,68 (28-81)

Side, n(%)
Right 34 (%46,6)
Left 37 (%50,7)
Bilateral 2 (%2,7)
Tumor Localization, n(%)
uoQ 38 (%44,3)
viQ 6 (%55,6)
LOQ 11 (%15,1)
LiQ 5 (%6,8)
Central 8 (%11)
UOQ+Central 3 (%4,1)
Multifocal 2 (%2,7)

Tumor Type, n(%)
Isolated Lobular Carcinoma
Mixed Lobular Carcinoma

62 (%84,9)
11 (%15,1)

Operation, n(%)
Breast Conserving Surgery

42 (%57,5)

Mastectomy 31 (%42,5)
Axillary interference, n(%)

SLNB 51 (%69,9)

ALND 22 (%30,1)

SLNB Lymph Node Dissection, number, meanSD, distribution

3,82+1,42 (2-12)

ALND Lymph Node Dissection, number, mean+SD, distribution

14,82+4,79 (8-25)

ALND Lymph Node metastasis, number, mean+SD, distribution

2,86%1,39 (1-5)

N Stage, n(%)

NO 46 (%63)

N1 17 (%23,3)

N2 10 (%13,7)
T Stage, n(%)

T1 35 (%47,9)

T2 31 (%42,5)

T3 7 (%9,6)

Ki 67,percent, meantSD, distribution

16,86+14,92 (1-70)

Nottingham grade, number, meanSD, distribution

6,51+0,71 (5-8)

Histological grade, number, mean+SD, distribution

Grade 1 3 (%4,1)

Grade 2 65 (%89)

Grade 3 5 (%6,8)
Menopause Status, n(%)

Premenopausal 26 (%35,6)

Postmenopausal 47 (%64,4)

UOQ: Upper Outer Quadrant  UiQ: Upper inner Quadrant LOQ: Lower Outer Quadrant  LiQ: Lower inner
Quadrant SLNB: Sentinel lymph node biopsy ALND: Axillary lymph node dissection

are common in ILC (Figure 1 and 2). The
tumor consists of uniform cells with round or
ovoid nuclei, narrow cytoplasm, low mitotic
activity, and usually mild pleomorphism.
Intracytoplasmic lumen formations or central
mucoid inclusions can be observed in
neoplastic cells. In ILC, the loss of E-cadherin
protein causes a discohesive appearance in
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cells. Therefore, immunohistochemical loss of
E-cadherin  expression is observed in
approximately 85% of cases. Nevertheless, E-
cadherin expression can be observed in
approximately 15% of the cases. In such
cases, it is recommended to refer to the
morphology (Figure 3).
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Figure 2. invasive breast carcinoma,NST

Figure 3: Immunohistochemical loss of e-cadherin in
invasive lobular carcinoma

www.actaoncologicaturcica.com

Acta Oncologica Turcica 2023; 56: 161-169

Discussion

Invasive lobular carcinoma is the second most
common type of invasive breast cancer after
IDC. ILC has unique clinical, pathological,
and radiographic features, suggesting a
separate clinical entity; however, it is treated
with the same treatment paradigms as IDC.
There is limited information about the specific
treatment of ILC, including the response to
standard therapy. In this study, 10.2% of the
patients treated for breast cancer were
determined to be of the ILC histological type,
and this rate was found to be consistent with
the literature.

Generally, women with ILC are slightly older
compared to women with ICD at the time of
diagnosis. The mean age of 53.04 was found
to be compatible with the public health cancer
statistics data of Turkey and the study
conducted by Ozmen V (mean age 51.6) [12].
In the study of Enrico Orvieto et al., 36.8% of
the patients were premenopausal and 63.2%
were postmenopausal. Similar to the
literature, 35.6% were premenopausal and
64.4% were postmenopausal in our study [13,
14].

ILC generally involves normal tissues without
the intense desmoplastic response that usually
accompanies IDC. The mass in the breast is
not always a pronounced clinical feature, and
sometimes it is difficult to distinguish it from
the dense normal breast parenchyma. More
than one-third is determined by asymmetric
density, poorly defined opacity, and structural
distortion in  mammography. Microcal-
cifications screened on mammography are
common symptoms of ductal carcinomas and
are rarely detected in ILC. In ultrasonography
(USG), the ILC appears as a heterogeneous
hypoechoic mass with irregular margins and a
posterior acoustic shadow. Some studies have
demonstrated that USG has a higher
sensitivity compared to mammography in
detecting ILC and has the advantage of
evaluating the presence of axillary lymph
node metastasis. On the other hand, sensitivity
in detecting ILC varies in the studies between
57-81% for mammography and 68-87% for
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USG [15]. In the diagnosis of ILC and ICD,
digital breast tomosynthesis and contrast-
enhanced digital mammography are more
sensitive compared to standard mammo-
graphy [16, 17, 18]. USG is preferred as a
complementary imaging method to standard
mammography [19]. Greater multifocality
and multicentricity in ILC is one of the factors
causing the decrease in sensitivity in standard
mammography compared to ICD. For all
these reasons, breast magnetic resonance
imaging (MRI) is recommended for all
patients with ILC, unlike ICD. USG and
breast MRI are recommended for both pre-
operative evaluation and postoperative
follow-up [19, 20].

Whether the prognosis in the ILC of the breast
is different from the IDC is still a matter of
discussion. Despite the controversy, factors
affecting prognosis and treatment protocols
are generally similar for both histological
types. Nevertheless, ILC has been reported to
be more frequently associated with factors
such as advanced age at the time of diagnosis,
large tumor size, multicentricity, multi-
focality, bilateralism, hormone receptor
positivity, and HER2 negativity [11, 15].

ILC is almost always ER-positive and PR-
positive.  Excessive  expression and/or
amplification of HER2 is rare (3-13%).
However, HER2 overexpression and/or
amplification develop in a subset of pleo-
morphic ILCs. While 90-95% of patients with
ILC have luminal A, this rate is 50% in ICD.
Six studies analyzed ER, PR, and HERZ2 in
detail and found that ICD was associated with
triple-negative and HER2 with molecular
subtypes, while ICL was associated with the
luminal A subgroup. In this study, the ER
receptor was positive in all patients, while 67
(91.8%) were PR positive and all were Cerb-
B2 negative. These rates were consistent with
the literature.

In terms of the location of the disease, ILC is
more often multifocal. ILC is considered to
have higher rates of bilateral disease;
however, Pestalozzi et al. calculated similar
rates of bilateral disease for IDC and ILC [22].
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In our study, only two (2.7%) of the patients
were bilateral.

Some studies in the literature observed the
highest tumor size frequency in the T1 stage
compared to the American Joint Committee
on Cancer (AJCC) TNM staging criteria,
while some studies observed it more
frequently in the T2 stage. The percentage of
T1 patients was found to be higher in our
study, [21, 23, 24, 25, 26, 27]. In the literature,
NO has been demonstrated as the most
common stage in terms of lymph node
involvement, and it was followed by N1, N2,
and N3, respectively. Pathological lymphatic
stages were defined as pNO by 50%, pN1 by
28%, pN2 by 15%, and pN3 by 7% [23, 24].
In our study, the lymph node status was pNO
by 63%, pN1 by 23.3%, and pN2 by 13.7%.
In terms of distant metastasis, metastasis to
bone and liver is frequent in both ILC and
ICD. Unlike in ILC, the areas with greater
metastatic spread are the abdominal cavity
and the leptomeninges. Metastasis to the lung
and central nervous system is less common
compared to ICD [28, 29, 30, 31].

The general surgical treatment approach for
breast cancer includes breast-conserving
surgery (BCS) or mastectomy and systemic
treatment depending on tumor characteristics
such as tumor size, grade, lymph node,
hormonal, and growth receptor status. One of
the important points for the surgical treatment
of invasive lobular cancer is the ability to
choose the appropriate method among the
BCS or mastectomy options due to the high
rates of multifocality, multicentricity, and
bilaterality. Fodor et al. investigated the long-
term outcomes of BCS and mastectomy in
ILC. For 15 years, they observed 235 patients
with early-stage ILC who were prospectively
treated with mastectomy or BCS. They found
similar results for mastectomy and BCS in 15
years. Distant metastatic-free survival (62%
vs. 70%; P= .2017), breast cancer-specific
survival (62% vs. 70%; P= .1728), and
regional recurrence-free survival (84% vs.
77%); P=.0644). Interestingly, better overall
survival (OS) was observed in the BCS group
compared to the mastectomy group (63% vs.
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49% P=.0122) [32]. The fact that ILC is more
multifocal and multicentric compared to IDC
does not imply any contraindications for BCS.
According to our patient data, 57.5% of the
patients had undergone BCS, while 42.5% had
undergone  mastectomy. Our standard
treatment policy is not based on the type of
tumor histology. In their study, Biglia et al.
concluded that a second surgery (conservative
rejection/mastectomy) was necessary for a
significantly higher percentage of patients
with ILC to achieve negative limits. In
general, there was no difference in the total
number of mastectomies performed for ILC
and IDC. In the multivariate analysis, only
multifocality and tumor size (not histological
type, grading, age, ER, and HER-2 status)
were found to be independent predictors for
re-excision or doubling the risk. In the first
surgical approach, no significant difference
was observed between the IDC and ILC
groups, and BCS was the preferred treatment
for most patients [21]. Recent studies have
reported mastectomy rates ranging from 22%
to 52% in patients with ILC (compared to 14%
to 46% in patients with ICD). A positive
surgical margin rate between 17% and 65%
has been reported in patients with ILC
undergoing BCS [33]. Similar to ICD, no
improvement was observed in patients with
ILC in terms of long-term survival after
mastectomy compared to BCS with clear
margins and the combination of radiotherapy
[34].

Compared to the patients with ICD, patients
with ILC appear to benefit less from
neoadjuvant chemotherapy (NACT)
administered to facilitate BCS and shrink the
tumor. Low proliferation rate and high ER
expression make ILC less susceptible to
chemotherapy, as reflected by low
pathological complete response (pCR) rates
[36, 36, 37, 38]. There are conflicting results
as to whether these low pCR rates can be
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attributed to differences in ER expression.
Lips et al. found no difference between
patients with ICD and ILC in response to
chemotherapy [39]. Nevertheless, other
studies have shown that the rate of pCR is still
lower in patients with ILC when comparing
ILC and ICD with a similar receptor status
[40]. Although pCR appears to be a good
prognostic factor for most breast cancers, this
may not be the case for ILC, as low pCR rates
do not lead to significantly worse outcomes in
patients with ILC compared to ICD. Most
patients with ILC still require mastectomy
after NACT due to the lack of response to
NACT [37, 41, 42].

Several studies have reported a higher nodal
stage at diagnosis and a higher number of
positive lymph nodes during surgery in ILC
compared to ICD, leading to a higher rate of
axillary lymph node dissection [22, 43, 44].
Since this is no longer seen in multivariate
analysis, it can be attributed to larger tumor
sizes and other misleading factors [45]. After
sentinel lymph node biopsy, there is a 38%
nodal positivity rate in node-negative patients,
which highlights the challenges of clinical
nodal evaluation in ILC [46].

Although ILC accounts for only a small
percentage of invasive cancers, the
pathogenesis, diagnosis, and clinical course of
ILC have unique aspects and deserve special
attention. Current analyses have demonstrated
that the histology of ILC provides less benefit
compared to NACT and tumors with ductal
morphology. Despite the challenges in terms
of radiological diagnosis and localization,
BCS is preferred as an important treatment
option for ILCs. While research on breast
cancer is quite extensive, research on ILC is
more limited. Further research is needed in
this area, including providing an overview of
ILC and treatment considerations that focus
on early-stage treatment, particularly in the
neoadjuvant setting.
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Comparison of Adjuvant Modified FOLFIRINOX with Other Adjuvant
Chemotherapies in Resected Pancreatic Adenocarcinoma: Real-Life Data
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ABSTRACT
Background: Pancreatic cancer is among the cancers with the worst prognosis and therefore adjuvant
treatment is very important for reducing mortality. The aim of this study is to compare the gold standard
mFolfirinox regimen with other treatment regimens in the adjuvant treatment of pancreatic cancer in
real-world practice.
Materials and methods: Patients who underwent pancreatic cancer resection and received at least one
dose of adjuvant chemotherapy were included in the study as two groups, mFolfirinox and Others (at a
ratio of 1:2). The primary endpoint was disease-free survival (DFS). Secondary endpoints were
determined as overall survival (OS), predictive factors, and safety.
Results: Data of 166 patients were collected from five oncology centers. With a median follow-up of
30.3 months (24.6-35.9), the estimated median DFS was detected 17.9 months (95% CI, 10.3-25.6) in
the mFolfirinox group and 12.5 months (95% Cl, 9.7-15.3) in the others group (p = 0.088). The estimated
median OS was 30.7 months (95% ClI, 15.7-45.7) in the mFolfirinox group and 22 months (95% ClI, 16-
27.9) in the others group (p=0.464). Better ECOG performance status, tumor location outside the head
and ampulla, stage 1 and 2B, not receiving adjuvant chemoradiotherapy (CRT), and perineural invasion
provide a disease-free survival advantage in favor of mFolfirinox.
Conclusion: In the adjuvant treatment of resected pancreatic cancer, the mFolfirinox regimen provided
a statistically insignificant, but clinically significant DFS and OS benefit.

Keywords: Pancreatic adenocarcinoma, modified folfirinox, adjuvant chemotherapy, real-life
experience

OZET

Amag: Pankreas kanseri prognozu en kotii olan kanserler arasinda yer alir ve bu nedenle adjuvan tedavi
mortaliteyi azaltmak i¢in ¢ok Onemlidir. Bu calismanin amaci, gercek diinya pratiginde pankreas
kanserinin adjuvan tedavisinde altin standart mFolfirinox rejimini diger tedavi rejimleriyle
karsilastirmaktir.

Gerec ve yontem: Pankreas kanseri rezeksiyonu yapilan ve en az bir doz adjuvan kemoterapi alan
hastalar mFolfirinox ve Digerleri (1:2 oraninda) olmak iizere iki grup olarak ¢aligmaya alindi. Birincil
sonlanim noktas1 hastaliksiz sagkalimd: (DFS). Ikincil sonlanim noktalari, genel sagkalim (OS),
prediktif faktorler ve giivenlik olarak belirlendi.

First Received: 03.03.2023, Accepted: 24.04.2023 doi: 10.5505/a0t.2023.41196
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Bulgular: Bes onkoloji merkezinden 166 hastanin verileri toplandi. Ortanca 30,3 aylik (24,6-35,9)
takipte, tahmini ortanca DFS, mFolfirinox grubunda 17,9 ay (%95 GA, 10,3-25,6) ve digerleri grubunda
12,5 ay (%95 GA, 9,7-15,3) olarak saptandi (p = 0.088). Tahmini ortanca OS, mFolfirinox grubunda
30,7 ay (%95 GA, 15,7-45,7), digerleri grubunda 22 aydi (%95 GA, 16-27,9) (p=0,464). Daha iyi ECOG
performans durumu, tiimoriin bag ve ampulla disinda yerlesimi, evre 1 ve 2B, adjuvan kemoradyoterapi
(CRT) almama ve perindral invazyon, mFolfirinox lehine hastaliksiz sagkalim avantaji sagladi.

Sonug¢: Rezeke edilmis pankreas kanserinin adjuvan tedavisinde, mFolfirinox rejimi istatistiksel olarak
onemsiz, ancak klinik olarak anlaml bir DFS ve OS faydasi sagladi.

Anahtar Kelimeler: Pankreas adenokarsinomu, modifiye folfirinox, adjuvan kemoterapi, gercek yasam

deneyimi

Introduction

Pancreatic cancer is among the cancers with
the worst prognosis and has an important
place among cancer-related deaths [1, 2].
Minimal survival improvement has been
achieved in the last few decades [3]. Although
surgery is the only option for cure, 5-year
survival rates are around 10% with surgery
alone [4]. This low survival rate with surgery
alone has led to the development of adjuvant
treatment strategies. Gemcitabine was used in
adjuvant therapy, which is an important drug
in the treatment of metastatic pancreatic
cancer, and in the landmark study phase-1II
CONKO-1, there was a significant
improvement in median disease-free survival
(DFS) with gemcitabine compared to surgery
alone (13.4 months vs. 6.7 months p<0.001)
[4]. With this study, gemcitabine remained the
standard adjuvant therapy for a long time. The
ESPAC-4 trial compared gemcitabine with
the combination of gemcitabine and
capecitabine in adjuvant therapy following the
CONKO-1 trial. Median survival was 28
months to 25.5 months, with moderate
significance in favor of combination therapy
(p=0.032) [5]. In the APACT trial which was
recently presented, the adjuvant gemcitabine
plus nab-paclitaxel study did not meet the
primary endpoint of independently assessed
DFS gemcitabine [6]. The combination of 5-
fluorouracil, leucovorin, irinotecan, and
oxaliplatin (Folfirinox regimen) resulted in
longer overall survival than gemcitabine when
administered as first-line treatment in patients
with metastatic pancreatic cancer [7]. Based
on these results, the PRODIGE-24 phase |11
study was planned to investigate the efficacy
of gemcitabine versus Folfirinox regimen in
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adjuvant treatment after pancreatic cancer
resection [8]. In this study, the median
disease-free survival was 21.6 months versus
12.8 months in favor of Folfirinox regimen,
and the median survival was 54.4 months
versus 35 months, respectively. Despite its
apparent clinical efficacy, the Folfirinox
chemotherapy regimen had high treatment
toxicity. In this study, the efficacy was
achieved by considering more toxicity.
Because of this toxicity, the dose of irinotecan
was reduced by removing the bolus 5-
Fluorouracil, and this modified form
(mFolfirinox) has become the gold standard
for adjuvant therapy in patients with good
performance in pancreatic adenocarcinoma.
However, in real-life, patients are not treated
with strict rules as in clinical trials [9]. There
are many patient groups that were not
included in the clinical trial. Therefore, real-
life data are important to shed light on the
treatment of these patient groups and also to
confirm the results of clinical trials. We
planned this retrospective real-life study to
compare the gold standard mFolfirinox
regimen with other treatment regimens in
adjuvant treatment of pancreatic cancer.

Materials and Methods
Patients and design

This is a multi-center retrospective study.
Study data were obtained retrospectively from
patient files and hospital records. Ethical
approval was obtained from the ethics
committee of Ankara City Hospital, with the
date of 08.06.2022 and number E2-22-19609,
before starting study. The study was
conducted in accordance with ethical rules,
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the Declaration of Helsinki and good clinical
practice guidelines.

In our study, patient data were obtained from
five high-volume tertiary oncology centers.
Patients who underwent pancreatic cancer
resection and received at least one dose of
adjuvant chemotherapy were included in the
study. All patients aged 18 years and older
were included in the study. Patients who
underwent R2 resection were allowed.
Patients who received chemoradiotherapy in
adjuvant treatment were also included in the
study. The study was based on the comparison
of two groups of patients, mFolfirinox and
Others. In the study, which included patients
at a ratio of 1:2, respectively, clinical,
pathological and treatment information of the
patients were collected. Data that are thought
to be predictive factors were examined. The
neutrophil to lymphocyte ratio (NLR), one of
these factors, was calculated by dividing the
neutrophil count by the lymphocyte count in
complete blood count. The primary endpoint
was disease-free  survival.  Secondary
endpoints were determined as overall survival
(OS), predictive factors, and safety. DFS was
defined as the time from initiation of adjuvant
treatment to recurrence/metastasis or death.
OS was defined as the time from initiation of
adjuvant treatment to death. The data of the
patients who were not followed up were not
used in the DFS analysis. The survival results
of these patients were confirmed by checking
the system of the Ministry of Health. Adverse
events have been evaluated according to The
Common Terminology Criteria for Adverse
Events (CTCAE).

Statistical analysis

Statistical analysis was carried out using the
IBM SPSS Statistics Version 25 program
(SPSS Inc., Chicago, IL, USA). A median
value and minimum-maximum values were
used to determine continuous variables.
Categorical variables were shown as numbers
and percentages. The difference between the
ages of the patients was evaluated with
independent  t-test, the difference of
histologies and surgical margins between
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groups with the Fisher's exact test, and the
differences of carcinoembryonic antigen
(CEA) and carbohydrate antigen 19-9 (CA19-
9) values between groups were evaluated with
the Mann-Whitney U test. Differences
between groups other than these were
evaluated with the chi-square test. Survival
was univariately analyzed by the Kaplan—
Meier method with a log-rank test for the
comparison of subgroups.

Results

Data of 166 patients were collected from 5
oncology centers at a ratio of 1:2 (mFolfirinox
vs. others). The vast majority of patients in the
others group received gemcitabine-based
therapies as adjuvant treatment. 35.7% of
patients (n=40) were treated with gemcitabine
plus capecitabine, 57.1% of patients (n = 64)
were treated with single-agent gemcitabine,
and 7.2% of patients (n = 8) were treated with
other chemotherapy regimens. The median
age at diagnosis of the patients was 57 (18-71)
years and 63 (34-75) years for the mFolfirinox
group and others group, respectively. The >
65-year-old rate was 13% in the mFolfirinox
group and 45% in the others group. There was
no difference between the baseline
characteristics of the patients, except for age,
ECOG (Eastern cooperative oncology group)
performance scores, whether or not they
received adjuvant chemoradiotherapy, and
postoperative CEA/CA19-9 values (Table 1).

Treatment and efficacy

The median duration of treatment was median
23.6 weeks (2 to 39.3) in the mFolfirinox
group and 18.9 weeks (1 to 43.4) in the others
group (p = 0.06). With a median follow-up of
30.3 months (24.6-35.9), 70% (n = 98) of all
patients had an event for DFS, and 57.2% (n =
95) of patients died. The estimated median
DFS was detected 17.9 months (95% Cl, 10.3-
25.6) in the mkFolfirinox group and 12.5
months (95% CI, 9.7-15.3) in the others group
(p = 0.088) (Figure 1). The estimated median
OS was 30.7 months (95% CI, 15.7-45.7) in
the mFolfirinox group and 22 months (95%
Cl, 16-27.9) in the others group (p = 0.464)
(Figure 1). DFS rates at 12 months were
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Table 1. Patient characteristics

mFolfirinox group Others group p value
n=54 N=112

Median age — years, (range) 57 (18-71) 63 (34 —75) <0.001
= 65 years — n, (%) 7 (13) 49 (45) <0.001
Histology — n, (%) 0.55

Adenocarcinoma 54 (100) 109 97)

Other 3 3)
Stage — n, (%) 0.10

1 8 (15) 19 a7

2A 4 (7 18 (16)

2B 23 (43) 56 (50)

3 17 (32) 19 17)

Missing 2 (4)
Surgical margins — n, (%) 0.25

RO 41 (76) 88 (79)

R1 10 (29) 18 (16)

R2 0 (0) 6 (5)

Missing 3 (6)

Tumor location — n, (%) 0.15

Head 33 (61) 73 (65)

Ampulla 14 (26) 16 (14)

Other 7 (13) 22 (22)
Lymphovascular invasion — n, (%) 36 (67) 72 (64) 0.81
Perineural invasion — n, (%) 46 (85) 93 (83) 0.61
ECOG performance status — n, (%) 0.002

0-1 48 (89) 87 (78)

2 4 ©) 25 (22)

Missing 2 (4)

Adjuvant CRT - n, (%) 0.001

No 38 (70) 49 (44)

Yes 16 (30) 63 (56)

Median CEA — ng/mL,(range) 1.6 (0.5-35.6) 2.5(0.2-1123) 0.002
Median CA19-9 — U/mL, (range) 32 (1-3303) 65 (0.6-42010) 0.004

mFolfirinox = Modified folfirinox, ECOG = Eastern cooperative oncology group, CRT = Chemoradiotherapy, CEA =
Carcinoembryonic antigen, CA19-9 = Carbohydrate antigen 19-9.

51.9% (n=27) and 53.4% (n=47) in the
mFolfirinox group and in the others group (p
=0.502), respectively.

Predictive factors

In  subgroup analysis, better ECOG
performance status, tumor location outside the
head and ampulla, stage 1 and 2B, not
receiving adjuvant chemoradiotherapy (CRT),
and perineural invasion provide a disease-free
survival advantage in favor of mFolfirinox. In
addition, in  moderately differentiated
histology and the NLR value being higher
than the median value, a significant p value
was found at the border. No difference was
found between the groups in other subgroups
(Table 2). In the overall survival analysis of
the subgroups, no difference was found

www.actaoncologicaturcica.com

between mFolfirinox and other treatments in
any group (Table 3).

Safety

Dose delay and dose reduction requirements
were 67.9% (n=36) and 58.5% (n=31) in the
mFolfirinox group, compared with 15.4%
(n=16) and 12.6% (n = 13) in the others group,
respectively (dose delay p<0.001, dose
reduction p<0.001). Adverse events of any
degree were seen in 92.3% in the mFolfirinox
group, while 39.4% in the others group
(p<0.001). Grade 3 or 4 adverse events were
reported 51.9% in the mFolfirinox group,
compared with 10.6% in the others group
(p<0.001). The most common grade 3-4
adverse events in the mFolfirinox group were
neutropenia (38.5%) and anemia (15.4%),

Copyright©Ankara Hematoloji Onkoloji Dernegi



e

Disease-free survival (probability)
o

o

Time imonths)

Overall survival (probability)

] 2 M » @ 0 n L

Time (months)

Figure 1. Kaplan-meier curves for disease-free
survival and overall survival

compared with neutropenia (8.7%), anemia
(3.8%) in the others group. One patient died
in the mFolfirinox group due to treatment
toxicity.

Discussion

The prognosis of pancreatic cancer is poor due
to late diagnosis and aggressive nature [2, 10,
11]. Surgery remains the only curative
treatment in resectable tumors. In addition to
surgery, the cure rate is increased with
adjuvant treatment [3, 12, 13]. Many clinical
studies have investigated the results of various
adjuvant treatment regimens [14]. However,
the optimal multidisciplinary treatment
strategy was controversial until the
PRODIGE-24 phase 3 study, published in
December 2018 [8]. Although there are still
controversial points, with this study the
mFolfirinox regimen became the gold
standard in the adjuvant treatment of
pancreatic cancer. In the adjuvant treatment of
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resected pancreatic cancer in our study, we
found a clinically significant difference with
the mFolfirinox regimen in median DFS of
17.9 months vs. 12.5 months compared to the
other treatments, although it was not
statistically significant. We also found a
clinically significant, statistically insignificant
difference in favor of mFolfirinox in overall
survival of approximately 9 months. The
mFolfirinox and other groups were generally
well balanced, however, the mFolfirinox
group consisted of younger, better ECOG
performance scores, less treated with
chemoradiotherapy, and had lower median
CEAJ/CA 19-9 levels. The fact that fit patients,
not exposed to chemoradiotherapy toxicity
and had lower postoperative tumor markers
were in the mFolfirinox group may have
created a potential selection bias. However,
the median DFS and OS of the others group
were similar to both previous phase 3 studies
[4, 5, 8, 15, 16] and real-life data [17, 18]. In
the 5-year results of the recently published
pivotal phase Il trial, the median DFS was
reported as 21.4 months and the median
overall survival was 53.5 months [19]. In our
study, DFS and especially OS in the
mFolfirinox group were found to be lower
than in the phase 11 pivotal clinical trial. Real-
life data on the use of the mFolfirinox regimen
in adjuvant treatment are very limited. In a
small number of real-life studies, we see that
very few patients use the mFolfirinox regimen
for adjuvant treatment [20]. In our study, it is
not surprising that the outcomes of patients in
clinical practice were worse than in clinical
trial. In the PRODIGE-24 study, all patients
had an ECOG performance score of 0-1, while
in our mFolfirinox group, 7% of patients had
an ECOG performance score of 2. In addition,
patients with stage I11 or CA 19-9 levels above
180 were excluded from the PRODIGE-24
study. In our study, 32% of the patients were
stage 111, and there were patients with high CA
19-9 levels. And we know that poor
performance score, advanced stage and high
CA 19-9 levels are associated with poor
prognosis [17]. For this reasons, we can say
that the differences in outcomes between
mFolfirinox and the others group are not only
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Table 2. Effects of treatments on disease-free survival in subgroup analysis
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mFolfirinox group

Others group

Median DFS (95% CI), months p value
Age
< 65 years 18.3 (6.7 to 29.8) 13.2 (11.2t0 15.1) 0.127
= 65 years 17.6 (13.2t0 22) 11.2 (6.5t0 15.7) 0.208
ECOG performance status
0-1 23.3(1t0 32.2) 13.2 (10.9to 15.4) 0.023
2 8.6 (0.6 t0 16.5) 11.6 (7.3t0 15.9) 0.908
Tumor grade
Well differentiated * 17.5 (4.6 to 30.3) 0.18
Moderately differentiated 18.3 (12 to 24.5) 12.4 (9.1to0 15.9) 0.055
Poorly differentiated 11.1(8.1to 14.2) 10.1 (6.7 t0 13.4) 0.856
Tumor location
Head 12.2 (5.1t0 19.1) 12.4 (8.9 to0 15.9) 0.728
Ampulla * 23.3 (7.51t0 39.2) 0.226
Other * 10.3(8.21012.5) 0.045
Stage
1 * * 0.036
2A * 14.2 (10.6 t0 17.9) 0.512
2B * 11.2 (8.6 t0 13.8) 0.007
3 10.6 (7.7 to 13.5) 8.7 (3.5t013.9) 0.741
Surgical margins
RO 23.3 (14.7 t0 31.9) 14.2 (10.3t0 18.1) 0.082
R1 * 7.1(2.8t011.4) 0.111
R2 N/A 8.1 (0.04 to 16.1) N/A
Adjuvant CRT
No 23.3 (% 13.2 (9.1t0 17.3) 0.03
Yes 17.9 (8.9 t0 26.9) 11.1 (7.8 t0 14.5) 0.481
Body mass index
<185 11.5 (0.1 to 27.4) 12.2 (6.9t0 17.4) 0.364
185-24.9 16.1 (7.9 to 24.2) 13.1 (5.5t0 20.9) 0.545
225 * 12.6 (8.310 16.9) 0.104
Smoking history
No 13.1 (6.6 t0 19.4) 12 (5.9 to 18) 0.442
Yes 23.3 (7 t0 39.6) 12.5 (10.3 t0 14.6) 0.107
NLR
< median 13.1 (5.4 t0 20.7) 12 (7.9t0 16.1) 0.511
> median 23.3 (11.1 to 35.5) 13.2 (10.1t0 16.3) 0.06
Postoperative CA19-9 level
< ULN** * 17.1 (5.8 to 28.5) 0.129
> ULN 12.1 (6.6 t0 17.8) 12.1 (9.8 t0 14.5) 0.213
Lymphovascular invasion
No * 17.5 (5.6 t0 29.4) 0.09
Yes 17.9 (6.5 10 29.3) 12 (9.7 t0 14.3) 0.156
Perineural invasion
No * 39.6 (23.1t0 56.1) 0.466
Yes 17.9 (9 to 26.8) 11.6 (9.7 t0 13.5) 0.016

mFolfirinox = Modified folfirinox, DFS = Disease-free survival, ECOG = Eastern cooperative oncology group,
CRT = Chemoradiotherapy, NLR = Neutrophil to lymphocyte ratio, CA19-9 = Carbohydrate antigen 19-9, ULN
= Upper limits of normal. * Statistical value could not be calculated due to the small number of patients. **The

ULN is 30 U/mL.
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Table 3. Effects of treatments on overall survival in subgroup analysis

mFolfirinox group

Others group

Median OS (95% CI), months pvalue
Age
< 65 years 30.7 (15.5t0 45.9) 20.7 (13 to 28.5) 0.28
= 65 years * 23.7 (10.8 to 36.6) 0.627
ECOG performance status
0-1 30.7 (16.6 to 44.7) 24.2 (14.31t0 34.1) 0.6
2 10.1 (%) 16.3 (10.8 to 21.6) 0.916
Tumor grade
Well differentiated * 447 (12.1to0 77.4) 0.494
Moderately differentiated 30.7 (11.9 to 49.5) 21.2 (15.9t0 26.5) 0.235
Poorly differentiated 12.3 (8.7 to 15.9) 14 (8.4 t0 19.6) 0.284
Tumor location
Head 26.3 (11to 41.5) 20.7 (15.4 t0 26.1) 0.506
Ampulla * 36.6 (14.2 to 59) 0.249
Other * 23.7 (12.4t0 34.9) 0.216
Stage
1 * 32.1 (0.6 to 63.6) 0.252
2A * * 0.424
2B 30.7 (24.2t0 37.2) 21.2 (13.9 to 28.5) 0.288
3 15.1 (5.8 t0 24.3) 12.8 (9.9 t0 15.8) 0.936
Surgical margins
RO 30.8 (18.2 t0 43.4) 24.6 (15.1 to 34.1) 0.508
R1 * 23.7 (9.6 to 37.4) 0.847
R2 N/A 9.1 (2.7t015.3) N/A
Adjuvant CRT
No 30.7 (22.7 to 38.6) 31.1 (26.1to 36.1) 0.57
Yes 30.1 (17.1 to 44.5) 16.6 (11.7 to 21.6) 0.317
Body mass index
<185 15.1 (%) 11.7 (*) 0.535
18.5-24.9 30.7 (14.4 to 47) 22 (13.3 to 30.6) 0.754
225 * 31.1 (12.5 t0 49.6) 0.394
Smoking history
No * 20.1 (11.4 to 28.8) 0.335
Yes 30.7 (19.2t0 42.2) 30.1 (16.8 to 43.4) 0.918
NLR
< median 30.8 (14.7 t0 46.8) 23.7 (8.6 t0 38.8) 0.929
> median 30.7 (15.1 t0 46.2) 16.7 (10.7 t0 22.7) 0.154
Postoperative CA19-9 level
< ULN** 30.7 (% 30.5 (16.3 to 44.7) 0.592
> ULN 26.3 (8.7 t0 43.8) 16.7 (10.8 to 22.6) 0.622
Lymphovascular invasion
No * 30.1 (21.1 to 39.1) 0.517
Yes 30.7 (10.1 t0 51.3) 19 (12.6 t0 25.4) 0.626
Perineural invasion
No * 63 (35 to 91) 0.937
Yes 30.7 (16.3t0 45.1) 19 (12.4 to0 25.6) 0.331

mFolfirinox = Modified folfirinox, OS = Overall survival, ECOG = Eastern cooperative oncology group, CRT =

Chemoradiotherapy, NLR = Neutrophil to lymphocyte ratio, CA19-9 = Carbohydrate antigen 19-9, ULN = Upper
limits of normal. * Statistical value could not be calculated due to the small number of patients. **The ULN is 30
uU/mL.
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due to selection bias, but are the effectiveness
of mFolfirinox.

In subgroup analysis, it is predicted DFS
advantage with mFolfirinox in the patients
with ECOG performance status 0-1, tumors
located in the pancreatic body and tail, stage |
and 1IB tumors, the patients who do not
receive adjuvant chemoradiotherapy and
tumors with perineural invasion. The efficacy
of mFolfirinox in patients with an ECOG
performance score of 2 compared to other
regimens is not clear, as all patients in the
PRODIGE-24 study were patients with an
ECOG performance score of 0-1 [8]. Despite
the small number of patients, we did not find
any difference between treatment regimens in
patients with an ECOG performance score of
2 in our study. These results suggest that this
regimen should be considered in fit patients.

Chemotherapy is generally avoided in elderly
patients [21]. However, elderly patients have
been shown to benefit similarly from
chemotherapy [22]. While patients > 65 years
of age benefited from mFolfirinox treatment
in the pivotal trial, we found no difference
between treatment regimens in patients > 65
years of age in our real-life study. Based on
these results, it may be a good option to
consider less toxic regimens for elderly
patients.

The use of adjuvant CRT, in the era of
mFolfirinox, is controversial. It can generally
be used in patients with positive surgical
margins or lymph nodes. In our study, the
outcomes of patients who did not receive
adjuvant CRT were numerically higher than
the patients who received it. This is the result
of increasing treatment toxicity and adversely
affecting survival. Also, there is no difference
between the treatment regimens.

While we expect mFolfirinox, which is
considered to be a more effective treatment, to
have better survival in patients with poor
prognostic factors (poorly differentiated,
stage Ill, R1 resection, high NLR,
postoperative high CA19-9 level, and
lymphovascular invasion), unlike the pivotal
study, no difference was found with other
treatment regimens in our study. This may be
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due to the different patient population and
treatment regimens.

As expected, the safety profile of the
mFolfirinox regimen was less favorable than
other adjuvant treatments. We found that we
obtained this non-significant difference in
survival outcomes in favor of mFolfirinox
with higher treatment-related adverse events.
In the PRODIGE-24 study, grade 3-4 adverse
events were seen in 75.9% of patients, this rate
was 51.9% in our study. Adverse events were
lower than in the clinical trial, but slightly
higher than in real-life data. In a retrospective
study reported from China, dose reduction
with mFolfirinox was found to be 41.2%,
while in our study it was found to be 67.9%
[23]. Toxicity is not only an important
problem in the acute period. It may shorten the
duration of treatment, leading to early
discontinuation of adjuvant therapy. This may
adversely affect long-term survival. In a study
in which most patients received gemcitabine-
based adjuvant treatment, median recurrence-
free survival was found to be 22 months in
patients who completed adjuvant therapy, and
9 months in patients whose therapy was
discontinued early [20]. In our study, almost
all patients (92.3%) had adverse events at any
grade with mFolfirinox. Most of these were
manageable adverse events. However, we
would like to emphasize that 2% of patients
(one patient) died of treatment-related adverse
event in the mFolfirinox group. Therefore,
patient selection for the mFolfirinox regimen
in the adjuvant treatment of pancreatic cancer
is very important. Treatment may be
beneficial in patients who can tolerate
treatment and experience minimal treatment
toxicity.

We would like to highlight a few limitations
of our study. The most important limitation is
the retrospective nature of our study, and its
natural ~ consequences.  The  uneven
distribution between groups and the potential
selection bias were the result of this limitation.
Second, adverse events may have been
underestimated because the data were
obtained from hospital records and patient
files. Third, there was no granulocyte colony-
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stimulating  factor usage information
available. Fourth, the treatment information at
the time of recurrence of the patients was
unknown. And finally, genetic factors
(microsatellite instability and Breast cancer
gene 1-2) that may affect the prognosis of
patients were not known.
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Case Report

Granulosa Cell Tumor of the Ovary in a Patient with Adjuvant Tamoxifen Use
for Breast Cancer: An Extremely Rare Case Report

Meme Kanseri Tedavisinde Adjuvan Tamoksifen Kullanan Bir Hastada Ovaryan
Graniiloza Hiicreli Tiimor: Oldukg¢a Nadir Goriilen Bir Vaka
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ABSTRACT

Tamoxifen use can cause gynecologic tumors like uterine sarcomas. However, the relationship between
tamoxifen use and adult granulosa cell tumors (AGCTSs) is uncertain. Here we report a case of AGCT
in a 57-year old patient with antecedent tamoxifen use for hormone-receptor positive breast cancer.
After 22 months of tamoxifen use, the patient had diagnosed with a stage 1a granulosa tumor. To our
knowledge, there are only four cases previously published about the relationship between the
development of granulosa cell tumors and the use of tamoxifen. It is very difficult to say that there is a
certain relationship between tamoxifen use and AGCT because of the rarity of the condition.

Keywords: Breast cancer, granulosa cell tumor, tamoxifen

OZET

Tamoksifen kullanimi uterin sarkomlar gibi jinekolojik tiimorlere yol agabilir. Ancak tamoksifen
kullaniminin yetiskin graniiloza hiicreli tiimor (AGCT) etiyolojisindeki yeri kesin degildir. Biz burada,
hormon pozitif meme kanseri nedeniyle adjuvan tamoksifen tedavisi almakta olan 57 yasindaki bir
hastada gelismis olan AGCT vakasmi bildirmek istiyoruz. Hastamiz evre 1a AGCT tanis1 aldiginda 22
aydir tamoksifen kullanmaktaydi. Bildigimiz kadariyla, tamoksifen kullanimi altinda gelisen AGCT” ler
ile ilgili daha 6nce yayimlanmis 4 adet vaka bildirimi mevcuttur. Bu tip vakalarinin ¢ok nadir olmasi
nedeniyle AGCT gelisimini tamoksifen kullanimi ile iligskilendirmenin oldukga zor oldugunu sdylemek
isteriz.

Anahtar kelimeler: Meme kanseri, graniiloza hiicreli timor, tamoksifen

Introduction cancer. One of their mechanisms of action is
that; it competes with estradiol for estrogen
receptors. However, their pharmacodynamics
are complex. They can also act as a partial
estrogen agonist in certain tissues. So,

Breast cancer is the most common cancer type
among women worldwide. Selective estrogen
receptor modulators are widely used for
treating hormone receptor-positive breast
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sometimes detrimental effects can be
developed with these drugs. For example,
tamoxifen is known as an important risk factor
for endometrial cancer [1].

Ovarian sex cord-stromal tumors (SCSTs) are
a group of tumors that originates from the sex
cord-stromal cells (Leydig, Sertoli and,
Granulosa cells). They are less common when
compared with epithelial and germinal origin
ovarian tumors. According to Surveillance,
Epidemiology and End Results United States
national database, the incidence of SCSTs was
0.20 per 100,000 women [2]. Recent studies
suggest that sex cord-stromal tumors might be
associated with certain genetic syndromes like
Peutz-Jeghers syndrome, Ollier Disease,
Maffucci syndrome, and DICER1 syndrome
[3]. However, the etiology of these tumors
remains uncertain.

To our knowledge, they are only a few cases
formerly reported about the relation of
tamoxifen use and adult granulosa cell tumor
(AGCT). Here, we report a case of AGCT
with antecedent tamoxifen use for breast
cancer.

Case Report

A 57-year-old postmenopausal woman with a
history of breast cancer presented with
abnormal uterine bleeding and an ovarian
mass. Two Yyears ago, the patient had
undergone breast-conserving surgery due to
intramammarian mass. Her pathology report
was given as invasive ductal carcinoma, ER-
positive, PR-positive, HER2-negative.
Positron  emission  tomography/computed
tomography scan had shown no distant
metastasis. She had been diagnosed with
hormone receptor-positive breast cancer. The
patient was evaluated as TINOMO, stage la
breast cancer according to the TNM staging
system. After breast-conserving surgery, she
had received adjuvant radiotherapy. She has
been receiving adjuvant tamoxifen for 22
months since her diagnosis. In June 2021, the
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Figure la. Trabecular pattern of the tumor can be

observed, especially at the right side of the image

(HE x40). 1b. Trabecular pattern of the tumor can
be observed (HE x100).

patient was admitted to the hospital with
abnormal uterine bleeding. Ultrasound
showed a nodular mass in her left ovary.
Therefore, she underwent an adnexal
hysterectomy and salpingo-oophorectomy.
On gross examination, 30x21x12 mm
diameter of the left ovary with an intact
capsule was seen. On the cut surface, an 18
mm yellow and nodular mass with a soft
surface adjacent to ovarian stroma was
observed.  Microscopically, at  small
magnification, a moderately cellular tumor
characterized by solid, microfollicular, insular
and trabecular patterns localized at the ovarian
stroma was observed. At high magnification,
tumor cells showed pale to eosinophilic
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Figure 2a. Tumor cells showed cytoplasmic positivity for Inhibin (x100). b. Tumor cells stained
negative for CK7 (x100). c. Tumor cells stained negative for PAX8 (x100). d. Tumor cells stained
negative for GCDFP15 (x200).e. Tumor cells stained negative for Mammoglobulin (x100). f. Tumor
nuclei stained positive for PR (x100).

cytoplasm and pale, oval nuclei with an
irregular border. Some tumor cells had
nuclear grooves (Figure 1). On 10 high
magnification fields, 13 mitoses were
counted. Immunohistochemically tumor cells
stained positive for inhibin whereas they
stained negative for CK7and PAX8. Since the
patient had a breast cancer history differential
diagnosis was made with negative staining for
GCDFP15, Mammoglobulin, ER, and Cerb
B2. PR showed immunopositivity with tumor
cells (Figure 2). Inhibin positivity and pale
cytoplasm ruled out poorly differentiated
adenocarcinoma and small cell carcinoma. A
final diagnosis of adult granulosa cell tumor
was rendered based on morphology and
immunohistochemical stains. The peritoneal
washing cytology was negative. The stage of

www.actaoncologicaturcica.com

disease was classified as 1A according to
FIGO. No adjuvant therapy was suggested.
Keeping her on a close follow-up is decided.
Tamoxifen therapy is continued since there is
no clarity about the relation between
tamoxifen use and AGCT. The patient is still
in remission for both breast cancer and
AGCT. An informed consent form was
obtained from the patient.

Discussion

The adult granulosa cell tumor is relatively
uncommon cancer type among women
cancers [2,4]. Based on a few cases in the
literature, it is considered that tamoxifen
might play a role in the pathogenesis of
AGCT. The studies designed to prove the
relationship between tamoxifen use and
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Table 1. The clinical and pathological characteristics of the patients

Duration of

FIGO

References Age Treatment Classification Mitotic index ER PR
Gherman et al. 52 11 months 1c 5 Unknown Unknown
Arnould et al. 63 4 years 1c 2 - +
Abhassian et al. 47 5 years 1c 3-5 Unknown Unknown
Tanaka et al. 58 5 years* 1c 5 - +
Our current case 57 22 months la 13 - +

*2 years of torefemine use after 5 years of tamoxifen theraphy

uterine sarcomas are first failed due to the
rarity of cases [5]. But recently, tamoxifen is
known to be a risk factor for uterine sarcomas

[1].

To our knowledge, AGCT with antecedent
tamoxifen use has been described in only four
cases previously. The first case of all was
reported by Gherman et al in 1994. It was a
52-old woman with liver disfunction. The
authors concluded that the hepatic failure may
have resulted in changes in tamoxifen
metabolism, therefore AGCT may be
developed [6]. The second case was a case of
breast carcinoma metastasis within AGCT,
reported by Arnould et al in 2002. This time
the patient had no signs of hepatic failure [7].
Then in 2010 Abahssain et al reported the
third case of AGCT with antecedent
tamoxifen use. They presumed that
considering worldwide tamoxifen use among
women AGCT development might be random
[8]. Finally, in 2020, Tanaka et al reported
AGCT in a 58-year old female patient with
long-term tamoxifen use [9]. We report the
fifth case of AGCT in a 57-year old patient
after 22 months of tamoxifen use. We also
emphasize that the AGCT cases may be
incidental. The clinical and pathological
characteristics of these patients are
summarized in Table 1.

At least in the cases in which we can reach the
hormone receptor information, we can see that
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ER was negative in ovarian GCTs. If
tamoxifen acted through only hormone
receptors, ER-receptor would have been
positive in these GCTs. On the other hand, in
2009 Merglen et al represented that, the risk
of death from breast cancer significantly
increases in patients with ER-negative breast
cancer who were treated with tamoxifen. And
they also concluded that, besides its
remarkable impact on ER-positive breast
cancer, tamoxifen may cause carcinogenesis
of ER-negative tumors [10]. Some of the
studies demonstrated that tamoxifen's impact
on the hormone receptors is not its only
mechanism of action. Tamoxifen also can act
on growth factor signaling pathways,
therefore it can be detrimental effects [11].
Moreover, metabolites like metabolite E and
bisphenol derived from tamoxifen can have
alternative mechanisms of action for ER-
negative cells. For example, Wiebe et al
identified metabolite E and bisphenol in
tamoxifen resistance MCF-7 human breast
tumor implanted in athymic nude mice, as
well as tumors from patients with tamoxifen
resistance [12]. Due to the multifocal effects
of tamoxifen, we think that it may be related
to cancers such as AGCT, although it is not
certain.

Considering the widespread use of tamoxifen
all around the world, among women with
breast carcinoma, the development of AGCT
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seems to be incidental, but these results show
the importance of proper surveillance
especially for women on tamoxifen and the
early diagnosis of gynecological tumors. Our
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Case Report

A Giant Metastatic Adrenal Cortical Carcinoma Case Presented with Rapid
Progression

Hizli ilerleyen Dev Metastatik Adrenal Kortikal Karsinom Olgusu
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ABSTRACT

Adrenocortical carcinoma (ACC) is an uncommon and aggressive tumor. Despite the current treatment
options commonly used in ACC, the prognosis is poor. No risk factors have been identified except for
genetic predisposition. The most important factors affecting the prognosis are the stage at the time of
diagnosis and the resectability of the primary tumor. Here, we present a metastatic ACC case of a 29-
year-old woman presented with symptoms of swelling in her feet, abdominal striae, and mild abdominal
pain for three months. The abdominal computed tomography scan revealed a 14 cm mass in the right
adrenal gland, indistinguishable from the liver and right kidney. Clinicians should consider primary
ACC, which has limited treatment options, in the differential diagnosis in the presence of findings such
as edema, obesity, and striae.

Keywords: Adrenocortical carcinoma, case study, chemotherapy, metastatic, mitotane

OZET

Adrenokortikal karsinom (AKK) nadir goriilen, agresif bir tiimordiir. AKK’de yaygin olarak kullanilan
mevcut tedavi seceneklerine ragmen prognoz kotiidiir. Genetik yatkinlik disinda herhangi bir risk
faktorii tanimlanmamistir. Prognozu etkileyen en 6nemli faktorler, tan1 anindaki evre ve primer timoriin
rezektabilitesidir. Bu yazida, li¢ aydir ayaklarda sislik, karinda ¢izgilenme ve hafif karmn agrist
sikayetleri ile basvuran 29 yasindaki kadin hastada metastatik AKK olgusu sunulmaktadir. Bilgisayarl
tomografide sag bobrekiistii bezinde karaciger ve sag bobrekten ayirt edilemeyen 14 cm'lik kitle
saptandi. Tedavi secenekleri kisith olan primer AKK; 6dem, obezite, stria gibi bulgularin varliginda
ayirici tanida diistiniilmelidir.

Anahtar kelimeler: Adrenokortikal karsinom, olgu sunumu, kemoterapi, metastatik, mitotan
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Introduction

Adrenocortical carcinoma (ACC) is an
uncommon and agressive tumor. The annual
incidence is reported as 0.5-2 cases per
million, and it is more common in women than
men. A bimodal age distribution is seen, as
under the age of five years and in the fifth
decade[1]. Currently, except for genetic
predisposition, no risk factors have been
identified. While most of the patients present
with symptoms related to excessive hormone
production; the remaining cases are detected
incidentally or as a result of complaints related
to tumor size. In adrenocortical carcinomas,
computed tomography (CT) and magnetic
resonance imaging (MRI) are the preferred
imaging modalities both for the localization of
the tumor and detection of distant metastases.
25% of the cases has metastatic disease at the
time of diagnosis, mostly to liver, lung, lymph
nodes, and bone [2]. While 5-year survival
rate is 60-80% in tumors confined to the
adrenal gland, it is decreased to 0-28% in
metastatic stage [3]. The most important
factors affecting the prognosis are stage at the
time of diagnosis and the resectability of
primary tumor. In addition, advanced age,
tumor size, presence of hormone-secreting
tumor, high Ki-67 index (>10%) and mitotic
activity, and tumor necrosis may be related to
poor prognosis in ACC. Currently, the only
curative approach is surgical resection.
Palliative therapy is just limited to patients
with unresectable or metastatic ACC [4].
Here, it was aimed to present a metastatic
ACC case that passed away rapidly after the
initiation of systemic treatment.

Case Report

A 29-year-old woman referred to our clinic
with symptoms of swelling in her feet,
abdominal striae, and mild abdominal pain
that has begun three months ago. Medical
history of the patient was remarkable for
obesity (BMI: 43), type-2 diabetes mellitus,
hypothyroidism, and thalassemia minor. The
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medications were levothyroxine sodium,
metformin, and insulin aspart. Alopecia, acne,
aphthous stomatitis, striae on the abdomen
and feet, and bilateral pretibial edema were
found in the physical examination at referral.
Initial laboratory  findings  showed
hyperglycemia, elevated liver function tests
including total bilirubin, direct bilirubin,
indirect bilirubin, alkaline phosphatase,
gamma glutamyl transferase, aspartate
transaminase, alanine transaminase, and INR
(international  normalized ratio) levels.
Ejection fraction was more than 60% without
significant pathology in Echochardiography.
No thrombus formation was detected with
bilateral lower extremity doppler ultrasound
screening. Further investigation was planned
due to the Cushingoid appearance and
abnormal laboratory results.

After consultation with department of
endocrinology, hypercortisolemia (midnight
level: 46,6 ng/dL), and low ACTH levels (5
pg/mL) were detected. 1 mg dexamethasone
suppression test was compatible with
hypercortisolemia. Aldosterone to renin ratio,
cathecolamine and sex-hormone levels were
in normal range. The Pituitary MRI showed
no significant finding. Abdominal CT scan
revealed a 14 cm mass in the right adrenal
gland, indistinguishable from the liver and
right kidney, and multiple parenchymal liver
masses with the largest diamater 10 cm.
(Figure 1, 2, 3). No pathological lesion was
detected in thorax CT. The histopathological
and immunohisto-chemical analysis of liver
tru-cut biopsy was reported as the metastasis
of primary adrenal cortex carcinoma. And,
positive staining for synaptophysin, inhibin,
melan A, vimentin and p53 was detected in the
patohology specimen. A hypermetabolic mass
with  intense  18-FDG  (18-fluorodeo-
xyglucose) uptake in the right surrenal region
with tendency to coalesce in the liver was
detected in 18-FDG positron emission
tomography-computerized tomography (18-
FDG PET-CT). A similarly heterogeneous
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Figure 1. Contrast-enhanced CT image in the
axial plane: Hypodense mass filling the right
adrenal lodge and indenting the liver.
Heterogeneously enhancing hypodense mass
lesions in the liver parenchyma.

pattern of 18-FDG uptake was also
demonstrated in the liver metastases. (Figure
4),

Surgery was not considered due to widespread
liver metastasis, and systemic chemotherapy
consisted of cisplatin and etoposide was
immediately initiated with daily mitotane
therapy. However, neutropenic  sepsis
occurred four days after the completion of
first-cycle of chemotherapy, and no further
chemotherapy could be given. The patient had
hepatic failure and was in a state of visceral
crisis at the time of admission and presented
with serious signs and symptoms. In the
follow-up, severe renal and liver impairment
developed. Moreover, the mental status of the
patient worsened progressively, and status
epilepticus occurred. General condition of the
patient deteriorated rapidly due to high
disease burden, visceral crisis and sepsis. It
was a chain of events that resulted in
infectious manifestations and multiorgan
failure on the basis of uncontrolled aggressive
malignancy in the patient. The patient passed
away on the 23rd day of the diagnosis. Hence,
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Figure 2 and 3. Contrast-enhanced CT image,
coronal and sagittal section: A lobulated
contoured hypodense mass filling the right
adrenal lodge and extending inferior. The mass
has a component on the superior part that erases
the liver contours and invades the liver. It is seen
that the mass depresses the right kidney
downwards.

informed consent was obtained from the next
kin of the patient for publication of this case
report and related images.

Discussion

ACC is an uncommon tumor with a five-year
overall survival (OS) rate less than 50%. The
well-established prognostic factors are age,
disease stage, distant metastasis, Ki-67 index,
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Figure 4. The primary mass was indicated with an arrow on maximum intensity projection (MIP) PET
scan (figure A), coronal fusion image (figure B), axial fusion images (figure C and D).

hormone production status, and complete
resection of the mass [5]. Surgery is the
preferred  treatment option and s
recommended even in the presence of distant
metastasis [6]. Despite resection, recurrence
and metastasis rates are high for ACC. ACC
can be functional or non-functional depending
on hormone secretion. While functional
carcinomas are usually detected early because
of the symptoms related to excessive hormone
production; nonfunctional carcinomas may
not be diagnosed until the tumor has
compression on adjacent tissue and organs or
it may be detected incidentally in imaging [2].

For functional ACC; obesity, hypertension,
Cushing's syndrome can be seen in cortisol-
secreting masses; virilization in androgen-
secreting masses; hypertension, muscle
weakness, and hypokalemia due to aldo-
sterone secreting tumors; gynecomastia in
tumors that secrete estrogen [6]. In the present
case, there were not any complaints due to the
hormone excess despite hypercortisolism.
Abdomen CT scan findings were consistent
with  typical characteristics of ACC.
Furthermore, 18-FDG PET-CT showed high
uptake in the right adrenal primary mass and
in liver metastases.
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Chemotherapy  regimen  consisting  of
cisplatin, doxorubicin, and etoposide in
combination with mitotane therapy is usually
given in the adjuvant, unresectable, and
metastatic settings [7,8]. Moreover, radio-
therapy can be applied for symptom palliation
in patients with metastatic ACC [9].

Despite the current treatment options
commonly used in ACC, the prognosis is
poor. A rapid progression of the disease is also
common in this patient group. Therefore,
more effective and less toxic new treatment
options such as immunotherapy and multi-
kinase inhibitors are needed for advanced
disease [10]. In our case, despite
administration of one cycle of cisplatin and
etoposide in combination with daily mitotane
therapy, the disease progressed rapidly and
the patient passed away in a few weeks.

Conclusion

In conclusion, we aimed to present a young
patient with diagnosis of metastatic ACC with
aggressive clinical course and mortal
outcome. The presence of long-standing
nonspecific symptoms precluded suspicion
for clinical diagnosis, and the patient who lost
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the chance of early diagnosis was diagnosed
in the metastatic stage. Rapidly initiated
systemic treatments did not yield results and
the patient passed away in a short time.
Clinicians should consider primary ACC,
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