
differences in the metabolism of the two agents: zoledronic
acid retains in the skeleton for years while denosumab does
not incorporate in bone [8,12,16].

Recently, a study on 1822 patients with bone metastases
from multiple myeloma, breast cancer or prostate cancer
compared zoledronic acid administered every three months
to the standard monthly dosing. The less frequent dosing
was shown to be non-inferior as the risk of SREs was similar
during the three-monthly and monthly dosing of zoledronic
acid. ONJ developed twice as often during the monthly as
the three-monthly dosing [17]. Comprehensive data on
the less intensive dosing of denosumab is lacking. REDUCE is
a large phase III study currently recruiting prostate and breast
cancer patients with bone metastases which randomizes
patients to monthly or three-monthly dosing of denosumab.

The risk of medication associated ONJ during bone-tar-
geted therapies seems higher in clinical practice as compared
to that reported in randomized trials. Our single institution
case series found an 11.4% frequency of ONJ among prostate
cancer patients. Only one third of the ONJ cases showed
marked improvement whereas the rest caused chronic disabil-
ity. ONJ is a common and often chronic complication of
denosumab and zoledronic acid and more effective preventa-
tive measures are warranted.
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To the Editor,

Core needle biopsies (CNBs) are often the only histopatho-
logical material collected at diagnosis or as the disease pro-
gresses. These CNBs contain far fewer tumor cells than larger
surgical excisional biopsies (SEBs). An illustrative example is
the biopsy of lymph nodes that are located deep in the
abdominal cavity or mediastinum and, owing to their anatom-
ical position, makes SEBs extremely difficult to perform. Thus,
CNBs provide a rapid method for obtaining tumor material
and are more commonly the procedure of choice for lymph-
oma diagnostics [1,2]. That said, according to the World
Health Organization classification, CNBs are deemed to be
insufficient for diagnostic purposes [3,4]. Instead the guide-
lines state that material from SEBs should always be obtained
to permit a robust histopathological evaluation of the lymph
node architecture, growth pattern and cellular composition,
and also to ensure that adequate material is available for
additional molecular analyses and future research studies.

Tissue microarrays (TMAs) have widely been used in
research for the last two decades and enable the simultan-
eous analyses of selected regions of histological material on a
single microscopic slide. The overwhelming benefit of TMA
technology is the ability to stain and screen numerous bio-
markers within multiple tumors in parallel and at a relatively
low cost. The typical tissue cores used for TMA constructs
have increased in size from 0.4 mm to 1.6–2 mm in diameter,
thereby providing a more comprehensive and representative
view of the original architecture of the tumor material and
thus save original tissue blocks [5]. In addition, several studies
have investigated whether using TMAs to study biomarkers
was comparable to using whole tissue sections and the
results obtained from both techniques correlated well for all
tumor-associated biomarkers [6–8]. Although ongoing efforts
are investigating the use of material obtained from CNBs for
the construction of TMAs [9], these techniques are not widely
applicable and research opportunities are often hindered due
to insufficient material. In this study we aimed to use TMAs
on a large population-based cohort of diffuse large B-cell
lymphoma (DLBCL) patients to assess whether prognostic pro-
tein markers were representative for all patients.

Materials and methods

The study population was comprised of patients diagnosed
with de novo DLBCL between 2002 and 2012 within the
Uppsala Region, Sweden and uniformly treated with the cur-
rent standard immunochemotherapy regime of rituximab,
cyclophosphamide, hydroxydaunorubicine, vincristine and
prednisone (R-CHOP). Patients were identified from the
Swedish Lymphoma Registry for the Uppsala region and diag-
nosed at the Department of Pathology at Uppsala University
Hospital, which is the referral center for the Uppsala Region.
Two-hundred and sixty-five patients were initially identified
from the Swedish Lymphoma Registry, which contains
approximately 95% of all adult lymphoma patients in Sweden
[10]. Patients with a previous history of low-grade B-cell

lymphoma (n¼ 5) were excluded and all tissue material was
reexamined and re-classified by an experienced hematopa-
thologist (R.M.A.) before being included in the study. Upon
reexamination, an additional eight patients were excluded
due to a diagnosis of: (1) T-cell lymphoma (n¼ 4); (2)
Hodgkin lymphoma (n¼ 3) or (3) lymphoblastic lymphoma
(n¼ 1). No clinical data was available for five patients. Tissue
that was representative of the tumor sample and also suffi-
cient in quantity for TMA construction was available for 57
cases, herein referred to as the ‘TMA group’. The remaining
cases (n¼ 190) formed the ‘non-TMA group’. TMA construc-
tion was performed using a manual tissue arrayer (MTA-1;
Estigen O€U Tiigi 61b 50410 Tartu Estonia). In brief, two 1.0-
mm tissue cores were taken from areas representative of
DLBCL and put in a new recipient block, areas of connective
tissue or necrosis were avoided as previously described [8].
Immunohistochemical stainings were performed as previously
reported [11].

Clinical data was available for 247 patients. The molecular
and clinical characteristics of these patients have previously
been reported [11]. Clinical scoring was based on the age
adjusted IPI (IPIaa) which defines four risk groups: group 0:
low risk; group 1: low–intermediate risk; group 2: intermediate–
high risk and group 3: high risk. This study was approved by the
Regional Ethical Review Board in Uppsala, Sweden.

Lymphoma-specific survival (LSS) was calculated from the
date of diagnosis to the date of death resulting from the
lymphoma diagnosis (patients who died from a cause other
than lymphoma were censored) or to the date of last fol-
low-up. Overall survival (OS) was calculated from the date of
diagnosis to the date of death irrespective of the cause.
Survival curves and univariate analyses were performed using
the Kaplan-Meier method and the log-rank test was used to
compare differences between groups. Contingency tables
were analyzed using v2 statistics and the level of significance
was set at 0.05 using a two-tailed test. All statistical analyses
were performed using Statistica 13 software (StatSoft,
Scandinavia AB).

Results

A diagnosis of DLBCL was made based on material obtained
from CNBs for 156 patients (63%) and from whole tissue
sections for the remaining 91 patients (37%). For 124/247
patients, 50% of the study cohort, immunohistochemical
staining for BCL-2, BCL-6 and MYC was performed as previ-
ously reported [11]. Tumor tissue blocks for TMA construc-
tion were available for 57/247 patients (23%) and these
patients were noted as having a significantly greater five-
year LSS of 92% versus 72% (p¼ .006) and a five-year OS of
77% versus 62% (p¼ .05) (Figure 1(a) and (b)). The median
follow-up time, when considering all patients, was 53.5
months (range 2.1–118). Patients within the TMA group
(n¼ 57) had a median age at diagnosis of 63 years (range
37–83 years), with a male:female ratio of 2:1. Only 4/57
patients (7%) within the TMA group presented with an
IPIaa>2. This was significantly lower compared to the IPIaa
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scores of the non-TMA group (n¼ 190/247) (p¼ .02). In add-
ition, patients within the TMA group exhibited significant
differences in their lactate dehydrogenase (LDH) levels
(p¼ .002). Their tumors had lower expression of BCL-2
(p¼ .05) or MYC (p< .0001) and dual-expression of BCL-2
and MYC (p¼ .0003) was also less frequently observed.
Overall, the TMA group constituted a patient group with a
more favorable prognosis.

Dividing the patients within the TMA group according to
disease subtype revealed that 54% (31/57) of patients
assessed by TMA had a germinal center (GCB) phenotype
whereas the non-germinal center phenotype (non-GCB) was
observed in 46% (26/57) of patients (based on the Hans et al.
algorithm) [12]. No survival differences were observed
between patients assigned to the different subgroups, i.e.
GCB versus a non-GCB phenotype. In addition no differences
in OS were noted when considering IPIaa score, Ki-67� 70%,
p53 overexpression�50%, BCL-2� 70%, BCL-6� 30%,
MYC�40% or dual expression of BCL-2 and MYC was
observed; however patient numbers were small.

Discussion

Obtaining sufficient biological material to allow for a com-
plete immunohistochemical analysis, and therefore enable a

precise lymphoma diagnosis, is of crucial importance.
Although obtaining a correct lymphoma diagnosis is para-
mount, it would also be highly beneficial if material were
available for additional analyses or reevaluation and also for
inclusion in future studies or clinical trials. Unfortunately, this
scenario is currently not the norm and in our study, due to
insufficient material, comprehensive immunohistochemical
stainings could only be performed for 50% of the cohort.
Rather than being the exception, our study reports
figures similar to a previous large clinical study within
which adequate material was available for only 52% of
patients [13].

For these reasons, the current trend that is emerging
regarding the increasing use of CNBs for diagnosis of DLBCL
is of great concern [7,8]. Perhaps even more worrying is the
fact that CNBs have recently been proposed as the preferred
technique for front line diagnostics [1]. Patients with sufficient
tumor material for TMA constructions differed from all other
DLBCL patients diagnosed during the 11-year study period.
Patients within this TMA group had a significantly greater sur-
vival and presented with lower IPIaa scores (the vast majority
of patients presented with IPIaa�2) than patients within the
non-TMA group. Tumor markers potentially affecting survival
such as the dual expression of MYC and BCL-2, high Ki67 or
p53 overexpression were not observed within this TMA group
which is in contrast to other studies [14]. However, patient
numbers were small and as a consequence no definitive con-
clusion can be drawn.

Nevertheless, our pivotal observation was that the TMA
group consisted of patients with a more favorable outcome.
We conclude that these patients are not representative of all
DLBCL patients. The consequences for future research studies,
particular in the context of larger, collaborative studies where
histopathological material (or results) may be shared amongst
several centers is of great concern.
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patients (n¼ 190) (p¼ .05 log-rank test).
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To the Editor,

About 50% of all cutaneous melanomas have an activating
mutation in the BRAF gene – 80–90% of those being V600E
mutations, resulting in increased proliferation. The BRAF
inhibitors like vemurafenib and dabrafenib have resulted in
increased overall survival [1]. The interaction with radiotherapy
is not yet well explored. We present a case of a possible late
radiation recall phenomenon.

A 48-year-old Caucasian woman was diagnosed with meta-
static melanoma in 2013. First line treatment was seven
courses of nivolumab. In autumn 2014, the patient received
four courses of ipilimumab due to progression. A partial
response was obtained. Concomitant with ipilimumab the
patient received stereotactic radiotherapy in November 2014
to a large central, left-sided pulmonary lung metastasis.
Treatment was given with 56 Gy in 8 fractions; 4 fractions per
week. The dose to the organs at risk was in concordance with
our general practice; the dose to the spinal cord did not
exceed 33.5 Gy (Figure 1(a) and (b)). In March 2015, a restag-
ing computed tomography (CT)-scan showed progression.
Third line treatment was dabrafenib, initiated March 2015 and
with addition of trametinib from April 2015. A follow-up CT-
scan showed complete remission by June 2015.

In June 2015, seven months after stereotactic body radio-
therapy the patient described a skin rash on her back in the

same volume where she received radiotherapy, located below
the third thoracic vertebra. The rash was interpreted as a radi-
ation recall phenomenon, caused by dabrafenib. A month
later the patient developed back pain in the same site as the
rash was seen. A positron emission tomography (PET)-CT
showed unspecified activity in the former radiation-treated
volume of the spinal cord. Between July and November 2015,
the patient’s back pain intensified and paresthesias in the
lower body and extremities was registered. Magnetic reson-
ance imaging (MRI) showed radiation-induced myelitis in the
thoracic spine from TH2 to TH9 (Figure 1(c) and (d)),
described as edema. We assume this to be caused by radio-
therapy followed by radiosensitization by dabrafenib.

The patient was treated with prednisolone 25 mg/day for
one week, tapering off over six weeks. A PET-CT from January
2016 showed no sign of malignant disease in the volume,
previously receiving radiotherapy. However, disease progres-
sion was found in other sites and dabrafenib and trametinib
was reintroduced, without worsening of the myelitis.

In this case, a patient developed radiation recall myelitis
after receiving a BRAF inhibitor. Radiosensitization and radi-
ation recall skin toxicity have been reported in relation with
treatment with another BRAF inhibitor vemurafenib [2].
Newer case reports describe the same phenomena with dab-
rafenib [3], but presumably with a lower frequency. To our
knowledge this is the first reported case of radiation recall
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